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large volume of comments expected to - 
arrive near the close of the comment 	' 
period, and cannot assure that faxes will 
be delivered to the docket. Major 
supporting documents cited in the • 
reference section of the proposed rule 
will be available for inspection at the 
Drinking Water Supply Branches in 
PA's Regional Offices listed below: 
L JFK Federal Bldg., (One Congress Street. 

11th floor), Boston, MA 02203. Phone: (617) 
585-3610. Jerome Healey 

II 26 Federal Plaza, Room 824, New York. NY 
102513, Phone: (212) 264-1800, Walter 	-- 
Andrews 

Di 841 Chestnut Street, Philadelphia. PA 
19107. Phone: (215) 597-9873, Dale Long 

N. 345 Courtland Street, Atlanta, GA 30305. 
Phone: (404) 347-3633, Wayne Aeronson 

V.230 S. Dearborn Street, Chicago, IL 60604. 
Phone: (312) 353-2650, Ed Watters 

VI. 1445 Ross Avenue, Dallas, TX 75202, 
Phone: (214) 655-7155, Thomas Love 	. 

VII. 726 Minnesota Avenue, Kansas City. KS 
66101. Phone: (913) 236-2815, Ralph 
Langemeir 

VIII. One Denver Place. 9999 itith Sireet. 
Suite 1300 Denver, CO 80202-2413, Phone: 
(303) 293-1424, Patrick Crotty 	- 	-- 

IX 75 Hawthorne Street. San Francisco, CA 
94105, Phone: (415) 974-8073, Bruce Mader 

X 1200 Sixth Avenue, Seattle, WA 98101. 
Phone: (206) 442-1225, Jan Hastings... 
Public hearings will be held in the 

following locations: 
Washington DC—Crystal City Marriott 

Hotel, 1111 Jefferson Davis Highway, 

ICRP: International Commission on 
Radiation Protection 

MCL: Maximum Contaminant Level 
MCLG: Maximum Contaminant Level 

Goal 
MDL: Method Detection Limit 
Mr/hr: milliroentgen per hour 
mgd: Million Gallons/Day 
mrem/yr: millirem/year 
NIPDWR: National Interim Primary 

Drinking Water Regulation 
NPDWR: National Primary Drinking 

Water Regulation. 	'C 
NTNC: Non-transient, non-community 

water system 
pCi/1: picocurie/liter 
POE: Point-of-Entry Technologies 
POU: Point-of-Use Technologies 
PQL: Practical Quantitation Level 
PTA: Packed Tower Aeration 
PINS: Public Water System 
Ra-226: Radium-226 
Ra-228: Radium-228 
RIA: Regulatory Impact Analysis 
Rn-222: Radon-222, or radon 
SDWA: Safe Drinking Water Act, or the 

"Act", as amended in 1986 
SMR: Standard Mortality Ratio 
WLM: Working Level Meath 
Table of Contents 
I. Summary of Toda,y's NPRM 
IL Background 

A. Statutory Authority and Requirements 
1. MCLGs. McLs and BAT 
2. Variances and Exemptions 

ENVIRONMENTAL PROTECTION 
AGENCY 

40 CFR Parts 141, 142 

[WH-FRL 3956-4] 

RIN 2040-AA94 

National Primary Drinking Water 
Regulations; Radionuclides 

AGENCY: Environmental Protection 
Agency. 	

• 

ACTION: Notice of proposed rulemaking. 

SUMMARY: In this action under the Safe 
Drinking Water Act (as amended in 
1986), the Environmental Protection 
Agency (EPA) is proposing Maximum 
Contaminant Level Goals (MCLGs) and 
National Primary Drinking Water 
Regulations for the following 
radionuclides: radon-222, radium-226, 
radium-228, uranium, alpha emitters, 
and beta particle and photon emitters. 
These radionuclides are classified as 
group A human carcinogens according 
to EPA's classification scheme; also, 
uranium is toxic to the ltidneys. This 
notice proposes MCLGs, Maximum 
Contaminant Levels (MCLs), monitoring, 
reporting, and public notification 
requirements for these radionuclides. 
DATES: Written comments should be 
submitted by October 16, 1991. A public 
hearing will be held on September 6, 

Federal Building, 230 Dearborn Street, 	Recordkeeping 

Minois at 9 a.m. Washington hearing 16th Floor, Chicago, IL 	. 	5. Public Notification 
' • 

speakers should register by August 23. 	Members of the public whO plan to 	
B. Applicability 
C. Regulatory Background 

Chicago hearing speakers should 	make. a statement at either public 	D. Comments by the Science Advisory 
register by August 30. 	 hearing should contact Danesha Reid to . 	Board and the Public on the ANPRM 
ADDRESSES Send written comments to 	register, EPA (WH-550D), 401 M Street, 	1. SAB Comment 
Comments Clerk--Radionuclides, 	SW., Washington, DC 20460, telephone 	a. General comments and generic issues ' 

Drinking Water Standards Division. 	(202)382-7575. Unregistered speakers 	' al. General comments and generic issues: 

Office of Ground Water and Drinking 	will be heard after all registered - 	_ b. Responses to the five specific questions 

Water (WH-550D), Environmental 	speakers have made their statements.. 
• 

.- c. Comments on important issues in the 
criteria documents 

Protection Agency, 401 M Street. SW., 	FOR FURTHER INFORMATION CONTACT: 	* 2. Public Comment on the ANPRM 
Washington. DC 20460. A copy of all 	The Safe Drinking Water Hotline; 	- E. Other EPA Radon and Radiation 
public comments and supporting 	telephone (800) 426-4791, or Gregory_ 	Programs 
documents for this proposed regulation 	Helms. Drmlang Water Standards -. - • - •. T. Basics of Radiation 
will be available for review at EPA. 	Division, Office of Ground Water and , ---- M. Occurrence and Exposure 
Ground Water and Drinking Water 	Drinking Water (INH-550D), , ' - _-... - .... -. - A. Radium-226 
Docket, 401 M Street, SW., Washington, Environmental Protection Agency, 401 M '-: a Radium-228  

C. Radon 
1. Occurrence 
2. Assessing individual radon exposure 

from inhalation and ingestion 
D, Uranium 
E. Beta and Photon-Emitting Radionuclides 
F, Alpha-Emitting Radionuclides 

N. Proposed MCLGs for Radionuclides 
A. Setting MCLGs 
B. Estimating Health Risks for 

Radionuclides 
C. Adverse Health Effects of the 

Radionuclides 
1. Radium-226 and Radium-228 
2. Radon 

Arlington, VA 3. Primacy 
a.m. A second public meeting will be 
1991 in Washington. DC beginning at 9 	Chicago, Minois--J.C. Kluczynslci 	4. Monitoring, Quality Control, and 

held on September 12, 1991 in Chicago, 	• 

DC 20460. For access to the docket 
materials, call 202-382-3027 between 9 
a.m. and 3:30 p.m. Commenters are 
requested to submit one original and 
three copies of their written comments. 
Commenters who wish to receive 
acknowledgement of receipt of their 
comments should include a self 
addressed stamped envelope. All 
comments must be post marked or 
delivered by hand by October 16, 1991. 
No facsimiles (faxes) will be accepted. 
as EPA is not equipped to receive the 

Street, SW., Washington, DC 20460, 
telephone (202) 382-7575. 

Abbreviations Used in This Notice. 

BAT: Best Available Technology . 
BEIR: Committee on the Biological 

Effects of Ionizing Radiation 
CWS: Community Water System 
EMSL: EPA Environmental Monitoring 

and Support Laboratory (Cincinnati 
or Las Vegas) 

ede: effective dose equivalent 
GAC: Granular Activated Carbon 
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a. Radon Risks from Inhalation 
b. Radon Risk via Ingestion 
3. Uranium 
a. Carcinogenicity 
b. Non-cancer EITects 
4. Beta Particle and Photon Emitters 
5. Alpha Emitters 
D. MCLG Determinations 

V. Proposed Maximum Contaminant Levels 
Summary of the Proposal 

A. BATs and Associated Costs 
B. Best Available Technologies (BATs) 
1. Radium-228 and Radium-223 
a. Lime Softening 
b. Ion Exchange 
C. Reverse Osmosis 
2. Radon 
a. Aeration 
b. Secondary Effects of Aeration: Estimate 

of Risks from PTA Erefs.tions of Radon 
C. Granular Activated Carbon 
3. Uranium 
a. Coagulation! Filtration 
b. Ion Exchange 
c. Lime Softening 
d. Reverse Osmosis 
4. Beta and Photon Emitters 
5. Alpha Emitting Radionuclides 
C Waste Treatment and Disposal 
D. Analytic Methods 
1. Description of Analytic Methods 
2. Cost of Performing Analyses 
3. Method Detection Limits and .Practical 

Quantitation Levels 
E. Laboratory Approval and Certification 

Background 
2. Acceptance Limits for Radionuclide 

Cnntsiminatits 
F. Proposed MCLa and Alternatives 

Considered 
G. Proposed Monitoring and Reporting 

Requirements 
H. State Implementation 
L Variances and Exemptions 
1. Variances 
2. Exemptions 
3. Unreasonable Risks to Health (URTH) 

VI. Public Notice Requirements 
VII. Economic Impacts and Benefits 

A. Regulatory Flexibility Analysis • 
B. Paperwork Reduction Act 

VIII. References 
Appendix A—Fundamentals of 

Radioactivity in Drinking Water ' 
• Appendix B—Beta Particle and Photon 

Emitters 	 - 
Appendix C—Alpha Emitters 

L Summary of Today's NPRM 
Applicability -• 

The regulations proposed in this 
..otice would apply to all community 
and all non-transient. non-community 
Oublic water systems. The proposed - 
regulations would not apply-to private-
water supplies (i.e.. systems serving 
fewer than 25 persons). 

Proposed MCL Cs and MCLa 

Note EPA recognizes that most racfionuades 
emit more than one kind of radiation as they decay. 
The fists of compounds labeled -"alpha-  or -beta" 
emitters identifies the predominant node. of decay. 

Nola In this document the unit mrem ede/yr 
refers to tha dose axnmitted over a period of 50 
years to reference man (ICRP 1975) from an annual 
intake at the rate of 2 friers of drinking water per 
day. 	 • 

. • 
Proposed BATs Under Section 1412 of 
the SD WA 

Radium 226/22& ion exthnnge, lime 
softening, rev 	m se osmosis 

Radon: Aeration 
Uraniunn Coagulation/filtration, ion - 

exchange, lime softening, reverse 
osmosis 

Beta and photon emitters: Ion exchange. 
reverse osmosis • . 

Alpha emitters: Reverse osmosis 

Proposed BAT Under Section 1415 of the 
SDWA 	• 

The same as BAT under Section 1412. 
Coagulation and filtration and line 
softening are not BAT for small systems 
(those with '500 connections) for the 
purpose of ranting variances because 
they are not technologically feasible for 
small systems. 

Proposed Compliance Monitoring 
(a) The proposed initial monitoring 

requirements for radon are: 
(1) For ground water systems and ' 

mixed ground and surface water 
systems, four consecutive quarterly 
samples for one year, and then annual 
samples for the remainder of the first 
three year compliance period. States 
could grant monitoring waivers to 
systems that demonstrate compliance 
with the MCL reliably and consistently 
in the initial compliance period, 
allowing systems to collect only one 
sample per three year compliance period 
for the remainder of the nine year 
compliance cycle. Systems relying solely 
on surface water are not required to 
monitor for radon.-because radon is a 
highly volatile gas and is not expected 
to be found in surface water. 
Laboratories would be expected to 
accurately measure radon down to 
levels of 300 pCi/1 at the time of 
sampling. 	 - 

(2) Systems that violate the MCL 
would be required to monitor quarterly  

until the average of four consecutive 
quarterly samples is below the MCL. 

£b) The proposed monitoring 
requirements for gross alpha. radium-226 
and uranium are: • 

f1) Three annual gross alpha screens, 
to be initiated in the compliance period 
starting January 1996; if gross alpha is 
less than the MCLs for rackun-226, 
uranium, and adjusted gross alpha. 
screening would be reduced to 
monitoring once per three year 
compliance period. Laboratories would 
be expected to measure radium 225 and 
uranium down to 5 pCi/1 and gross 
alpha down to 15 pCi/L 

(2) If gross alpha exceeds the radium-
226, uranium, or adjusted gross alpha 
MCL.s, specific analysis for uranium 
and/or radium-226 must be conducted. If 
the contaminant-specific analyses show 
that the radium-226 or uranium MCL 
was exceeded, quarterly monitoring for 
that contaminant is required. If neither 
Ma. is exceeded, monitoring for 
radium-226 and uranium (or gross alpha 
screen in lieu of radium or uranium) may 
be.reduced to one sample every 3-year - 
compliance period after 3 annual 
samples. Sampling may be reduced to 
one sample every 917ear compliance 
cycle if the state finds, through a 
monitoring waiver, that the system 
meets the Ma. reliably and 
consistently. 

(3) Systems that violate the MCI. •'• 
would be required to monitor quarterly 
until four consecutive quarterly samples 
is below the MCL. 

(c) The proposed monitoring 
requirements for radium-228 are as 
follows: Three annual radium-228 
analyses would be required: if the 
radium-228 MCI. is exceeded. quarterly - 
monitoring would be required. If the 
system is consistently below the MCI. 
then the annual period may be reduced 
to one sample per three year compliance 
period. Monitoring may be further 
reduced to once every 9-year 
compliance cycle by the issuance of a 
monitoring waiver if the state finds that 
the system meets the MU reliably and 
consistently. A gross beta test may be 
used as a screen for radium 228. - 
Systems that violate the MCL would be 

"required to monitor quarterly until four 
consecutive quarterly samples is below 
the MCL. 

(d) Gross beta monitoring. Only 
supplies deemed vulnerable to 
contamination would be required to 
monitor for beta and photon emitters. 
Vulnerable systems would be required 
to measure gross beta quarterly and 
tritium andstrontium annually. The 
presumptive sateen for compliance with - 
the MCL would be 50 pCi/l. Because 

MGM 
	

MCL 
_ 

I Radium-228 	 zerix..... 20 pC1/1. 
2. Radium-228- zero-...: 20 pC4/1. 



33052 Federal Register Vol. 56, No. 138 / Thursday, July 18, 1991 / Proposed Rules 

only vulnerable systems would be 
required to monitor, no reduction in 
monitoring would be allowed. Systems 
that violate the MCL would be required 
to monitor monthly until three 
consecutive samples is below the MCL. 

(e) Systems having historical data that 
has been collected in accord with the 
analytic chemistry requirements may 
use the data to determine compliance. 

Point-of-use (POU) devices, point-of-
entry (POE) devices and bottled water 

POE would be allowed to be used to 
achieve compliance with MCLs; 
however, POE would not be BAT. 

POU and bottled water would not be 
allowed to be used to achieve 
compliance with the MCLs; however, 
either could be, at State discretion, a 
condition of granting a variance or 
exemption, except for radon (POU may 
not be used for radon because POU fails 
to address radon risks). 

Variances and Exemptions 

Primacy States may require public 
water systems to implement additional 
Interim control measures such as 
installation of additional centralized 
treatment or POU devices or distribution 
of bottled water to each customer as 
measures to reduce the health risk 
before granting a variance or exemption. 
The State may not issue a variance or • 
exemption if an unreasonable risk to 
health exists, as determined by the State 
using EPA guidance. States must require 
public water systems to provide POE/ 
POU devices, bottled water or other 
means, as appropriate to the risks 
present (i.e., no POU or bottled water for 
volatile contaminants, such as radon), to 
reduce exposure below unreasonable 
risk to health values before granting a 
variance or exemption. EPA is presently 
developing guidance for determining. 
affordability to systems serving fewer 
than 3300 people of different water 
treatments, for purposes of granting 
variances. This guidance is expected to: 
be proposed later this year. 
11. Background. 
A. A. Statutmy Authority ancl 
Requirements - 

Section 1412 of the Safe Drinking 
Water Act, as•amended in 1986 
("SDWA" or "the Act"), requires the 
Environmental Protection Agency (EPA) . 
to publish Maximum Contaminant Level 
Goals (MCLGs) and promulgate 
National Primary Drinking Water. 
Regulations (NPDWRs) for 	- 
contaminants in drinking water which 
may cause any adverse effect on the 
health of persons and which are known 
or anticipated to occur in public water  

systems. Under section 1401, the 
NPDWRs are to include Maximum 
Contaminant Levels (MCLs) and , 
"criteria and procedures to assure a 
supply of drinking water which 
dependably complies" with such MCLs. 
Under section 1412(b)(7)(A), if it is not 
economically or technically feasible to 
ascertain the level of a contaminant in 
drinking water, the NPDWR may require 
the use of a treatment technique instead 
of an MCL. 

Under section 1412(b), EPA is to 
establish MCLGs and promulgate 
national primary drinking water 
regulations for 83 contaminants in public 
water systems. The radionuclides 
included in today's proposal are among 
these 83 contaminants. 
1. MCLGs, MCLs and BAT 

Under section 1412(b)(4) of the Act, 
EPA is to establish MCLGs at the level 
at which no known or anticipated 
adverse effects on the health of persons 
occur and which allow an adequate 
margin of safety. MCLGs are non-
enforceable health goals based only on 
health effects and exposure information. 

MCLs are enforceable standards 
which the Act directs EPA to set as 
close to the MCLGs as is feasible. 
"Feasible" means feasible with the use 
of the best technology, treatment 
techniques, and other means which the 
Administrator finds available (taking 
cost into consideration) after 
examination for efficacy under field 
conditions and not solely under 
laboratory conditions (SDWA section 
1412(b)(5)). Also, the SDWA requires the 
Agency to identify the best available 
technology (BAT) for meeting the MCL 
for each contaminant 
2. Variances and Exemptions 

Section4415 authorizes the State to 
issue variances from NPDWRs (the term 
"State" is used in this preamble to mean 
the State agency with primary 
enforcement responsibility, or 
"primacy," for the public water supply 
system program or EPA if the State does 
not have primacy). The State may issue 
a variance if it determines that a system • 
cannot comply with an MCL despite 
application of the best available 
technology (BAT). Under Section 1415, 
EPA must propose and promulgate its 
finding identifying the best available 
technology, treatment techniques, or 
other means available for each 
contaminant, for purposes of section 
1415 variances, at the same time that it 
proposes and promulgates a maximum 
contaminant level for such contaminant 
EPA's finding of BAT, treatment 
techniques, or other means for purposes 
of issuing variances may vary,  

depending upon the number of persons 
served by the system or for other 
physical conditions related to 
engineering feasibility and costs of 
complying with MCLs, as considered • 
appropriate by the EPA. The State may 
not issue a varianCe to a system until it 
determines that an unreasonable risk to 
health (URTH) does not exist. EPA has 
developed draft guidance, "Guidance in 
Developing Health Criteria for 
Determining Unreasonable Risks to 
Health" (EPA 1990k) to assist States in 
determining when an unreasonable risk 
to health exists. EPA expects to issue 
final guidance for determining when 
URTH levels exist later this year. When 
a State grants a variance, it must at the 
same time prescribe a schedule for (1) 
compliance with the NPDWR and (2) 
implementation of such additional 
control measures as the State may 
require. 

Under section 1416(a), the State may 
exempt a public water system from any 
Ma. and/or treatment technique 
requirement if it finds that (1) due to 
compelling factors (which may include 
economic factors), the system is unable 

.to comply. (2) the system was in 
operation on the effective date of the 
MCL or treatment technique 
requirement, or, for a newer system, that 
no reasonable alternative source of 
drinking water is available to that 
system, and (3) the exemption will not 
result in an unreasonable risk to health. 
Under section 1416(b), at the same time 
It grants an exemption the State is to 
prescribe a compliance schedule and a 
schedule for implementation of any 
required interim control measures. The 
final date for compliance may not 
exceed three years after the initial date 
of issuance of the exemption unless the 
public water system establishes that: (1) 
The system cannot meet the standard 
without capital improvements which 
cannot be completed within the period 
of such exemption; (2) the system has 
entered into an agreement to obtain 
financial assistance for necessary 
improvements; or (3) the system has 
entered into an enforceable agreement 
to become part of a regional public 	. 
water system. For systems that serve • 
500 or fewer service connections and 
which need financial assistance to come' 
into compliance, the State may renew 
the exemption for additional two-year 
periods if the system is taking all • 
practicable steps to meet the above - 
requirements. - 

3. Primacy 

As indicated above, States may 
assume primary enforcement 
responsibility (primacy) for public water 
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systems under section 1413 of the 
SDWA. To assume or retain primacy, 
States need not adopt the MCLGs but 
must adopt, among other things, 
NPDWRs that are no less stringent than 
those EPA promulgates. States may also, 
at their discretion, adopt standards more 
stringent than the NPDWRs. 

4. Monitoring. Quality Control, and 
Recordkeeping • 

Under section 1401(1)(D) of the Act, 
NPDWRs are to contain "criteria and 
procedures to assure a supply of 	- 
drinking Water which dependably 
complies with such maximum 
contaminant levels; including quality 
control and testing procedures tar insure 
compliance with such levels * •*." In 
addition, section 1445 (a)(1) states that 
"every person who is a supplier of water 
• * shall establish and maintain such 
records, make such reports, conduct 
such monitoring and provide such 	• 
information as the Administrator may • 
reasonably require by regulation to 
assist him in establishing regulations 
* ' in evaluating the health risks of 
unregulated contaminants, or in advising 
the public of such risks." Section 1445 
also requires EPA to promulgate -
regulations requiring every public water 
system to conduct a monitoring program 
for unregulated contaminants, and EPA 

• has established a number of specific 
requirements.- • - • 

5. Public Notification _ 
Section 1414(c)- of the Act requires the 

owner or operator of a public water - • • 
system which fails to comply with an. 
Applicable maximum contaminant level 
or treatment technique requirement, 	• 
testing procedure, or section 1445(a). 
monitoring monitoring requirement to give notice to 
the persons served by the water system. 
Owners and operators of public water 
systems for which variances or' ...  
exemptions are in effect, or which fail to 
comply with the requirement of any 
schedule assembled pursuant to a 	- 
variance or exemption, must also give 
notice. Section 1445(a)(5) alio requires 
public water systems to notify-  the 	- 
persons served by the water system-and. 
the Administrator of the EPA of the-
availability of the results of Monitoring_ - 
for unregulated contaminants. Public 
notification regulations are codified at 
40 CFR 141.32. 

B. Applicability 
l'heSe proposed regulations .would 

apply to all community water systems 
(CWSs) and all non-transient, non- fl 

 public (NTNC) water 
Systems. 

Public water systems are defined in 
the Act as those systems which provide  

piped water for human consumpti6n and 
• have at.least 15 connections or. regularly. 

serve at least 25 people. Section. 
1401(1)(D)(4). The category "public .. 
water system" is composed of- . . 
community and non-community water. 
systeme. A community water system is
one which serves at least 15 connections 

	

- used by year-round residents or 	- 
regularly serves at least 25 Year-round 

. residents (40 CFR 141.2). Non- • 
community systems, by definition, are 

• • all other public Water systems, Non-
community systems include. transient 

. systems (e.g., restaurants. and service 
stations having independent water. 
sources) and non-transient systems. 
which EPA has definedas facilities that 
have. their Own water supply and 

'• regularly serve at least gs of the same 
persons for at least six months a year 
(see 52 FR 25712, July 8, 1987). 

Transient non-community water 
• systems,  would not be covered by these 

proposed' regulations: Environmental 
•• levels of these contaminants pose public 
• health hazards over along period of • 
- exposure. Occasional and infrequent 

exposure to environmental levels of 
: these doidaminanta pose minimal risks 

to the public and 'do not warrant 
• regulation under theSDWA. 

• EPA toliCita public comment on the 
. application of these regulationsto • 
- community and non-community • 

nontransient public water *supplies. 

C. RegulataryBackground 	• 	• 

.! analytical methods and treatment 
technologies and sought additional data 
and public comment on EPA's planned 
regulation. This notice builds on and up-
dates the Information assembled for the 
1906 ANPFtIvL 

- 	The information in the ANPRM on 
• occurrence was estimated from the 

nationwide compliance data for the 
standards in place, several nationwide 
and regional studies, and State data 
bases. Although the occurrence data for 
uranium and radon were not as 
complete as for the other regulated 
radionuclides, the available data 
showed that uranium, radium, and radon 
are seldom found together in high • 
concentrations. Relatively higher levels 
of radium were found in the midwest 
and Appalachian region, natural 	. 
uranium in the Rocky Mountains, and 
radon in the northeast When the 
ANPRM was published the available 

- data indicated that radon and uranium 
generally were distributed at low levels 
in water supplies throughout the United 
States. In some areas, however, ground 
water supplies had much higher levels of 
radon. Compliance monitoring data on 

• radium indicated moderate occurrence, - 
primarily in the midwesterri states. Beta 
particles and photon emitters were not - 
detected above the 56 pCi/1 screening • 
levels. 	: 	-• 

The ANPRM summarized the types Of 
cancer r (intimated with each 
radionuclide, the toxic effects of 
uranium on the kidney, and the . 

• estimated annual national risks posed 
by each radionuclide in drinking water. 

• Several analytical methods were 
mentioned and were presented along . 

• j with treatment technologies and 
. estimated.costs. 

D. Comments by the Science Advisory 
:.; Board and the Public on the ANPRM 

1. SAB Comment. 	• . 	- • • . _ 

The EPA's Science AdVisory Board's 
(SAB) Radiation Advisory Committee-

.' (RAC) reviewed the ANPRM and the 
• four draft criteria documents which 
supported it prior to publication of the 
ANPRM in he federal Register (51.  FR 

• 34836;. September 30, 1986). EPA 
subsequently revised the *Criteria - 
documents and resubmitted them to 
SAB/RAC for review dining the summer 
Of 1990. EPA heti now revised the . 

- 	Criteria dcicuments based on this latest 
review (SAB/RAC, 1990) and presents a 
summary of the SAB/RAC comments 
and EPA'S replies to them here. More 
detail on these issues may be found in 
the latest revised criteria documents 
themselves. 

1n1976: EPA promulgated the National 
- - Interim Primary Drinking Water • 
• - Regulations (NIPDWRs) for combined 

radium-220 and radium-228 at 5 pCi/l, 
• gross alpha particle emitters at 15 pCi/L . 
•, and beta particle and photon emitters 
- (also referred to as the "man-Made" . 
radionuclides)at a total dose equivalent 
of 4 mrem/year to any organ or Whole 

• 
 

body (40 CFR 141.15), These levels are 
currently in effect and enforceable.. . 

: When these NIPDWRs Were developed; • 
the Agency did not. haVe sufficient.  

Ihealthancleccurrente data on uranium.. 
and radon to develop standards. *. ... 7 

Therefore, there are no existing 
drinking water regulations for these two • 
radionuclides.As part of an effort tO 
develop better information for these. 
regulations, EPA sponsored a workshop 

':on radiaactivityin drinking water • 
(Health Physics, 1985). 	- 	. . 

On September 30, 1986, EPA published' 
an advance notice of proposed - • 
rulemakin,g (ANPRM), (51 FR 34836, , . 	. 	, . 
Sept. 30,1986) concerning the • 

	

_ radionuclides contained in today's 	- 
: proposed action. The ANPRMdis.cussed • 

EPA's understanding of the occurrence, 
health effects, and risks fixim these . 
radionuclides, as well as the available 
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a. General comments and genen-c. 
issues. In requesting review of the 
health criteria documents in 1990, the 
EPA requested the SAB/RAC to focus. 
on five questions in their review, in 
addition to providing any additional 
comments the reviewers believed to be 
relevant The five questions asked were: 

1. Are the estimates of the absorption, 
distribution and excretion of uranium, 
when ingeste& appropriate and 
supported by the data? 

2. Do the estimates in the documents 
form an appropriate basis for assessing 
the risks of directly ingesting water 
containing radon? 

3. What is an appropriate basis for 
estimating the risks from radon in 
water? 

4. What relative emphasis should be 
placed on the epidemiology data and 
modeled risk estimates for evaluating 
radium risks? 

5. Is the methodology for assessing 
risks from man-made radionuclides 
(both individually and collectively' 
appropriate? 

The SAB/RAC reviewers rdso 
commented on the overall quality of the 
draft documents and commented on 
several additional subjects. 

The SAB/RAC comments were 
organized as follows: General 
Comments and Generic Issues 
Responses to the Five Specific 
Questions; and Comments on Important 
Issues in the Criteria Documents and. 
Related Reports. EPA's replies to these 
comments follow the SAB/RAC 
organization, and are as follows: 

a=1. General comments and generic 
issues.The SAB/RAC made the 
following general comments: 

1. The general quality of the 
documents was not good. 

EPA Reply: Full criteria documents, 
rather than only Quantification of 
Toxicological Effects sections, have. 
been prepared, with carefurreview by 
ORP and ODW. Irrelevant information 
and incorrect definitions have been 
deleted, and definitive descriptions of 
the dasimetric models have been . 
Included in each Criteria Document. 
Except where noted in the Criteria 
Documents, the bases for selecting 
models is the same as those given by the 
ICRP in their publication ICRP 3o. (ICRP 
1979). Material on chemical and physical 
properties has been included, consistent 
with OW formatter preparation of 
Criteria Documents. The five documents 
have been made Consistent in their 	. 
approaches to risk assessment. 
Comments by the SAB/RAC made 
during the 1987 review have been 	. 
considered and addressed in the revised 
Criteria Documents. EPA believes 0 the 
overall quality of the revised documents 

uncertainty associated with this value 
may be great. perhaps a factor of 4 
greater or less than the value chosen. 
The basis for this uncertainty. 
assessment is presented lathe revised 
uranium health criteria document EPA 
believes 0.05 to be a best estimate for 
the general population, and not' a highly 
conservative value for the ft  factor. 	- 

2. Do the estimates in the documents 
form an appropriate basis for assessing 
the risks of directly ingesting water 
containing radon? 

The SAB/RAC urged EP ei to better 
justify use of a fresh tap water. 
consumption value of 0.843 liters/day, a 
value different than the 2 liters daily 
consumption usually used in assPssing 
exposure to drinIcing water 
contaminants, and other assumptions • 
about radon loss front water during 
consumption. The SAB/RAC also noted 
that the approach used for assessing the 
risks of radon in drinking water differs 
from that used for assessing risks from 
other volatile contaminants in drinking 
water. 

EPA Reply:A separate document was 
prepared by EPA to describe the data - 
available for both the selected rate of 
ingestion and for radon loss during 
water consumption, and the rationale 
for the selected values. Consistency 
with previous regulations of volatile 
contaminants in drinking water is also 
addressed. These points are summarized. 
In the Radon Criteria Document 
(sections IV.C./ and VIII.B.21 and the 
uncertainties are discussed in chapter-DC 
of the Radon Criteria Document (Section 
DC.B.2). 	 • 

The available data ori tap water. .  
consumption is presented in "Radon in 
Drinking Water: Assessment of 
Exposure Pathways". (EPA. 1991h). EPA 
continues to believe a value other than 2' 
liters per day is appropriate for 
assessing risks froth ingested radon; and 
has used a value of t liter daily intake of 
fresh tap water, as a reasonabk 
maximum, in the revised documents. 
EPA believes this is appropriate because 
radon is a volatile gas and will not be 
present In-water used for soaking or. 
making tea or-coffee, or water that has - 
been stanclingfor some time. EPA has 
therefore estimated consumption of 
water that is promptly consumed, Le. 
water drawn from the tap and consumed 
immediately, for assessing radon-  - 

. exposure via the ingestion route. EPA 
has previously used the 2 liter daily 
water consumption estimate in 
assessing risk for other volatiles in 
drinking water because no separate 
inhalation exposure and risk assessment 
was performed- The exposure to other 
volatile contaminants via ingestion 

Is substantially Improved, and will 
continue to udate the documents,. as 
needed, between proposal and 
promulgation of this regulatiom 

2. Technical decisions contrary to 
SAD and NAB recommendations were 
presented-without discussion of 
alternatives or justification for the 
Agency's choices. 

EPA Reply:Detailed discassions are 
provided in the criteria documents of 
issues raised by the SAB, as indicated 
for document-specific comments below. 
The-basis for adoption of SAD and NAS 
recommendations is presented in 
individual criteria documents and 
described briefly below. EPA's adoption 
of advice and guidance has attempted 
most appropriately resolve potentially 
conflicting recommendations, and 
strives to be consistent both internally 
and with otherFederal Agencies in its 
assessments of radiation risks. EPA's 
modification-of the ICRP dosimetric 
models is used for assessing doses and 
risks from radium, uranium and gross 
alpha emitters, and for estimating doses 
used in calculating the effective dose 
equivalent which serves as the basis of 
the standard for beta and photon 
emitters. 

3. Uncertainties were not adequately 
addressed. -- 

EPA Replyrli new chapter has been 
added to each criteria document 
addressing uncertainties associated 
with the range of assumptions and 
models considered and those arising 
from parameter variability (chapter IX 
in each document). 	' 

b. Responses to the five specific 
questio= ' 	, 

1. Are-the estimates of the absomtion, 
distribution and excretion of uranium, 
when Ingested, appropriate and, 
supported by the data? 

The SAB/RAC believed the - 
absorption. distribution and excretion 
estimates presented in the draft uranium 
criteria document needed to be 
discussed in more detail and better 
supported by the criteria document. In 
particular, the SAB/RAC disagreed with 
use of 0.20 as the 4 (gastrointestinal 
absorption factor) and cited a 1985 - 
review sponsored by theZPA as 
recommending an ft  value of 0.014. SAD! 
RAC also urged that the value chosen be 
identified as representing the average 
population or any special sensitive 
groups. 

EPA .Reply: EPA has extensively 
reviewed the literature available on this 
issue and believes that a value of 0.05 is 
appropriate. However, published studies 
present a wide range of possib/e values 
for the uranium uptake factor. While 
EPA believes a value of 0.05 is 
supportable based on the literature, the 
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of radon with its progeny in the shower 
and bathroom, the unattached fraction, 
and aerosol particle size in a shower 
and behavior of water aerosols in the 
respiratory tract. Modeling does allow 
for risks from showers to be broadly 
bounded. and EPA has done so in its' 

' review. review. EPA concluded that integrated 
exposure and risk estimates developed 
from modeled water use through out the 
house (including showering) differ only 
slightly from the results obtained from 
use of an average water to air transfer 
factor such as 10,000:1 (i.e.. 10,000 pCi/1 

• radon in water increases indoor Mr 
levels by abouti pCi/1), based on the 
empirical data. 
- In response to the final point of the 

SAB/RAC, there is no overall 
quantitative difference in the risk 
assessment presented in the draft Radon 
Health Criteria Document and the draft 
submitted to the,SAB for review in 
February of 1990. Both present the 
average unit risk value of 360 deaths per 
104  Working level months of exposure to 
radon and its progeny, in air, as a 
central estimate, consistent with EPA's 
letter of November 23, 1988 (EPA. 1988f) 
to the SAB/RAC, which first used this  

based on both epidemiologic data and 
require mathematical 'Modelling. The 
EPA 'uses the wealth of epidemiologic 
data on human exposure and risk of 
radiogenic cancers, including radium . 
dial painters and epidemiologic data on 
bone sarcomas resulting from injected 

The watch dial painter data indicate 
that the incidence of bone sarcomas 
may follow a dose-squared response, 
especially at higher exposures. EPA ' 
policy, supported by recommendations 

, of SAB/RAC, is to assess cancer risks 
from ionizing radiation as a linear 

. response. Therefore, use of the dial 
painter data requires either deriving a 
linear risk coefficient from significantly 
non-linear exposure-response data, or 
abandoning EPA policy and SAB/RAC 
advice in this case. Two analyses were 
recommended as alternatives by the 
SAB/RAC, those of Mays et al. (1985) 
and of Schlenker (1982). Both analyses 
used the same cohorts, calculated doses 
and definitions of incidence, and 
differed primarily in the statistical 
approach to deriving a linear slope that 
would not be rejected by the • 
epidemiology data. The two resulting 
values differ by about 60%. EPA was not 
able to determine whether this degree of 
agreement resulted from the use of 
identical data, but took into account the 

• caution of the BEIR W Committee (NAS, 
1988) that there was no unique way to 
derive a linear risk coefficient for bone 
sarcomas from the dial painter data. 

There are, however, serious problems 
in applying the watch dial painter 
epidemiologic data. Theselnclucle 
uncertainties in intake, due to variability 
in retention of radium and to lack of . 
measurement of Ra-228. There may also 
be uncertainty in these data due to 

• possible bias in identification and . 
measurement of workers, and the lack of 
a unique way to specify the appropriate 
extrapolation-of the observed quadratic . 
response among workers at high intakes 
with known abnormal bone physiology 
to a linearized response consistent with 
the lack of observed sarcomas among 

• lower-intake cohorts. There may also be 
problems in extrapolating to continuous  
intakes across years from a single 
intake, and in assessing latency and 
duration of plateau based on the 
radium-224 data. The dial painter data - 
and the issues involved in extrapolation 
are extensively discussed in the Radium 
Criteria Document (sections III.B, VI.B.1. 

DC.A.1 and DC.A.2, Tables VI-1 
to VI-3, VIII-1 and VD1-2), and 'a 
thorough discussion of the RADRISK 
model has been incorporated (sections 
HID, VII.B, VIII.B.2, IX.A.2 and IX.B.2, 
Tables III-1 and VILI-3 to VIII-5). 

4. What relative emphasis should be.  
- placed on the epidemiology data and 
• modeled risk estimates for evaluating 

radium risks 	 • 
The SAB/RAC urged EPA to base its

•  
	• 

risk assessment for radium on human 
. epidemiology data on radium watch dial 
" painters, rather than on modeled' 

estimates, estimates, and urged EPA to present its.. 
- modeling can be performed for radon . rationale for adopting the modeling 

from showering and other water use, 	approach for radium risk assessment 
assessing risk based on this information The .SAB/RAC also requested that EPA 
is difficult Human activity patterns are 	better describe its dosimetric model in 
highly  variable with regard to factors 	the revised criteria document, including 
that have a large influence on exposure, calculated doses and risks to organs, 
such as temperature and length of 	and that if EPA continued to use the 
shower, shower flow rate, timing of 	modeling approach, uncertainties in the 
multiple showers within a household, 	Modeling be addressed. 
and location and use of clothes washing 	EPA Reply: The Agency carefully 
machines. Also, significant unanswered 	reconsidered this issue. First it should be 
questions remain about the equilibrium 	pointed out that all risk estimates are 

predicted by 2 liters daily consumption 
served as a surrogate to compensate for 
the lack of a separate inhalation - 
exposure and risk assessment. Because 
there are data on the transfer of radon 
from water to the indook air of homes, 
an exposure assessment by the 
inhalation route for radon derived from 
water can be made. EPA has estimated 
the inhalation exposure and risk and the 
ingestion exposure and risk resulting 
from radon in water separately, and 
added the two assessments together in 
estimating overall risks from radon in '  
water. The radon exposure pathways 
document also describes the basis for 
estimating 20% loss of radon from water 
before it is consumed. 

3. What is an appropriate basis for 
estimating the risks from radon in 
water? 

The SAB/RAC asserted that use of a 
generic tap water to air transfer factor 
overlooks potential high radon 
concentrations at the point of release. 
such as during showering, and urged 
inclusion of such an exposure 
assessment in the revised documents. 
SAB/RAC stated that all contributions 
to total exposure should be considered, 
and that uncertainties in all the 	as the unit risk for radon. The source of 
estimates must be addressed. SAB/RAC. disagreement was apparently the lack of 
also stated that there were differences 	separate presentation of risks to 
in the draft criteria document from a 	smokers and nonsmokers. Risks to - 
draft radon risk assessment previously 	smokers and non-smokers were not 
submitted to SAB/RAC by EPA's ORP - presented separately and in detail as in 
for review. 	 - 	the February 1990 paper. EPA has added 

EPA Reply: An analysis of exposure 	this discussion to the revised Radon 
to radon during showering and other. 	Criteria Document (sections VLC and 
household uses of water was performed VIILB.2., Table VI-1). The preparation of 
by EPA and is presented in "Radon in 	the Radon Criteria Document was 
Drinking Water: Assessment of 	• coordinated with the evolving ORP 
Exposure Pathways" (EPA, 1991h). The 	position on indoor radon risks to the 
analysis was summarized in the Radon 	extent the regulatory and review 
Criteria Document (sections IV.C.2 and 	schedules allowed. and EPA will 
VM.B.2) and the uncertainties are 	.. continue to update the document, as 
discussed in chapter DC of the Radon 	, needed, between proposal and - 
Criteria Document (sections DC.A.3 and 	promulgation of the final rules. 

This document reviews the available 
data and methods for evaluating- - 
inhalation exposure to radon released 
from water. These include several 
empirical studies as well as several 
modeled approaches to exposure 
assessment EPA concluded in this 
analysis that although mass balance 
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An alternative to the dial painter data 
for deriving a linear coefficient is the 
experience with patients injected with a 
short lived isotope of radium. The l3EIR 
III committee (NAS, 1980) found that 
these epidemiology data were consistent 
with a linear relationship between dose 
and bone sarcoma incidence, and 
derived a linear risk coefficient Because 
of the difference in the toxicolcinetics 
between the short-lived and the long-
lived isotopes of radium, modelling is 
required to use the BE III risk 
coefficient The use of models 
introduces some uncertainty into the 
assessment of risk but has the 
advantage that differing patterns of 
exposure can be evaluated (e.g. constant 
lifetime exposure). 

The RADRISK model (Sullivan et a)., 
1981; Dunning et al.. 1980; EPA, 1989a) 
used by EPA to assess risk from 
radionuclides also allows calculation of 
radiologic doses to and cAnePr risks in 
organs other than bone, based on 
epidemiology data on cancer risks from 
several studies of effects of ionizing 
radiation. 

One concern the SAB/RAC had with 
this model was that the predicted 
incidencP of leukemias was higher than 
observed in the dial painter cohorts. 
EPA reexamined this prediction and 
revised the calculation of the high-LET 
radiation risk to bone marrow to be 
more consistent with the predictions of 
the watch dial painter study and the 
observations in the sponclylitic and 
Thorotrast studies. The predictions of 
the RADRT.SK  model were adjusted to 
Ore a relative incidence of leukemias 
and bone sarcomas more consistent 
with observed data, which is also more 
consistent with the watch dial painter 
data (as described in section V111.8.2. 
Table VIII-5 of the revised criteria 
document). Data on the leukemia 
incidence reported in patients injected 
with Thorotrast a thorium-based 
radiologic contrast agent were also 
examined (NAS 1988). EPA has also 
added head carcinomarisk to the model 
(for radium-228). consistent with the 
watch dial painter studies. 

As a result of this reconsideration 
EPA continues to incorporate the 
estimate of the bone sarcoma risk 
coefficient derived from epidemiology 
data that show a linear dose-response 
curve (the data for radium-224), a 
revised bone marrow risk coefficient 
and hence leukemia risk, and has added 
a risk coefficient for radium-226 induced 
head carcinomas. These issues and 
EPA's conclusions are discussed in the 
revised radium health Criteria 
Document, and as requestedhy SAB/ 
RAC, an expanded description of the  

RADRISK model and assessment of 
uncertainties have been added. 

5. Is the methodology for assessing 
risks from man-made radionuclides 
(both individually and collectively) 
appropriate? 

The SAB/RAC urged EPA to include 
risks from man-made alpha emitters as 
well as beta emitters, urged use of EPA 
"official" risk estimates, and urged that 
the results be presented without 
reference to likely regulatory levels. 

EPA Reply: EPA has revised its risk 
assessment numbers to correspond to 
previous estimates generated by the 
RADRISK model, and will incorporate 
any revisions based on the 
recommendations of the BEIR V report. 
only after SAB/RAC has had an 
opportunity to review and comment on 
them as a separate issue and not in the 
context of this proposed regulation. 
Similarly, only unit risk and dose 
assessments are presented in the 
revised criteria document, without 
reference to possible regulatory levels. 

c. Comments on important issues in 
the criteria documents. SAB/RAC also 
made the following comments on the 
draft Criteria Documents: 
I. Uranium criteria docurrzent 1. The 

document fails to explain selective 
adoption of the recommendations of the 
BEER IV report, in particular the BE1R IV 
use of analogy with radium as the basis 
for risk evaluation of uranium, and the 
BE1R IV conclusion that any cancer risk 
from uranium is from bone sarcoma, not 
other organs as predicted by the EPA 
model. 
' EPA Reply: For a numberof reasons 
discussed above, EPA has continued to 
rely on its risk model for assessing 
radium cancer risks, and uses this 
approach for assessing uranium cancer 
risks as well. EPA, like the ICRP, 
evaluates dose and risk for a number of 
organs and tissues and combines them 
as appropriate to obtain the risk 
estimate. EPA believes that all emitters 
of ionizing radiation are carcinogenic. 
EPA has reviewed and revised a key 
parameter value used in this model the 
fr value, according to SAB/RAC 
recommendations, and has also revised 
the predicted risks of leukemia, as 
described above for radium, and the 
risks to kidney. These revisions are 
'discussed in greater detail in sections IV 
and VIII of the revised uranium Criteria 
Document 

2. The uncertainty in the risk 
assessment for uranium must be 
discussed. 

EPA Reply: An analysis of the 
uncertainties in the uranium cancer risk 
estimate has been prepared and is  

presented in section IX of the revised 
uranium Criteria Document 

3. If a modeled approach is chosen, 
EPA must justify selection of the models 
and parameter values, in particular the 
f' value of 0.20 used in the draft criteria 
document, and the work of Wrenn et al. 
(1985) and Spencer et al. (1990: as cited 
in EPA, 1991e) must be addressed. 
Quality of the data and the possible 
effect of diet and eating habits on the 
uptake of uranium must be considered. 

EPA Reply: As discussed above, EPA 
has reviewed and reviself the fi value 
used in estimating uranium risks. The 
work of Wrenn et al.. and Spencer et al.. 
were considered in this review. 
Evaluation of the data quality and the 
possible effect of diet and habits, i.e., 
iron deficiency and the "no-breakfast . 
syndrome," are presented in the 
uncertainty discussion of the revised 
Uranium Criteria Document 

4. Comments and recommendations of 
the 1987 Drinking Water Subcommittee 
review have not been incorporated into 
the document, and the document 
Includes irrelevant information (on 
Inhalation studies) and some incorrect 
definitions. 

EPA Reply: EPA has reviewed the 
comments made by the1987-Committee 
review, and addressed those that remain 
pertinent to the revised documents. 
Studies by exposure routes other than 
ingestion have been included in the 
Criteria document, where those studies 
Indicate systemic effects and especially 
where data by the ingestion route are. 
sparse. sparse. Terms and definitions have been 
reviewed and corrected where found to 
be incorrect. 

ii. Radium criteria document. 1. 
Extrapolation of risk from dial painter 
data. 

EPA Reply:This issue is addressed in 
question number 4 above 

2. Uncertainties are not adequately 
addressed. 

EPA Reply: EPA has added an 
assessment of the uncertainties in the 
risk evaluations to all of the revised 
Criteria Documents. 

3. The estimate of radium absorption 
from Maletskos et al. (1966) should be 
discussed further and uncertainties 
addressed. 

Response: The discussion has been 
expanded (section 111.A) and 
uncertainties are addressed (section 
DC.8.1). 

4. The issue of sensitivity of children 
to non-cancer effects of radium should 
be revised. 

Response: This recommendation was 
followed (sections 131B,VLC, VlitA and 
Dc.A.1). 
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5. The RADRISK model should be 
described in more detail, and the over-
prediction of leukemias, lack of 
prediction of head carcinomas, and 
relative risks of Ra-228 and Ra-228 
should be addressed. 

EPA Reply: This recommendation was 
followed [sections BID, VILB, VI]LB.2, 
IX.A.2 and IX.B.2. Tables 111-1 and VIII-3 
to VIII-5 of the radium Criteria 	' 
Document). As described above, the 
estimates of leukemia risk for radium 
226 and 228 have been revised and the 
head carcinoma risk for radium-228 
added, consistent with the watch dial 
painter data. Organ doses and risks to 
bone and other organs are also 
presented. On review, EPA discovered 
an error in the estimated radium-228 
dose to bone marrow and bone surface, 
and has revised the dose, and hence risk 
estimate for radium-228 to be consistent 
with the dose estimated by the ICRP 30 
model (EPA, 1991b). It should be noted 
that the 2.5 fold higher potency of 
radium-228 in inducing bone sarcomas 
among the watch dial painters relates to 
an instantaneous intake of radium, and 
less of a difference would be expected 
for continuous lifetime exposure - 
(Rowland et. aL. 1978). 

iii. Documents related to radon.1. 
Inconsistencies in the relative 
conservativeness of the assumptions 
across the criteria documents for 
radionuclides and with regulation of 
other volatile chemicals in water should 
be addressed. 

EPA Reply: Parameter values used in 
the criteria documents have been 
reviewed and are now more consistent • 
with regard to their degree of 
conservativeness. 

As discussed above, radon is the first 
drinking water contaminant for which 
the inhalation pathway is specifically 
addressed as a separate exposure 
pathway. This involves adjusting the 
ingestion risk downwards to account for - 
loss of radon from tap Water used for' . 
cooking and in other ways that would-  - - • 
cause radon loss (making coffee. tea, 
etc.) and also separately quantifying - • • 
Inhalation exposure from all household • 
uses of water-The Agency made an . 
extensive analysis of the exposure to 
radon by ingestion and by inhalation of 
radon released from household uses of 
water, including short-term exposure 
during showering. This analysis is 
presented in a separate document (EPA 
1991h) and summarized in the Radon 
Criteria Document (sections IV.C.1. 
IV.C.2., 	 IX.B.1 and 
IX.B.2). 

2. Uncertainties should be discussed, 
particularly of variability of important 
parameters in the risk assessment. 

Response: Chapter IX of the Radon 
Criteria Document addresses 
uncertainties both from the range of 
assumptions and models and from 
parameter variability. 

3. The discussion of radon health risks 
should be updated and made consistent 
with the ORP approach, and the 
appendix discussions of non-cancer 
health effects of radiation exposure - 
should be omitted. 

EPA Reply: The discussion of miner 
data, including Lubin et aL (1990 as 
cited in EPA. 1991c), has been updated 
(Radon Criteria Document section 
VLB2) and risks of inhaled radon decay 
products have been listed separately for 
smokers and nonsmokers (sections VLC 
and VIILB.2, Table VI-1). Genetic-effects 
are discussed in the Radon Criteria 
Document (sections VI.B.1, VLB2.. 
VIILC, IX.AA and IX.B.3, Tables VD1-7 
to VIII-9) because these may be relevant 
in the context of radon in drinking 
water. 

4. The basis for the rate of 
consumption of tap water and the loss of 
radon should be presented and 
defended. 

EPA Reply: This has been done in a 
separate document (EPA 1991h) and 
summarized in the Radon Criteria 

..Document (sections IV.C.I., VIII.B.2 and 
DC.B.1). 

5. The basis for the selection of the . • 
transfer factor for waterborne radon 
contribution to indoor air radon levels 
should be presented and defended. 

Response: This has been done in a 
separate document (EPA 1991h) and 
summarized in the Radon Criteria - 
Document (sections IV.C.2. VIILB.2 and 
DC.A.3 and DC.B.2). 

6. The daily acute exposure from 
showering should be considered, 
including the degree of radon : 
equilibrium. 	. 

EPA Reply: This has been done in a - 
Separate document (EPA 1991h) and 
summarized in the Radon Criteria 
Document (sections IV.C.2, VIILB.2 and 
DC.A.3 and IX33.2). - • - 	- 	• 

7. Additional analysis of the ingestion - 
model by Crawford-Brown (1990) would 
be useful, including extending the..: 
analysis of uncertainty. 	- - 

EPA Reply: The analysis of . 
uncertainty in radon ingestion risks is 
extended in the Radon Criteria 	- 
Document (sections IXA.2 and DC.B.1). 
The model of Crawford-Brown (1990). 
which has been published in peer-
reviewed journals (Risk AnaL 11:135-. 
1434991). was considered to be the best 
analysis available for assessing risks of 
ingested radon. 

8. The document should not contain 
incorrect definitions of fundamental' 
technical technical terms or basic fallacies.  

- 2. Public Comment on the ANPFtM , 
EPA requested comments on all 

, aspects of the September 30,1986 
• ANPR/yL A summary of the major - 

comments, and the Agency's response to 
the issues raised, are presented below. 

- A detailed enumeration of the comments 
received and the Agency's responses is 
presented in the document "Response to 
Comments Received on the NPDWRs: 
Radionuclides in Drinking Water—
Advanced Notice for Proposed 
Rulemalcing of September 30, 1986.- 

EPA Reply: The Radon Criteria 
Document has undergone extensive 
internal Agency review to correct 
inaccurate terminology. 

iv. Manmade Radionuclides 
Document. 1. The document on 
manmade radionuclides used risk 
factors inconsistent with the other 
radionuclides discussed here and used 
an ad hoc extrapolation of risk factors 
based on an assessment of the BEIR V 
report that has not been submitted for 
review by the SAB, in spite of a previous 
agreement to do so. 

EPA Reply: As described above. 
EPA's established risk factors have been 
used in the revised Criteria Document 
Use of risk factors based on the BEIR V 
report will be delayed until EPA has 
reviewed these with the SAB/RAC in a . • separate evaluation. • 

2. The evaluation of risks should be 
based on the ICRP effective dose 
equivalent concept 

EPA Reply: EPA has used its own 
dosimetric model (the RADRISK model), 
based to a large degree on ICRP models 
and parameters, in the revised criteria 
document on beta and photon emitters. 

3. The document should define the 
potential risks of exposure, rather than 
define the regulatory value of 4 mrem 
ede/yr. 

EPA Reply: The revised beta and 
photon emitter Criteria Document 
assesses risks and does not present a 
regulatory value. Regulatory values for 
the beta and photon emitters, based on 
the unit risks in the Criteria Document 
are presented in appendix B of this 
notice. 

4. The document fails to adequately 
discuss uncertainties associated with 
the values of parameters selected and 
overall uncertainty of the evaluation. 

EPA Reply: An assessment of the 
uncertainties in the risk estimates has 

7  been added to each of the Criteria 
Documents. .• • 

5. Tables A-1 and V-1 are misleading 
or difficult to understand as presented. 

. 	EPA Reply:These tables have been 
revised to clarify the information 
presented in them. 	• 
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(EPA. 1991j) which is available in the 
public docket for this rulemaking. 

EPA received 44 written comments on 
the ANPRM. Of the comments received, 
2 were from individuals. 2 were from 
Federal agencies, 11 were from States, 3 
from local governments, 15 were from 
companies, 4 were from public water 
supplies and 8 were from public or 
professional organi7ations. 

EPA held a public hearing on 
November 13, 1986. Representatives of a 
professional organization and of a 
company each made a statement and 
two local government representatives 
reported on levels of radionuclides in 
their water. 

Because some of EPA's approaches to 
risk evaluation and regulation have 
been revised since 1986, some of the 
comments and issues are addressed 
only in the comment response 
document. Those still considered 
significant are discussed here. 

a. EPA's proposal to set a MCLG and 
MCL for natural uranium. A total of 16 
commenters addressed EPA's advanced 
notice for regulating uranium. 
Commenters raised four major issues 
regarding the uranium regulation: - 

(1) Toxicity Versus Carcinogenicity 
(2) No-Observed-Adverse-Effect-Level 
(3) Risk Estimates 
(4) Economic Impact 
(1) Uranium toxicity versus 

carcinogenicity 	- • 
Comments: Ten commenters 

questioned EPA's proposal on the basis 
of insufficient scientific evidence to 
show that natural uranium is a 
carcinogen. One commenter disagreed 
with EPA's rationale to regulate uranium • 
based on similarities to radium and 
another maintained that ETA's 	• 
comparison of radium and uranium was 
flawed because EPA ignored the fact 
that uranium will expose tissues at a 
much lower dose and dose rate. In 
support of EPA's proposal, one 
commenter urged EPA to set MCLGs at - 
zero because of the lack of available 
data on the radiotoxic effects of Uranium 
and because of similarities between 
radium and uranium. • 	. 	- 

EPA Response: Uranium, like radium. • 
is a source of ionizing radiation which 
decays and emits alpha particles 
internally, thereby irradiating internal 
tissues. Uranium also concentrates in 
bone as does radium. and kidney. 
Ionizing radiation has been shown in 
many studies to be carcinogenic in 
humans and EPA has classified it as a 
group A carcinogen. Uranium has 
caused cancers at multiple sites in - 
laboratory animals, as would be 
expected from a source of ionizing 
radiation. Furthermore, the human 
carcinogenic risk from ingested radium  

is well-established (EPA, 1991b). For 
these reasons, the Agency is proposing 
to establish an MCLG for natural 
uranium based on it being a carcinogen. 
Uranium also is believed to be toxic to 
the kidneys, and below, EPA discusses 
exposure levels that would be 
considered safe for this adverse effect. 
In setting a standard, EPA will ensure 
that the eventual MCL is protective for 
both the carcinogenic potential of - 
uranium and for kidney toxicity. For the 
purposes of this rule the MCL is based 
on uranium's potential for kidney 
damage. • 

Comment: One commenter stated that 
Information presented at the National 
Workshop for Radioactivity in Drinking 
Water held in May 1983, indicated that 
carcinogenic risks were negligible from 
uranium, as well as from radium and 
radon. 

EPA Response: The risk level 
estimated in the 1983 Workshop on 
uranium was 6 x 10 -7  per pCi/1 lifetime 
cancer risk (Mays et al., 1985). Since the 
1983 Workshop, EPA has continued to 
assess the hazards of all the 
contaminants in this proposed rule. The 
Agency still believes the risk from 
uranium to be approximately 6 x 10-7  
per pCi/1 (EPA, 1991e). EPA does not 
regard this risk as negligible. _ 
Longstanding and carefully considered 
EPA.policy for regulating carcinogens in 
drinking water is that the lifetime 
individual risk target is one in 10,000 
(10-4) to one in 1,000,000 (1cri risk. As 
uranium occurs in water used as a 
source of drinking water at levels posing 
risks within this target range, the 
Agency believes regulation is 
warranted. Uranium is also toxic to 
kidney at concentrations that may be 
found in drinking water, and protection 
against this potential hazard is also 
warranted. In addition, regulation of 
uranium in drinking water is required by 
the 1988 amendment to the SDWA. 
(2)No7Ob8erved-Adverse-Effect-Leyel 

Comments: Two commenters cited _ 
data showing that the lowest 
concentration Of uranium shown to 
cause kidney damage is 3 j.cg per gram of 
kidney with 1 ng/gram kidney being a 
kidney concentration well below the 
level causing kidney damage. The 
commenter stated that this 
concentration in water is approximately 
equivalent to an exposure of 1,00 pCi/l. 
Another commenter believed there is no 
reason to develop a regulatory limit for 
uranium of less than 5 mg/L asserting 
that 5 mg/I is the accepted, nontoxic 
level for natural uranium from heavy 
metal toxicity. 

EPA Response: The study that the first 
commenter is referring to (Wrenn et al.,  

1985) goes on to derive an intake limit 
for uranium in drinking water based on 
the 1 i.cg per gram of kidney as a no-
toxic-effects concentration level. Using a 
GI absorption estimate of 1.4% for 
humans at environmental levels of • 
uranium intake, a safety factor of 50, 
and a 1.71 1/day water intake, the study 
recommends a 100 t.g/1 limit for uranium 
in drinking water. 

Based on evidence from a number of 
chronic and subc.laronic toxicity studies 
with several species of animals, EPA 
has identified a lowest-observed-
adverse-effect-level (LOAEL) of 2.8 mg 
uranium/kg/day based on moderately 
severe renal damage following 30 days 
of dietary administration of uranyl 
nitrate to rabbits (EPA. 1991e). From this 
LOAEL, the Agency calculated a 
reference dose (RID), or daily exposure 
for humans likely to be without 
appreciable risk of adverse health 
effects during a lifetime. The RID is 3 x 
10-3  mg/kg/day (EPA, EPA, 1991s). 

When estimating drinking water 
contaminant levels for contaminants or 
effects associated with identified 	- 
thresholds, EPA calculates a DrinIcing 
Water Equivalent Level (DWEL), a 
drinking-water specific lifetime - 
exposure for the contaminant at which 
adverse non-.carcinogenic health effects 
are not anticipated to occur. This DWEL 
for uranium was calculated to be 0.10 
mg/1 (or 100 p.g/l) using kidney toxicity 
to adults as an endpoint When setting 
an MCLG based on an identified 
threshold, the DWEL is multiplied by the 
relative source contribution ('RSC) for 
water (the fraction of total exposure that 
derives from drinking water) to form the 
basis for the MCLG.. EPA examines the 
available data on other exposure 
sources to identify the RSC, and uses a 
value of 20% as a default value if data 
are not available or are of poor quality: 
that is the case with uranium. This' 
would would give an MCLG of 20 Ag/1, or --
approximately 30 pCi/l. This level is 
well below the level cited by the second 
commenter as an accepted. nontoxic 
level for natural uranium. These issues 
are discussed in greater detail in 
Sections III. and IV. below. 

(3) Risk Estimates 

• Comment: One commenter stated that 
EPA's risk estimates for uranium are 
flawed because they were developed 
using a linear dose-response curve that 
overestimated risk from lifetime 
exposure to water supplies having up to 
100 pCi/1 of uranium. This commenter 
urged EPA to consider the BEIR IV 
report which contains information 
concerning the extrapolation of the 
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biological effects of all alpha emitters, 
including uranium. 

EPA Response: The BEER III report 
(NAS, 1980) recommends linear dose 
response curves for use in assessing 
risks from all alpha emitters, and as 
appropriate for uranium, since it is an 
alpha emitter. The BE1R N (NAS, 1988) 
report makes no clear, recommendation. 
but rather discusses the implications of 
making different choices among the 
possible alternative approaches. 
(4) Economic Impact 

Comments: Two commenters argued 
that the cost of treatment for uranium is 
too high. especially for small water 
systems, considering the lack of data 
showing that uranium is carcinogenic. 

EPA Response: As stated above, EPA 
believes that there is adequate scientific 
evidence to show that uranium is 
carcinogenic to humans. 

Costs for uranium removal are 
dependent on water system size, 
concentration of uranium in source 
water, and the type of removal 
treatment used. EPA has determined 
that proposed BATs for uranium 
removal are affordable by regional and 
large public water systems (EPA, 1991i). 
EPA also evaluates total, or national 
compliance costs as well as household 
costs and cost-effectiveness in assessing 
feasibility of treatment EPA considers 
the cost of the health protection 
afforded by the proposed MCLs to be 
reasonable (EPA, 19911). While 
affordability assessments are based on 
cost to regional and large water 
systems,.variances and exceptions may 
be available for some small systems if 
required conditions are met (i.e.; see • 
section V.I). Variances or exemptions 
may not be granted if doing so would 
result in an unreasonable risk to health. 
The Agency has specified proposed 
BATs for variance purposes for small 
water systems (see section V.B) and is 
continuing to evaluate what costs are 
reasonable for public water systems. 

b. EPA's proposal to set separate 
macs and MCLs for radium-228 and 
radium-22a A total of 11 commenters 
submitted comments regarding the 
appropriateness of establishing 
combined or separate MCLGs and MCLs 
for radium-226 and radium-228. 

Comments: Most commenters on this • 
issue supported the establishment of 
separate MCI.Gs and MCLs for the two 
contaminants, citing several reasons: 
each appears to be different 
toxicologically, each has different 	- 
degrees of biological effectiveness, and 
each has different risk levels associated 
with identical concentrations. 

In opposition to separate MCLGs and 
MCLs for radium-226 and radium-228, 

1./1(141.26(a)(1)(i); EPA, 1988d). The 
proposed revision to the monitoring 
requirements described in section V. 
below would rectify this problem. 

C. Disposal of radioactive waste 
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the need for EPA to address 
lides. A total of 15 commenters 

discussed 

treatment of water  

economic 

from 	for 

 	rregulatory, and  
aspects of treatment and disposal of 
radioactive waste resulting from water 
treatment to remove radionuclides. 

Comments: Commenters urged EPA to 
address the issue of disposing radium- 
contaminated sludge from lime softening 
treatment, uranium-containing spent 
alumina, and uranium-contaminated 
sludge from coagulation treatment using 
alum or iron salts. 

Commenters pointed out that the 
waste streams generated by reverse 
osmosis and electrodialysis treatments 
for uranium could contain triple the 
uranium concentration of the raw 
matelial, and that a large problem 
associated with reverse osmosis 
treatment fortranium would be disposal 
of large volumes of brine generated by 
the process and disposal or the uranium-
contaminated salts remaining after brine 
water evaporation. 	. 

EPA Response: At the present time- 
there are no federal regulations 
specifically addressing the disposal of 
wastes generated by water treatment 
processes on the basis of their 
radionudide content There are 
regulations that apply to disposal of _ 
radioactive wastes in general. and these 
would apply to drinking water treatment 
wastes that are radioactive. 

In order to guide water treatment 
facilities and State and local regulators 
toward safe waste management: 
practices for water treatment plant 
wastes containing radionuclides above 
background levels,. EPA has reviewed 
regulations and guidelines which 
address the handling and disposal of - 
wastes containing naturally occurring 
radionuclides originating from industries 
other than water treatment . 

Based on these regulations and 
guidelines, EPA has developed. 
suggested guidelines for disposal 
options and institutional controls which 
would be pertinent-for drinIcing, -water 
treatment wastes containing naturally- • 
occurring radioactive contaminants at 
various ranges of concentration.-These 
guidelines are presented in "Suggested 
Guidelines for the Disposal of Drinking 
Water Treatment Wastes Containing 
Naturally-Occurring Radionuclides" 
(EPA. 1990a). 	• 

For disposal of liquid wastes, or 
brines, EPA suggests discharge to 
surface water, discharge to sanitary 

one commenter maintained that the 
database for radium-228 is insufficient 
to warrant separate regulations for the 
two isotopes. 
• EPA Response: The Agency does not 

agree that the database for radium-228 
is insufficient to warrant separate 
regulation. There is sufficient scientific 
evidence that carcinogenic risks from 
radium-228 are not qualitatively 
different from radium-226 risks (EPA. 
1991b). 

As discussed above, and in detail in 
the revised health criteria document for 
radium. EPA has classified radium-228 
as a group A human carcinogen. 
Radium-228 is a beta emitter that 
irradiates the bone and other organs 
where it is deposited; EPA has classified 
all ionizing radiation as a group A 
carcinogen. Use of human epidemiology 
data in conjunction with the RADRISK 
model estimate the lifetime cancer risk 
from radium-228 at approximately 
3 x 10-• per pCi/L The epidemiology 
studies addressing radiuni-226 and -228 
directly also indicate that two types of 
r.ancer, bone sarcomas and head 
carcinomas, are elevated in persons who 
have been exposed to ingested radium..  
Rowland et aL (1978) compared the 
relative effectiveness of radium-226 and 
radium-228 in inducing bone sarcomas 
and concluded that radium-228 was 
more effective in inducing bone 

• sarcomas than radium-226. In addition. 
they demonstrated that incidence of 
head carcinomas were associated only ' 
with exposure to radium-226, not 
radium-228. This would be expected if : 
the accumulation of radon gas in the 
mastoid air cells and paranasal sinuses - 
• is important in the etiology of these • 

• tumors. 
EPA also included radium-228 in its 

NIRS survey of ground water systems 
nationwide (EPA, 1988b). EPA therefore - 
has extensive data on the occurrence of 
radium-228 in public water supply 
ground water, as described in section M. 
below. EPA also has data supporting the 
analytic chemistry methods to •• 
determine compliance with the radium- • 
228 MCI., and treatment information . 

• showing-the levels to. which it can be 
removed from drinking water, as ' 
described in section V. below. 

Finally, analytical methods for 
radium-226 and radium-228 differ; and. 
analysis of NIRS co-occurrence data 
suggests that in coupling regulation for 
the two isotopes and using the interim 
monitoring scheme, about half of actual 
violations were not detected since in 
most cases only a gross alpha test or 
radium-226 test were done (the" interim 
monitoring requirements only required 
radium-228 monitoring when the gross 
alpha measurement exceeded 5 pCi/L 40 
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sewer, deep well injection, or 
evaporation or chemical precipitation 
followed by land disposal, as permitted 
by State and local regulations. For 
disposal of solid wastes, or sludges, EPA 
suggests disposal in a municipal landfill, 
a stabilized or institutionally controlled 
landfill, a hazardous waste disposal site, 
a permitted or licensed naturally-
occurring or accelerator-produced 
radioactive material (NARM) facility, or 
a licensed low-level radioactive waste 
disposal facility (should the waste 
become low-level radioactive waste). 
The selection of a waste disposal option 
may be influenced by a variety of 
federal, state or local regulatory 
constraints and water treatment facility 
site specific conditions. Waste disposal 
is discussed in greater detail in Section 
V.0 below. 

Comments: Eight commenters were 
concerned that disposal costs for water 
treatment waste would significantly 
raise the treatment costs presented in 
the A.NPRM. 

EPA Response: The treatment and 
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proposed BAT, EPA identified the 
treatment and disposal technologies that 
are reasonably available for large 
metropolitan regional drinking water 
systems (systems which serve 50,000 to 
75,000 persons). In this determination, 
EPA evaluates total, or national 
compliance costs as well as household 
costs. EPA has determined that disposal 
of waste from treatment for 
radionuclides does not significantly 
increase the total water treatment costs 
for large systems and that the proposed 
regulations are, overall, affordable. EPA 
has also included the estimated cost of 
waste disposal in its overall evaluation 
of cost of the proposed regulations (EPA, 
1991i). Estimates of waste generation 
and cost of disposal are described in • 
Tables 12-14, in section V.0 below. 

As previously mentioned. under • 
certain conditions, variances and-
exceptions from any MCL requirement 
or NPDWR treatment technique 	- 
requirementmay be available for some 
small systems (see section V.1). 
Variances and exemptions may be 
granted by the States to systems if 
Installed BAT does not achieve ` • 
compliance, or for compelling economic 
reasons, as long as granting such a 
variance would not result in an • 
unreasonable risk to the health of the 
water supply customers. 

d. EPA's proposal to set a MCLG and 
Ma for gross alpha radiation. A total 
of 19 individuals or organizations 

submitted comments on EPA's proposal 
for regulating gross alpha particle 
activity. 

Comments: A majority of the 
commenters responding to this issue• 
disagreed with EPA's proposal to 
regulate gross alpha radiation with an 
MCLG send MCL; favoring the idea that 
gross alpha be used as a screening 
device only. 

In support of a MCI4  one commenter 
asserted than a total alpha activity Ma. 
must be promulgated because Congress 
included "gross alpha particle activity" 
as one of the 83 contaminants specified 
for MCL development under the SDWA. 

EPA Response: Compliance 
monitoring has only occasionally 
detected naturally-occurring 
radionuclides in drinlcing water other 
than radium-228, radium-228, uranium, 
or radon-222. Nevertheless, EPA 
believes that this does not preclude the 
possible presence of other alpha 
emitters, including transuranic man-
made alpha emitters, and believes that a 
MCLG and Ma. for gross alpha particle 
activity will provide adequate protection 
from alpha emitters that could 
potentially occur in drinking water. EPA 
believes an MCL for gross alpha particle 
activity will also provide a ceiling on the 
aggregate exposure and aggregate risk 
from all alpha emitting radionuclides. 
EPA is also obligated to develop an 
MCL for gross alpha emitters by the 1986 
amendments to the SDWA, which listed 
gross alpha as one of the 83 
contaminants to be regulated. 

Gross alpha measurements will also 
be used as a screen for radium-226 and 
uranium compliance and may reduce 
monitoring costs. 

e. EPA's proposed amendment to the 
definition of gross beta and photon 
emitters. Seven commenters provided 
comments on EPA's proposed definition 
of gross beta and photon emitters. 

Comments: Three commenters stated 
that the definition is misleading because 
some naturally occurring radionuclides 
(e.g., potassium-40 and carbon-14) decay 
by beta emission. 

Another commenter pointed out that 
some radionuclides which decay by • 
processes other than alpha or beta • 
decay, such as electron capture or alpha 
emission accompanied by photon • 
emission, would be excluded by the 
proposed definition. 

EPA Response: EPA is proposing to 
regulate approximately 200 beta and 
photon emitting radionuclides of which • 
most, but not all are man-made. EPA 
considers an overall MCL for beta and 
photon emitters to be more appropriate 
than specific MCLs because of the low.  
possibility of occurrence. 	- 

Radionuclides which decay by 
processes such as electron capture or 
alpha emission accompanied by photon 
emission would not be excluded from 
the definition. 

f. Comments on risk models used to 
determine estimated risk values. A total 
of 14 commenters addressed the 
appropriateness of using an absolute 
risk model versus a relative risk model, 
and the appropriate application of risk 
values generated by the two models. 

(1) Risk Model Selection 
Comments: One commenter believed 

either a relative or absolute risk model 
was appropriate, but that the selection 
of a model should depend on the 
biological endpoint to be evaluated. This 
commenter added that the relative risk 
model could overestimate risk. Another 
commenter urged that EPA consider a 
quadratic dose-response risk model for 
radium-228 and for its risk in causing 
bone sarcomas. Two commenters stated 
that there are data to show sensitivity to 
radionuclide induced cancer decreases 
with age, and suggested that the relative 
risk model would be appropriate for 
younger age groups. One commenter 
stated that EPA should select the risk 
model with the most supporting data 
and address the upper range of risk 
estimates as generated by that model. 
One commenter believed that either • 
relative or absolute risk models are 
acceptable because both methods yield 
negligible risk. 

EPA Response: EPA recognizes that 
there has been no model developed to 
date which perfectly and consistently 
describes the carcinogenic risks 
associated with exposure to radiation 
and that all existing risk models can 
potentially over- or under-estimate 
actual risks. However, radiation risks 
are among the most studied and best 
understood, and there is a general 
consensus among the scientific 
community that for solid tumors other 
than bone, the relative risk model 
appears to most appropriately describe 
how carcinogenic risk develops over age 
and time. Leukemia and bone cancer' • 
appear to better fit a model in which 
risk peaks a few years after exposure 
and then decreases subsequently. This 
view is supported by a variety of 
sources (UNSCEAR, 1988), (NRPB,.1988), 
(RERF, 1987), (NAS, 1980,1988). The risk 
models described in these sources use 
age- and organ-specific risk coefficients 
so that any age sensitivity to radiation 
induced cancer is incorporated in the 
models. 

Comment: One commenter 
encouraged EPA to assume input 
parameters for risk assessment models 
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that are mean values as opposed to 
using conservative values. 

EPA Response: In its risk assessments 
for radionuclide risks the Agency 
generally does use best estimates rather 
than conservative values. 

g. Comments on the appropriateness 
of setting one dose equivalent MCL 
standard for all radionuclides found in 
drinking-water. 

A total of 11 commenters addressed 
the appropriateness of a combined MCL 
standard for all radionuclides found in 
drinking water: 

Comments: Most commenters opposed 
establishing a combined MCL for alpha-
emitting radionuclides for the following 
reasons: biological endpoints vary 
among isotopes, radionuclides differ 
with respect to occurrence and 
toxicology; one standard would mislead 
the public; and a combined standard 
would require an extensive effort to 
perform a dose assessment for each 
radionuclide. 

One commenter noted that although it 
is conceptually valid to establish a 
combined MCL, its implementation 
would be more difficult due to higher 
analytical costs. 

EPA Response: The Agency agrees 
that a combined MCI. for all alpha-
emitting radionuclides would not be an 
appropriate regulatory approach for two 
reasons. First, the effective dose 
equivalent (EDE) estimates for alpha 
particle emitters would be too uncertain 
to be the basis for risk assessment 
intended to support standards, because 
the range of alpha emissions is so short 
and the pharmacokinetics of alpha 
emitters are so complex (although the 
Agency believes they are reliable 
enough to be the basis for comparisons 
among the radionuclides). Second, it is 
known that some alpha-emitting 	. 
radionuclides (i.e, uranium, radium and 
radon) are more widespread than others 
(EPA, 1985a: 1988b) and have more well-
established carcinogenicity. Proposed 
monitoring requirements (i.e. gross-
alpha screening) would serve to identify 
other, lesser occurring alpha-emitting 
radioactive contaminants in an effective 
and cost efficient manner. 

The Agency agrees with the statement 
made by one commenter that 
implementation of a combined MCL 
would have higher costs due to the 
extent of unnecessary monitoring that 
might occur. 

K Comments un regulation of man-
made radionuclides as a class. A total 
of 15 individuals or organizations 
commented on the appropriateness of 
establishing a MCLG and MCL as 
opposed to a health advisory for the 
entire class of man-made radionuclides. 

Comments: A total of eight 
commenters felt that EPA should not 
establish MCLGs or MCLs for man-
made radionuclides. Seven of these 
commenters expressed the view that 
EPA should not establish MCLGs or 
MCLs for man-made radionuclides 
because the presence of these 
contaminants in drinking water is 
generally the result of accidental 
discharges already addressed by other 
federal regulations. Five commenters 
stated their support for the 
establishment of non-regulatory Health 
Advisories for man-made radionuclides 

, rather than MCLGs or MCLs. 
In support of establishing both an 

MCLG and MCL for man-made 
radionuclides, two commenters 
proposed that EPA require monitoring of 
gross beta. activity for a water system 
only long enough to establish that 
noncompliance with the MCL was 
unlikely. However, one of these 
commenters added that gross beta 
monitoring should be conducted if an 
event occurred that was expected to 
result in radionuclide contamination of 
the water supply. 

Another commenter suggested that if 
an MCLG and an Ma. are set, a cost-
effective alternative to the requirements 
of the NIPDWR for gross beta 
monitoring would be to drop strontium 
and tritium from the required analyses, 
except in the case of an accident 
causing greater than 50 pCi/1 of gross 
beta emissions. 

EPA Response: The Agency agrees 
that the presence of man-made 
radionuclide contamination in drinking 
water generally results from accidental 
discharges. EPA believes that because 
these contaminants are known 
carcinogens and one potential exposure 
pathway is through drinking water, 
setting an MCLG and MCL and requiring 

• periodic monitoring for this class of 
radionuclides is appropriate, especially 
when a potential source of chronic 
contamination exists. In addition, EPA is 
obligated under the 1988 amendments to 
the SDWA to set an MCL for beta and 
photon emitters. 

- E Other EPA Radon and Radiation 
Pi °grams 

EPA has developed the Radon Action 
Program, a primarily non-regulatory 
program, to reduce the health threat of' 
indoor radon in air. Radon from soil gas 
Is the principal source of radon in the air 
of homes, and EPA recommends that all 
homes be tested for radon. The relative 
risks of radon in air and water are 
discussed in more detail in section V.F. 
below. 

EPA's Radon Action activities are 
conducted under the authority of the  

Indoor Radon Abatement Act (IRAA). 
They include: National. and state radon 
surveys to measure radon levels in 
homes and schools; the Radon • 
Measurement Proficiency.(RMP) 
program, which evaluates radon testing 
companies; the Radon Contractor 
Proficiency (RCP) program, which trains 
and evaluates radon mitigation 	- 
contractors; the establishment of four 
regional training centers across the 
country; and the development of model 
standards for construction of new 
housing to prevent elevated radon in 
new homes. ' 

EPA has also prepared a variety of 
public information materials to educate 
the public about radon and to encourage 
people to test their homes and reduce 
elevated radon levels. EPA's "Citizen's 
Guide to Radon," (EPA, 1986f) which 
recommends that indoor air radon levels 
above 4 pCi/1 in homes be mitigated. is 
currently being updated to incorporate 
the latest health risk information on 
radon from both soil and water, as well 
as mitigation technology. EPA also 
works with the Advertising Council on a 
national media campaign to motivate 
the public to test homes and fix elevated 
levels. EPA also conducts public 
outreach activities with the American 
Lung Association on'a variety of 
outreach activities in States across the 
country, including media events and 
workshops held during Radon Action 
Week last October. 

Public information materials on radon 
testing and mitigation in the home can 
be obtained from the national radon 
hotline at 1-800-SOS-RADON. 

There are also regulatory programs 
that restrict radon and other 
radionuclide exposures In November of 
1989 EPA issued final regulations 
restricting radon emissions to the air 
from several categories of point sources, 
under section 112 of the Clean Air Act. 
EPA also has standards for both existing 
and new uranium mining and mill-

- tailings piles. 
F. Basics of Radiation 

The study of radiation is a specialized 
scientific field and much of the public 

- water supply industry and pubic 
affected by this regulation may have 
only a limited understanding of it. To - 
help provide a better understanding of 
radiation and these proposed 
regulations, appendix A presents a 	- 
discussion of the fundamental concepts 
of radiation, its nomenclature, and its 
measurement. 
M. Occurrence and Exposure 

'there are approximately 2,000 known' 
radioisotopes. or radionuclides. These 
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isotopes emit radiation as they undergo 
radioactive decay (alpha particles, beta 
particles and gamma rays or photon 
radiation). They can be classified 
generally into two categories: natural 
and man-made, and are also frequently 
categorized by their primary mode of 
radioactive decay, i.e. by alpha or beta 
or gamma emission. Most radionuclides 
are mixed emitters to some degree, and 
each has a primary mode of 
disintegration with some smaller 
percentage of the atoms present 
decaying by others. The natural 
radionuclides are largely alpha particle 
emitters with some beta particle activity 
from the progeny. The most significant 
natural radionuclides (as determined by 
their levels of occurrence in drinking 
water and their potential to cause 
adverse health effects by this exposure 
route) are radon-222, radium-226, 
radium-228, and uranium. Some other 
alpha emitting radionuclides have  

occasionally been found in drinking 
water. 
. In setting drinking water MCLs, the 
agency generally sets individual 
contaminant standards. In this notice, 
EPA is proposing to set MCLs for the • 
most prevalent radionuclide 
contaminants, and standards for broad 
categories of other much less prevalent 
radionuclide contaminants. Because in 
this notice EPA is proposing to set MCLs 
near the 10-4  estimated lifetime risk 
level for the contaminants regulated, 
concern about co-occurrence of these 
contaminants at the MCL levels arose 
(EPA, 1988a). Water supply systems 
having two or more of these 
contaminants at the MCLs could be 
placing their customers at total risk 
higher than EPA's target of 10-4  lifetime 
risk. In addition, co-occurrence of 
several that can be removed using the 
same treatment could make removals 
more cost-effective. Because the data 
examined to date are limited, EPA  

solicits additional data on co-occurrence 
to enable a more complete assessment 
of the potential for co-occurrence of 
these contaminants near the proposed 
MCLs. 

The natural radionuclides involve 
three decay series which start with 
uranium-238, thorium-232 or uranium-
235. These three series are shown in 
Figure 1. These are called the uranium, 
thorium, and actinium series, 
respectively. Each series decays through 
stages of various nuclides which emit 
either an alpha or beta particle as they 
decay and ends-with a stable isotope of 
lead. A number of radionuclides also 
emit gamma rays, which accompany the 
alpha or beta decay. The uranium-238 
series contains both radium-226 and 
radon-222 in the decay series and ends 
with the stable lead-206. The thorium-
232 series contains radium-228 and ends 
with the stable lead-208. 
SKIM CODE 6560-50-111 
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Figure 1. Uranium and thorium isotope decay series 
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THE THORIUM SERIES 
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The man-made radionuclides fall into 
two subcategories. For those 
radionuclides of an atomic weight higher 
than uranium in the Periodic Table (the 
transuranics), generally both alpha and 
beta particle decay modes occur. By 
contrast, almost no radionuclides below 
thallium (A=81) exhibit alpha particle 
decay properties. They undergo decay 
by beta and/or gamma ray emission. 

Of the radionuclides that comprise the 
natural decay series, radium, uranium 
and radon are most commonly found at 
detectable levels in drinking water. 
Many of the man-made radionuclides 
have half-lives too short to allow them 
to be transported completely through a 
drinking water system. (The half-life of - 
an isotope is the time required for one-
half of the atoms present to decay.) 
However, approximately 200 man-made 
radionuclides do have half-lives long 
enough to be considered potential 
contaminants in drinking water, and 
there are a few reported cases of high 
levels of naturally occurring beta 
emitters (e.g., lead-210) in private wells. 
Thus, the 200 man-made and naturally-
occurring radionuclides are included as 
a class of beta and photon emitters in . 
this discussion. 

The estimates of radon, radium, and 
uranium levels in drinking water of 
public water systems presented in this 
section are based on EPA's National 
Inorganics and Radionuclides Survey 
(NIRS) (EPA. 1988b). Also presented for 
each radionuclide is a summary of the 
findings of the survey on the Nationwide 
Occurrence of Radon and Other Natural 
Radioactivity in Public Water Supplies 
(EPA. 1985a). The title is shortened to 
"The Nationwide Radon Survey" in the 
following discussions. MRS was - 
initiated in the early 1980s to 
characterize the occurrence of a variety 
of substances, including the naturally 
occurring radionuclides covered in this 
proposal. Estimations of radionuclide 
levels derived from other available 
nationwide monitoring data were 
presented in the Advance Notice of - 
Proposed Rulemaking (ANPRIvI) (51 FR 
34838, Sept. 30,1986). These have been - 
revised based on the NIRS data, and the 
impacts and benefits of this proposal are 
estimated based on an analysis of the 
NIRS data. 

The MRS (EPA.1988b) survey was 
designed as a stratified sample based on 
the population served. The universe of 
public groundwater supplies was 
stratified into four size categories (by 
population): very small (serving 25-500). 
small (serving 501-3,300), medium 
(serving 3,301-10.000) and large/very 
large (serving more than 10,000). There 
are approximately 80.000 community 

water systems nationwide. Of these, 
approximately 48,000 are served 
primarily by groundwater, 33,000 of 
which serve 500 or fewer people, about 
10,000 serve people in communities of 
500 to 3,300, 2,400 serve communities of 
,300 to 10,000, and about 1,200 serve 

10,000 or more people. A total of 1,000 
sites were selected randomly in 
proportion to the number of public 
groundwater supplies in each category. 
Approximately 2.1 percent of the 
drinking water supplies in each size 
category were selected. (Note: Sample 
results for the various constituents were 
reported for 990 of the 1,000 sites 
selected.) 

The national occurrence estimates for 
radon, radium-228, radium-228 and 
uranium were obtained through 
statistical modeling of occurrence 
distributions derived from the results of 
NIRS. Lognormal distributions were 
computed for each radionuclide for each 
of the four size strata noted above. 
These distributions were computed 
using statistical techniques that allowed 
for the "non-detects" (referred to as 
censored data) to be taken into account 
in calculating the parameters of these 
distributions. The details of the 
methodology are provided in the 
occurrence documents prepared by EPA 
for these contaminants. 

A. Radium-228 - 
According to the NIRS (EPA, 1988b) 

data approximately 40% of the systems 
sampled in NIRS had radium-226 above 
-0.18 pCi/1., the Minimum Reporting Level 
(MRL). However, less than 9% of the - 
systems exceeded 1 pCi/1 and only 
about 1% exceeded 5 pCi/l. The 
maximum level reported was 15.1 pCi/1. 
The mean and median of the positive 
values (those above the MRL) were 0.87 
and 0.4 pCi/l. respectively. The overall 
mean value was0.4 pCi/l, assuming a 
value of 0.9 pCi/1 (i.e, one-half the 
MRL) for those systems with results 
below the MRL 	 - - 

MRS also computed population-
weighted averages for the states having 
supplies sampled in NIRS, and reported 

- that the highest values were found in 
Minois. Wisconsin, Minnesota, and • 
Missouri, a region recognized by others 
(e.g.. Hess et al, 1985) for having high 
radium-228 levels. 

The national occurrence estimates 
derived from MRS indicate that 
approximately 25,000 community and 
non-transient non-community ground 
water supplies in the U.S. have radium-
226 level above 0.18 pCi/1. 
Approximately 600 of these supplies are 
expected to have radium-226 above 5 
pCi/1 (half of which serve 500 or fewer 
people), and approximately 70 are 

expected to have levels exceeding 20 
pCi/1 (20 of which serve 3,300 or fewer 
people, and 40 of which are estimated to 
serve 3,300 to 25,000 people) (EPA. 
1991i). 

Based on those occurrence estimates, 
it is also estimated that 3.4 million 
people using ground water systems are 
exposed to radium-226 levels exceeding 
5 pCi/l, and 890,000 are exposed to 
levels above 20 pCi/1 (EPA, 19911). 

Quantitative estimates of radium-226 
occurrence and exposure in public water 
supplies using surface water sources 
could not be generated due to the lack of 
comprehensive national survey data. 
However, based on the information 
discussed in Hess et aL (1985), it 
appears reasonable to conclude that the 
overwhelming majority of surface water 
supplies have levels between 0.1 and 0.5 
pCi/1. 

B. Radium-228 

NIRS (EPA, 1988b) reported that 
radium-228 was found to exceed the 
MRL of 1 pCi/1 in approximately 12% of 
the systems sampled in NIRS. Less than 
4% had levels above 5 pCi/1, and the 
maximum value reported was 12.1 pCi/ 
1. The mean and median of the positive 
values were 2.0 and 1.5 pCi/l. 
respectively. The overall mean, using 0.5 
pCi/1 for those systems below the MRL, 
was 0.7 pCi/1 (EPA. 1990n). 

The national occurrence estimates for 
radium-228 indicate that approximately 
500 ground water supplies have levels 
exceeding 5 pCi/1 (400 of which serve 
3300 or fewer people), approximately 40 
systems exceed 20 pCi/1 (most serving 
3300 or fewer people) and 15-20 exceed 
30 pCi/1. The corresponding exposure 

- estimates are that 1.3 million people 
using ground water supplies receive 
water with radium-228 levels above 5 
pCi/l, and 164,000 are exposed to water 
exceeding 20 pCi/1, and about 82,000 are 
exposed to water exceeding 30 pCi/1 
(EPA, 1990n; 1991i). 

Similar to radium-228, there are 
inadequate survey data to estimate 
national occurrence .of radium-228 in 
water supplies using surface water 
sources. However, Hess et aL (1985) also 
reported that surface water levels for 
radium-228 are low in comparison to 
ground water levels. 

C. Radon 

1. Occurence 

NIRS (EPA, 1988b) reported that radon 
was found to exceed the MRL of 100 
pCi/1 in approximately 72% of the 
supplies sampled in MRS. About 11% of 
the NIRS systems were found to have 
levels above 1,000 pCi/1, and 1% 

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

             



Federal Register I Vol. 56, No. 138 / Thursday, July 18, 1991 / Proposed Rules 
	

33067  
a. 

reported radon levels above10,030 pCi/ 
1. The maximum value reported was 
25,700 pCi/l. The mean and median 
values for the positive sites were 881 
and 289 pCi/1... respectively. The overall 
mean, using a value of 50 pCi./1 for those 
sites below the MRL, was reported to be 
648 pCi./1. 

Based on the MRS data, it is 
estimated that approximately 45,000 
community and non-transient 
noncommumly ground water supplies in 
the U.S. have radon levels above 100 
pCi/1. About 25,900 are estimated to 
have levels exceeding 300 pCl/1, with 
9,400 exceeding 1,000 p0/1. 
Approximately 80-85% of all systems 
exceeding any of these values serve 500 
or fewer people. It is also estimated that 
47 million people are served by those 
systems having radon levels above 100 
pa/l. 17mition by those having radon 
levels above 300 pet/1, and 2.7 million 
by those with levels above 1.000pCill 
(EPA. 1991i). 	 - 	• 

Quantitative estimates of the 
occurrence Of radon In public water 
supplies using surface water sources 
could not be developed due to the lack 
of data. However, based on the limited 
information provided in the Nationwide 
Radon Survey it appears that levels in 
such supplies are very low compared to 
levels observed in ground water 
supplies. Of 25 surface water systems in 
the Nationwide Radon Survey for which 
data were available, 23(92%) had levels 
below 100 pCi/1. The mean level was 34 
pCi/1. with a maximum level reported at 
240 pCi/1. The Agency requests that 
data on radon levels in water supplies 
using surface water sources in this 
notice be submitted, if such data are 
available. 

Radon levels in ground water can also 
vary on a diurnal or longer term basis. 
Data on radon variability were 
developed by Manes at. al (rimier. 1990) 
during their study of radon treatments. 
A review of the monitoring data taken 
from several of the wells used in the 
treatment studies showed up to 2 fold. 
variations in radon levels at various 
wells over periods of one year or less. 
Variability over the course of a single 
day was generally less than over the 
longer periods. EPA has also funded an 
ongoing study by the State of.. 
Connecticut Connecticut to investigate the variability 
in radon levels in water. EPA Will 
incorporate these results when they are 
available. 

Because of this variability in radon 
levels in water, EPA is proposing more 
frequent monitoring for radon than the 
other contaminants proposed for 
regulation here, but will also allow 
averaging of results for determining 
compliance, as described in section V.G  

below. EPA solicits additional data on 
the variability of radon levels in water, 
and on use of these data in establishing  
compliance monitoring requirements. 
2. Asseseing individual radon exposure 
from inIalIation and ingestion 

Becaute it is a volatile contaminant, 
radon poses-exposure issues not 
encountered in estimating exposures 
(and risks) for other drinkingwater 
contaminants. In assessing exposure 
and risk from radon. EPA has generated 
two separate exposure (EPA.1991h) and 
risk assessments (EPA. 1991c). by the 
Inhalation and ingestion exposure, 
routes. 

For other volatile contaminants 
regulated under the SDWA. EPA has 
continued to use its estimate of 2 liters 
of daily water consumption to assess 
overall exposure and risk. EPA - 
estimated that while- a volatile 
compound may be lost from-water used 
for cooking or to make tea or coffee (and 
therefore the ingestion exposure would 
be lost), there would be an inhalation 
exposure to the contaminant 
approximately equivalent to the amount 
lost in cooking, etc.. via contaminant 
release to the air (from all water uses in 
the house). Because adverse health 
effects for the VOCs were systemic 
rather than route specific, exposure 
route was not critical if overall exposure 
was adequately-  estimated. In addition. 
there were few data on inhalation - 
exposures to volatile drinking water 
contaminants. Therefore, continued use 
of the 2 liters daily water consumption 
served as an adequate surrogate for - 
total exposure by bath routes. 

In considering exposure and risk 
estimation 'far radon there were two 
aitical differences that led EPA to its 
present approach of generating two 
route specific exposure and risk: 
assessments. First. It was possible to 
generate a reliable average. estimate of 
Inhalation exposure, although there can 
be substantial individual variability. 
Empirical attunes have been conducted 
on the trairdeL of radon from water to ' 
the air of -a house (Hess et. al, 199'3 
and several published modeling ' 
approaches to assessing exposure are 
available. EPA's assessraent of these is 
described in deem/ in the backgraand 
document "Ration in Deeking Water: 
Assessment of Exposure Pathways" 
(EPA 19914 Second, there are 
important route-specific considerations 
in assessing radon risks. While radon is 
considered a known human carcinogen 
by both ingestion and inhalation, the 
type and quality of information on 
which to base a risk assessment is 
different for the two routes. Risk of Tung 
cancer by inhalation from radon and its  

progeny is based on a series of ha:nen 
epidemiology studies, as desinibed • 
below, and has merry elements specific 
to radon with its progeny in the air. The 
target organ for these studies was the 
lung only. Risk by ingestion is based on 
modeled estimates of radiation dose and 
risk to all body organs as a result of 
consuming water contnining radon. 

In assessing indoor air exposure to 
radon resulting froni its presence in 
drinking water. EPA has used an overall 
average estimated factor for transfer of 
radon from water tsiair of 10,000 tral . 
(i.e.. 10,000 pc1/1 radon in water.  
contributes 1 pCi/I to air). EPA. 
extensively extenaively reviewed both the empirical 
data and the various modelling 
approaches that are available, including 
exposure to radon during showering. 
EPA's review is presented in "Radon in 
Drinking Water: Asspeament of 
Exposure Pathways!' (EPA 1991h). As 
described above in. EPA's reply to 
comments from the SABIRAC, EPA 
concluded that although mass balance 
modeling can.be  performed for radon 
from showering and other water use: • 
assessing risk based on this information 
Is difficult. Human activity patterns are 
highly variable with regard to factors 
that have a large influence on exposure, 
such as type and length of shower, flow 
rate, timing of multiple showers within a 
household, and location and use of. • 
clothes washing machines. Also. 
significant unanswered questions -.. 
remain about the equilibrium of radon 
with its progeny in the shower and 
bathroom, the unattached fiactiee, and 
aerosol particle size in a shower and 
behavior of water aerosols lathe: . - • 
respiratory tract Modeling does alkivir 
for rislcs front slimmers to be broadly - - 
bounded, and EPA has done so tails . 
review. EPA concluded that exposure - - 
and risk estimates developed from • - 
modeled water use throughout the &mit 
(including showering) differ only slightly 
from the results obtained from use of an 
average waterto air transfer factor such 
as 10,0001.„ based on the edipirical data. 
EPA is therefore using the 10,0011 • • ' 
transfer factor as an average for 
purposes of assessing national risks to -- 
radon in drinlcing water. 	' 

In assessing exposure and risk due to 
ingestion of radon in water EPA used a 
value less than its standard assumption 
of 2 liters daily water consumption. 
Because radon is a volatile gas, only.. 
water freshly drawn from the tap and 
directly consumed wilt have appreciable 
amounts of radon. Even water directly 
consumed after being drawn will have, 
less radon than would be Measured by' 
carefully drawing a sample from the nap 
for monitoring purposes, because of 
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aeration and agitation of the water in 
the process of drawing the water and 
consuming it. EPA therefore applied a 
correction factor of 0.20 (i.e., reduced by 
20%) to fresh, directly consumed tap 
water to account for radon loss resulting 
from the act of drawing and drinlcing the 
water (EPA, 1991h). EPA also reviewed 
the available data on water ingestion 
rates, and presents its analysis in the 
background document (EPA. 1991h). 

. This analysis separately estimates fresh 
tap water intake, total tap water intake, 
and total fluid intake. Because only 
freshly drawn and directly consumed 
tapwater is expected to contain radon. 
the direct tap water intake values were 
considered for assessing exposure to 
radon via ingestion. Based on this 
analysis, EPA estimated an average 
direct tapwater intake of 0.65 liters 
daily, rounded to 0.7 liters. However. 
EPA has considered its 2 liter daily 
intake to be a "reasonable maximum" 
estimate, and believes water intake for 
assessing radon exposure via ingestion 
should be consistent with this. As noted 
in the analysis, Ershow and Cantor 
(1989) found that fresh tapwater intake 
was 55% of total tapwater. Using this 
percentage with the 2 liter assumption 
results in a reasonable maximum fresh 
tap water exposure of 1.1 liters daily. 
EPA has rounded this value to 1 liter of 

. daily directly consumed tap water for 
assessing radon exposure via ingestion 
of drinking water (in addition to 
airborne exposures). 

EPA solicits public comment on the 
radon exposure issues discussed here. - 
Specifically. EPA solicits public 
comment on use of an average water to 
air transfer factor of 10,000 to 1 for 
inhalation exposure to radon and its 
progeny, and on possible alternative use 
of models to assess exposures, 
especially during possible high exposure 
activities such as showering, and 
especially focusing on dosimetry issues 
in this exposure scenario. EPA also 
specifically solicits comment on its use 
of 1 liter daily consumption of freshly 
drawn, directly consumed tap water as 
a reasonable maximum estimate for 
assessing exposure to radon via 	- 
ingestion, and possible alternative use 
of the average value of 0.7 liters daily 
water intake. Finally, EPA solicits 
comment on the estimated 20% loss of 
radon from water before consumption. 

D. Uranium 

Natural uranium contains three 
isotopes: uranium-234. uranium-235 and 
uranium-238. The corresponding 
percentages of occurrence in rock for 
these isotopes are 0.008, 0.72 and 99.27 
percent by weight. respectively. 
However, the percent occurrence of  

these isotopes relative to each other is 
not constant in drinlcing water. 
Uranium-238 and uranium-234 are 
responsible for most of the uranium 
radioactivity in natural waters. The 
overall activity-to-mass of uranium ratio 
for the three natural isotopes of uranium 
in rock is approximately 0.68 pCi/ps 
and is frequently used to estimate the 
activity of total uranium measured as 
mass (EPA. 1988b; EPA/ORNL, 1981). 
The 0.68 pCi/ps value is based on the 
natural crustal abundance of isotopes. 
The uranium-234/uranium-238 activities 
ratio of one, that is inherent in this 
aisumption. may not be appropriate for 
samples taken from water. The 
Nationwide Radon Survey (EPA. 1985a), 
which measured uranium as well as 
radon, reported a range of uranium-234 
to uranium-238 activity ratios in water 
of 0.7 to 32 with an arithmetic mean of 
4.4 and a geometric mean of 2.7. Using 
the uranium-234 to uranium-238 activity 
ratio of 2.7, an overall activity to mass 
ratio of 1.3 pCi/pg was calculated for 

• uranium as it occurs in drinking water 
(EPA, 19901r; 1991o). The 1.3 factor was 
applied to the NlRS results to convert 
those data from mass (µg/1) to activity 
(pCi/l) for total uranium. 

Approximately 72% of the sites in 
N1RS had uranium levels above 0.1 pCi/1 
(0.08 µg/1). Most of these (70%) had 
levels between 0.1 and 20 pCi/1 
(approximately 0.08 and 15 µg/1). 
Uranium was found to exceed 30 pCi/1 
(20 µg/1) in only about 1% of the systems 
in NIRS. The maximum value found was 
ns pCi/1 (88.2 pg/1) (EPA, 19glo). 

Based on an analysis of the MRS 
data, national occurrence estimates for 
community and non-transient non-
community water supplies (both ground 
and surface water) indicate that 
approximately 1500 will have levels 
exceeding 20 ps/L serving 
approximately 875,000 people (EPA, 
1991i). Of the 1500 systems exceeding 20 
µg/1, 1480 are estimated to serve 3300 or 
fewer people. The available data on 
uranium in surface water supplies was 
limited. Although levels are expected to 
be lower than for ground water systems. 
unlike radium and radon they may not 
be insignificant. As a conservative 
estimate of occurrence, the ground 
water occurrence distributions were 
applied to surface water systems to. 
derive the above estimate (EPA. 1991i; 
1991o). 

Uranium is a kidney toxin (as well as 
a carcinogen) and EPA is proposing to 
base the MCL on kidney toxicity, as 
discussed in sections IV.C.3 and V.F 
below, because kidney toxicity may 
occur at levels below the 10-4  cancer 
risk level. The MCLG is being proposed  

as zero, and the relative contribution of 
exposure from other sources is not 
usually considered. However, because 
kidney toxicity is the limiting toxic 
endpoint of concern for regulation, 
uranium exposure from sources other 
than drinking water was reviewed, to 
derive a relative source contribution 
(RSC) factor, to ensure that the MCL is 
set at a safe level. 

In determining how to consider 
exposures by routes other than drinking 
water in establishing standards, EPA 
first reviews all relevant exposure data 
on the contaminant This typically 
involves reviewing dietary intake data, 
and assessing the relative contributions-
of diet and drinking water to total 
intake. The fraction of total intake 
accounted for by drinking water as a 
source is the relative source contribution 
factor for drinking water. When data are 
inadequate to confidently estimate this 
value, a default value of 20% is used. A 
ceiling of 80% for the relative source 
contribution is also used. EPA's 
approach to determining relative source 
contributions is decribed inmore detail 
in the Federal Register published May 
22,1989, on pages 22069-20070. 

The data available on uranium intake 
from various food sources are described 
in the occurrence document for uranium 
(EPA 19901x 1991o). Those data indicate 
that median' dietary uranium intake from 
food is generally low, approximately 1.3 
pCi/day as an average, with a 90th 
percentile of approximately 5 pCi/day.-
However, these data represent residents 
of only three cities, on the east coast • 
and west coast, with no assessment of 
dietary intake for residents of the 
midwest or west, where uranium in soil 
and water may be higher. 

EPA is proposing to use the zp% 
default value as the RSC•for use in • .• 
calculating a uranium MCL because of 
the poor data base for estimating dietary 
exposures. EPA recognizes this may be 
a conservative assessment, but believes 
it is warranted because the available 
data on uranium intake via food do not 
include areas of the country expected to 
have uranium in.the soil and water. 
Those areas may need lower water._ - 
contributions to total uranium intake in 
order to maintain total uranium intakes 
low enough to ensure safety from kidney 
toxicity. EPA solicits public comment on 
use of the default value of 20% RSC for 
uranium. EPA is especially interested in 
additional data on uranium intake from 
food to better estimate an alternative 
RSC value between 20% and 80%. EPA 
also solicits public comment on its 
general approach to determining the 
relative source contribution factor, 
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including its method of calculation and 
20% and 80% boundaries. 

E. A ta and Photon-Emitting 
Radionuclides 

The availability of data on the 
occurrence of man-made radionuclides 
in public water supplies is very limited. 
The major source of relevant 
information is the ERAMS 
(Environmental Radiation Ambient 
Monitoring System), the data for which 
are published in the quarterly ERD 
(Environmental Radiation Data; as 
reported in EPA, 1989c) reports. The 
ERD reports provide data on gross beta, 
tritium, strontium-90, and iodine-131 for 
78 sites (all surface water sources) that 
are either major population centers or 
selected nuclear facility environs. 

The data presented in the ERD reports 
for 1985 through 1987 indicate that gross 
beta levels ranged from 0.3 to 17.8 pCi/l, 
with an average across all three years of 
less than 3 pCi/1 (EPA, 1989c). There 
were no instances where gross beta 
exceeded 50 pCi/l. Tritium levels in this 
period were reported to range between 0 
and 2,500 pCi/l, with average values 
across all three years generally falling 
between 100 and 300 pCi/l. Strontium-90 
values did not exceed 0.9 pCi/l, with 
typical values falling below 0.2 pCi/L 
Iodine-131 levels were all below 0.4 pa-
l. with•average values below 0.1 pCi/1 
EPA, 1989c). 

As is apparent from these data, - 
nuclear facilities routinely release very 
small amounts of these materials to the ' 
environment during their normal • 
operations. These releases are of 
concern only to a few drinking water 
supplies, i.e., those supplies downstream 
from nuclear facilities or using a water 
source that may be affected by nuclear' 
facility releases. While normal releases 
pose very low risks, accidental. or 
unscheduled releases could be of 
concern- 

• One naturally occurring beta and 
photon emitter potentially of concern is '1  
lead-210, the first long-lived progeny of 
radon-222. Lead-210 was not monitored' 
in the NIRS survey, and data on ita 
occurrence in drinking water supplies 
are limited (EPA.1991g). However, the 
drinking water concentration estimated' 
to correspond to 4 mrem ede/yr-
(assuming 2 liters daily intake) is 1 pCi/ 
1, a level low enough to potentially 
warrant health concern, and below the 
PQL for the gross beta screen. As 
discussed in section V.G below, EPA is 
proposing unregulated contaminant 
monitoring of lead-210 in public water 
supplies, to better assess any risk posed 
and to evaluate the possible need to 
develop an MCL for lead 210. 

F. Alpha-Emitting Radionuclides 

Gross alpha is a measure of the alpha 
particle emissions from total non-
volatile alpha emitting radionuclides. 
Since radium 226 and uranium are alpha 
emitters that are proposed to be 
regulated separately, the gross alpha 
occurrence assessment is adjusted to 
eliminate these radionuclides. The term 
"adjusted gross alpha" represents total 
gross alpha measurements less radium 
226 and uranium contributions. EPA is 
proposing an "adjusted gross alpha" 
Ma. as a means of limiting exposures to 
a number of other radionuclides that do 
not occur frequently enough to warrant 
a national regulation but may be present 
in some water supplies. These include 
several of the progeny of the 
radionuclides for which contaminant-
specific standards are being proposed 
today. The adjusted gross alpha MCL is 
distinguished from the gross alpha 
laboratory measurement to avoid 	• 
confusion. 	- 

The evaluation of the NIRS (EPA, 
1988b) database for adjusted gross alpha 
entails the manipulation of three sets of 
data (i.e., gross alpha, radium 226, and 
uranium). Each data set has its own 
detection limit and inherent uncertainty, 
and the analysis of all three data sets • 
together to estimate occurrence 
increases the overall uncertainty of the 
results. To create the most meaningful 
data set of adjusted gross alpha, the 
MRS data were evaluated in terms of a 
reasonable worst case approximation, 
which represents the highest reasonable 
estimate of gross alpha concentrations 
(EPA. 19911). An attempt to estimate the 
lower bound was unproductive, because 
when lower bound assumptions were 
made in evaluating the three data sets 
together, there were too few positive 
data points to model national 	- 
occurrence. 

Due to the lack of national data, 
quantitative estimates of the occurrence 
of adjusted gross alpha in surface water 
supplies could not be generated 
independently. As- a conservative 
estimate, the ground water occurrence 
distributions were applied to surface 
Water systems (EPA, 19911). 

Based on the upper bound - 
approximation, 17% of the systems • 
sampled in MRS reported adjusted 	- 
gross alpha above 2.6 pCi/l, the 
minimum reporting level for gross alpha. 
The maximum level was 94 pCi/l. The 
overall mean and median levels were 2.7 
and 1.8 pCi/l, respectively. Fewer than 
7% reported levels above 5 pCi/l, 3% 
reported levels above 10 pCi/l, 2% 
reported levels over 15 pCi /1 and only 
1% had levels over 20 pCi/1 (EPA, 1991f).  

• National occurrence estimates based 
on the upper bound approximation for 
adjusted gross alpha indicate about 1200 
water supplies (serving 5 million people) 
exceeding 5 pCi/l, 300 systems (serving 
1.8 million people) exceeding 10 pCi/l. 
130 systems (serving 900,000 people) 
exceeding 15 pCi/1 and 65 systems 
(serving 500,000 people) exceeded 20 
pall (EPA, 1991f, EPA, 19911). 
Approximately 90% of the systems 
affected at any of these levels serve 
3300 or fewer persons. 

EPA notes however, that this analysis 
has a high degree of uncertainty, due to 
the simultaneous assessment of the 
three data bases together. Also, analytic 
problems with the gross alpha 
measurements in the NIRS survey 
preclude a more refined analysis. EPA 
considers the uncertainty in this 
estimate to be large, and that it likely 
over predicts Occurrence. 

EPA also conducted a search of the 
published literature to identify reports of 
alpha emitting radionuclides in water 
(EPA, 19911). While these data are not 
nationally representative, and not all 
were measurements made in potable 
water, they do provide some indication 
of the'alpha emitters that may be found 
in public water supplies in some 
instances. The most frequently occurring 
alpha emitter was polonium 210, which 
was identified in ground water at levels 
up to 2500 pCi/1 in one sample in 
Florida, and at 3100 pCi/l in one sample 
in a uranium rich area of New Mexico. 
Most measurements were below these 
levels, in the 1 to 10 pa/1 range. Various 
radioisotopes of thorium were also 
found in ground water, although most 
were at or below 1 pCi/L The same 
uranium rich area of New Mexico 
showed some higher thorium 
measurements. Finally, various 
plutonium isotopes were found in 
surface waters-  around the country, 
mostly at levels below 0.01 pCi/l. These 
levels are most likely present as nuclear 
fallout from above-ground nuclear 
explosions. ' - - 

Another source of relevant 
information is the ERAMS _ 
(Environmental Radiation Ambient 
Monitoring System), the data for which 
are published in the quarterly ERD 
(Environmental Radiation Data; as 
reported in EPA, 19911) reports. The ERD 
reports provide data on a number of 
beta emitters as well as plutonium-238, 
-239 and -240 for 78 sites (all surface 
water sources) that are either major 
population centers or selected nuclear 
facility environs. Average plutonium 
levels were generally below 0.01 pCin 
although values as high as 0.8 pCi/1 
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were reported for plutonium-238 at two 
sites. 

W. Proposed MCLGs for Raclionuclides" 

A. Setting MCLGs 

MCLGs are set at concentration levels 
at which no known or anticipated 
adverse health effects would occur,. 
allowing for an adequate Margin of 
safety. Establishment of a specific 
MCLG depends an the evidence of 
carcinogenicity from drinking water 
exposure or the Agency's reference dose' 
(RfD);which is calculated for each. 
specific contaminant 

Establishing the MCLG for a chemical 
is generally accomplished in one of 
three ways depending upon its 
categorization (Table 1). The starting. 
point in EPA's analysis is the Agency's 
cancer classification 	A, B., C. D, or 
E). Each chemical is analyzed for 
evidence of carcinogenicity. via.•  - 
ingestion. In most cases. the. Agency . 
places croup A. B1. and 132 
contaminants into Category!. Group C 
into Category 11. and Group D and E into: 
Category M. However, where there is 
additional informationon.cancer risks 
from drinking water ingestion (taking 
into consideration weight of evidence, - 
pharmacolcinetica and exposure) - 
additional scrutiny is conducted which 
may result in placing the contaminant 
into a different category.: Asbestos and 
cadmium are examples where the 
categorization was adjusted based on-
the evidence of carcinogenicity via 
ingestion7  • 	. 	, 	- 

EPA's policy is Id Set MCLGs for 1 	: 
Category I chemicals at zero. The Mc:LC: 
for Category 11 contaminants is 
generally based on the RfD/DVVEL 
(drinking water equivalent leveras 
described below) with an added margin .1 
of safety to account for cancer effects or 
is based on. a.cancerrisk range of 10-s to 
1(r' when non-cancer data are , 
Inadequate for deriving an RIM 	, 
Category III contaminants are bast* on., 
the RfO/DWEL approach. 	. , 

• 
TABLE 1 .-E.PA'S THREE-CATEGORY. 

APPROACH FOR ESTABLISHING MCLGs 

Evidence of • 
carchogenialy 

Ingestion • 
MCLG setting . 

  

Strong evidence 
considering . 
weight of 
evidence. 
phenaecokine-
ticsc and 
exposure.. 

TABLE 1.—EPA's THREE-CATEGORY Ap-
PROACH FOR ESTABLISHING NICLGS—
Continued 

The MCLG for Category I 
contaminants is set at zero because it is 
assumed, in the absence of other data. 
that there is no known tineshold. 
Category! contaminants are those 
contaminants which EPA has • 
determined that there is strong evidence 
of carcinogenicity from drinking water 
ingestion. If there is no additional 
information to consider on potential 
cancer risks from drinking water 
ingestion, chemicals classified as group 
A (based on sufficient human 
epidemiological evidence) ar 
carcinogens are placed in Category L 

Category II contaminants include 
those contaminants for which EPA has 
determined there is limited evidence of 
carcinogenicity via drinking water 
ingestion considering weight of 
evidence, pharmacolcinetics, and 
exposure. If there is no additional 
information to consider on potential 
cancer risks from drinking water - 
ingestion, chemicals classified by the 
Agency as Group C carcinogens are 
placed in Category IL For Category It 
contaminants two approaches are 
generally used to set the MCLGs—either 
(1) setting the goal based upon non-
carcinogenic endpoints (the RID) then 
applying an additional uncertainty 
(safety) factor of up toil) or (2) setting 
the goal based upon a nominal lifetime 
cancer risk calculation in the range of 
VT' to 10-'using a conservative - - 
calculation model. The first approach is 
generally used; however, the second is - 
used when valid non-carcinogenicity 
data are not available and adequate • 
experimental data are available to. 
quantify the cancer risk EPA is 
currently evaluating its approach to 
establishing MCLGs for Category 
contaminants. 

Category III contaminants include 
those contaminants for which there is 
inadequate evidence of carcinogenicity 
via ingestion. If there is no additional 
information to consider, contaminants 
classified as Group D or E carcinogens 
are placed in Category III. For these  

contaminants, the MCLG is estanlished 
using the RID approach. 

The cancer classification for a specific 
chemical and the reference dose are 
adopted by two different Agency groups. 
Decisions on cancer classifications are 
made by the Cancer Risk Assessment 
Verification Endeavor (CRAVE) group, 
which is composed of representatives of 
various EPA program offices. Decisions 
on EPA reference doses (using non-
cancer endpoints only) areMade 
through the Agency Reference Dose 
work group, also composed sf 
representatives of various MIA program 
offices. Decisions by CRAVE and the 
IUD groups represent risk assessment 
decisions for the Agency and are used 
by the respective regulatory programs as 
guidance for regulatory (risk 
management) decisions. Decisions of 
these two groups are published in the 
Agency's Integrated Risk Information 
System (MIS). This system can be - 
accessed by the public by contacting 
Mike McLaughlin of DIALC014. Inc. at 
202-488-0550. 	. 

The Rfl3 is an estimate, with an 
uncertainty spanning perhaps an order 
of magnitude, of a daily exposure to the 
human population (including sensitive 
subgroups) that is likely to be without 
an appreciable risk of deleterious health 
effects during a lifetime. The RID is 
derived from a no. or lowest-observed-
adverse-effect level (called a NOAEL or 
LOAEL, respectively) that has been 
identified from a subchronic or chronic 
scientific study of humans or animals. 
The NOAM. or LOAEL is then divided 
by the uncertainty factor to derive the 

The use of an uncertainty factor is 
important in the derivation of the RID. 
EPA has established certain guidelines 
(shown below) to determine which 
uncertainty factor should be used: 

10—NOAEL in hwnans. Accounts for 
intra-species variability. 

100—LOAEL in humans or NOAFL 
from animal study. - 

1.000—Human data not available. 
Extrapolation from animal studies of 
less than chronic exposure or from a 
LOAEL in animals. 	. 

1-10—Additional safety factor based 
on scientific judgement. 
In general, an uncertainty factor is 
calculated to consider infra- and 
interspecies variations, limited or 
incomplete data, use of subchronic 
studies, significance of the adverse 
effect, and the pharmacokinetic factors 

From the RID, a drinking water 
equivalent level (DWEL) is calculated 
by multiplying the Rh) by an assumed 
adult body weight (generally 70 kg) and 
then dividing by an average daily water 

Zero. 
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consumption of 2 L per day. The DWEL 
assumes the total daily exposure to a 
substance is from drinking water 
exposure. The MCLG is determined by 
multiplying the DWEL by the percentage 
of the total daily exposure contributed 
by drinking water, called the relative 
source contribution. Generally, EPA 
assumes that the relative source 
contribution from drinking water is 20 
percent of the total exposure, unless 
other exposure data for the chemical are 
available. The calculation below 
expresses the derivation of the MCLG: 

NOAEL or LOAEL 
RfD= 

uncertainty factor 

= mg/kg/body weight/ 
day 

RID X hady weight 

daily water consumption in 
L/day 

= mg/L 
	

(2) 

MCLG=DVVEL x drinking water (3) contribution 

For chemicals suspected as 
carcinogens, the assessment for non-
threshold toxicants consists of the 
weight of evidence of carcinogenicity in 
humans, using bioassays in animals and 
human epidemiological studies as well 
as information that provides indirect 
evidence (i.e., mutagenicity and other 
short-term test results). The objectives 
of the assessment are (1) to determine 
the level or strength of evidence that the 
substance is a human or animal 
carcinogen and (2) to provide an upper 
bound estimate of the possible risk of 
human exposure to the substance in 
drinking water. A summary of EPA's 
carcinogen classification scheme (51 FR 
33992, September 24, 1986) is: 

Group A—Human Carcinogen based 
on sufficient evidence from 
epidemiological studies. 

Group B/—Probable human 
carcinogen based on at least limited 
evidence of carcinogenicity to humans. 

Group B2—Probable human 
carcinogen based on sufficient evidence 
in animals and inadequate or no data in 
humans. 

Group C—Possible human carcinogen 
based on limited evidence of 
carcinogenicity in animals in the 
absence of human data. 

Group D—Not classifiable based on 
lack of data or inadequate evidence of 
carcinogenicity from animal data. 

Group E—No evidence of 
carcinogenicity for humans (no evidence 
for carcinogenicity in at least two 
adequate animal tests in different 
species or in both-epidemiological and 
animal studies). 

B. Estimating Health Risks of 
Radionuclides 

, During the years since the publication 
of the National Interim Primary Drinking 
Water Regulations (41 FR 28404, July 9, 
1976), which established MCLs for 
radium, gross alpha, and gross beta, a 
great deal of additional data and better 
understanding of the risks posed to 
human health by the radionuclides 

.discussed in this notice have been 
obtained. Many of these new data are 
presented and discussed in the ANPRM 
(51 FR 34836, Sept. 30, 1986) and the 
health criteria documents supporting 
this proposal. 
. Several different approaches have 
been used in assessing the risks posed 
by exposure to radienuclides. These fall 
into two broeid-,categories: Risk 
assessment based directly on the results 
of individual scientific studies of 
specific compounds (either human 
epidemiology studies or experimental 
studies on animals) for developing a risk 
assessment for that radionuclide, or risk 
assessment based on dosimetric models 
which integrate the results of a large 
number of studies on a variety of 
radioactive compounds and radiation 
exposure situations into an overall 
model which is then used to estimate 
risks for many different radionuclides. 
Studies used to create such models 
include both human epidemiology 
studies and animal studies, and include 
the results of research on subjects such 
as the metabolic fate of different 	_ 
radioisotopes, risks posed by different • 
kinds of radiation, effects of dose rate, 
sensitivity of internal organs to 
radiation, identification of sensitive sub-
populations, and other relevant subjects. 
The Criteria Documents developed in 
support of this proposed regulation 
present both studies which could 
individually be used as the basis for 
estimating risks, and also dosimetric 
models (EPA, 1991.a; 1991b; 1991m 1991ch 
1991e). As described below, and in the 
Criteria Documents, EPA has 'generally 
used the dosimetric model approach to 
estimating risks to the radionuclides 
(except for radon lung cancer risk), and  

has used specific studies to make 
several adjustments to the modeled 
estimates. 	. 

There are several examples of using 
individual scientific studies of specific 
radionuclides as the basis for risk 
estimation for those radionuclides. 
These include the radium watch dial 
painters Studies of Rowland et al. (1978) 
and the risk assessment developed by 
Mays et. al. (1985), and studies of radon 
exposure to uranium mine workers. 
They also include a series of studies of 
patients injected with Thorotrast, a 
thorium-based contrasting agent used in 
medical radiology, which were reviewed 
by the BEIR IV committee (NAS, 1988). 
Another approach is combined analysis 
of several studies or cohorts of miners 
exposed to radon gas, as was done by 
the BEIR IV committee in assessing 
radon lung cancer risks (NAS, 1988).. 

In addition, there are several • 
community ecologic studies of 
exposures to radionuclides in drinking 
water supplies and the disease rates in 
these communities. However, these 
studies do not show consistent increases 
in specific tumor types across studies of 
the same-radionuclide as do the watch 
dial painter studies and the underground 
miner studies of radon. There is 
considerable difficulty in controlling for 
confounding factors in such studies and 
they generally do not have the 
specificity or statistical power to serve 
as the basis for a quantitative 
estimation of cancer risk, although some 
of them do give indications of possible 
effects and may point to future research 
needs. Therefore, although reviewed in 
the criteria documents, these are not 
used to estimate risks for radionuclides 
in drinking water. 

Because all radiation has identical 
health effects, dosimetric models which 
integrate a large body Of information on 
radiation in general as well as 
individual radionuclides can apply to a 
large number of radionuclides. This is 
an advantage because information on • 
one radionuclide can be extrapolated to 
estimate risks from other radionuclides 

• for which there may be fewer data. 
Models can also be used to estimate 
radiation dose, and risk, to tissues that 
are at lower risk and therefore not 
identified as target organs in 
epidemiology studies. Several such 
models have been developed. The 
International Council for Radiation 
Protection (ICRP) is one group that has 
developed and made several revisions 
to a model for predicting and controlling 

DWEL= 
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radiation doses to workers exposed to 
radionuclides and to provide for worker 
safety. EPA uses a dosimetric model 
that is very gimilur to the IMP model in 
a computer program called -RADRISK" 
which uses the IMP type models to 
estimate risk to the general population 
due to environmental exposures. EPA 
views use of dosimetric models as a 
means of integrating all information on 
the risks posed by radionuclides into a 
more complete evaluation of the risks, 
and tries to appropriately use all 
information in establishing the model 
parameters. 

C Adverse Health Effects of the 
Radionuclides 

The radionuclides for which NPDWRs 
are proposed in today's Notice are all 
classified in Group A. known human 
carcinogens. For radium and radon this 
classification is based on direct human 
epidemiological evidence. In the case of 
uranium, the classification is based on 
the knowledge that uranium is deposited 
in the body, delivering calculable doses 
of ionizing radiation to the tissues. This 
is also true of beta, gamma, and photon 
emitters. Despite differences in radiation 
type, energy or half-life, the health 
effects of radiation are identical. 

TABtE 2.--CLASSIFICATION OF THE 
CARCINOGENICITY OF RADIONUCLIDES 

Rn-222 A— Lung cancer-caused by into- 
latkin of sedan and its 

„ short-lived. 	radioactive 
dam/ products. increased 
lung cancer mortality to 
numerous epidemiological 
studies of underground 
miners exposed to elevat- 

' ad levels of Rn-222 and 
its radioactive decay prod-
ucts Animal- studies show 
skitter results (NAS. 1988; 
UNSCEAR, D988; EPA,' 
1991b; 1991c). 

Bade sarcomas and head 
carcinomas to worker* oo-
cupaticdelly exposed to 
faclurti-containing paints 
via ingestiort Supporting 
human data tons Studies 
of increased cancer kid. 
dance in patients treated 
with Ra-224 via Injection 
and supporting animal eh- 

" • demo from studies of 
mice injected with Ra-226 
and beagle dogs injected 
with Ra-228 and 228 
(NAS, 1988; UNSCEAR, 
1988 EPA, 1991ta 1991c) 

Ra-228 	 Same as Ra-228 except 
head carcinomas are not 
believed to be associated 
with ingestion of Ra-228 
(NAS, 1988; UNSCEAR, 
1988: EPA, 1991b; 1991c). 

TABLE 2.--CLASSIFICAMON OF THE CAR-
CINOGENICITY OF RADIONUCLIDES— 
Continued 

Isotope Cr Sunvaary of basis" 

Uranium A of 	radiation 

	

Emission 	ionizing 

	

(alPha, 	beta 	end/or 
gamma radiation) by U 
and its decay products. Al-
though tore is Halo direct 
evidence at U carcinogen-
icity, U is found in soft tis-
sues and concentrates in 
kidney and bone- These 
body burdens deposit cal-, 

' 	culable amounts of ioniv 
kg radiations kt tissue. 
These tissues are expect-
ed to respond as they 
would to any other ionizing 
radiation and be at In. 

' 	ceased tisk from pincer. 
-These 	conclusions 	are 
supported by the results of 
animal 	studies 	(Hodge. 
1973; 	Maynard 	et 	at.. 
1953; MS, 1988; EPA, 
1991e). 

Beta/ 
gamma. 

A Extensive human epidemio- 
, 	logical data In a number ol 

irradiated 	populations 
show increasing risks of • 

, 	various types at cancel 
witi . increasing doses ol 

' ionizing redeem most no-
tably, the Japanese atomic 
bomb survivors MO erp. 
ported by animal study re 

: 	suits (NAS. 19883. 

1. Radium-228 and Radium-228 
The Agency has placed radium-228 in. 

Group A based upon clear evidence of 
carcinogenicity to humans and aniruula  
(EPA..199113; 1991p). Most information 
on human health effects of radium 
comes from epidemiologic studies of two 
groups: (1) Radium-dial painters in the 
early part of this century who ingested a 
considerable amount of radium paint 
(containing various proportions of 
radium-228 and radium-228) by 	• 
sharpening the point of the paint brush 
with the lips and (2) patients in Europe - 
injected with a short-lived isotope of 
melon% radium-224, for treatment of 
spinal arthritis and tuberculosis 	- 
infection of the bone (NAS, 1988; EPA, 
1991b). Radium-228 and. radium-228 are 
category I contaminants. 

Harmful effects of radium result from 
tissue damage caused by the 
radioactivity of radium and its 
daughters (ATSDR. 1990). The dosimetry 
of radium is controlled by its chemical 
and radiological properties. Because 
radium is chemically similar to calcium, 
it is sequestered in bone, so ingestion or 
inhalation over a short period results in 
long-term accumulation. The two main 
isotopes of radium are: radium-226, with  

a half-life of 1,600 years, and radium-
228, with a half-life of 5.75 years 
(ATSDFt.1990). The alpha, beta, and 
gamma radiation released by the decay 
of radium and their progeny cause 
ionization of cellular components and 
the subsequent death or mutation of 
affected cells (EPA. 1989a). 

For about half of known radium dial 
workers, radium exposure has been 
calculated from measured body burdens 
(R:ando et 81.1988). In most cases, only 
radium-226 was detected, so that.. 
exposure to radium-228 is estimated 
from reports of the ratio of radium-228 to 
radium-226 in the place of employment. 
This ratio varied both over time and 
among companies (Sharpe, /974; 
Stebbings et al., 1984). Total radium 
intake was back extrapolated using the 
Norris retention function (Norris et al., 
1955) and based on the gastrointestinal 
absorption factor of 20 percent found by 
Maletskos et al. (1966,1969), ingestion 
was assumed to be five limes the intake 
to the blood (Mays et al., 1985). 

At higher levels of exposure to 
radium, several non-cancer health 
effects occur:,benign bone growths, 
osteoporosis, severe growth retardation, 
tooth breakage, kidney disease, liver 
disease, tissue necrosis, cataracts, 
anemia, immunological suppression and 
death (ATSDR. 1990). The most sensitive 
indicator of non-ranr-rr effects is bone 
necrosis scored by X-ray (Keane et aL, 
1983). Thirty or more years after 
exposure, the incidence of bone necrosis 
in female radium dial painters with total 
ingestion of radium-228 or radium-228, 
above 50 kiGi was significantly higher 
than in unexposed controls (Keane et 
aL. 1983). However, levels of exposure 
from naturally-occurring radium are , 
much lower than this threshold, and so 
bone necrosis and other non-cancer 
health effects are ritually not of concern. 
for for radium in chinking water (EPA; 
1991b; EPA. 1990g; EPA. 1990n). 	. • . 

Scientists-have long reownized that 
exposed radium dial painters have 
elevated rates of two rare types of • - 
cancer, bone sarcomas (osteosarcomas, 
fibrosarc.omaa and chandrosarcomas) . 
and carcinomas of head sinuses and 
mastoids (Evans et al.. 1944; Sharpe. - • 
1974). A recent quantitative analysis of 
the epideroiologic data (Rowland et al., • 
1978) found a highly significant ciN-i-r<rr 
of bone sarcomas and head carcinomas: 
in a cohort of measured women first 
employed before 1930. The relative 
effectiveness of radium-228 and radium-
228 in inducing bone sarcomas was 
estimated to be 1:2.5. The incidence of 
head carcinomas was associated with 
exposure to radium-226, but not radium-
228 (Rowland et al., 1978). This is 
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expected if these cancers are due to 
accumulation of radon gas in the 
mastoid air cells and paranasal sinuses. 
because the radon daughter of radium-
228. radon 226. decays to Ra-224 too 
quickly for substantial diffusion to air 
cells (NAS. 1988). In this cohort, a dose-
squared relationship was the best fit of 
the data for radium-226 and radium-228 
induction of bone sarcomas, while a 
linear relationship was the best fit for 
raditun-226 induction of head 
carcinomas (Rowland et at, 1978). 
However, the shape of the dose-
response curves are uncertain because 
radium intake is not known for about • 
one third of the cases of bone sarcomas 
and head carcinomas. • 

Patients medically treated with 
radium-224, a daughter of radium-228, 
also show an increase in bone 
sarcomas, but not head carcinomas 
(Mays and Speiss; 1984). These data are 
consistent with a linear dose-response 
relationship (NAS. 1988). The risk 
coefficient for bone cancer which is 
used lathe RADRISK mode/ is derived 
from. data on exposure to racrnua-224 
(NAS, 1980; EPA. 1991b) because actual 
exposures to radium.-22& and radium-228 
to the watch dial painters is not well. 
known, and because of the uncertainty 
that would be introduced in, deriving a ;. 
linear  risk coefficient from significantly 
non-linear data.  

No statistically significant increase in 
cancers other than bone sarcomas and 
head carcinomas have been found in 
cohorts of radium dial painters - 
(Stebbins et at, 1984). Increases in 
breast cancer and multiple myelonta are 

• better correlated with duration of 	- 
employment. a surrogate for external . - • 
dose of gamma irradiation, than with • • 
radium intake (Stebbings et at, 1984). 
The lack of an increase in leukemias ía 
unexpected, because the accumulation: 
of radium in bone would be expected to 
provide substantial irradiation of - 
potentially leukentogenic cells (Mays et 
at, 1985)„ and external irradiation has 
clearly been-established as a cause of 
leukemia in humans WAS. 19801. 
Possible explanations for the lack or 
observable increase in leukemias 
include alterations in bone architecture, 
non-uniformity of irradiation, lethality of 
irradiation to marrow cells, low 
frequency of leukemogenie cells in • - - 
irradiated regions. Misdiagnosis of bone 
marrow diseases, incomplete 
ascertainment of the cohort, and 
overestimation either of the risk - 
coefficient for beta and gamma 
irradiation or of the relative 
effectiveness of alpha irradiation (EPA. 
1991b). 

Possible correlations between cancer 
rates and radium in drinking water have 
been examined in three studies in the 
United States. Petersen et at (19ee) 
found an elevated rate of fatalities from 
bone malignancies among residents of 
Iowa and Minch; with elevated radium-
228 in drinking water, but the statistical 
significance was marginal and 
confounding factors could not be ruled 
out (NAB, 1988). Bean et al. (1982) found 
an increased incidence of 4 out of the 10 
cancers investigated among Iowa 
residents of small communities with 
elevated radium-226 content of the 
water supply. However. confounding by 
radon exposure could not be ruled out 
and cancer sites were different from 
those observed in dial painters: bladder 
and lung cancer for males and breast 
and lung cancer for females. Lyman et 
al. (1985) found a small but consistent 
excess of leukemias in Florida counties 
with elevated radium-228 or radium-228 
In private wells, but there was no 
evidence of a dose-response trend. 
Rates of co/on, lung and breast cancer 
and lymphoma showed no consistent 
excess (Lyman and Lyman. 1986). 

Animal studies have shown that 
exposure to radium causes bone. 
sarcoma in mice, rats and dogs and 
leukemia in mice CATSDR. 1994 Evans 
et at (1944) produced bone sarcomas in 
rats by both ora/ exposure for 20 days 
and intradermai exposure for 2 days to 
radium-228. Experiments at Argonne 
National Laboratory using large 
numbers of CFI female mice infected 
once.with rarruim-226 demonstrated a 
clear increase in bone sarcomas [Finkel 
et at. 1989). Studies at the University of 
California at Davis using beagle dogs 
injected with radium-228 eight times at-, 
two-week intervals demonstrated a 
clear dose-response trend in premature . 
deaths and inrifT•nce of bone sarcomas 
(Raabe et aL, 19811. In addition to bone 
sarcomas, other malignancies . 	. 
associated, with radium. exposure in-
animals are eye melanomas in. beagle 
dogs injected with radiura-2,213 or - • 
radium-228 (Taylor et at, 1972) and • • 
leukemias in mice injected with radium- - 
224 (.Humphreys et at. 1985; Muller et 
al. 1988). - • „ 	 . 

quantitative estimates Of the risks of -
low level exposure to radium in drinking 
water were generated by the RADRISK 
model and adjusted for over-prediction 
of leukemias lack of separate prediction • 
of head carcinomas by radium-22e, and 
for under-prediction of bone dose and 
sarcoma risk by radium-228. The 
resulting risks corresponding to lifetime 
Intake of water containing 1 pCl/1 are 
4.4 x kr' for radium 228 and 3.8 x Ur* 
for radium 228 (EPA, 19911)). An  

alternative approach to evaluating the 
risks of radium in drinking water was 
presented by Mays et al.. (1985). These 
investigators derived linear risk 
coefficients from the dial painter 
epidemiologeic data, which, as noted 
above showed a significantly non-linear 
response for bone sarcoma incidence. 
Mays et at (1985) calculated the risks 
corresponding to lifetime intake of water 
containing 1 pCi/I radium to be 8.4 x 
10-4  for radium 226 and 8.8* Itrifor 
radium 228. The adjusted risk 
coefficients used by the Agency in 
evaluating the risks of radium in 
drinking water are about half those • . 
calculated by Mays et aL (1985j, but are 
considered to be better estimates 
because of the quantitative uncertainties 
in the &a/ painfer data corkePrning 	- 
ingested dose, cancer incirlenr..., and 
particularly low dose extrapolation. 

There may be several sources of 
uncertainty in the risk estimates. These 
are discussed in. detail in the Criteria 
Document (EPA. 1991b), and are briefly 
summarized here. They include the use 
of non-linear data for bone sarcomas as 
one part of a linear low dose 
extrapolation, lack of statistically 
significant *creases in cancers other 
than head carcinomas and bone 
sarcomas in the watch dial painters,.. 
even though predicted by the modeL 
While there may be uncertainties in the 
modeled risk estimates, EPA has 
evaluated all the available data and 
believes the approach selected is likely 
to have fewer uncertainties than other 
approaches to assessingradium rislcs at 
environmental intake levels. 

EPA solicits public comment on its 
estimation of risks from radium in 
drinking water- In particular, EPA 
solicits public comment cause of the 
RADRLSK model to assess risks, use of a 
linear risk model to extrapolate to low 
doses, and the adjustment of estimated 
leukemia risks and addition of the head 
carcinoma risks to the risk estimate, and 
adjustment of the radium-228 bone 
sarcoma risks. 

In summary, the Agency's assessment 
of risk of drinking-water exposure to 
radium is based on the following: 
Racffina-th5 

• Excess incidence of bone sarcomas 
and head carcinomas among humans 
occupationally exposed to radium-226, 

* Excess incidence of bone sarcomas 
among laboratory animals injected with 
radium-228. 

• A calculated mortality risk from 
lifetime ingestion of radium-226 in 
drinking water of 4.4 x /Or gfpCia 
assuming 2 liters consumption per day. 
A lifetime mortality rizk of ltr • vould 
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exist at approximately 22 pCi/1 radium 
226 in water. 

Radium-228 

• Excess incidence of bone sarcomas 
among humans occupationally exposed 
to radium-228. 

• Excess incidence of bone sarcomas 
among laboratory animals injected with 
radium-228. 

• A calculated mortality risk from 
lifetime ingestion of radium-228 in 
drinking water of 3.8 x 10-1pCi/l, 
assuming 2 liters consumption per day. 
A lifetime mortality risk of 10-4  would 
exist at approximately 26 pCi/1 radium 
228 in water. 

2. Radon 

EPA's primary concern in regulating 
radon in drinking water is risk from 
radon released from water to the air in 
residences. Inhalation is the primary 
exposure route of concern, lung is the 
target organ, and lung cancer is the 
endpoint of primary concern. EPA also 
believes that some cancer risk to -C  
internal organs is posed by ingesting 
water containing radon, and breathing 
radon gas, and has developed 
dosimetric models for estimating risks to 
internal organs from these exposures 
(EPA, 1991c). 	• 	• 

The Agency has classified radon-222 
as a Group A carcinogen based on 
sufficient evidence for a causal 
association between exposure to radon 
and lung cancer in humans (EPA, 1991c; 
NAS, 1988). In addition, data from • 
studieswith experimental animals also • 
provide sufficient evidence for the • 
carcinogenicity of radon: The fact that - 
ionizing radiation is classified as a 
group A carcinogen provides the basis 
for considering radon to pose cancer • 
risk when ingested and for radon gas : 
that is inhaled, absorbed and distributed 
(EPA. 1991p). 	- 

a. Radon risks f-rom inhalation. 
Human epidemiologic data have been 
obtained from groups of underground - 
metal-ore miners mainly in the United:. 
States States (Colorado Plateau), Canada: 
(Ontario. (Ontario, and Eldorado). -. • • •• 	• 
Czechoslovakia, Sweden (Malmberget), 
Newfoundland and...Great Britair' I. These: 
studies have been reviewed by NCRP 
(1984a,b). NIOSH (1987). ICRP (1987), 
NAS (1988). DOE (1988), and EPA - 
(1989a). 	- 	• 	- - • . - 

The Colorado Plateau study. - 
represents a large. clearly defined, well-
traced population having individual 
smoking histories and exposure records • 
and a follow-up period exceeding 20 
years (as reported in EPA. 19901). As of 
1982, the lung cancer deaths had 
increased to 255 compared with about 50 
expected (Standard Mortality Ratio,  

SMR=510) in a cohort of 3,368 white 
and 780 nonwhite male miners. The 
major weaknesses of this study are the 
great number of mines (2,500) involved 
(some with few radon exposure 
measurements), self-reported work 
histories, and high exposure levels. 

The cohort in the Ontario study 
consisted of 15,094 persons who worked 
for 1 or more months in uranium mines 
during the 1954-74 period (as reported in 
EPA, 19901). Of those with a cumulative 
Working Level Month (WLM) exposure 
of 340 WLM or greater by 1986,14 cases 
of lung cancer were observed compared 
with 3-4 expected (SMR=412). (One 
WLM of exposure is approximately 
equal to being exposed to radon and its 
progeny at 20(1 pCi/1 in air for 170 hours, 
or 8 hours daily for 20 days.) This study 
involved low mean cumulative 
exposures with reasonably good 
working histories but limited smoking 
histories. 

The Czechoslovakian cohort consisted 
of 2,433 miners, who began mining 
uranium ore in 1948-52 and had worked 
at least 4 years underground (as 
reported in EPA, 19901). For exposures 
of 12 years or longer, the dose-related 
increase in lung cancer had been 
established. For exposures of less than 
12 years, a nonlinear relationship 
existed, so that increasing dose (WLM) 
did not result in increased risk if 
exposure was less than 5.6 to 9.5 years. 
In the 23.5 year group exposed to the 
highest level of radon (716 WLM), 82 
lung cancers were observed compared 
with 10 expected (SMR=820). Recently, 
a significant excess of lung cancer was 
observed in exposure categories below 
50 WLM (Sevc et al., 1988):The mean 
attributable annual cancer risk after 
about 30 years of observation in the 
whole study was approximately 20 
cases per year per WLM/104persons, 
and in persons starting exposure after 30 
years of age the-risk was approximately 
30 cases per year per WLM/104  persons. 
- The Malmberget retrospective-
mortality study involved a cohort of 
1,415 miners who had worked 	• 
'underground for more than-one calendar 
year from 1897 to 1976 (as reported in 
EPA, 19901). Mean exposure of these 
miners to radon was estimated to be, 
93.7 WLMs. The major source of • 
airborne radon and radon progeny was 
radon dissolved in groundwater. Excess 
lung (50 observed vs 12.8 expected. 
SMR=390) and stomach (28 observed vs 
15.1 expected. SMR=185) cancers were 
reported. The excess risk for lung cancer 
first become evident 20 years after the 
beginning of underground mining. The 
low exposure levels, long follow-up 
period, and stability of the work force 
are the strengths of this study. 

The Eldorado Beaverlodge 
retrospective cohort study involved 
8,487 male miners exposed during 1948 
to 1980 (as reported in EPA, 19901). A 
dose-related increase in lung cancer was 
seen, although no increased risk was 
evident at 5 WLM or less. For lung 
cancer deaths occurring during the 1950--
80 period, 54 were observed in the 
mining group versus 28.27 expected 
(SMR=191). For those exposed to 150 
WLM or greater, 10 cases were observed 
versus 1.04 expected (S11,1" =961). 

In general, the response in animals to 
inhaled radon daughters is qualitatively 
similar to that in humans. However, 
species response has varied with 
respect to tumor type and latency 
period. The animal studies have 
demonstrated that radon and radon 
progeny can induce lung cancer in rats 
and dogs (EPA, 1991c). 

Several risk assessments have been 
conducted to quantify the risk to miners 
exposed to radon and radon progeny. 
Recent concern with exposure of the 
general public to radon in the home 
environment has prompted the NAS 
(1988) and the ICRP (1987) to conduct 
risk assessments. 

The NAS (1988) assessment is 
commonly referred to as the BEIR IV 
report. The Colorado Plateau, Ontario, 
Malmberget and the Eldorado 
Beaverlodge miner cohort data set were 
analyzed by NAS. It was concluded that 
the appropriate model would involve the 
computation of relative risk with 
consideration of the change in risk with 
time since. exposure (TSE Model). The 
age-specific lung cancer mortality was 
calculated for cumulative radiation 
exposure, in WLM, incurred between 5 
and 15 (W1) or > 15 years (W2) before 
age using the equation: 
nage, period, dose history)=4 (age) 

(1+0.0257 (age) (W1+0.5 W2)] 
where y has a value of 1.2 for persons 

. younger than 55 years, a value of 1 for 
persons 55 to 85 years old, and 0.4 for 
persons older than 65. Based on this . 
equation, the excess lifetime lung cancer 
mortality for males was 5.06X10 4. :, • 

.cases/WLM of lifetime exposure, and the 
risk for females was 1.88X10' cases/ 
WLM of lifetime exposure. Assuming ; 
equal numbers of 'Males and females in 
the U.S. population:.  253 and 93 lung-
cancer cases in 500,000 exposed males • 
and 500,000 exposed females Would 
result each year (i.e. 350 lung cancer 
deaths/106 person-'WLM of lifetime 
exposure). 

The ICRP (1987) employed a 
somewhat different approach. Only 
three epidemiological sets were 
considered (Colorado Plateau, 
Czechoslovakia and Ontario). These 
were analyzed by both absolute and 
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relative-risk projection models. 
However, the proportional hazard model 
(constant relative risk) was selected for 
analysis of radon risk in the indoor 
environmental. It was assumed that the 
lung cancer rate is proportional to radon 
exposure and is proportional to the 
normal lung cancer rate without radon 
exposure. 

The equation for the constant relative-
risk, proportional hazard model im 
X(t) = keit} [1 + jet-,  r(tj R(t.) dt,a = the 

mortality rate at age, t 
where 

X,,(t)= age-specific itmg cancerraM at age, t 
r(t.}=risk coefficient at age of 

exposure.t. 
R(4)=age-depPo8Pot exposure rate 
r= time lag (minimal latencY1 

A correction of $3.8 was used to account 
for the other carcinogens present in 
mines but not present in indoor 
buildings.. Another adjustment of as 
was made to account for differences in 
dose to the bronchial epithelium for 
indoor as compared with miner 
exposure.. This resulted Ma risk 
reduction factor of 0.64. The ICRP also 
considered the potential for increased 
sensitivity of young people and assigned 
an increased risk factor of 3 for 
exposure to persons age 20 or less. Thus, 
the final relative-risk coefficients were 
0.64%/WLM for those >20 years of age 
and 1.9%/WLM (3x0.64) for those <20 
years of age. 

Employing a 10-year ragtime and the 
1980 U.S. lifetabre and vita/ statistics at 
an exposure level of 0.001 WLM/year, 
ICRP calculated 610 lung cancer deaths/ 
10 6  WLM for males and 204 for females 
(i.e. a combined risk of 420 rung-cancer 
deaths/10 g WLM1. 

The current EPA estimates for lung 
cancer risk from radon exposure are 
based on an averaging of the results of 
the BEM. IV and ICRP 50 analyses with 
slight modifications (EPA. 1989a; EPA, 
19914 The F1'A has accepted the BE1R 
IV conclusions that the dose and risk ' 
per WLM exposure in residences and in 
mines are basically idenffcaL and thus 
a compensation is made for age- and 
sex-specific tracheobronchia/ 
depositiom The ICRP 50 (19871 results ' 
have been slightly modified by deleting 
the risk reduction factor of 0.8 used by 
ICRP to compensate for differences in 
dose to bronchia/ epithelium between 
household residents and miners. 
Therefore calculations in the ICRP 50 
model were made using risk coefficients 
of 0.8%/WLM for those >20. years and - 
2.4%/WLM for those <20 years of age 
(EPA. 19894 

The EPA's risk estimate was adjusted 
for an assumed background exposure of 
0.25 W11.4/year; the average radon 
exposure rate was based on 1980 U.S.  

vital statistics and Neres radon. in 
residence distribution estimate (Nero. et 
al., /9861 

EPA estimated the excess lifetime risk 
in the general population due to 
constant row-level lifetinte.  exposure. 
based on an average of the l3EIR W and 
ICRP 50 estimates and the modifications 
discussed above, at 5513 and 190/10 g 
WLM for males arid females, 
respectively, or a combined risk of 360 
lung cancer deaths/10 6  WLM, with an 
estimated range of 140 to 720 lung 
cancer deaths per 1(16  WLM (EPA: - 
19894 

The occupancy factor of 0.750is based 
on. studies by Moeller and Unde-rhill 
(1976) and Oakley (1974 which 
estimated radiation exposure and 
population dose in the United States. and 
is supported by more recent reports. An 
equilibrium factor of radon with its 
progeny of 0.50 was estimated (EPA, 
19911), and EPA estimates that 10,000 
pCi/1 radon in water will contribute 
about 1 pCi/1 to the air, of a house, on 
average (EPA. 19911i). 

The risk, estimates for excess lung 
cancer deaths due to inhalation of radon 
can be used in estimating the risk al ; 
radon in water (EPA. 1991c). Using the 
above assiunptions. the risk estimate d 
360 deaths/lO6  W11,4 is converted to . 
units of deaths/pCi/1 water as follows: 

Risk rea/1.e.,1= 	• '• • 
(360 deaths/10S WLM)x (52.111NLMAVL- 

yr) x (.70yr)x(0.5-WL/100 	Mr 
(eCiiligrIAPCi/l.ball x10-751 	- 

=4.9x1077 deathafpCill.". 	- 
Lifetime individual risk for huts 'cancer - 
of 5x io--* deaths per pCi/1 water was - 
estimated for inhaled radon daughters 
(EPA, 19914 	:" • --. • 

However, EPA is in the process of 
reviewing and revising its estimate d-
radon risk. This review is based-Orr the 
conclusions of the recent report by the 
National Academy of Science entitled 
"Comparative DosimetrY of Radon in 
Wines and Homes" (NAS,-1992j, on - - 
results of the National Residential - 
Radon Survey and also oricomments 
received by EPA orr the bacicgrcnn2d 
document supporting revisions to. the. --
Citizen's Guide to Radon. The study by: ' 
NAS was funded by EPA to help reduce' 
the uncertainties of using miner data ta 
estimate radon risks in. the home. EPA . 
has submitted a revised risk assessment 
to the SAB/RAC for their review; and 
will revise the risks estimated here, if 
appropriate, when the SAB/RAC-
completes its review and provides EPA 
comments. This. revised risk evaluation 
was discussed by the SAB/RAC at a 
meeting herd May 20 and 21,1991. EPA 
anticipates that the lung cancer risk 
estimate for radon by inhalation (based  

on the epidemiology studies) may be 
reduced by as much as 30% in the final - 
revised estimate CEPA, 199111. 

As.  a volatile gas, radon may also be 
absorbed via inhalation, and clistributed" 
throughout the body, posing some risk ta 
internal organs. The human 
epidemiology studies do not account for. 
this risk. EPA estimated the risk to 
internal organs from inhered radon gas, 
using the RADRISK modeL. the 0.75 
occupancy factor, an estimated 
breathing rate of 22,000. liters daffy .. 

- (EPA, 1989a/ and the 10,000:1 water to 
air transfer factor (EPA. 1991111,. 
2>a0--• deaths. per pCi/1„.„ter. Detafft of 

" this calculation are provided in the 
Health Criteria Document for radon 
(EPA, 1991c/. 	. 

EPA has also reviewed information. on 
the interaction of smoking and lung 
cancer risk from radon. The HEIR IV. - 
committee (NAS 1988) marierncled that 
the data show a multiplicative ' 
interaction between smoking and radon. 
exposure in causingiung cancer, not an 
additive interaction. In. reviewing the 
relative risks from radon to 'smokers . 
EPA (EPA 19913i; EPA 1991c) estimated 
risk multipliers applicable to the . 
population average risks for rfifferent . • 
categories' of smokers. The categories , 
include non-smokers, formersmokers, 
and current smokers of different 
numbers Of cigarettes."For non-smokers. , 
estimated risks from radon are about • 
20% of the overall average population. 
risIc for former smokers, radon risks are 
about.  80% of the average. risk. For 
current smokeri, estimated risks:rang& 
up to about 450% of the. average : 
population risk (4)4 .cigarettes per da.y),, 
with smoker average of 180% of 
overall average PopulatiOn. risk:116MT . 
smokers are therefore at considerably ". * 
greater risk from radon: exposure than is 
the general population:, -. 	-:*' • • 

b. Radon risk viningestiOn. EPA's " • 
assessment of tharisk associated with. 
radon vvheningested isress certain than. 
the estimate of risk by tfie-inhalation 
exposure route. No experimental or • 
epidemiologic 	poure wa  
ingestion' to increased cannerrateS: 

In the present adseseinent. EPA haS 
estimated the 21Sk from ingestion of 
radon-222 in. chinking water Using data 
on organ doses recently developed for 
the Agency by Crawford-Brown.(1990).. 
In developing these dose estimates,; 
Crawford-Broivnused the restirts of 
biokinetics studies carried' outby *, 
Correia et al., (1967;1988) using xen.oci-
133, a gas that behaves-similarly to 
radon-222. Hess andStown (1991) have 
also studied retention and clearance 
rates of radon gas when, ingeSted in 
water. 
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Crawford-Brown developed 
mathematical models of the movement 
and accumulation of radon-222 within 
the various organs of the body following 
ingestion. Rate constants for movement 
of radon-222 within the various body 
organs were also developed. Using these 
models, the concentration of radon-222 
in body organs was calculated under 
steady-state conditions. 

EPA used these dose factors, an 
estimated 1 liter daily intake of freshly 
drawn directly consumed tap water and 
a 20% correction for radon loss from 
water during the process of drawing and 
consuming a glass of water (discussed in 
Section M.0 above, and EPA. 1991h), in 
estimating the risk from ingested radon. 
EPA calculated the lifetime risk from 
ingestion of radon-222 in drinking water 
to be 1.5 X10 7  per pCi/1 (EPA, 1990c; 
1991c). This is about 20% of the risk 
estimated from inhalation of radon-222 
progeny from domestic use of water. 

The total estimated risk for radon in 
water is 6.6 x10-7  per pCi/l. This gives 
an estimated 1 x10-4  individual lifetime 
risk at approximately 150 pCi/1 in water 
for all water related exposure to radon 
(EPA, 1991c). 

EPA estimates that approximately five 
percent of total indoor air radon is 	• 
attributable to radon from drinking 
water on average, for homes served by 
groundwater. The NIRS occurrence 
survey showed average radon levels in 
public water ground water supplies to 
be 650 pCi/1.-with a maximum reported 
level of 26,000 (although many private 
wells are known to have higher levels; 
EPA.1990f). EPA estimates that 
approximately 200(75 to 400) cancer 
fatalities per year are attributable to 	_ 
radon in drinking water, 80%, or 160 of 
which are estimated to be due to lung 
cancer (EPA. 1991i). Of these. 
approximately 85% may involve 
synergism with smoking. Overall, radon 
in homes is estimated to account for 
approximately 8,000 to 40.000 lung 
cancer deaths annually (EPA, 1989g; 
1990m). Individual risks at the 4 pCi/1 
indoor air action level are 
approximately 1-5 in 100 (EPA, 1986f). 

There may be several sources of 
uncertainty in the radon risk estimates. 
These are discussed in detail in the 
Criteria Document (EPA, 1991c), and are 
briefly summarized here. They include 
variability in the contribution of radon 
in water to indoor air radon levels, 
differences in homes and the mine 
environment, and estimates in 
distribution and effective dose to tissue 
of ingested radon. While there may be 
uncertainties in the risk estimates, EPA 
has evaluated all the available data and 
believes the approach selected is likely 

to have fewer uncertainties than other 
approaches to assessing radon risks. 

EPA solicits public comment on its 
, assessment of risks from radon in 

drinking water. In particular, EPA 
requests comment on its estimate of 
water contributions to indoor air levels 
of radon and exposure during 
showering, and its estimate of risks due 
to directly ingesting radon in water. 

3. Uranium 
Exposure to uranium (U) is of concern 

because of the radioactive nature of 
uranium and its ubiquitous occurrence 
in the environment, including water 
supplies. Kidney toxicity and 
carcinogenicity are the primary adverse 
effects of concern associated with 
exposure to uranium (EPA. 1991e). EPA 
proposes to regulate uranium at the level 
that will be protective of both its kidney 
twdeity, and its carcinogenic potential 
as well. Studies in both humans and 
animals show uranium toxicity to the 
kidneys. The EPA has also classified 
uranium in Group A as a human 
carcinogen (sufficient evidence of 
carcinogenicity in humans) based on the 
fact that uranium emits alpha radiation, 
a well-established carcinogen (which is 
also classified in Group A; EPA, 1991p). 
and uranium is an analogue of radium-
226, a well-known human carcinogen in 
bone (EPA, 1991e). 

a. Carcinogenicity. The carcinogenic 
effects of uranium have been 
characterized based on effects of 
ionizing radiation generally, the 
similarity of uranium to isotopes of 
radium and on the effects of high 
activity uranium. Ionizing radiation has 
been classified by EPA as a Group A 
carcinogen. and EPA considers all 
emitters of ionizing radiation to be 
carcinogenic (EPA, 1991p). Studies have 
also shown that uranium, like radium, 
accumulates primarily in bone, and that 
bone sarcomas may result from radium 
ingestion (EPA, 1991b; 1991e). The 
induction of bone sarcomas is regarded 
as a common property of both radium 
and uranium, which is believed to result 
from the alpha emissions of these nuclei 
as they decay..Finally, studies of 
enriched and high acfi-vity isotopes of 
uranium have shown them to be 
carcinogenic in animal studies. 

Studies using natural uranium do not 
provide direct evidence of carcinogenic 
potential.(EPA. 1991e). Malignant 
tumors were observed in mice following 
injection of uranium-232 or uranium-233 
(at levels greater than 0.1 }Xi/kg), but 
not following injection of natural 
uranium (Finkel, 1953), probably 
because radiation dose levels were 
about 100-fold lower than the dose at 
which the tumors were observed for 

uranium-232 and -233 by injection. 
Highly enriched uranium (i.e., uranium 
enriched with the more radioactive 
isotopes) has been shown to induce 
bone sarcomas in rats (NAS, 1988). 

Existing human epidemiology data are 
inadequate to assess the carcinogenicity 
of uranium ingested in drinking water 
(EPA. 1991e). However, some 
epidemiological data do suggest that 
inhalation exposure to uranium or direct 
exposure to uranium deposits may be 
carcinogenic in humans. Polectnak and 
Wilson (as cited in Duplee et al.. 1987) 
found nonstatistically significant 
increases in cancers of the digestive 
organs in workers exposed to airborne 
uranium, although confounding 
variables were present (EPA, 1991e). 
Wilkinson (1985) reported higher 
mortality rates from gastric cancer in 
New Mexico counties located over 
uranium deposits. However, other 
etiological factors (such as radon 
progeny and trace elements) may be 
involved (EPA. 1991e). 

EPA estimated the carcinogenic risk 
associated with uranium exposure using 
the RADRISK dosimetric made', as 
described in the revised Drinking Water 
Criteria Document for uranium (EPA. 
1991e). EPA's earlier draft of this 
document (EPA, 19890 and earlier risk 
assessment used a gastrointestinal 
uptake (f1) factor of 0.20, which is 
revised in the updated Criteria 
Document (EA, 1990e; 1991e) to 0.05 in 
response to comments by the SAB/RAC. 
While EPA believes the 0.05 value 
represents a best estimate, the wide 
range of values reported in the literature 
for the uranium f1  (from less than 0.01 to 
0.30) indicate that there may he 
substantial uncertainty associated with 
the 0.05 value. The individual studies 
bearing on this issue are described in 
the updated Criteria Document (EPA, 
1991e). EPA solicits public comment on 
the issue of the uranium fl  value. 

Using a gastrointestinal uptake (f1) 
factor of 0.05, risks of fatal cancer 
estimated using the RADRISK model 
indicated that uranium in water poses 
cancer risk of approximately 5.9 x 10-7  
per pCi/l, assuming 2 liters daily intake. 
Concentrations in water of 1.7 pCi/l, 17 
pCi/1 and 170 pCi/1 correspond to 
lifetime mortality risks of approximately 
1x10-4, 1x10 5  and 1 X 10-", 
respectively. 	,e 

b. Non-cancer effects. The major 
target organ of uranium's chemical 
toxicity is the kidney (Hodge, 1973; 
Leggett. 1989; EPA,1991s). Based on 
available toxicity data, rabbits have 
been identified as the most sensitive 
species (data summarized in Table 3). In 
humans, symptoms of transient 
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albuminuria and edema of the skeletal 
muscle developed in several laboratory 
workers exposed to combined vapors of 
uranium hexafluroride, uranium 
oxyfluoride, and hydrofluoric acid  

(Howland, 1949). However, vapor 
concentration was not measured. Some 
of the effects may have been 
attributable to the direct action of 

. fluoride, since the workers were  

exposed to a mixture of chemicals; the 
transient renal effects, however, may be 
related to the toxic action of absorbed • 
uranium (Haven and Hodge, 1949). 

TABLE 3.—A COMPARISON OF 30-DAY, 1-YEAR, AND 2-YEAR NOAELs/LOAELs FOR URANIUM TOXICITY 

• 

Species/compound 
NOAEL (mg U/kg/day) LOAEL (mg U/kg/day) 

30-day 1-yr 2-yr 30-day 1-yr 2-yr 

Rat 
UO2F1  19 

24 
760 

4 

ND 

19 
24 

760 

8 

NT 

19 
24 

' 760 

NT 

NT 

_ 
39 

120 
7,600 

8 

2.8 

39 
120 

7,600 

19 

NT 

39 
120 

7,600 

NT 

NT 

UNN03)2  
UF4  

Dots 
UO2F. 

Rabbit 
UO2(NO3)2 

NT = Not tested. 
ND = Not determined. 
NOAEL = no observed adverse effect level 
LOAEL = lowest observed adverse effect level 	• 
Sour= Maynard and Hodge (1949, as cited in U.S. EPA, 1991e). 

Nephrotoxicity has been reported in 
rats, rabbits, and/or dogs fed various 
soluble uranium compounds for periods 
of 30 days, 1 year, or 2 years (Maynard 
and Hodge, 1949; Maynard eta]., 1953). 
Treatment-related histopathological 
changes were observed in the kidneys of 
rats fed UO2F2, UO2(NO3)2- 6H20, and  

UC1.4. No histopathologiO changes were 
found in the kidneys of rats fed 
insoluble uranium compounds. Acute (30 
day) exposure of rabbits to uranyl 
nitrate down to 2.8 mg/kg/day in the 
diet resulted in renal damage at all dose 
levels (Maynard and Hodge, 1949; EPA, 
1991s). 

Renal toxicity has also been 
demonstrated in rats and dogs following 
administration of various uranium 
compounds in the diet for 1 or 2 years. A 
summary of NOAEL and LOAEL values 
derived from these studies is presented 
in Table 4. 

TABLE 4.—SUMMARY OF NOAEL AND LOAEL VALUES 

Compound NOAEL 
percent 

LOAEL 
percent.  

. Effect 

Uranyl nitrate 0.1 
- 	0.05 

0.1 
2 

' 0.5 
0.1 
0.5 
20 
20 

Body weight depression, mfid tubular necrosis of kidneys. 
Body weight depression. 
Body weight depression, kidney changes. 
Body weight depression, kidney changes. 	

• No toxic 	. 

Uranyl fluoride 
Uranyl nitrate 
Uranyl tetrafluoride 
Uranium dioxide effects 

Sour= Maynard and Hodge (1949, as cited In U.S. EPA, 1991e); Maynard et al (1953, as cited in U.S. EPA, 1991e). 

• 

The mechanism of action of uranium 
in renal toxicity is not fully understood 
(Leggett, 1989). Nephritis and changes in 
urine composition are the primary - 
symptoms (EPA. 1991e). 
Morphologically, the most evident 
changes occur in the proximal 
convoluted tubule of the nephrons. 
Necrosis of the tubular lining occurs 
first, followed by a clogging of the 
tubules with cellular debris and 
appearance of the debris (casts) in the 
urine. Regeneration of tubular lining 
cells within 2 to 3 weeks can occur in 
nonfatal cases, but the cells are not 
normal in appearance. The mechanism 
of action may involve interference with 
sodium transport across membranes, 
damage to lysosomes, or destruction of 
functional properties in mitochondria 
(EPA, 1991e). 

In addition to renal effects, animal 
studies also indicate that exposure to 
uranium may be associated with dermaL 
ocular, teratogenic/reproductive, and 
hepatic effects as well as lethality, at ' 
higher exposures (EPA. 1991e). 
flistopathological changes (distortion of 
centrilobular and perilobular zones) 	- 
were observed in the livers of rats fed 20 
mg (9.5 mg U/Icg) uranyl nitrate. 

Oral administration of uranium to rats 
and mice has resulted in embryo 
lethality, adverse fetal and neonatal 
development, increased fatal resorption, 
reduced fetal body weight and length, 
adverse functioning of the reproductive 
system, and increased number of dead 
young/litter at birth and at lactation 
(Patemian et al., 1989; Domingo et al., 
1989a; 1989b; Maynard et al., 1953). 
Brandom et al. (1978) found a significant 
increase in the prevalence of  

chromosomal aberrations in uranium 
miners as compared with controls. 

EPA identified the LOAEL as 0.02 ppm 
uranyl nitrate hexahydrate in food, 
converted to Z8 rag uranuim/lcg/day, , 
based on the kidney toxicity in rabbits 
(Maynard and Hodge, 1949; See Table 
3). EPA applied a 1000 fold uncertainty _ 
factor to derive an IUD of 3 x 10-3  mg/ 
kg/day (EPA, 1991s; 1991e). EPA 
multiplied the RID by 70 kg and divided' 
by by 2 liters daily water intake, to derive 
the DWEL of 100 p4/1. If EPA were 
basing the MCLG on kidney toxicity, the 
20% relative source contribution would 
be applied as discussed above. This 
would result in a MCLG based on 
kidney toxicity 20 12g/1. 

EPA is proposing to set the MCLG at 
zero because of uranium's 
carcinogenicity. However, EPA is 
proposing to limit the MCL because of 
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kidney toxicity, because of the low 
carcinogenic potency of uranium. EPA 
believes drinking water MCLs must be 
protective of the public against all 
adverse health effects. 

There may be several sources of 
uncertainty in the uranium risk 
evaluation. These are disc.ussecl in detail 
in the Criteria Document -WA. 299/el 
and are briefly summarized here. They 
include in particular for the uranium 
cancer risk estimate the fs  factor, as well 
as the lack of confirmation of uranium's 
carcinogenitity in the available 
epidemiology studies. For kidney 
toxicity uncertainties in uranium. 
exposures from other sources may lead 
to uncertainty. While there may be 
uncertainties in the assessment of 
uranium's adverse affects, EPA has 
evaluated all the available data and 
believes the approach selected is likely 
to have fewer uncertainties than other 
approaches to assessing uranium risks. 

EPA solicits public comment on the 
proposed MCLG of zero for uranium, 
including the fi factor, uranium's 	- 
carcinogenicity, and kidney toxicity as 
the limiling adverse health effect 
4. Beta Particle and Photon Emitters 

"Beta and photon emitters" area 
broad group of mostly man-made 
radionuclides which characteristically 
decay by beta and photon emissions, 
which are ionizing radiation. EPA has 
classified ionizing radiation as a group 
A carcinogen (EPA. 1991p). Accordingly, 
the Agency considers beta and photon 
emitters Group A haman carcinogens. 

Beta and photon emitters are 
radionuclides that decay primarily by 
electron and/or photon emissions and 
are usually man-made- These low 
energy radiation emitters (low-LEI") " 
include beta emitters (electrons or 
positrons), gamma emitters, and x-ray 
emitters. There are a large number of 
radionuclides of concern, and each 
radionuclide/element has different 
absorption and retention properties and 
decay schemes. Differences in energy of 
irradiation, type, and geometry of 	• 
irradiation also exist 	- 

Despite differences in radiation type, 
energy; or half-life, the health effects 
from radiation are identical (EPA. 
1991d). but may occur in different target 
organs and at different activity levels. 
Nonstocbastic effects occur at relatively 
high doses of radiation but not at doses 
of typical environmental exposure and 
regulatory interestRadionuclides 
having a half-life of 1 hour or less are 
not considered in the group proposed for 
regulation, since they will decay prior to 
consumption of drinking water. For a 
stochastic effect such as cancer, the 
probability of the effect increases with 

increasing dose, and it is assumed that a 
threshold does not exist. The cancers 
produced by radiation cover the full 
range of carcinomas and sarcomas. 
Many forms of cartr•Pr have been shown 
to be induced by radiation (ICRP, 1977; 
NAS, 1990). The epidemiological basis 
for risk estimates specific to irradiation 
have been reviewed in detail in BEM M 
(NAS, 1980) and by U.S. EPA (1989a). 
Since the available data suggest that 
lowered dose rates of low-LET radiation 
yield a lowered cancer risk, the use of 
risk coefficients from A-bomb survivors 
[which are the result of very high dose 
rates) will probably not underestimate 
risk from low-LET radiation (EPA.-
1991d). 

The methodology used in risk _ 
calculations is formalized in the 
RADRISK computer code. The 
calculations assume an average lifetime 
of 70.7 years and a cohort of 100,000 
persons (Dunning et al, 1980; Sulliiran et 
al, 1981; EPA, 1989a; 1991d). Equivalent • 
organ doses consider the concentration 
of the radionuclide, the intake of water, 
the absorption of the raclicmudide from 
the gastrointestinal tract into the 
bloodstream the distribution, to various 
organs or compartments, the retention, 
and the radiologic decay in each organ. 
The absorption (characterized by fs) and 
fraction deposited in the organ or 
compartment (fs') are functions of the 
ChPnlie$11  form and of age. The values of 
fs  and fs' and the retention functions for 
each radionuclide and rhemicni form 
are taken mostly from the tabulations in 
ICRP Publication 30 (ICRP, 1979:1980; 
1981); SuMvan et al, (1981) and Dunning 
eta]. (1984). Organ masses are values 
from ICRP Publication 23 for adults 
• mo
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obtain an annual burden, which is 
corrected for age with a nuclide-specific 
S-factor. The S-factors (units of dose 
equivalent per Cl-thy) are derived by 
calculating the number of decays in the 

nce and the energy 
absorbed as the result of the decays. 
Using these parameters, the dose 	• 	• 
delivered to each organ as the result of a 
unit intake of each radionuclide is 	- 
calculated to obtain the annual dose 
rate. The target organs for dose 
estimation specified by the RADRISK 
code are ovaries, testes, breast, red, 
marrow (for leukemia), lungs, thyroid. 
endosteal cells, stomach, lower and 
upper large intestine, small intestine, 
kidneys, bladder, spleen, uterus, thymus, 
thyroid. liver, and pancreas (EPA, 1989a; 
19914 

The risk factor associated with 
exposure to 1 Sv (Sievert; 1 Sv=100 
rems) that is adopted is 39.000106  
persons (or for 1 rem, 4x1Cr 4  persons: 

EPA, 1989a;). This risk factor is an age-
adjusted estimate for cancer resulting 
from low-level whole-body, low-LET 
radiation. At an exposure rate of 1 
mrem/Year, based on the above risk 
factor, and a lifetime of 70.7 years, the 
lifetime probability (P) of a radiation-
induced fatal crinePr is 2.8x10-5  per 
mrem ede per year. For the purpose of 
setting standards, the EPA generally 
considers allowable values for lifetime 
risk to lie between Ur° and 10-4. A 
lifetime cancer risk of approximately 
10-4  corresponds to 4 mrem edejyr. 

Appendix B lists the concentrations in 
pCi/1 that correspond. to 4 mrem ede/ 
year for each beta emitter, assuming  
lifetime intalce of 2 liters of water daily. 

There may be several sources of 
uncertainty in the beta and photon 
emitters risk evaluation. These are 
discussed In detail in the Criteria 
Document (EPA, 1991d), and are briefly 
summarized here. They include . 
uncertainty in the metabolic model, 
including absorption, distribution and 
dosimetry, and the risk coefficients used 
for calculating risk. 'While there may be 
uncertainties in the assessment of beta 
and photon emitter risks, EPA has 
evaluated all the available data and 
believes the approach selected Li likely 
to have fewer uncertainties than other 
approaches to assessing risks from beta 
and photon emitters. 	- 

EPA solicits public comment on its 
approach to estimating risks from beta 
and photon emitters in ririnlcing water. 

5. Alpha Emitters . 
EPA considers all inni7ing radiation to 

be carcinogenic, and has Classified the 
ionizing radiation released daring alpha 
decay as a Group A carcinogen (EPA. 
1991p). Therefore, as a class, alpha 
emitting radionuclides are considered 
group A carcinogens. There are also 
adequate dataon some individual alpha 
emitters to conclude that they are . 
carcinogenic. Accordingly, the Agency.-.  
has placed alpha emitting raclicmuclides • 
as a class in Group A as known human: 
carcinogens (EPA. 1.99/4: "•• . 

Alpha emitters.are primarily natiiiall3r 
occurring, deriving from. the uranium. 
and thorium decay. series. There are a ... 
more limited number of alpha emitting 
radionuclides (than beta emitters) that - 
are of potential concern in public water 
supplies, as only a few alpha emitters 
have ever been ,einntugl in the 
published literature to occur in water. In 
addition to the naturally occurring 
raciiimuclides, plutonium and 
americium, man-made alpha emitters, 
may also be of concern, although these 
have only been found at very low (less 
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than 0.1 pCi/l) concentrations in 
drinking water (See section BI.F). 

As for the beta and photon emitters, 
risks from ingestion of alpha emitters 
can be evaluated using a modelling 
approach, combined with radionuclide-
specific epidemiology or animal studies 
where available. Despite differences in 
radiation type, energy, or half-life, the 
health effects from radiation are 
identical, although they may occur in 
different target organs and at different 
activity levels. Nonstochastic effects - 
occur at relatively high doses of 
radiation but not at doses of typical 
environmental exposure and regulatory 
interest For a stochastic effect such as 
cancer, the probability of the effect 
increases with increasing dose, and it is 
assumed that a threshold does not exist. 
The cancers Produced by radiation 
cover the full range of carcinomas and 
sarcomas. Essentially every form of 
cancer has been shown to be induced by 
radiation (ICRP, 1977; NAS, 1988; 1990). 
The type of cancer caused depends 
largely on where the radionuclides 
localize in the body as a result of 
metabolism. Radionuclides that are 
deposited in bone frequently cause bone 
sarcomas. Widely distributed 
radionuclides may increase cancer risk 
for many organs (EPA, 1991a). The 
epidemiologic basis for risk estimates 
specific to irradiation have been 
reviewed in detail in BEIR III (NAS, 
1980) and by EPA (1989a). For internally 
deposited alpha emitters, the BEIR.IV„ 
report (NAS, 1988) reviewed available.... • 
information. 

Risk assessment for the alpha emitters 
was performed using the RADRISK - 
model (EPA, 1991a). The criteria 
document for alpha emitting 
radionuclides describes the metabolic 
model as do Dunning et al. (1980): 	_ • _ 
Sullivan et aL (1981); and EPA (1989a), 
and as described above for the beta 
emitters. The model estimates radiation 
dose to organs, the dose is used to 	- 
calculate risk to the organs, and the 
risks to organs are summed to estimate ' 
overall risk. Levels 'of the alpha emitters 
representing 1o' lifetime risk in 	• 
drinking water (assuming ingestion of 2 
liters daily) are presented in Appendix 
C. 

Specific alpha emitters of interest 
include polonium, thorium, plutonium 
and possibly americium as these have 
been found in water. There are some 
human epidemiology and animal data 
available to help in assessing the risks 
posed by the individual contaminants. 
However, there are not complete enough 
data on any of them to form the basis of 
a risk assessment, and EPA has 
determined that the RADRISK modelling  

approach will provide the best estimates 
of the hazards posed by these - 	- 
contaminants (EPA, 1991a). 

Polonium-210 is in the uranium-238 
decay series, and is the daughter of 
lead-210, the first long-lived, daughter of 
radon 222. The BEIR IV (NAS 1988)' 
report report reviewed the available literature 
on polonium-. Polonium was reported to 
cause lymphomas in mice, and various 
soft tissue tumors in rats given 
polonium. In adthtion, a number of non-
neoplastic adverse effects were reported 
in test animals, including sclerotic 
changes in the blood vessels, atrophy of 
the seminiferous epithelium and 
hyperplasia of the interstitial (Leydig) 
cells in the testes, and other effects, but 
all at relatively high doses. Effects in 
exposed humans including hematologic 
changes, impairment of the liver, kidney 
and reproductive organs, were reported 
by the BEIR IV committee. The BEIR IV 
committee concluded that there is no 
direct measure of risk for most polonium 
isotopes based on the human data, and 
suggested several possible means of 
estimating risk. EPA, as discussed, has 
relied on its RADRISK model in 
assessing polonium risk. The model 
estimates that polonium at 14 pCi/1 in 
water (assuming 2 liters daily intake) 
would pose an approximate lifetime 
cancer risk of 1x10• 4  (EPA, 1991a). 
Several public water supplies and 
private wells have exceeded this value, 
although most reported polonium levels 
were in the range of 1 to 10 pCi/1 (EPA, 
1991f). 

The BEM IV committee also reviewed 
available information on the adverse 
effects of thorium. Substantially better 
information (than for polonium) is 
available for human exposure because a 
colloidal form of thorium dioxide (ThOzt 
Thorotrast) was used in medical 
radiology as a contrast agent from the 
1920's until about 1955. Patients were 
injected with the Thorotrast The 
colloidal particles posed a radiation risk 
to the reticuloendothelial system in 
which they were ultimately sequestered 
after injection. Various studies of the 
Thorotrast patients showed clear 
increases in liver cancers, as well as 
possible increases.in leukemia. 
However, the BEM committee discussed 
the limitations of these data for 
assessing the risk due to other forms of 
thorium. Forms of thorium other than 
Th02  would have a different metabolic 
fate than the Thorotrast, and would 
affect different organs. Therefore, EPA 
believes a dosimetric approach, as 
contained in the RADRISK model, 
provides the best available basis for 
assessing risk from the various thorium 
isotopes. Based on the model results,  

EPA estimates that the various thorium 
isotopes pose lifetime cancer risks of 
1x10' at drinking water concentrations 
ranging from 50 pCi/1 to approximately 
125 pCi/1 (EPA, 1991a). Most reported 
thorium occurrence in drinking water 
was at levels near 1 pCi/1 (EPA, 1991f). 

Plutonium is widely present at very 
low-levels in the environment, largely as . 
a result of atmospheric nuclear weapons 
testing from 1945 to 1983. It is also found 
in nuclear power reactors and could be 
released in the event of an accident. The 
BEIR IV committee reviewed available 
data on plutonium and other 
transuranics. They concluded that 
studies in animals clearly indicate bone, 
liver, and lung (by inhalation) cancers 
caused by plutonium exposure. 
However, available (and limited) human 
epidemiology studies have not yet 
shown unequivocal association between 
plutonium exposure and cancer at any 
particular anatomical location. The 
Committee recommended risk 
assessment based on analogy with other 
radionuclides and high LET radiation 
exposure risks. EPA has used its 
RADRISK model to assess plutonium 
risks. The RADRISK model estimates 
that lifetime cancer risks of 
approximately lx lo-4  are posed by
drinking water plutonium concentrations - 
of about 7 pCi/1 for the different 
plutonium isotopes (EPA, 1991a). 
Reported plutonium levels in drinking 
water were less than 0.1 pCi/1 (EPA, 
1991f). 

Estimated risks for these and other 
alpha emitting compounds can be found 
in appendix C. 

There may be several Sources of 
uncertainty in the alphas risk 
evaluation. These are discussed in detail 
in the Criteria Document (EPA, 1991a), 
and are briefly summarized here. They 
include uncertainty in the metabolic,.  
model, including absorption, distribution 
and dosimetry, and the risk coefficients 
used for calculating risk. While there 
may be uncertainties in the assessment 
of risks, EPA has evaluated all the '-
available data and believes the 
approach selected is likely to have 
fewer uncertainties than other 
approaches to assessing risks from 
alpha emitters. 

EPA solicits public comment on its 
assessment of risks from alpha emitting 
radionuclides in drinking water. 

D. MCLG Determinations 

For the reasons stated in the 
preceding sections on health effects and 
risks (e.g., the fact that all of these 
radionuclides are Group A, known 
human carcinogens) and based on the 
Agency's policy of setting MCLGs for 
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known or probable human carcinogens 
at zero, the Agency is proposing to set 
MCLGs of zero for radon, radium-228, 
radinm-228, uranium, and alpha and 

- beta particle and photon emitters. 
V. Proposed Maximum Contaminant 
Levels 
Summary of the Proposal 

The SDWA clirPr44 the Agency to set 
an eninrciable standard for a 
contaminant ftviCL) as close to the 
health goal for the .crivitsadvolnt  (MCLG) 
as is "feasible".. Feasible is defined as 
the use of the "best technology, 
treatment teclmiques and other means 
which the Administrator finds.* •* * are 
available (tatring cost into - 
considerafinr..{Sectionl4i2(b)(5).) In  
determining.M.CLs. the Agency 
considers a Illtmiter of factors. The . 
Agency evaluates the availability and 
perfortnanne of the various technologies 
capable of removing the contaminants, 
identifying those that have the highest 
removal efficiencie.s, that are compatible 
with other types of water treatment 
processes, and that are notlimited to 
application in a particular geographic 
region. As the MCLIevels must be - 
generally enforceable. EPA also 
considers the ability of laboratories to . 
measure raliaMy  for the contaminants in 
water. EPA derives practical 	. 
quantitation levels (PQLs) which reflect 
the contaminant concentration that can 
be measured by good laboratories under 
normal operating Conditions within 	- 
specified limits of precision and 
accuracy. 

The Agency also considers the Iladith  
risk associated with the contaminant. 
The Agency esfimates both the 	" 
Incidence of (Neese and the risk to 
Individuals. EPA has historically set a , 
reference risk range for carcinogens at 
10'4  to 1Crilifetime Individual risk; risks 
within this range have been considered 
acceptable. = • . 	- . • 
The Role of Contain Sett* man 

In setting/Atli -the Agency also 
. 	. 

considers a number of cost elements. in 
the past, 'EPA has generally limited 
consideration of economic costsunder 
the SDWA to whether a technology is _ 
affordable for large municipal water • . 
systems. (52 FR 42225 Nov. 3,1987; "the 
legislative history indicates that EPA is 
to base MCLs on treatment technology 
affordable by the largest publit. water 
systems"). However, EPA has 
determined that nothing in the statutory 
language, the lesiblative history or EPA's 
prior constructions of the statute 
precludes-consideration of cost-
effectiveness in setting MCLs under the 
SDWA (ETA, 1990c). 

EPA's focus on affordability for large 
systems in the past is consistent with 
statements in the 1974 House Committee 
Report 

In determining what methods are generally 
available. the Administrator is diverted to 
take costs into arrnant..• • * It is evident 
that what is a reasonable cost for a large 
metropolitan (orregional) public water 
system may not be reasonable for a small 
system which serves relatively few users. 
The Committee believes, however, that the 
quality of the Nation's drinking relatively few 
users. The Committee believes, however, that 
the quality of the Nation's drinking water can 
only be upgraded if the systems which 	. 
provide water to the public are organized as 
to be most cost-effective. In genex al. this 
means larger systems are to be encouraged 
and smatter systems discouraged. For this 
reason. the Committee intends that the 
Administrator's determination of what 
methods are generally available (taking cost 
into account) is to be afforded by large 
metropolitan or regional public water 
systems. 
H.R. Rep. No. 93-1185, A Legislative 
Histor y af the Safe Drinking Water Act, 
97th Cong. second session. pp. 549-550 
(1982) (emphases supplied). Far from 
prohibiting cost-effective solutions to 
the Nation's drinking water problems, 
the legislative history indicates that 
Congress wanted to encourage cost-
effectiveness, but thought that 
promoting consolidation of small 
drinking water systems into larger ones 
would promote cost-effective solutions 
in the circumstances that prevailed in 
1974. EPA has concluded that in light of 
changing circumstances since 1974, 
Including the large number of MCLs that 
have been established in the meantime 
under the SDW.A, it is no longer 
appropriate to focus exclusively on large 
system costs incur:ler to promote cost-
effective solutions that  protect human 
health from contaminants in the nation's 
drinking-water. 	 . 

In addition to the statements in the 
1974 HouseCommittee Report a 1986 
floor statement by Senator Durenberger 
might be read to suggest that • 
consideration of large system 
affordability is the only permissible role 
for considering costs under the SDWA.' 

1 1n the floor debates on passage of the 
conference report for the 1988 amendments to the 
SDWA. SenatorDluesibeiger stated Ihatthe • . • 
amendments ware "not an inst-uctien for the 
administrator to conduct a cost-benefit analysis to 
determine the MCI.. The law emphatically does not 
provide that the administrator will set the MCL at a 
level where benefits outweigh costs., nor does it 
require EPA to balance costs and benefits in any 
other way. Cost only enters into the judgment of the 
administrator in defining which treatment 
technologies are to be considered best available 
technologies. And availability in this instance is 
considered only in the context of the largest supply 
systems." 132 Cong. Rec. 56287 (May 21. 1988). 

However. EPA believes that, in context 
the 1986 Durenberger floor statement 
was not in fact intended to preclude 
consideration of cost-effectiveness, as 
opposed to cost-benefit analysis.2  
Nowhere in his floor statement does 
Senator Durenberger reject 
considerations of cost-effectiveness (as 
opposed to cost-benefit) in setting 
MCLs. On the contrary, laterin the same 
floor statement Senator Durenberger 
refers to considering cost-effectiveness 
with approval in the context of using 
granular activated carbon (CAC) 
technology to establish MCLs. 132 Cong. 
Rec. 58294. EPA believes that it would 
be anomalous and contrary to 
Congressional intent to sanction using 
cost-effectiveness considerations in 
setting MCLs using one technology 
(GAC), which Congress clearly 
Intended, but to prohibit consideration 
of cost-effuL.tivelless in setting MCLs 
using other technologies which raise 
very similar issues. 

Similarly, neither the statutory 
language nor EPA's prior constructions 
preclude considering the cost-
effectiveness of requiring additional 
increments of technology or 
contaminant control in establishing 
MCLs. The statute requires EPA to 
establish the MCL as dose to the 
maximum contaminant level goal 
("MCLG1 "as is feasible." SDWA Sec. 
1412(a)(4), 42 U.S.C. 300g-1(a)(4). The 
term "feasible" is in turn defined as: 

• • • feasible with the use of the best 
technology, treatment techniques and other 
means which the Administrator finds, after 
examination for efficacy under field 
conditions and not solely under laboratory 
conditions, are available (taking cost into 
consideration). • 

SDWA sec.1412(aX5), 42 U.S.C. 3009- 
1(a)(5) (emphasis supplied). The 	' 
dominant emphasis in the statutory 
language is on achieving practical 
results.* Furthermore, far from 

EPA's approach tocrouldering cost-effectiveness 
In this rule is consistent with the literal language of 
Senator Darenberger's floor statement. in that EPA 
Is considering cost-effectiveness in the context of 
deterrainingwitich technology should be deemed 
"best available technology.r and these cost-
effectivenessconsiderations apply to large as well 
as small systems. 	. 
'hi any event, even if the Durenberger floor 

statement had been intended to restrict EPA's 
discretion to consider costs in any way other than 
large system affordability (which EPA does not 
believe that it was), legally it could not have that 
effect. Floor statements by individual legislators. 
while entitled to some weight do not effectively 
restrict agency discretion to adopt statutory 
Interpretations which are otherwise reasonable and 
consistent with the statute. as recent Supreme Court 
cases have made clear. See. e.g. Brock v. Pierce 
County, 478 US. 253, 283 (ime). 

3  One factor indicating that Congress intended 
the standard-setting exercise to focus on obtaining 

coutinusti 
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practical:results Irthat•EPAis adjured to set 
standards based on practicatresults.obtainable in 
the field. rather.than solely In the labora tory. 

precluriing consideration of economics 
in setting 'MCLs, EPA is sperarreelly 
instructed tentage] 'coat into 
consideration" in-determining whether a 
technology is available. 

EPA does not believe that Coegreses 
instruction tetake economic -cogs into 
accountin determining whether 
technologies . are available was intended 
to preclude considerationnfacononiic 
cost-effectiveness in:determining which . 
technology, ior level-of technology, is 
"best" As ran:ratter Of the :ordinary 
meaning-of language,If Iwo technologies 
orievèlsDfntrolachievecomparable .  
or nearly comparable results, butone of 
them is much more efficientorcost- 
effective thanthe other, theanare • 	• 
wasteful and expensive one could * 
hardly be said to be the ”best" ' - 

This plain language interpretationof 
"best" Available technology as 
permitting some weighing if econoniic 
costs is .reinforcedbythe fact that EPA 
has construed "bestavailable 
technology" requirements inother 
environmental statutes to -encompass.  
cost-effectiveness. butgenerally:m3t 
cost-benefitconsiderations.:For 
example, EPA,has long interpreted • . 
"best" available:control:technology-for 
purposes of the PSD program -under the 
Clean Air Act as incorporatingcost- . • 
effectiveness considerations (EPA. 
1979a; unreasonable adverse economic 
effects Of an available contrel 
technology, as demonstrated by an 
incremental analysis of that option 
relative to others, are.an  adequate basis 
to reject an altemafive). EPA's 
interpretation of the "best" available 
technologyrequirement runder.the -Clean 
Air Act as alloWingeonsiderationaf • 
cost-effectiveness has been unheldby 
the coMts.See. e.g., Northern Plain 
Resource Coona-1 v-EPA, 845 F-.2d 1349 
• (9th ar. 1981) .(affirniu' igEPAls rejection 
of an available control option on cost-
effective grounds tinder the "best 
available control lechnology7 - 
requirements-Of the PSD program iiTraer  
the Clean Air Act): 

From the standpoint of faartaling.  1 
soundanVironmentel policy.,:it•makes . 
little sense to set multiplUMCLs based 
solely on considerations of the ability of 
large systems to afford each Individual 
MCI-Mather. EPAbelieves that-the . 
overall Trurposes of the Safe Drinking 
Water Act, assuring the overall safety of 
the Nation'Adrinking watersupply, will 
behest effectuated by •a consideration Of 
cost-effectiveness. in addition, EPA has 
historically set its MCLs based on 
to 1c)--6  lifetime risk to an exposed 

individual. See for example 40CFR part 
300 [National Contingency.Planj, 40-CFR 
part 81 Ilienzene IVESHAPs,54 ER 	. 
Contingen.cyPlan), 40 CFR part 81 
(Benzene IIESHAPs. 54-ER 38044, .. 
September.1.4.1989), and 52 FR-25700- . 
257.01,July8,1987(Final VOC MCLs)..lf 
cost-effectiveness could-notbe 
considered. EPA.wouldbe -required to 
set each individual.MCL at the limits of 
technology that. could-be afforded. This 
does not necessarily maximize the. 
overallbealflibenefits to the -drinking 
water:supply arra whole. The limited 
resources which are "Affordable" would 
achieve :greater:health benefits,for • • 
people served:by the Arinicing water 
supply as.a whole if theseresources are 
.deployed where they can achieve the 
greatestlealth benefits in the aggregate. 
Indeed. in priorSDWA rules,.EPAlas -in 
fact talcencost-effectiveness into 
account insetting MCLit:forcertain • 
volatile organic Chemicals, .albeit 
without extensive discussion, 52.FR 
25899(july 8, 1987). since !allure -to do so 
would lead Ito-absurd -resifts. 

In.smn,XPA-has concluded that 
limited.consideration ofr.ost- • • 

- effectivenessin setting MCLawill, 
further the overall goal-that Congress. set 

• intheSDWA.whir-liwanto,maxindie 
thelerilth and safety-0i die,aou atry's 
drinking wateranpplyas a whole. 	• 

. Setting eachindividual MCI.at the . 
. 	limits of economic affordability would. 
• in EP-As judgMent. actually Impede And 

goal by rninallocatinglimitedeesoinces 
to achieving zomparativelysmallor 
nonexistent healtlibenefits based an-the 
orderinlvlachEPAsets,MCLEcrather 
than where the greatest Neill th benefit* 
can be 	 nihiPv.eiLTherefore. EPA •.: , 
believes ithaa anrobligation to - 
mazimize the overallhealthbenefits 
that Accrue fromallits actions affecting • 
the nation's Ar'inlcing wate.rsupply. For 
all of *these reasons.EP.Abelieveatbat it 
is consistent with -the language. . 	• 
legislative .histanc and Congress's -
overall purposes to interpret the ,saywA 
to allowEPA toconsideroost-: . • - • - 

•. effectiveness Inserting the levelaf 
control whiChisconsidered.feasible 
using the bestlechnologk,„ 	- 
Radionuclides 4.4GEs  

In selecting MCIA Tor the four 
radionuclides that havethe.greatest.. 
frequencies of occurrence in public 
water supplies Iradon. realm 2213.and 
228, and uranium), theAgenw 
considered The factors -described above. 
The Agency was able to collectively 
analyze these contanim• ants because 
they have the unique characterisfic that 
all radionuclides cause cancer by lhe 
same mechanism. Le.. BeTivering ionizing 
radiation to tissue .(by either external  

exposure, -or internally when ingested or 
inhaled). These individual contaminants 
may be-viewed as vehicles -for internal 
delivery of that ionizing radiation to 
different parts of the body. indeed, the 
Agency has classified ionizing radiation 

- • (as well-as the indiviclual contaminants 
proposed tor regulation here), as a class 
A carcinogen-This-classification:applies 
to alpha, beta and photon, and:gamma 
ray emitters. It is therefore possible to 
make comparisons of either the 
radioactivity in water orremoved:from 
.water (inpg nCi). Or the radiation 
dose delivered-by each of the • 
radionuclides iri terms of "rems.eden, . 

• Remsade.are a way of normalizing for 
different radionuclides the radiation • 
dose to the body taking  into account/he 
effect of different types of ionizing 	• 
radiation on tissue as well as -the • 
distribution of dose flargelyideterminall 
by metabolic:destination:of the • • 
radionuclides) inthe body of the • 
ingested orinbTdedladionuclider. These 
measures permitcomparisonsif the • • • 
overall zeductionin:eithertetal .• - 
raiMoactivitycathe effectivedose of • 
ionizing radiation that can-be achieved 
withdifferent•control levet *ions.. 

Thesecorumoniimractedstics if the 
radiomiclidesallowcompairs' ens among • 

• 

radon. radium;226-and 22803nd uranium ' 
in terms-of rail reduction inionizing • 
radiation in-drinking waterand 
radiation dose delivered-vialfrirdcang 
Water by implementing trifkirerrtmontral 
levels, and the-relative rest-of such • 
reducticms.These comparisons were 
consideredinevaluatingniternative 
MCL,s. - - 

EPA -is interested in soliciting public 
comment on the applicriliffity-of cost- - 
effectiveness to other ritinking water 
contaminents. 
Radon * 

Radon.is estimated to cause 'about 
8,00010 40;00011MA, 1989s) lung cancer 
deaths annually. Typical indoor radon : 
levels TI-2p•Cill.) pose estimated 'lifetime 

' lung ranr-Pr dirks near 1 in 100:The inos1 
significant contributor loindOor.radonis 
soil gas. However. volatilization of • 
radon from drinking waterduring.  • 

' household .use also inriceaseslidoiir • 

radon levels thereby contributing ter - • 
increased risk Of lung car3cer..Direct 
ingestion-of radonmay alsepoie some . 
risk of stomach and eater Oancera 
1991c). 

EPA estimates that-more Om n „2,6,000 
publir water systems have 	tailnuln  

• water at levels exceeding an , 	• - 
approximate ir * individual lifetime risk 
level. Because radon is -Significantly 
more prevalent in-drinking water than • 
radium.226-andradium.228or uranium.* 
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level is disproportionate to the cost of 
reducing radioactivity and rems ede by 
removing radon. The Agency does not 
believe it would be reasonable to select 
MCLs that would impose such 
disproportionate costs. 

Since it is not cost-effective to set the 
MCLs for radium and uranium at the 
technically feasible levels, EPA 
examined alternatives at the 10-4  
lifetime individual risk level, which are 
approximately 20 pCi/1 for radium 226, 
20 pCi/1 for radium 228 and. 	for 
uranium. These levels are less costly but 
still assure that persons served by 
public water systems will not be 
exposed to a greater than approximately 
1 x10-4risk. In addition, the uranium 
value is protective against kidney 
toxicity, which may occur at levels far 
below the 10-4 lifetime risk level for 
uranium. For drinking water,  
contaminants. EPA has set a reference 
risk range for carcinogens (after 
regulation) at 10-4  to 10-6  excess 
individual risk from lifetime exposure 
and therefore considers an 
approximately 10-4 risk protective of 
public health. Based on these 
considerations, EPA proposes to set the 

7i.-MCL for radium 226 at 20-pCi/1, for 
iddium 228 at 20 pCi/l, and uranium at 
20118/1- 

Following is a detailed discussion of 
the factors considered in developing this 
proposal. 

A. BATs and Associated Costs 

radon poses the greatest risk on a nation 
wide basis of any of the radionuclides 
found to occur in drinking water (EPA, 
1991i). Accordingly, the Agency first 
determined the appropriate MCL for 
radon. 

In determining what radon MCL to 
propose, the Agency evaluated the 
availability and performance of the 
various technologies capable of 
removing radon. Based on this 
evaluation, the Agency determined that• 
only aeration fulfills the requirements of 
the SDWA as best available technology 
for radon removal as discussed in 
Section V.B.2. Based on treatability, 
radon could theoretically be reduced to 
100 pCi/1 or lower in most water supply 
systems. 

The Agency also considered whether 
the ability of laboratories to measure 
reliably for radon in water imposes any 
limits on where the Agency can set the 
MCL. The Agency determined that the 
radon PQL could be established at 300 
pCi/1 (although other researchers 
variously believe the number could be 
either lower or higher; see Sections V.0 
and V.D below). 	3 • 

The Agency then analyzed the costs 
of implementing a 300 pCi/1 standard. 
The Agency estimated that costs for 
large systems to achieve 300 pCi/1 
would be very low ($4 per household per 
year). The costs for small systems, while 
greater ($170 per household per year in 
systems serving 25 to 100 persons), were 
found to be affordable by the Agency. 
Because of the large number of water 
systems that would need to install 
treatment to reach the 300 pCi/1 
standard, the annual nationwide costs 
would be approximately $180 million. - 
While this is a significant cost, the 
Agency concluded that these costs are 
reasonable in view of the substantial 
reduction in exposure to ionizing 
radiation and the resulting risk 
reduction that would be achieved. At 
this level, EPA estimated that up to 8300 
uCi, representing approximately 200,000 
person-rems ede would be removed 
from drinking water each year (EPA, 
1991i). ' • 

Finally, the Agency estimated the 
health risks at the 300 pCi/1 level to be a 
lifetime risk of approximately 10-4  (i.e., 
2 x 10-1. The Agency concluded that 
this level would be adequately 
protective of public health since it is 
within the target risk range of 
approximately 10-4  to 10-6. 

Taking these factors into account, the 
Agency is proposing to set the MCL for 
radon at 300 pCi/l. 
Rack= and Uranium 

Radium 226 and 228 and uranium are 
also naturally occurring contaminants.  

Although they are less prevalent than 
radon, they are present in a significant 
number of water systems. The total 
person-rems ede and associated 
population risk attributable to these 
contaminants collectively are much 
lower than for radon alone, although in 
some communities individual risks from 
these contaminants exceed the target 
risk range. The Agency identified 
several technologies that are highly 
efficient in removing radium 226 and 228 
and uranium from water. Based on this 
evaluation, radium 226 and 228 could 
each be theoretically treated to a level 
lower than 2 pCi/1; uranium could be 
theoretically treated to a level lower 
than 5 pCi/I (see section VJ3 below). 
The Agency also established PQLs for 
these three radionuclides at 5 pCi/1 for 
each (see sections V.0 and V.D below). 
EPA's analysis indicated that it is 
technologically feasible to achieve 
control levels of 5 pCi/1 for radium 226 
and 228, and uranium. 

The Agency then analyzed a number 
of cost factors. The cost of reducing • 
radioactivity and rems ede of delivered 
dose by removing radium and uranium 
to the tenlinically feasible level is much 
greater than the cost of reducing 	• 
radioactivity and rems ede by removing 
radon (EPA, 1991i). First, the cost of the 
treatments for radium and uranium on a 
household basis, would be 
approximately $20 to $60/year for large 
systems and $700 to $800 per year for 
the smallest systems. These costs are far 
greater than for treatment of radon 
which would be approximately $4 per 
house per year for large systems and up 
to $170 per house per year for the 
smallest systems. The total number of 
both uCi and rems ede that would be 
removed by controlling radon at 300 
pCi/1 is much greater than the number 
that would be removed by controlling 
radium and uranium at the technically 
feasible levels. At the 300 pCi/1 
proposed standard for radon, nearly 
8300 üCi annually, representing.  
approximately 200,000 person-rems ede 
per year would be removed from 
drinking water. The total annual costs 
for removing this radiation by treating 
radon is about $180 million. In contrast, 
at the technically feasible levels, 150 
uCi, representing 88,000 rems ede of 
radium and uranium would be removed 
annually, at a cost of nearly $400 
million. The cost of removing radiation 
by controlling radium and uranium is 
approximately 200 fold greater per uCi 
removed and 5 fold per rem removed 
greater than that for radon treatment. 

The Agency concludes that the cost of 
reducing radioactivity and rems ede of 
delivered dose by removing these three 
contaminants to the technically feasible 

Section 1412(b)(6) of the Act states 
that each national primary drinking 
water regulation which establishes an 
MCL shall list the technology, treatment 
techniques, and other means which the 
Administrator finds to be feasible for 
purposes of meeting the MCL. In order 
to fulfill the-requirements of section 
1412(b)(6), the EPA has identified best 
available technologies (BAT) for each 
radionuclide covered in this proposal. 

Technologies are judged to be BAT 
based upon the following factors: High . 
removal efficiency, general geographic 
applicability, cost, reasonable service 
life, compatibility with other water 
treatment processes, and the ability to 
bring all of the water in a system into 
compliance. 

Table 5 summarizes the BATs 
identified by EPA for the removal of the 
subject drinking water contaminants, 
and their respective removal 
capabilities. 

Table 6 shows theoretical technology 
limits of BATs. The achievable effluent 
concentrations are based upon 
maximum removal of influent levels 
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from the NIRS survey data and 
maximum demonstrated BAT removal 

rates. PW.Se applying thpf-tPBATs  will 	-achieve these estimated lo* effluent 
not need to design treatment systems to concentrations. 

TABLE 5. BAT CONTAMINANT REMOVAL RATES 1  

 

:Contaminant on-exchange Lime Softening Aeration Reverse 
osmosis 

Coagulation/ 
filtration 

Radon 
80-97% • 
55-89% • 

85-99% • 

95-99% 
1,80-99% 

75-95% • 
• 85-99% • 

Up lo 99.9% . 
17-58% . 

13849.4% " 

.90-99% 1 
90-99% 
90-99% 
96-99% 

80-85% 

- 

Radium (226 and 228) 
Uranium 
Rota Emitters 

-•Ca-‘437 
--4131 
-Sr-89 
-Mixed commercially produced ractionucfides 

1 Information. regarding removal efficiencies, test conditions and Other 'factors are contained In the EPA Technology and Cost documents (T&C) and cost 
supplements to •each T&C;  {-e., -for -uranium, 'radium, -radon end -manmade nnfirinuctides -(EPA, 1984b; 1985tt 1986b; 1988q 1927174 1•987g 1997d: 1929e)-

a Mixed tbed or two bed (anionic/cationic) exchange resins. Removal rate does not include 1-131. 

TABLES.-TECHNOLOGY LIMITS FOR 
• "RADIONUCLIDE 'REMOVAL • 

Contarni- 
nant/ Technolo.  

leas" 

Greatest 
percent 
.removal 

Ma:amtan 1 
Influent 
IpCi/l) 

Achievable 
effluent 
1p0/1) 

Raddn 
Aeration ..t 99.9 26,000 26 

Rattan- 
. 228 

1E 97 15 0.45 
IS 95 15 • 0.75 
FIO 98  15 '.' 0.30 

Rackan- 

1E- 97 12 0.36 
LS .. 95  ' 12 I  . 0:60 
HO 98 12 0.24 

titanium 
IE 

* 
99. 

, 
88 `,. 

. 
• '0.9 

LS .29 88 0.9 
110.._...:.... • is as , 0.9 
.cff es - , 	ea - 4.4 

Beta 
ErniffOIS - 
Two bed 

Ion 

" 	Change , • • 
- RO • • 

. 

• a  IAaximum levels In groundwater sources ofxkink-
ktgwater asseported In HAS. • . 

Note: 1E (ion exchange): LS Ifirne softestingt. RO 
traverse osmosis): CF (coagulation/filtration). 

'Source: (EPA, 1984b; 19851X 1988IX 1996c; 
4887b 4987c 4987*4988$.- 	- - 	- 	• - 

• The total costs for the removal of 
•• specMc raclioriucEde contaminants, 

using the proposed BATs, are 
summarized in Table 7. Tables 8 and-9 
display the total capital cost and annual 
operation and maintenance costs, 
respectively. Costs cited in Tables 7, 8 
and 9 are based on treatment conditions 
that would require removal of fairly high 
levels of contamination:The assumed 
removal rates are as follows: 50 pc,ir.pnt 
for radium; 80 ,percent for radon; and -60 
kicruent-for-urardam. The general 
assumptions used to develop -the 

• treatment costs include: rhelnical costs, 
capital costs amortized over 20 years at 

- a 10 percent interest rite, current " • 
• engineering fees,i.oll cuAt.0uveikead 

eand

yistpenroce

fit.olfanteo1re988

sidpeonwtial POE 

fuel 
costs and labor rates EPA. 1984b; 1985b; 
1986b; 1988c; 1987b; 1987c; 1987d; 19884 
Costs as evaluated here assume the 

water 
treatment such as water softening for 
aesthetic reasons which might 
incidentally reduce some pollutant 
levels. The prevalence of such home 
treatments is extremely clifficidt to 
estimate and incorporate into a national 
level analysis. 	 • 

EPA is presently conducting a study of 
treatment for very small water systems. 
-All of the small system treatments for  

radionuclides, and also other 
contaminants, are included, and 
verifying treatment costs is -one element 
of this study. EPA will make this study 
available to the public when it is 
completed. EPA solicitspublic comment 
and data on treatments That may be 
especially well suited to small syctinn  
and any treatru271  systems Aesignecl for 
small systems. including-data-on 
treatment efficiencies, adaptability of 
•designs to (Efferent size systems, and 
cost to install and operate treatment 
systems desigaedfor small public water 
suppliers. 

• Costs may vary signifirantly from 
Those .shown,-clepending on local 
circumstances. Costs of treatment will 
be less than shown on Table 8 if 
contaminant concentration levels 
encountered in the raw water arelower 
than those used for the calculations. 
However, costs of -treatment wall be 
higher If additional treatment or storage 
requirements need to be satisfied. The 
costs in Tables 7.8 and 9 do not include 
-those att.,. 	ibutable 'to the treatment and 
disposal of wastes generated by water 
treatment plants. Waste -disposal 
techniques end associated costs are 
discussed in section C, following a_ . 
discussion of BATs. 

• • - . 	, 
• TABLE 7.-TOTAL FRODUCT1ON COST OF CONTAMINANT FIEMOVAL•BY BAT 1  NOT INCLUDING WASTE BY-PRODUCT DISPOSAL COST 

(DOLLARS/1,000 GALLONS, LATE 1986 DOLLARS) 
• 

Population served 

25-S09 ! 500-1,000  1,000-2,300  .3.300- 
10,000 . >1;000,000 1.00-500 

Ractium.(50%.ramoval): • 
Ion exchange 	  
Lime softening, new 	  

- 	Lime softening mortified • 
• Reverse osmosis 	  

Radon (80%.rernoval): 
Packed tower-aeration 

Uranium (60 removal): 
Coagulationnftration, modified. 
ton -exchange 

6.40 !  
3.50 
5.10 

0.94, 

2.60 

4.40 
4.10 

1.50 - 
2.00 , 
1.70 
4.00 

-0.50 : 

210 • 
2.70 

0.90 
1.30 
0.78 
2.70 

0.26 

0.83 
2.00 

-0.38 ! 
1.70 - 

0.15 

•0:33 	• 0.17 
-0.54 ••. 	• 	0.16 
Oil ;. 	8:01 
4.30 	0.72 

8.07 	8.05 

n.3(11 1102 
1.10 	1100 
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TABLE 7.-TOTALIODUCTION COST OF CONTAMINANT REMOVAL BY BAT 1  NOT INCLUDING WASTE BY-PRODUCT DISPOSAL COST 

(DOLLARS/1,000 GALLONS, LATE 1986 DOUARS)--Continued 

Population served 

25-100 100-500 500-1,000 1,000-3,300 VS% >1,000,000 

Lime softening, incausd  420 
6.20 

2.10 
4.70 

0.93 
3.50 

0.47 
2.70 

0.20 
1.50 

0.03 
0.89 Reverse osmosis _ 

Notes: 
Technologies and rosst documents, and cost supplements for radium, radon, and uranium (EPA. 1984b; 198513; 1986b; 1986c; 1987b; 1987q 1987t 1988e), 

forro the Osokll kff Ore* Costs were revised in May, 1990 to account for new system level treatment design Sows adopted by EPA (EPA, 1990d). 

TABLE 8.-CAPITAL COST OF CONTAMINANT REMOVAL BY BAT (1)  

(Kilo Dollars, Late 1986 Dollars) - 

- 

Population served 
>1.009,00C 

25-100 100-500 500-1,000 1,000-3,300 3,300- 
10,000 

Radium (50% removal): 
Ion exchange 	- 36 

79 
33 
51 

15 

27 
41 
43 
64 

91 
130 
74 

160 

33 

55 
100 

• 91 
200 

180 
180 
140 
340 

58 

96 
200 
160 
500 

280 
240 
290 
820 

78 

130 
310 
220 
960 

350 
540 
150 

1,000 

100 

100 
330 
300 

1,400 

31,00 
55,00 

401 
177,001 

13,00 

4$ 
31,00 

48 
249,00 

Lime softening, new, 
time softening, tnoliond 
Reverse osmosis 

Radon (80% removal): 
Packed tower aerates 

Uranium 460% removal): 
Coagulation/filtratica, modified 
Ion ecchange 
Lime softening, mocr‘vd 
Reverse osmosis....--.. 

Notes: 
Technologies Sod 	doct-  meats. and cost supplements for radium, radon, and uranium (EPA, 19841z 1985b; 1986b; 1986q 1987b; 1987c; 1987t 1988e). 

tv'm - the  basis for coo* Costs were revised in May, 1990 to account for new system level treatment design flows adopted by EPA (EPA, 1990d). 

TABLE 9.-OPIRA11ON AND MAINTENANCE COST OF CONTAMINANT REMOVAL BY BAT (KS/YEAR, LATE 1986 DOLLARS) 

Population served 

• 
25-100 100-500 500-1,000 1,000-1300 t3°C6..000  >1.000.000 

Radium (50% removal): 	 - 	- 
Ion exchange-- 1.1 

3.8 
• 3.2 

4.5 
• 

02 
• 

5.7 
3.4 
3.5 
5.1 

2.8 
11 
6.4 

16 

0.6 

12 
12 
7.4 

18 

7.5 
20 
82 

45 

1.4 

15 
39 
10 
52 

' 

17 
28 

9.5 
100 

3.1 

16 
110 
13 . 

120 

43 
73 

9.1 
200 

7.6 

14 
250 
- 16 
230 

13,000 
9,700 
1,100 

50,000 

3,400 

1,400 
95,000 

3,200 
59,000 

Lime softening, new 
Ume softening, rnodille; 
Reverse osmosis 

Radon (80% removal) : 
Packed tower aeration 

Uranium (60% removal): 
Coagulatioltration, /merged 
Ion exchange --, 
Lime softening, moan's"; 
Reverse osmosis- 

Notes: 
. 1  Technologies and cosi documents, and cost supplements  kw  radium, radon, and uranium (EPA, 1984b; 1985b; 1986b; 1986q 1987b 1987c 1987t 

form the. basis for costs, Costs were revised in May,  1990 to account for new system level treatment design flows adopted by EPA (EPA, 
1988e), 
1990d). 

B. Best Available Technologies (BATs) 

1. Radium-226 and radium-228. The 
Agency proposes that of the 
technologies capable of removing 
radium from source water, lime 
softening, ion exchange and reverse 
osmosis fulfill the SDWA requirements 
as BAT for radium renarml. While 
radium-226 and radium-228 are 
radiologically different, they are 
chemically the same. Therefore, the 
same B4Ts, with the same removal 
efficiencies, apply to ['nth. All of these  

technologies have demonstrated high 
radium removal efficiencies and have 
been determined to be of low cost for 
large public water systems. All of these 
technologies are currently available and 
have been installed in public water 
supplies and are compatible with other 
water treatment processes currently in 
use. The full range of technical 
capability and unit costs for each of the 
proposed BATs for radium removal is 
summarized in the EPA publication, 
"Technologies and Costs for the 
Removal of Radium from Potable Water  

Supplies" (EPA, 1984b), and the 
supplementary cost document for 
radium (EPA, 1987d). Treatments 
applicable.to  smaller systems have also 
been identified (EPA, 1988g; 1988h). 

a. Lime softening. Lime softening is 
capable of achieving removal 
efficiencies for radium of 75 to 95 
percent. At optimum pH levels (between 
10 and 10.6) removal efficiencies of 94 to 
95 percent can be achieved. Lime 
softening can also be used to reduce 
TDS, turbidity and heavy metals as well 
as radium and total hardness. The 
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estimated cost for an existing lime 
softening system to be modified to 
remove radium ranges from $3.50/1,000 
gallons treated for systems serving from 
25-100 persons to $.01/1,000 gallons 
treated for systems serving more than 
1,000,000 persons. However, if a new 
lime softening plant was built to remove 
radium its cost would range from $6.40/ 
1,000 gallons to $0.16/1,000 gallons for 
the same system sizes. 

For a utility planning to use or 
currently using lime softening 
technology to remove radium, waste 
disposal concerns deserve ample 
consideration. Radium-226 and radium-
228 concentrations in lime softening 
sludge have been reported by Snoeyink 
et al. (EPA, 1985d) to range from about 1 
to 22 pCi Ra-226/g and from 2 to 12 pCi 
Ra-228/g dry solids. Extended sludge 
drying in an impoundment may increase 
the dry solids content to 70 percent or 
greater, with a corresponding increase , 
in sludge contaminant concentration. 
Backwash waters may contain radium 
concentrations of 6 to 50 pCi/l. (EPA, 
1985d). 

b. Ion exchange. Cation exchange 
systems are capable of removing from 80 
to 97 percent of radium from drinking 
water. Estimated costs range from $2.60/ 
1,000 gallons treated for systems serving 
25-100 persons, to $0.17/1,009 gallons - 
treated for systems serving over 
1,000,000 persons for removal of radium 
from ground water. Ion exchange 
softening systems are adaptable for both 
large and small systems, and are 
acceptable as either a new installation 
or an add on to an existing facility. 
Sodium cation exchange resins and ion 
exchange equipment are readily 
available commercially. Finished 
("softened") waters may be corrosive to 
distribution system materials. However, 
a bypass of some unsoftened water, 
blended with the finished water, may 
provide adequately protective levels of 
calcium carbonate, reducing the finished 
water corrosivity. Disposal of 
concentrated waste brines Containing 
relatively high TDS and radioactivity 
should-be given full consideration before 
implementing this technology. 

c. Reverse osmosis. Reverse osmosis 
(RO) membranes are capable of 
removing between 87 to 98 percent of 
the radium present in source water. RO 
has been primarily used for removing 
total dissolved solids (TDS) from water 
in treatment of brackish and sea waters 
for desalination purposes. At pressures 
of 200 and 425 psi. RO is capable of 95 
and 98 percent radium removaL 
respectively. At reduced pressures this 
process is adaptable to fresh water 
sources. The RO method can be used by 

both large and small systems. If 
operated to remove 50 percent of the 
influent radium, costs would range from 
approximately $5.10/1,000 gallons 
treated for systems serving 25-100 
persons to $0.72/1,000 gallons treated for 
systems serving over 1,000,000 persons. 
If removal of TDS is also a goal, then 
using reverse osmosis is a very cost 
effective solution in the removal of 
radium from ground waters. 

RO performance isedversely effected 
by the presence of turbidity, iron, 
manganese, silica or scale producing 
constituents in the source water. If 
pretreatment is not already in place to 
remove these constituents, the cost to 
install the pretreatment facilities may be 
an important factor. Disposal of waste 
brine, the reject flow representing 20 to 
50 percent of the feed (source) water, 
and the quantity of available feed water 
to accommodate this technology, would 
require consideration by a water system 
in its initial evaluation of alternative 
technologies for radium removaL 

2. Radon. The Agency proposes that, 
of the technologies capable of removing 
radon from source water, only aeration 
fulfills the requirements of the SDWA as 
BAT for radon removal. Aeration has 
demonstrated radon removal , 
efficiencies in excess of 99.9 percent. 

• This technology is currently available, 
has been installpd in public water 

• supplies, and is compatible with other 
water treatment processes in different 
regions. The full range of technical 	• 
capabilities for this proposed BAT is 
discussed in the EPA technologies and 
costs document for radon (EPA, 1987b), 
and summarized below. 

Granular activated carbon (GAC) can-
also remove radon from water, and was - 
evaluated as a potential BAT for radon. 
However, the long empty bed contact 
time required for radon removal renders - 
it infeasible for large municipal 
treatment systems, and it is therefore - 

• not considered a BAT for radon. 
. 	a. Aeration. Aeration techniques for 

removal of radon from drinking water . 
include active processes such as diffuse - 
aeration, packed tower aeration (PTA), • 
slat tray aeration and free fall; with or 
without spray aerators, and passive 
processes such as free-standing, open-
air storage of water for reduction of 
radon. Radon reduction by decay (into 
the daughter products of radon) may 
also occur in storage tanks and in 
pipelines which distribute drinking 
Water, reducing radon by approximately 
10 to 30 percent, with 8 to 30 hour 
detention periods. Aeration is 
considered BAT for meeting the 
proposed radon MCL due to high 
removal efficiencies, its relative  

simplicity as a technology, relatively 
low cost and ease of operation. 
availability, and compatibility with 
other treatment processes. The aeration 

• technique that a system chooses for 
radon reduction will depend upon 
source water quality (including radon 
and other contaminants removed or 
otherwise affected by aeration), 
institutional or manpower constraints, 
site-specific design factors, and local 
preferences. 

The costs associated with the various 
technological options for radon 
reduction, such as packed tower 
aeration (FM) and diffused aeration 
installations, have been examined (EPA, 
1987b). Ninety-nine percent reduction of 
radon by PTA is estimated to cost from 
$1.20/1,000 gallons treated for very 
small systems which serve 25 to 100 
persons, to $0.07/1,000 gallons treated 
for systems serving 1,000,000 persons. 
Eighty percent reduction of radon by 
PTA is estimated to range from $0.94 to 
$0.05 per 1,000 gallons for the same 
system sizes. 

The following factors influence the 
aeration processes and therefore affect 
radon removal rates: 
—temperature of water and ambient air 
—air to water ratio ' 
—contact time between air and water,  
—available area for transfer of radon 

from water. 
PTA provides the most efficient 

transfer of radon from water to air, with 
the ability to remove greater than 99 
percent of radon from water. A supply 
which requires a smaller reduction of 
radon, for example 50 percent, could opt 
to install PTA and treat 50 percent of its 
source water and subsequently blend 
the treated with raw water, or it may - - 
design a shorter packed tower to 
achieve compliance with the MCL. 
Other advantages of PTA include: 
removal of hydrogen sulfide, carbon ' 
dioxide, and VOCs, and oxidation of 
iron and manganese. No pilot or full-
scale packed columns have yet been 
constructed for removal or radon at 
large municipal supplies. However, field - 
tests have been performed by EPA. 
documented by Kinneret al. (1989; 1990), 
which verify the efficacy of aeration for 
radon removal. Since radon acts - 	• 
similarly to some highly volatile organic 
compounds, and packed columns have 
been shown to be the most efficient form 
of aeration for VOC removal, PTA is 
appropriate as BAT for radon. 

Diffused aeration, which may remove 
up to 97 percent of radon in water 
possesses the following advantages: the 
potential for modifying existing basins 
or storage vessels for diffused aerator 
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installation; no packing media costs; and 
reduced pumping requirements. The 
Radon Technology and Cost document 
(EPA, 1987b) summarizes the case study 
of a full-scale diffused aeration plant in 
Belstone, England which was built to 
remove influent radon, and provided 
long-term removal efficiency of 97 

- percent. The disadvantages of diffused 
aeration include the requirement for 
increased contact time, the 
impracticality of large air-to-water 
ratios because of air pressure drops, and 
overall less efficient mass transfer of 
radon from water. The level of contact 
between air and water achievable in a 
packed towers.eratoris difficult to 
obtain in a diffused air system. The 
above-referenced Belstone, England 
plant treated 2.5 mgd water, with 2,800 
air diffusers, each designed to- supply a 
maximum of 0.13 cubic feet per minute, 
and with a 24-minute retention time,. 
achieved an air-to-water ratio of 8 to 1 
for 97 percent radon reduction, hi a field 
test of a diffused bubble aeration 
system. Khmer et aL (1990) report that 
removals of 90 to 99percent were 
achieved at air-to-water ratios of 5 to 1 
and 15 to 1. 

Disadvantages which have been. 
identifiedby ICumer et aL (1989; 1990) 
are the potential for bacteria fouling and 
iron and manganese precipitation, which 
may clog or otherwise impede 
operations at an aeration facility (PTA 
or diffused bubble type). These 
secondary effects may occur, however 
they would be highly dependent on 
source water-quality conditions.. 

Spray aerators direct water upward-
vertically,. or-at an_ angle. in. such a 
manner that the water is broken into 
small droplets (by fixed nozzles on. a 
pipe grid) which provide large surface 
areas for radon migration out of the 	. 
water to the air. Most of the advantages 
cited above for diffused aeration, also 
apply to spray aeration. Disadvantages 
Include the need for a large operating - • 
area and operating problems during cold 
weather months when the temperature. 
is below the freezing point Costs - , • 
associated with this option. (for all sizes 
of water treatment plants) have not 
been developed by EPA. 	. 

EPA has evaluated other. less 
technology-intensive (low-tech"), 

•  

options which may be suitable for small 
water systems, and which may cost less 
than the above options to install and 
operate (Khmer et al., 1989; 19901. These 
options include: Open air storage, free 
fall with nozzle-type aerator, bubble 
aerators, and slat tray aerators. With 24 
to 48 hours detention, open air storage 
may reduce radon levels by 30 to 50 
percent: a free fall of 2 feet with simple 
nozzle attachment was found to reduce 
radon byes to 75 percent with 8 bra 
detention time; and a two foot free fall 
into a tank equipped with garden hose 
(punctured) bubble aerators, supplied by 
a laboratory air pump, yielded 85 to 90 
percent radon reduction with 8 to 12 
hour detention time. The above-
referenced study concluded that very 
effective radon reduction can. be  
achieved by simple aeration 
technologies that may be easily applied 
in small communities. 

EPA has developed cost estimates for 
the above mentioned alternative low-
tech. water treatment methods, suitable 
for small systems that may need partial 
radon removal to meet the drinking 
water Ma.. Cost estimates for small 
systems installing 9-hour storage/ . - 
detention, diffused aeration, spray 
aeration, slat tray aeration. and. PTA are 
presented in an addendum to the EPA 
Radon Technology and Cost Document 
(EPA. 1988e).. 

b. Secondary effects-  of °erotic= 
Estimate of nsks front PTA emissions of 
radon; Since this notice contains a : 
proposal to reduce radon concentrations 
In drinking water-by setting an MCL. 
and the EPA is proposing aeration as 
BAT for meeting the MCL. the Agency. 
undertook an evaluation of risks • - 
associated with potential air emissions - 
of radon-from water treatment facilitiPs 
due to aeration of drinking water. It is 
logical to assume that radon, removed 
from drinking water and released to the 
atmosphere; could result hi some 
degradation of air quality and possibly 
pose some incremental health risk to the 
general population. However, the risks 
due to potential human exposure. to PTA 
emissions appear very small in 
comparison to the risks associated with 
radon in drinking water (EPA, 1988= 
1989b).. 	• 

In one evaluation of risks associated 
with potential radon emissions from. 
aeration of drinking water (EPA, 1988c), 
EPA used radon data from. 20 drinking 
water systems in the U.S. which, 
according to the Nationwide Radon 
Survey (EPA. 19854 contained the 
highest levels of radon in. drinking water 
and affected the largest populations 
and/or drinking water communities. 
EPA estimated the. potential annual 
emissions (in pCi radon/yr). from PTA 
treatment facilities, assuming 101 
percent radon removal, and these were 
applied to appropriate dispersion. 
models. Estimates were made for the 
following parameters: Air dispersion of 
radioactive emissions, including radon 
and progeny isotopes of radon decay; 
concentrations in the air and. on the 
ground; amounts of radionuclides taken 
into the body via inhalation of air and 
ingestion of meat, milk,, and fresh 
vegetables, dose rates to organs and 
estimates of fatal cancers to exposed 
persons within a 50 kilometer radius of 
the water treatment facilities. Estimates 
of individual risk and numbers of annual 
cancer cases were completed for each of 
the 20 water systems, as well as a crude 
estimate Of U.S. risks (total national 
risks) based on a projection of results 
obtained for the 20 water systems. . 
These estimates were based on -
exposure analyses on a limited number 
of model plants, located in urban. - - 
suburban and rural settings, which. were 
scaled toevaluate a number of facilities. 
(A similar approach has been used by • 
the Agency in assessingrisks associated 
with. dispersion of coal and: oil. 	 
combustion products.) • . - 

The risk assessment results for the 20 
systems indicate the following: A 	- 
highest maximum lifetime risk to 
Individuals at one system of 4 X VT*. 
with a maximum incidence at the same 
location of 0.0060 cancer cases per year; 
an estimate of annual cancer cases for 
all 20 systems of 0.018/yr; and a crude 
U.S. estimate of OA cancer cases/year 
due to air emissions at all drinking 	. 
water supplies to-meet a hypothetical 
MCL of 200 pa/1. The results of the risk 
assessment for potential radon 
emissions from chinking water facilities 
are given in Table Vt. 

. • 	. ' 	• - 

TABLE 10.—ESTIMATES OF RISKS ATM.  SITES DUE TO POTENTIAL RADON EMISSIONS FROM PTA UNFFS AND' CRUDE ESTIMATE OF 
U.S. RISK' 

_ 
Scenario 

_ 

Concentra- 
tfon in *rater 

:- (pCi Rn/l) 

, 	Emission 
' from PTA 

(Ci Ray* 

1  MadnrLlurn  
.- 	• ,......,..„,- 	.....- 
1 	'!""'''-"•••• risk 

Cancer 
casesiYeaf 

20 Fedi/test 
1- 

t 
tass 

t 
• • 	219-' ' 6 x- /a-,  • .0003 
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TABLE 10.-ESTIMATES OF RISKS AT 20  SITES DUE TO POTENTIAL RADON EMISSIONS FROM PTA UNITS AND CRUDE ESTIMATE OF 

.RISK'-Continued 

. 
Scenario 

Concentra- 
tion in water 
(pCi Rn/1) 

Emission 
from PTA 
(0 Rn/yr) 

Maximum 

individual 
risk 

cases/year 

2 ...... -- 5,003 
2,175 
1.890 
1,310 
1,329 
4,085 

10,640 
3,083 
3,270 
2,565 
4,092 

16,135 
3,882 
1,244 
2,437 

996 
7,890 
9,195 
7,500 
- 

<200 
4500 

<1.000 

6.22 
2.85 

20.89 
1.81 

91.80 
2.26 
1.18 

- 	0.55 
•9.04 
3.84  
1.75 
2.23 
0.27 
1.03 
1-35  
8.94 
0.87 
1.02 
1.04 
161 

4,200 
2.000 

900 

1 x 10-g 
6•x 10-7  
1 x 10-6  
9 X 10-1  
2 x 10-4  
5 x 10-7  
2 x 10-7  
1 x 10-7  
4 X 10-1  
1 X 10-6  
3 x 10-7  
4 x 10-1  
1 x 10-7  
5 x 10-7  
7 X 10-i 
2 x 10-* 
4 x 10-7  
5 x 1077  
5 x 10-7  
4 x 10-6  
. 	- 

• - 
_ 

.0008 

.0004 

.0004 

.0000 

.0040 

.0001 

.0000 

.0000 

.0060 

.0023 

.0001 

.0001 

.0000 

.0001 

.0000 

.0008 

.0000 

.0000 

.0000 

.016 

.4 

.2 

.09 

-- 

5. 	 • 
6 
7 
8 
9 
10 • 
11 	 S 
12 
13 
14 
15 
16 
17 
18 
19 
20 	- 

All 20 facilities 
All U.S. drinking water plants 

1  EstiMates of risk assessed using AIRDOSE-EPA, RADRISK and DARTAB air dispersion and lifetime risk computer codes (EPA, I988c). 

Numerous assumptions were applied 
in conducting the above analysis, 
including the following: 

• PTA treatment applied,removing 
100 percent of radon; 

• typical (not site-specific) 
meteorology is used at the model plants, 
and flat terrain is assumed; 

• 1980 census data were used, with-
people located in "population centroids" 
representative of census districts; . 

• 70-year residency at same location, 
and exposure to air and radon emissions 
persists throughout 70 yrs.; 

• additive impact of exposure to 
emissions from more than one plant 
emitting radon was not accounted for. 

To further investigate potential health-
risks due to PTA radon emissions, EPA 
used the MINEDOSE model developed 
to determine compliance of radon point -
sources regulated under EPA's 
NESHAPS standards (EPA. 1989b). In 
that study, worst case scenarios . - 
representing systems with radon levels 
ranging from 1,330 to 110,000 pCi/1 were 
identified and their potential emissions 
modeled. These systems represent what 
may-be the greatest potential among 
PWSs to increase risks via air 
emissions. Only systems with very high 
flow rates posed any potential for 
increasing ambient air radon exposure 
appreciably. The one modeling run' that 
did indicate a potential problem 
assumed that all radon emissions came 
from a single point source (i.e, the entire 
production flow was treated through a 
single aeration tower). However, the  

community modelled relies on numerous 
widely dispersed wells for its total 
water supply, and aeration treatment 
could be. installed at individual wells, 
thereby dispersing the emissions to the 
ambient outdoor air. This modeling also 
found that systems having very high 	. 
radon levels, (100,000 pCi/l) but lower 
flow rates, did not appreciably increase 
ambient air radon levels and risks. 

Given the uncertainties in calculating 
such risk estimates. EPA views the 
above estimates as "order of magnitude 
estimates." Nevertheless, it is apparent - 
that the risks to the U.S. population, and 
to the individual drinking water 
communities, due to potentially aerated 
radon from source water are much 

• smaller (in most cases 2 to 4 orders of 
magnitude smaller) than the risks due to 
radon in water if no treatment were 
applied. 

EPA is aware that some statei allow 
no emissions from PTA regardless of 
downwind risks. EPA has reviewed the 
few available data on removal of radon 
from air by carbon. Based on these data, 
EPA believes air phase removal of 
radon by GAC may not be feasible. 
Systems trying to meet local air 
emissions requirements may need to 
rely on GAC in the water phase. 

c. Granular activated carbon. Pilot 
plant studies have shown that granular 
activated carbon (GAC) is capable of 
removing radon in drinking water a/ 
efficiencies of 90 to 99 percent Winner et 
al., 1989). The efficiency of removal is 
dependent upon radon concentration,  

the mass of carbon in the GAC column, 
empty bed contact time (EBCT) and 
contactor configuration (i.e., upflow or 
downflow). The pilot studies have 
shown radon to require a longer EBCT 
than other adsorbable (e.g.,.organic) 
materials. Thus, to achieve a 90 percent 
removal efficiency with a radon influent 
concentration of 10,000 pC1/1, an EBCT 
of approximately 70 minutes may be 
required. The need for such a lengthy 
EBCT means that GAC may not be 
practical for large municipal treatment 
systems (EPA, 1987b) and it is therefore 
not considered BAT. 	 •  

Another disadvantage associated with 
the use of carbon for radon removal is -
the buildup of radiation inside and 
surrounding the GAC contactor. The 
radionuclides that may build up on the 
GAC media are the progeny of radon. 
specifically the radioactive isotopes of 
lead, polonium and bismuth. The short-
lived radon progeny include Pb-214 and - 
Bi-214. Long-lived radon progeny include 
Pb-210, Bi-210, and Po-210. The level of 
gamma radiation surrounding the GAC 
vessel depends on the amount of radon 
removed; gamma intensity drops sharply 
with increased distance from the GAC 
vesseL Due to the buildup of radon 
daughter products, such as lead-210, a 
beta particle emitter, the GAC unit can 
become a source of low-level radiation, 
and may present a disposal problem as 
well. Studies have shown that the 
radiation level is usually less than 1.0 
mR/hr. at a distance of three (3) feet 
from the GAC tank surface (Khmer et 
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al— 1989). EPA's guidelines for 
radioactive waste disposal (EPA, 1990a) 
provide guidance on the disposal of 
GAC waste containing naturally 
occurring radionuclides, and appropriate 
occupational guidance. 

The estimated cost for small GAC 
water treatment systems for 80 percent 
removal of radon ranges from $6.60/ 
1.000 gallons of water serving 25 to 100 
people to $1.40/1,000 gallons of water 
serving 3,000 to 10,000 persons, 
exclusive of the cost to dispose of spent 
carbon. Due. to the problems identified 
above, i.e.,. of radiation build-up, waste 
disposal, and contact time, the Agency 
has judged that GAC cannot be 
. designated as BAT for radon remove/ 
(EPA, 1987b; 1988% 19911). 

a. Uranium. The Agency proposes 
that, of the technologies capable of 
removing uranium, from source water, 
coagulation/filtration„ ion exchange, 
lime softening and reverse osmosis 
fulfill the requirements of the SDWA as 
BAT for uranium removal. These 
technologies have demonstrated. 
effective uranium removal, are currently 
available, have been installed in public 
water supplies, and are compatible with 
other water treatment processes in 
different regions. The full range of 
technical capabilities for each of these 
proposed BAT* is discussed in the EPA 
technologies and costs document for 
uranium (E334.1985b), and summarized 
belovr. 

a.. Coagulation/filtration. Laboratory 
and pilot plant studies have. shown that' 
pH and coagulant dosage significantly 
Impact uranium-removal efficiency in • 
water treatment from and aluminum 
based coagulants are generally more - 
effective in aiding the removal process 
at pH values near 6 and/. Removal by 
coagulation appears to be low at pH 8 
due to stability and Charge 
characteristics of uranyl species in 
solution. In one study. removal - 
efficiencies of greater than 80 percent 
were reported (Sorg..1988) ht tests using' 
20 mgil doses of ferric sulfate. ferrous 
sulfate, or alumimmr sulfate coagulants. 
Influent uranittm levels were about 83 - 
p.g/1 in that study. Coagulation/filtration 
has been demonstrated to achieve 
removal efficipncips as high as  gs 
percent when using alumintmx sulfate 
dosed at lame or more. at pH 10 (Sorg, 
1988). 	- 

Coagulation/filtration as a new 
process designed specifically to remove 
uranium may not be cost effective, 
particularly for smaller utilities. 
However, where the reduction of 
turbidity lxi the source. water is. also a 
concern. this method can be very,  
effective. 

Estimated costs for an existing 
coagulation/filtration facility to modify 
treatment for 60% removal of uranium 
from ground water sources range from 
$4.40/1,000 gallons of water for systems 
serving a population of 25-100 persons, 
to $0.02/1,000 gallons of water for 
systems serving over 1.000,000 persons. 

b. Ion exchange. Anion exchange 
systems for the removal of uranium and 
other soluble ions have demonstrated. 
uranium removal efficiencies of between 
65 and 99 percent Ion exchange devices 
are available for most applications. The. 
estimated costs for removal of uranium. 
from ground water by ion exchange 
range from $4.10/1,000 gallons of water 
treated for systems serving 25-100 
persons. to $1.00/1.000 gallons of water 
treated for systems serving more than 
1,000,000 persons. Disposal of 
concentrated waste brine must also be 
considered, as discussed above. 

c. Lime softening. Lime softening-is 
capable of achieving removal 
efficiencies for uranium of up to 99 
percent-At optimum pH levels of WA to 
11.5 removal efficiencies of 85 to 99 
percent can be achieved. Best results 
can be achieved by increasing the 
dosage of lime to approximately 250 mg/ 
Land maintaining the-pH above 11. 
Lower dosages of Ca(OH)2, 50 to 100 
mgA have. achieved 85percent uranium 
removal This treatment should- be given 
serious consideration if removal of 
hardness from source-water is- also a 
desired objective. It may not be cost 
effective for a system to-build a new 
lime softening treatment facility 
specifically to remove tramlim. The 
estimated cost to-modify an existing 
lime softening treatment facility to 
remove uranium from ground water 
ranges from $120/1,000 gallons of water 
serving 25-100 persons ta $0.03/1.000 
gallons of water serving more than 
1,000000 persons. - 

d. Reverse osmosis. Reverse osmosis 
(RO) membranes are capable of 
removing uranium and many other 
contaminants in source water; at high 
efficiencies. RO has been used primarily 
forremcrving total dissolved solid's 
(MS) from water-in the treatment of 
brackish and sea waters for 
desalinization purposes. At reduced 
pressures RO is adaptable to fresh 
water sources. Using cellulose acetate 
membranes, at 250 psi pressure, RO has 
successfully achieved 98 to- 99.4 percent 
removal efficiencies. However, RO 
performance is adversely affected by the 
presence of turbidity, iron,, manganese, 
silica or scale producing constituents in 
source water: If pretreatment is not 
already in place to remove these 
constituents, the cost to install the 

pretreatment facility would be an 
important factor. 

The RO system is adaptable to all size 
systems with costs ranging from $8.20/ 
1,000 gallons for systems serving 25-100 
persons to $0.89/1,000 gallons for 
systems serving over 1,000,000 persons. 
If reducing TDS- is also a goal of the 
treatment process then reverse osmosis 
is a very cost effective solution for the 
removal of uranium from source waters. 
Disposal of waste brine, the reject flow 
representing 20 to scr percen of the feed 
water, and the quantity of available feed 
(source), water to accommodate this 
technology, would require consideration 
by a water system in its initial 
evaluation of alternative technologies 
for radium. removaL 

4. Beta and photon emitter& The 
Agency proposes that of the 
technologies considered to remove beta 
particle emitters from drinking water, 
ion exchange and reverse osmosis 
would fulfill the requirements of the-
SDWA as BAT for gross beta particle 
removal-The subject radionuclides 
originate from the nuclear fuel cycle, 
defense related industrial activities, 
institutions such as hospitals, research 
foundations and universities, 
commercial/industrial users.  of - 
racfraisotopes, and atmospheric or 
surface detonation of nuclear devices. 
Some beta-emitting radionuclides 
originating from such sources have 
occurred in drinking water sources and 
have been partially removed by drinking 
water treatment processes. 

Levels of gross-beta above the 
maximum contaminant level are likely 
to occur only in transient situations 
following a contaminating event The-
following technologies may be effective 
in lowering the contaminant level below 
the Ma. value The full range-of '  
technical capability of the proposed 
BATS is summarized in the-EPA 
document "Technologies and Costs for 
the Remove/ of Man-Made 
Radionuclides from-Potable-Water 
Supplies" (EPA, 1986b). The-
technologies,  listed are available and 
compatible with other-water treatments 
in all regions-  of the-United States. 

a- Ion exchange fon exchange has 
been successfiilly eraproyed by the 
nuclear power industry in treating liquid. 
radioactive wastes as well as- chemical. 
laboratory, and laundry wastes 
containing various ionic species. Cation 
exchange resins have exhibited a 95 to. 

percent removal efficiency for low 
level and trace amounts of the following 
contaminants: barium-137, barium-/40. 
cadmium-115, cesium-137', lanthanum-
140, scandiun2-40, and strontium-80. 
Anion exchange resins have exhibited a 
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94 to 99 percent removal efficiency for 
the following contaminants: niobium-95, 
tungsten-185, zirconium-95, scandium-46. 
and yttrium-91. Mixed bed ion exchange 
may effectively remove between 90 and 
99.9 percent of all contaminants listed 
above. Therefore ion exchange 
technology is proposed as BAT for beta 
and photon emitters. Disposal of waste 
brine may pose difficulty due to the high 
concentration of radionuclides in the 
brine, the availability of disposal 
options for the liquid wastes, and State 
or Federal limitations which may 
prevaiL 

The cost for removal of beta-emitting 
radionuclides utilizing ion exchange 
would be highly dependent upon type 
and amount of contamination. The cost 
supplement (EPA. 1987c) to the above 
cited Technologies and Cost document 
contains estimated cost for removal of 
beta emitters from public water systems 
using two-bed ion exchange system (i.e., 
cationic and anionic). 

b. Reverse osmosis. Reverse osmosis 
(RO) membranes can effectively remove 
more than 99 percent of radioactive 
contaminants such as strontium, cesium, 
and iodine from water. Pilot studies 
have demonstrated removal efficiencies 
of 90 to above 99 percent of dissolved 
iodine-131, strontium-89, and cesium-
1.34. The cost of removing man-made 
radionuclides from source water 
utilizing RO may be similarto the costs 
cited in Tables 7,8 and 9 for removal of 
uranium from drinking water. However, 
cost would be highly dependent on type 
and degree of contamination. 

RO performance is adversely affected 
by the presence of turbidity, iron, 
manganese, silica, or scale-producing 
constituents in the source water. If the 
pretreatment is not already in place to 
remove these constituents, the cost to 
install the pretreatment facilities may be 
an important factor. Disposal of waste - 
brine may be problematic due to the 
high concentration of radionuclides in 
the brine, or due to local requirements or 
regulations affecting discharge. 

The cost supplement (EPA, 1987c) for 
the Technology and Cost document cited 
above contains estimated cost for 
removal of beta emitting radionuclides 
from public water systems using reverse 
osmosis technology. 

c. Coagulation/filtration. Some beta-
emitting radionuclides which exist as 
suspended material in water may be 
removed by coagulation/filtration. In 
laboratory studies involving many 
soluble radionuclides, it was reported 
that coagulation employing aluminum 
sulfate, ferric chloride and/or ferrous 
sulfate was more effective for removal 
of soluble cations of valences 3, 4 or 5 
which include: niobium-95, cerium-141,  

phosphorus-32, zirconium-95, cobalt-58 
and -60, ruthenium-103, and sulfur-35. 

Full-scale studies in municipal 
filtration plants downstream from 
nuclear reactor sites have indicated 
removal of chromium-51, scandium-48, 
arsenic-76 and seven other nuclides.at  
efficiencies of 28 to 87 percent. using 
alum as the coagulant. Activated silica 
or clay can be added when needed to 
enhance flocculation, coagulation and 
precipitation. hrmety percent removal of 
strontium requires iron coagulant 
dosages greater than 500 mg/1 at a pH of 
11. Efficiencies of removal of specific 
radionuclides by the coagulation 
process can range from 0 to 99 percent 

Due to the variability cited above in 
the removal efficiencies, and because of 
the lack of information on removal of 
many beta emitting radionuclides, EPA 
proposes that coagulation/filtration 
does not meet the requirements to be 
proposed as a BAT for beta emitters. 

d. Lime softening. Lime softening with 
soda-ash addition can remove 
approximately 90 percent of strontium 
and other radiological contaminants 
present in source water. To achieve this 
percent removal the sodium carbonate 
concentration should be three times the 
equivalent permanent calcium hardness. 

• Using 68 to 205 mg/1 of lime and 68 to 
154 mg/1 of soda ash. 90 percent removal 
of the following radionuclides may be 
achievable: barium-140, cadmium-115. 
zirconium-95, lanthanum-140, scandium-
46, niobium-95, strontium-139, and 
yttrium-91. 

Due to the lack of information on 
removal of many of the beta emitting 
radionuclides addressed by this 
proposed regulation. EPA proposes that 
lime softening not be designated as a 
BAT for beta emitters.  

5. Alpha emitting radionuclides. In 
order to determine BAT for the removal 
of alpha-emitting radionuclides, the 
Agency required information regarding 
the identity and treatability of those - 
radionuclides which occur or may occur 
in potable water supplies (other than 
radium, radon and uranium), Alpha - 
emitters identified above that may occur-
in water systems include polonimn-210 - 

• (Po-210). thorium 228,230, and 232 rrh-
228. 230. 232) and at very low levels, ' 
plutonium 238,239 and 240 (Pu-238, 239, 
240). 	• 

EPA summarized available treatment 
data from field studies and from public 
water systems in the document 
"Technologies and Costs for the 
Removal of Alpha Emitters from Potable 
Water Supplies (EPA. 1991k). EPA has 
found no treatability information on the 
radionuclide thorium, a fact likely due to 
the insolubility of and the difficulties 
associated with measuring this  

contaminant. Relatively little 
information was available on 
treatability of plutonium in water 
supplies. However, plutonium appears 
to be removed by coagulation and 
filtration technology, particularly where 
the contaminant is associated with 
turbidity in surface waters or with 
colloidal hydroxide particulates. Surface 
water contaminated with trace amounts 
plutonium 239 and 240, such as Lake 
Michigan (fallout derived plutonium) 
and the Savannah River (downstream 
from a nuclear power plant), have been 
treated for industrial and municipal use 
with coagulation/filtration technology.. 
Raw influent waters contained Ito 2 
femtomnies of plutonium per liter of 
water. Removals of• plutonium at these 
facilities have been recorded in the • • 
range of 25 to 96 percent. The addition 
of carbonates through lime and soda ash 
appears. to contribute to the coagulation 
and removal of colloidal plutonium from 
natural surface waters. Plutonium 
removal efficiency was found to 
increase with higher plutonium 
concentrations. Nonetheless, in regard 
to the application of coagulation/ 
filtration for removal of plutonium from 
water, EPA finds that the wide range of 
efficiencies that have been documented 
preclude its designation as a BAT for -- 
alpha emitters. 	• 

EPA has undertaken to identify BATS 
that effectively remove polonium-210 
from drinking water to achieve 
compliance with the gross alpha 
standard. The results of testability 
studies conducted in Maine on well 
water containing high levels of • - 
polonium-210 are discussed in detail in 
the Cost and Technologies Document 
cited above. In the Maine field study 
conducted over 2 months during 1990-
1991, anion exchange, reverse osmosis, 
and granular activated carbon (CAC) 
were tested. These tests showed (after 
correction of some clogging and fouling 
of the ion exchange and carbon units) - 
reverse osziwsiswith the highest • - : - 
removal rates (98-99%), and GAC (69- 
93%) and ion exc.hange (52-8314- 	- 
showing somewhat lower removal rates.-,  
Water pH may affect polonium removal 
rates for GAC and ion exchange, but 
this has not beendocumented. 

The Maine treatability studies and the 
Technologies and Cost document form-
the basis for a decision by EPA to 
propose a BAT for removal of alpha 
emitters. RO has provided the highest 
removal efficiencies and is proposed as 
BAT for alpha emitter removal. 
C. Waste Treatment and Disposal 

The treatment and disposal of waste 
by-products generated by the treatment 
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processes increases overall water 
treatment costs, especially for small 
systems. However, in establishing BAT, 
EPA identifies the treatment and 
disposal technologies that are 
reasonably available for large 
metropolitan regional drinking water 
systems (i.e., systems which service 	•  

50,000 to 75,000 persons). Disposal of 
wastes from treatment for radionuclides 
does not significantly increase the total 
treatment costs for large systems. 
Several waste disposal techniques and 
estimates of associated costs are 
identified in Table 11. Technologies and 
costs related to the disposal of the  

granular activated carbon that may in 
some cases be used for radon removal 
have not been determined by EPA. GAC 
is not a BAT for radon removal for 
reasons outlined in section B, Dart 2(c), 
above. 

TABLE 11.—RANGE OF BRINE AND SLUDGE DISPOSAL COSTS IN REMOVAL OF RADIONUCUDE CONTAMINANTS I 

(Cents/1,000 Gallons of Water Treated] 

Treatment process Direct 
discharge 

Discharge to 
. SWAN 

. 	Evaporation. 
pond/land 

Chemical 
precipitation 

Brine Disposat 
Ion Exchange (9 

2-95 
4-110 

10-230 
20-250 

(2) 
30735( 

Reverse osmosis 

Treatment process DtoiscstZegre  Non-mechanical  
l
c
a
i
si
e
d
wa

disp
terirg:

i
nA . Dewatering and _ land disposal (5) 

- 
Sludge Disposal: 

Coagulation/Filtration 1-190 
(2) 

• 65-360 
30-600 

75-2.800 
(4) Lirne Softening 

Notes: 
I  From "Technologies and Costs for the Treatment and Disposal of Waste Byproducts from Water Treatments for the Removal of Inorganic and Radioactive 

Continents" (EPA,1986c1). Cost ranges represent disposal costs for very large to very small water systems. 
2  Data not available. 
'Non-mechanical dewatering alternatives for sludges include sand drying beds and dewatering lagoons. 

Disposal option too expensive. - 
Mechanical dewatermg may include utilization of presstre Station. 

Liquid wastes, or brines, are 	 At the present time there are no 
generated by ion exchange, reverse 	federal regulations which specifically 

address the disposal of wSter treatment 
wastes containing radionuclides. 
However, the selection of waste by-
product disposal alternatives may be 
determined by federal, state, and local 
regulatory constraints and site specific 
conditions. Regulatory constraints may 
include industrial pretreatment 
requirements for sanitary sewer 
discharges (including requirements 
applicable to sewage sludge use and 
disposal under section 405 of the Clean 
Water Act), requirements under the 
Underground Injection Control (UIC) 
program, RCRA requirements for 
hazardous waste disposal and 
protection of groundwater, and effluent 
limitations and water-quality based 
limits for the discharge of some 
contaminants into local receiving waters 
(groundwaters and surface waters) 
under the NPDES program. Site-specific 
conditions which influence waste 
management include the availability of 
sewage disposal, location of disposal 
sites, climatic factors, cost of land, and 
other local or regional factors including 
available manpower and infrastructure 
characteristics. 

EPA's report entitled "Suggested 
Guidelines for the Disposal of Naturally 
Occurring Radionuclides Generated by 
Drinking Water Treatment Plants." 
(EPA, 1990a) outlines the Agency's  

understanding of the technical issues 
and the existing regulatory framework 
that may be relevant to systems which 
remove naturally-occurring radioactive 
substances from drinking water 
supplies. In this report, EPA . 
recommends types of treatment and 
disposal options and institutional 
controls which would be pertinent for 
solid and liquid wastes containing 
radioactive contaminants, at various 
ranges of concentration. The report also 
makes recommendations regarding 
radiation in the water treatment plant 
and protection of workers at the plant 
and during waste disposal operations. 
EPA solicits public comment on its 
waste disposal guidance, and waste 
disposal issues in general. 

EPA and others have studied the 
treatment technologies available for the 
removal of radionuclides from drinking 
water and characterized some of the 
waste residuals of treatment. These 
studies were conducted on source 
waters naturally high in radioactivity 
and produced data which may be useful 
for the purpose of characterizing solid 
and liquid wastes from the treatment of 
drinking water and for comparison with 
the EPA Suggested Guidelines cited 
above. Table 12 summarizes some data 
that EPA has gathered on water 
treatment wastes containing radium and 
uranium. 

osmosis, and activated alumina. The 
most economical disposal method for 
concentrated brines is discharge to a 
sanitary sewer, and for reverse osmosis, 
direct discharge of the concentrated 
waste stream to a receiving body of 
water, if these methods are acceptable 
to applicable regulatory agencies and 
meet Clean Water Act requirements for 
direct and indirect discharges to surface 
water. Underground injection may be an 
option, subject to the requirements of 
the Underground Injection Control 
Program. Other possible though more 
expensive alternatives include 
evaporation pond dewatering followed 
by land disposal, and chemical 
precipitation followed by non- . 
mechanical drying and land disposaL 
Sludges are generated by coagulation/ 
filtration, greensand filtration, and lime 
softening. The most economical disposal 
method for sludges is discharge to a 
sanitary sewer. Again, this method may 
be restricted by state or local 
requirements and pre-treatment 
requirements under the Clean Water Act 
(see generally 40 CFR part 403). An 
alternative option may be non-
mechanical drying (lagoons or drying 
beds) followed by land disposal. 
Mechanical methods tend to be higher in 
cost, though technically feasible, for all 
sludges. 



TABLE 13.—DISPOSAL GUIDELINES FOR 
RADIOACTIVE SOUD WASTES RESULT-
ING FROM DRINKING WATER TREAT-
MENT PROCESSES 1  

Disposal option. 

Sludge should be 
dEnvatered, and mixed 
in landfill. 

Sludge should be 
clawatereci, and 
disposed of within a 
stabilized landfill to 
Isolate and to avoid 
inappropriate usage of 
the site. 

Case-by-case 
detemination, to 
include consideration 
of standards for 
uranium mill tailings 
(40 CFR 192), HARM 
cfisposal. and long-
term institutional 
control of disposal 
sites. RCRA 
hazardous waste units 
should also be 
considered. NRC 

• proirisions may apply. 

Waste characteristics 

L Solids/sludges 
containing less than 3 
pCi/g of radium or 
lead-210, or less than 
30 pra/g uranium. 

II. Solids/sludges 
containingl to 50 
pCi/g of radium or 
lead-210, or 30 to 500 
pCi/g uranium. 

III. Solids/sludges 
containing 50 to 2,000 
pCl/g of radium or 
lead-210, or 500 to 
2,000 pet/9 of 
uranium. 

Waste characteristics • Disposal option 

IV. Solicts/sludgei 
containing more than 
2,000 pCi/g of natural 
radioactivity. 

• Should be disposed of in 
a low-level radioactive 
waste disposal facility 
operated under the 
provisions of the 
Atomic Energy Act. SS 

• amended, or at a 
State or EPA-permitted 
facility for NARM 
disposat Uranium 
recovery may be 
possible. NRC 
provisions may apply. 
Dept of 
Transportation 
regulations would . 
appt 

Disposal option • Requirements (Federal 
and other) 

B. Discharge into 
sanitary sewers (If Fla-
226 is less than 400 
pain, Ra-228 less . 
than 800 pCl/I, total 
uranium less than 3 
F.C1/1, and yearly total 
discharge less than 1 
curie). 

• 

C. Disposal of - 
radioactive wastes.. . 
through injection wells 
(under condons 
consistent with 40. .  
CFR 144 
classifications of 
wells). Shallow .• 
injection banned. • 

D. Evaporation. 
precipitation. dOjelli. Or 

• other treatment. 

(1) State limits on 
discharge of 

. hazardous or 
radioactive wastes. 

(2) Umils on discharge 
. of radium and uranium 

Into sanitary sewers—
per NRC standards for 
discharge by licensees 
(10 CFR 20. part 303). 

(3) Federal, State, and 
local pretreatment 

(1) Authorization of any 
injection of liquid 
wastes under the 
Underground Injection 
Control (UIC) program 
n3gulations in 40 CFR 
144.6(a)(2), and 

. 144.12(c). 

(1) Residual solids 
should be disposed 
per solid waste 

- regulations and per 
EPA guidelines for 
water treatment solid 

- wastes (EPA 19904). 
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Table 13 outlines the options for 
sludge disposal suggested in the EPA 
guidelines. Notwithstanding these 
suggested guidelines, solid wastes and 
liquid wastes generated by drinking 
water treatment plants should be 
disposed of in compliance with Federal. 
State and local requirements. State- 

adopted criteria of 40 CFR part 257. 
which contains RCRA groundwater 
protection criteria, and municipal solid 
waste lantiM1 regulations under 40 CFR 
part 258. 

8imilarly, frdm the same EPA report 
cited above. EPA guidelines were  

developed for disposal of liquid wastes,-
or brines, which result from the 
treatment of drinking water containing 
radionuclides. These are outlined in 
Table 14. EPA solicits public comment 
on the waste disposal guidance and 
estimated disposal costs. 

TABLE 12.—SUMMARY OF WATER TREATMENT DATA ON WASTES CONTAINING NATURAL RADIONUCLIDES 

Treatment wastes References • Concentration 

Lime softening sludges (EPA, 1985d) • 
1-22 pa/g (dry). 
2-12 pCl/g (dry). 

57-171 Pa/g (dry). 

6-50pCi/L 

110-530 pCi/L 
3,500 pCi/L 
up to 610 pCi/1.- 

7-38 pCin. 

21-106 pCi/L 
5.7-83 pCi/L 

Ra-226 
Ra-228 

Ion exchange (EPA 19879 
" Chemical clarification fitter cake, uranium 

Lime softening backwash ' (EPA, 1985d) 
- Ra-226 

Ion exchange brine/regen 
Radurn—typicaL-- 

- 
(Schliekelman 1976) 

. 

—Peak • 
Uranium (Schliekeirrian, 1976 and EPA 1985d) 

Reverse osmosis waste (Sorg et at, 1980) 
Ra-226 

Mang. and Iron treatment fitter backwash (EPA, 1985d and EPA, 1987a) 
Ra-226 
Ra-228 

S • 

TABLE 13.—DISPOSAL GUIDELINES FOR 
RADIOACTIVE SOLID WASTES RESULT-
ING FROM DRINKING WATER TREAT-
MENT PROCESSES 1--Continued 

- Mohr - Water treatment facilities should keep 
records of the amount and composition of radioac-
tive wastes they generate, and the manner and 
locafmn of disposaL 

From EPA Suggested Guidelines (EPA. 1990a). 

TABLE 14.--DISPOSAL GUIDELINES FOR 
RADIOACTIVE LIQUID WASTES GENER-
ATED BY WATER TREATMENT PLANTS' 

Disposal option 
	Flequirements (Federal 

and other) 	, 

A. Disposal into surface 	(1) Federal. State and 
water. - 	 local discharge limits 

and NPDES permit 
requirements apply. 

TABLE 14.—DisPosAi. GUIDELINES FOR 
RADIOACTIVE Wino WASTES GENER-
ATED BY WATER TREATMENT PLANTS '—
Continued 

'From EPA Suggested Guidelines (EPA, 1990a). 

D. Analytic Methods 

The SDWA directs EPA to set an MCL 
for contaminants for which there are 
MCLGs, "if, in the judgement of the 
Administrator, it is economically and 
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technologically feasible to ascertain the 
level of such contaminants in water in 
public water systems." (SD_WA section 
1401[1][C][ii)). NPDWRs are also to 
"contain[s] criteria and procedures to 
assure a supply of drinkingwater which 
dependably cbmplies with such 
maximum contaminant levels; including 
quality control and testing procedures to 
insure compliance with such levels." 
(SDWA section 1401[1][D]). The analytic 
methods described and evaluated here 
are the testing procedures EPA 
identified to insure compliance with the 
MCLs. EPA evaluated the availability, 
cost, and the performance of these 
analytical techniques, as well as the 
ability of laboratories to use these 
methods to measure radionuclide 
contaminants consistently and 
accurately in a compliance monitoring 
setting. 

The reliability of analytic methods at 
the maximum contaminant level is 
critical to implementing and enforcing  

the MCLs. Therefore, each analytical 
method was evaluated for accuracy or 
recovery (lack of bias) and precision 
(good reproducibility over the range of 
MCLs considered). The primary purpose 
of this evaluation is to determine: 

• Whether analytical methods are 
available to measure the regulated 
radionuclide contaminants in drinking 
water; 

• The ability of recently developed 
analytical method(s) to measure 
radionuclide contaminants in drinking 
water: 

• Reasonable expectations of 
technical performance by analytical 
laboratories conducting routine analysis 
at or near the MCL levels; and 

• Analytical costs. 
The selection of analytical methods 

for compliance with these regulations 
includes consideration of the following 
factors: 	' - 	- - 

(a) Reliability (i.e., precision/accuracy 
of the analytical results over a range of 
concentrations, including the MCL); 

(b) Specificity in the presence of 
interferences; 

(c) Availability of adequate equipment 
and trained personnel to implement a 
national compliance monitoring program 
(i.e., laboratory availability); 

(d) Rapidity of analysis to permit 
routine use; and 

(e) Cost of analysis to water supply 
systems. 
t Description of analytic methods. - 

Analytical methods exist to measure 
each radionuclide contaminant covered 
by today's proposed regulations. Table 
15 lists these analytical methods. EPA 
believes these methods are technically 
sound, economical, and generally 
available for radionuclide monitoring, 
and is proposing their use for monitoring 
to determine compliance with the MCLs. 

TABLE 15.-PROPOSED METHODOLOGY FOR RADIONUCUDE CONTAMINANTS 

Contaminant 	• Methodology - 
- 	References (Method or Page Number) 	- 

EPA 1  EPA I  EPA' EPA • SM 4  Asn4 4  USGS T • Other 

. . 
- Wanly Occorringc 

Gross alpha and beta... Evaportation 900.0 pp. 1-3 00-01 p1 7110 B 01943-81 R-1129-76 
Gross alpha Co-precipitation 00-02 
Radium 22R Radon Emanation_ 903.1 pp. 16-23 Ha-OS p.19 750-Ha 8 . 03454-86 R-1141-76 'N.Y. 

Radiochemical 903.0 Ra-05 
Radium 228 Radiochemical 904.0 pp. 24-28 Ra-05 p.19 7500-Ha 

D* 
R-1142-76 • N.Y., 

• Jo N.J. 

Radon 222 Liquid Scintillation 11913. 
"LS 

Lucas Cell "IC 
Uranium Rachochemical 908.0 7500-U El 03972-82 

. Fluorornetric 908.1 7500-U C D 2907-83 R-1180-76 E-U-03 
Alpha Spectrometry 00-07 p. 33 • R-1182-76 E-U-04 

Man-Mader - 	.- 
Radioactive Cesium- Precipitation 901.0 pp. 4-5 7500-Cs B R-1110-76 E-Cs-01 
Radioactive Iodine....._ Precipitation 902.0 1-01 7500-1 B 0.2334-88 
Radioactive Strontium Precipitation 905.0 pp. 29-33 p.65 7500-Sr B R-1160-76 

89,90. - . 
* 	• Radiochemical pp. 108-114 Sr-04 E7Sr-01- • 

Tritium Liquid Scintillation- 906.0 pp. 34,-40 H-02 p.87 7500-3H B 02476-81 R-1171-76 
- 	' (87) 

Gamma and photon 
emitters. 

Gamma Ray 
Spectrometry. 

901.1 

. 

0-3649-85 4.5.2.3 . 

, 

198 4-80;032, August 0. (EPA, 1980) 
Interim Radiochemical Methodology for Drinking Water," EPA-600/4-75-008, March 1976. (EPA 1976) 
Eastern Environmental Radiation Facility, Montgomery, Al. 36109. "Radiochemical Procedures Manual." EPA 520/5-84406. August 1984. (EPA, 1984a) *  

4  "Radiochemical Analytical Procedures for Analysis of Environmental Samples," EMSL-LV-0539-17, March 1979. (EPA, 1979b) 	. 
"Standard Methods for the Examination of Water and Wastewater," 17th edition, American Public Health Association. American Water Works Aisociation, Water 

Pollution Control Federation, 1989. (APHA. 1989) 	 • 
1989 Annual Book of ASTM Standards, Vol. 11-02, American Society for Testing .and Materials, 1916 Race Street,. Philadelphia, Pa. 19103. (ASTM. 1989) 

'Methods for Determination of Radioactive Substances in Water and Fluvial Sediments," Book 5, 1989, Techniques of Water-Resources Investigations of the 
United States Geological Survey. Chapter AS. (USGS, 1989) • 

• Environmental Measurements Laboratory, U.S. Department of Energy, "EML PROCEDURES MANUAL. 27th edition." (DOE, 1990) • 	 . ' 
• "Determination of ""Ra and 22•Fla (Ra-02), Radiological Sciences Institute Center for Research-New York State Department of Health, January 1980 

(Revised June 1982). (NY State DOH. 1982) 
" "Determination of Radium 228 in Drinking Water," State of New Jersey-Department of. Environmental Protection-Division of Environmental Quality-Bureau• 

of Radiation and Inorganic Analytical Services, August 1990. (NJ DEO. 1990) 
"Method 913-Radon in drinking water by liquid scintillation,'Environmental Monitoring and Support Laboratory. Las Vegas, NV. (EPA, 19910) 	• 
"Appendix D, Analytical Test Prucedure, "The Determination of Radon in Drinking Water." p. 22. Two Test Procedures for Radon in Drinking Water, 

Intertaboratory Collaborative Study, EPA/600/2-87/082, March 1987. (EPA, 1987e) 

EPA believes that the analytical 
methods listed in Table 15 are 
technically and economically available 

for radionuclide monitoring. Many of the analyses under the Interim Drinking 
listed analytical methods have been 	Water Regulations (see 40 CFR part 141. 
used for a number of years in water 	subpart C) and in determining 

 

I "Prescnbed Procedures for Measurement of Radioactivity in Drinking Water," EPA Environmental Monitoring and Support Laboratory. Cincinnati, OH (EPA-600/ 
- 	' 
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compliance with the current MCLs (see 
40 CFR part 141, subpart B). EPA has 
updated the original references to the 
most recent editions of the manuals and 
references, when applicable, i.e„ EPA. 
Standard Methods (SM), American 
Society for Testing Materials (ASTM), 
United States Geological Survey (USGS) 
and Department of Energy (DOE). 
Several more recently developed 
methods are also listed. In addition, EPA 
Method 909, "Determination of Lead-210 
in Drinking Water" would be used for 
the unregulated contaminant monitoring 
for lead-210 (EPA, 1982). 

The reliability of these methods has 
been demonstrated by a history. of many 
years' use by state, federal and private 
laboratories. Most of the methods above 
have undergone an interlaboratory 
collaborative study (multilaboratory 
tested), with the remainder being 
subjected to single laboratory tests. The 
majority of the validation studies were 
EPA performed or sponsored. Those 
validations performed by accredited 
standard bodies, i.e., SM, ASTM, etc. 
were reviewed by EPA personnel and 
determined to be acceptable. The N.Y. 
method for radium 226 and 228 had 
"limited approval", previous to the 
discontinuation of alternate test 
procedures, (ATPS) in the drinking water 
program. The N.J. method for radium 228 
is _currently under review. EPA requests 
comments on whether these techniques 
should be considered available for 
purposes of this proposed rule. 

Below is a brief description of the 
proposed radionuclide techniques listed 
in Table 15. Analysis generally requires 
some sample preparation followed by 
counting by one of several methods. 
Radiation counting instruments include 
various types of gas-flow proportional 
counters, scintillation cells and 
scintillation counters that are suitable 
for measuring alpha- or beta-emitting 
radionuclides, and sodium iodide or 
germanium detectors coupled to 
multichannel analyzers are available for 
gamma spectrometry. General 
description of the different basic 
counting methods are presented, 
followed by brief discussions of the 
methods specific for each analyte. 
Copies of the complete methods are • 
available in the Drinking Water Docket.' 
as well as in several published reference 
manuals. EPA refers readers to the 
references for information on precision, 
accuracy, counting efficiency, 
background determination, sample and 
source preparations, interferences and 
calibration information on the proposed 
analytical methods. 

a. Counting methods. L Alpha Emitting 
Radionuclides (Gross alpha particle  

activity, Radium-226, Radon-222 and 
Uranium)—Alpha Counting Methods—
Alpha particles are Characterized by an 
intense loss Of energy in passing through 
matter. This intense loss of energy is 
used in differentiating alpha 
radioactivity from other types by the 
dense ionization or intense scintillation 
it produces. Alpha counting methods, 
which measure alpha radioactivity, are 
applicable in the determination of gross 
alpha particle activity, radium-226, 
radon-222 and uranium. Alpha 
radioactivity can be measured, after 
various sample preparations, by one of 
several types of detectors in 
combination with appropriate electronic 
components. The techniques for 
measuring the alpha emitters use gas-
flow proportional counters, scintillation 
cell systems and liquid scintillation 
counters, in cemjunction with electronic 
components such as high voltage power 
supplies, preamplifiers, amplifiers, 
scalers and recording devices. 
Additional techniques using fluorometry 
and alphaspectrophotometric techniques 
are being proposed for uranium 
analysis. 

Proportional Counting. In proportional 
counting, alpha particles are introduced 
to the sensitive region of a proportional 
counter and produce ionization of the 
counting gas. The electrons are 
accelerated towards the anode, 
producing secondary ionization and 
developing a large voltage pulse by gas 
amplification. The total ionization is 
proportional to the primary ionization 
produced by the alpha particle. 
Electronic voltage discrimination allows 
for differentiation of alpha particles 
from beta particles. 

Scintillation Counting. In scintillation 
counting, the alpha particle transfers 
energy to a-scintillator disk, such as zinc 
sulfide, which is enclosed within alight-
tight container. The transfer of energy to 
the scintillator disk results in the 
production of light at a wavelength 
characteristic to the scintillator, and 
with an intensity proportional to the 
energy transmitted from the alpha 
particle. The scintillator disk is placed 
next to the sample and on the face pf the 
photomultiplier tube. The light from the 
scintillator strikes the photocathode 	. 
producing electrons, which are emitted 
at levels proportional to the intensity of 
the light. The photoelectrons are 
amplified by the multiplier phototube 
and a voltage pulse is produced at the 
anode for measurement. An electronic 
scaler (counter) records the individual 
pulses which are proportional to the 
number of alpha particles striking the 
scintillation detector. 

A scintillation cell system for radon 
gas counting performs alpha particle 	• 
counting using the principles of 
scintillation counting as described 
above. The exceptions are that a 
scintillation flask ("Lucas Cell", a 100-
125 ml metal cup coated on the inside 
with zinc sulfide and having a • 
transparent window) replaces the 
scintillation disk in the apparatus. A 
counting system compatible with the 
scintillation flask is incorporated. The 
scintillation cell system is used for the 
specific measurement of radon. Radium-
226 can also be measured by Lucas Cell 
counting of its radon-222 progeny. 

Direct, low volume liquid scintillation 
(liquid scintillation) counting of alpha 
emitters with a commercially available 
instrument is also employed in the 
proposed methods. A liquid scintillator 
or organic phosphor is combined in an 
appropriate mineral oil or other organic 
base scintillator "cocktail" with the 
water sample. Mixing achieves a 
uniform dispersion before counting. This 
replaces the planchet or disk 
preparation that occurs before the 
counting step in the scintillation 
technique. 

Analyses performed using a 
fluorometer require sample preparation 
as mentioned above. Fluorometry is 
used in one of the procedures for 
uranium in this proposal. The 
fluorometer measures the fluorescence 
of the uranium from the sample that is 
exposed to ultra violet light from the 
instrument. The response to this 
excitation is proportional to the 
concentration of the analyte in the 
sample. 

Alpha spectroscopy involves 
identifying specific alpha isotopes by 
converting the kinetic energy of an 
alpha particle to a charge pulse whose 
magnitude is proportional to the alpha 
particle energy absorbed by the . 
detector. The pulse is routed to a • - 
multichannel analyzer where energy 
discrimination can be performed. This 
alpha spectrometer is employed in some 
of the techniques for the measurement of 
uranium. 

Beta Emitting Radionuclides (Gross 
beta particle activity, Radium-228, 
Cesium-134 and -137, lodine-131, - 
Strontium-89 and -90 and Tritium)-Beta 
Counting Methods: The large difference 
in the specific ionization energy 
produced by alpha and beta particles 
permits pulse discrimination between 
these radiations to allow for 	. 
identification. Beta particles are 
characterized as fast electrons emitted 
by radioactive nuclei. The beta particles 
from a particular radioactive element-
are not all emitted with the same energy 
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but with energies ranging from zero up 
to a maximum value which is 
characteristic of the nuclide. This fact 
makes it extremely difficult to 
differentiate among beta emitters by 
energy discrimination. 

Beta counting methods, which 
measure beta radioactivity, use one of 
several types of instruments (counters) 
that consist of a detector and an 
amplifier, power supply, and scaler, etc. 
As in alpha connting, there are various 
sample preparations or chemical 
separations necessary prior to counting. 
The most widely used instruments are 
proportional counters, but scintillation 
systems are also used. These counting 
techniques are applicable for the 
measurement of beta radioactivity by 
using beta emitting standards for 
calibration and determination of 
counting efficiency in the analyses. 

ffi. Gamma and Photon Emitting 
Radionuclides-Gamma Counting 
Method: Gamma rays are high energy 
photons with discrete energies that are a 
penetrating form of radiation. This 
characteristic can be used to measure 
samples of any form, as long as 
calibration standards of the same form 
are available and are counted using the 
same geometry. Individual calibration 
standards are used for identifying and - 
quantifying-contributing gamma emitting 
radionuclides using gamma counting or 
gamma spectrometry. Gamma counting 
is performed using solid detectors (Nal 
or germanium), as opposed to gas-filled 
detectors. 	• 	' 

In gamma-ray analysis or counting, 
the detectors,  produce light photons 
(scintillations) or electron-hole pairs ' 
that are amplified into electrical pulses 
within the counting system. These 
output pulses, which are directly • - 
proportiOnal to the amount of energy 
produced, are counted using a scaler or 
analyzed by pulse height to produce a 
gamma-ray spectrum, depending on the 
detector employed. The use of a 
multichannel analyzer allows for energy 
discrimination and the identification 
and quantification of the individual- ' 
nuclides.,  

b. Specific analytic methods—i. Gross 
alpha and gross beta activity. The gross 
alpha and gross beta activity, methods 
are the simplest of radioanalytic 
methods. A portion of the water sample 
is simply evaporated to dryness on a 
planchet which is then counted for 
alpha and beta activities. The different 

_ types of alpha and beta counting 
equipment used was described above. 
The co-precipitation method, usually 
applicable for gross alpha analysis, adds 
one chemical separation step before 
counting to reduce the total solids 
present, thereby reducing self  

absorption and improving counting 
efficiency. It also allows for the use of 
larger samples for greater sensitivity. 

In addition to being used to determine 
compliance with the MCLa, these 
methods would be used as screening 
procedures to determine if additional 
analyses for the specific radionuclides-
are necessary, if the appropriate 
standard is used for calibration. Gross 
alpha measurement would be used as a 
screen for radium 226 and titanium, and 
gross beta would be used as a screen for 
radium 228. If gross alpha methods are 
to be used for screening for radium 228 
and uranium compliance, the labs 
however, would be required to calibrate 
the counter for uranium. Laboratories 
would also be required to generate 
standard curves for their counters 
showing the change in counting 
efficiency versus the total solids in the 
water sample (for-both radium and 
uranium), and use these curves to 
correct for lower counting efficiencies 
found with high solids samples. If these 
corrections are not made gross alpha 
measurements would not be considered 
a valid screen for radium 228 and 	• 
uranium for determining compliance 
with the Mas. Valid gross beta . 
measurements can be made with waters 
having a much larger dissolved solids . 
content than for alpha emitters. In beta 
counting efficiency does not change: 
appreciably with solids in water 
samples but generation of self 
absorption curves is still required. EPA 
recommends use of strontium 90 for the 
beta screen for radium 228. The gross 
alpha screen would no longer be used to 
screen for the presence of radium 228 as 
in the current interim monitoring 
requirements, as radium 228 is a beta 
emitter and alpha screening could not be 
expected to reliably serve as a screen. 

The Agency believes that a pure alpha 
particle emitter i.e.. thorium 230 should 
be used as a standard for calibration for 
gross alpha activity. Past use of 
americium-241 tended to bias analytic - 
results low due to the over estimate of i 
counting efficiency because of its higher 
energy alpha particle: Cesium 137 is 
recommended for calibrating the gross 
beta screen. 

A co-precipitation method for gross 
alpha activity has also been included. 
This method was reviewed and 
evaluated in the report. "Test Procedure 
for Gross Alpha Particle Activity in 
Drinking Water" (EPA.1985c). Water 
samples that have high dissolved solids 
(>500 mg/1), are likely to have high self 
absorption of alpha particles which 
reduces the sensitivity of the 
measurement. When high solids are 
present. the Agency recommends use of 
the coprecipitation method: 

Radon. EPA is proposing two • 
methods for measurement of radon in 
water. These are direct low volume • 
liquid scintillation counting, and by 
radon de-emanation from the sample 
into a Lucas Cell chamber for counting. 
These two methods are described in the 
report "Two Test Procedures for Radon 
in Drinking Water, Interlaboratory 
Collaborative Study" (EPA, 1987e). EPA 
has slightly modified the liquid 
scintillation procedure described in that 
report and proposes to establish this 
revised method as EPA Method 913. 

In direct, low volume liquid 
scintillation measurement of radon, a 
small volume of water (about 10 ml) is 
placed in a vial with a scintillation 
solution (mineral oil), mixed, and the 
vial placed in a liquid scintillation 
counter. Counting time can range up to 
100 minutes or more, depending on the 
amount of radon in the sample and the 
desired precision of analysis. 
Companies using liquidlcintillation 
counting report that they can analyze • 
50-200 samples daily (EPA, 1989e 1990j). 

In using the Lucas Cell method, radon-
free helium or aged air (to allow the 
radon present to decay out) is bubbled 
through a water sample in a babbling 
apparatus into an evacuated 
scintillation chamber. After equilibrium 
is reached (3 to 4 hours), this chamber is 
placed in a counter and the scintillations 
are counted through its window. This 
method generally allows measurement 
of lower level of radon than does low 
volume direct liquid scintillation. • 
However, this is a method that is 
difficult to use, requiring specialized. 
glassware and skilled technicians. Most 
laboratories that currently measure 
radon use liquid scintillation, and few 
have the equipment to perform Lucas 
Cell counting. Estimated start-up cost to 
obtain Lucas Cell equipment would be 
about $35,000 (to do 30-40 samples 
daily), plus technician training (EPA. 
1989d). Also, a variant of the Lucas Cell_ 
method, requiring the same equipment 
and skills, can be used to measure - 
radium 228 (because radon 222 is the - 
first daughter of radium 226). The 
widespread use of Lucas Cells for radon 
analysis would make the method less •-
available for radium 226 analyses: These 
factors limit use of the Lucas Cell 
method on a large scale for radon 
measurement. and EPA believes it is not 
appropriate as the sole basis for 
compliance monitoring for radon in 
water. EPA includes it here as an 
adjunct to the liquid scintillation 
method: the Lucas Cell method would be 
allowed to be used for radon 
measurement, but could not be relied ofl.  
to support a national sampling program 
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for radon in water. EPA believes only 
liquid scintillation would allow accurate 
analysis of the large number of samples 
required nation wide by these proposed 
regulations. 

Radium. Several methods are 
available for the specific analysis of 
radium 226 and 228 as listed in table 15. 
Most of the methods in the interim 
regulations for radium analyses are 
technique dependent and time-intensive. 
Some of the other methods listed appear 
to be improvements over the existing 
approved methods. For example, co-
precipitation steps are employed in 
methods for both radium 226 and 228 to 
purify the sample and reduce 
interferences. 

Analysis of radium 226. by radon 
emanation requires allowing the radium 
226 to decay to radon (to equilibrium) in 
the water sample, bubbling_ radon-free 
helium gas through the water into an 
evacuated Lucas Cell counting chamber, 
and then counting the chamber. While 
this method can produce good precision 
and accuracy at relatively low radium 
226 levels, it is as noted above, time 
consuming and requires special 
equipment and specially trained lab 
technicians. These factors may limit its 
use on a large scale. EPA believes this 
is, however, one of several appropriate 
methods for radium 226. Appropriately 
conducted gross alpha screens should 
eliminate the need for specific radium 
226 analyses in many cases. 

iv. Uranium. Uranium can be 
analyzed using fluorometric (mass) or ,  
radiochemical methods, or using alpha  

spectrometry. The fluorometric method 
measures the mass of total uranium 
present in the sample. Because EPA is 
proposing an MCL expressed in mass 
units, this is the preferred method. 

However, should the final MCL be an 
activity standard, the results of 
fluorometric analysis may be converted 
to an activity level using the conversion 
factor 1.3 pCi/pg. This conversion factor 
is based on evaluation of the relative 
occurrence of the different radioisotopes 
of uranium in water samples. This value 
is somewhat different from uranium 
naturally occurring in soil, which has an 
estimated conversion factor of 0.68 pCi/ 
pg. The need for conversion from mass 

• to activity following analysis, and the 
potential for variability in the 
conversion factor would be a weakness 
of the fluorometric method in 
determining compliance with an activity 
MCL for uranium. EPA solicits public 
comment on the advisability of 
continuing to allow use of this method to 
measure uranium activity levels. 

The radiochemical method for 
uranium involves chemical separation of 
uranium followed by counting in an 
alpha counter, as described below. 
Uranium is specifically precipitated 
from the sample and the sample is then 
counted. In addition, uranium may be 
measured by alpha spectrometry which • 
allows for the determination of 
individual isotopes of uranium and the 
calculation of the total mass of uranium 
present. These aforementioned methods 
may be found to be more expensive to 
perform than the fluorometric method.  

however EPA believes that the results 
will be more reliable. 

c. Sample Collection, handling and 
preservation. In order to ensure that 
samples arriving at laboratories for 
analysis are in good condition, EPA is 
proposing requirements for sample 
collection, handling and preservation, as 
described in table 16. For radium, 
uranium and gross alpha and gross beta 
analysis, sample collection should be 
performed as for inorganic contaminant 
monitoring as described in EPA's 
"Manual for the Certification of 
Laboratories Analyzing Drinking Water" 
(EPA. 1990b). 

For radon, because it is a volatile gas, 
special attention to sample collection is 
required. Either the VOC sample 
collection method, or one of the methods 
described in "Two Test Procedures for 
Radon in Drinking Water, 
Interlaboratory Collaborative Study" 
(EPA, 1987e) should be used. In addition, 
because plastics can absorb radon, glass 
bottles with teflon lined caps must be 
used. Finally, EPA's assessment of • 
laboratory performance is premised on 
analysis of samples no longer than 4 
days after collection. Laboratories 
unable to comply with this holding time 
maximum may have difficulty 
performing within the estimated 
precision and accuracy bounds. EPA 
solicits public comment on the proposed 
sample collection procedures for radon 
in drinking water, including any 
available data on radon loss from water 
samples during collection by different 
methods.- 	. 

TABLE 16 --q . —AMPLING HANDLING,PRESERVAT1ON, HOLDING TIMES 

Parameter • Preservative a Contained 2 - 
Maximum 

holding tirne 3  

Gross alpha • Conc. Ha or HNO3 to pH <2 4  P or G 6 months.-
6 months. 
6 months. 
6 months. 

6 months.. 
6 months. 
6 months.' 
6 months. . 
6 months. 
6 months. 

- 

• . 
. 
.' 

• 
• • 

Gross beta Conc. Ha or HNO. to pH <2 4  . P or G 
. 

Radium-226 Conc. Ha or HNO3 to pH <2 P or G 
Radium-228 Conc. Ha or HNC, to pH <2 P or G ' 
Racfium-222 I  C001 r C. Glass with Teflon-lined septum 
Uranium natural Conc. Ha or HNO3 to pH <2 P or G 
Radioactive Cesium Conc. Ha to pH <2 . 	, 

P or G 
Radioactive Strontium Conc. MCI or HNC, to pH <2 P or G ' 
Radioactive Iodine None P or G .. 	, Tritium 'None - 	S Glass 
Photon emitters ' Conc. Ha or HNC), to pH <2 P or G • ' 

2  (All except radon-222 samples). It is recommended that the preservative be added to the Sample at the time of collection Unless suspended solids activity is to 
be measured. However. if the sample must be shipped to a laboratory or storage area, acidification of the sample (in its original container) may  be  delayed for a 
Period not to exceed 5 days. A minimum of 16 hours must elapse between acidification and analysis. 

2  P = Plastic, hard or soft G = Glass. hard or soft
•  

	 • 
3  Holding time is defined as the period from time of sampling to time of analysis. In all cases, samples should be analyzed as soon after Collection as possible. 
• If Ha is used to acidify samples which are to be analyzed for gross alpha or gross beta activities, the acid salts must be converted to nitrate salts before 

transfer of the samples to planchets. 
' 	• The procedure of a positive pressure collection in 60-rn1 glass bottles is to be followed. This procedure is described in appendix C, NIRS.  Sampling 

Instructions—Radon, p. 26, Two Test Procedures For Radon In Drinking Water, Interlaboratory Collaborative Study, (EPA, 1978e). 	- • 

2. Cost of performing analyses. The 
• actual costs of performing analysis may 

vary with laboratory, analytical 
technique selected, the total number of  

samples analyzed by a lab, and by other 
factors. Table 17 lists the approximate • 
costs for analyses 'of drinking water 
samples for radionuclides. These cost  

data, recently, assembled, are 
preliminary and may be different in 
practice for the following reasons: (a) 
For some analytes, few commercial 
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laboratories exist to help define costs; 
(b) as the number of experienced 
laboratories increases, the costs can be 
expected to decrease; (c) analytical 
costs are determined, to some extent, by 
the quality control efforts and quality 
assurance programs adhered to by the 
analytical laboratory: (d) per-sample 
costs are influenced by the number of 
samples analyzed per unit time. EPA 
solicits comments on its cost estimates 
from laboratories experienced in 
performing these analyses. 

TABLE 17.—ESTIMATED COST OF 
ANALYSES FOR RADIONUCUDES 

Radionuclides 

Approxl- 
mate cost 

for 
analysis 
drinking 

water 

Radium-226 $85 
Radium-228 100 
Uranium (total) 45 -- 
U isotopic 125 
Radon-222 50 
Gross alpha *natters 35 
Gross beta emitters as 
Radioactive Cesium 100 
Radioactive Iodine 100 
Radioactive.Strontium 105 
Total, 89 and 90 
Tritium. so 
Gamma emitters 110 

Source (EPA, 1991m) 
Note: Estimated costs are on a per-sample bets* 

analysis of multiple samples may have lower cost. 

3. Method detection limits and 
practical quantitation levels. Method 
detection limits (MDLs) and practical 
quantitation levels (PQLs) are two 
performance measures used by EPA to - 
estimate the limits of performance of 
analytic chemistry methods for 
measuring contaminants in drinking 
water.-An MDL is the lowest level of a 
contaminant that can be measured by a 
specific method under ideal research 
conditions. A PQL is the level at which a 
contaminant can be ascertained with 
specified methods on a routine basis, 
(such as compliance monitoring) by well 
managed laboratories, and within • 
specified precision and accuracy limits. 
The proposed PQLs for the 
radionuclides are listed in Table 18 
below (EPA. 1991r). 

EPA considers PQLs in evaluating 
alternatives for the MCL. Consideration 
of the PQL is especially important for 
those contaminants for which EPA is . 
proposing MCLGs at zero. The 
feasibility of implementing an MCL at a 
particular level is in part determined by 
the ability of analytical methods to 
ascertain-contaminant levels with 
sufficient precision and accuracy at or 
near the MCL. 

EPA usually defines the method 
detection limit (MDL) as the minimum 
concentration of a substance that can be 
measured and reported with 99 percent 
confidence that the true value is greater 
than zero. The term MDL is used 
interchangeably with minimum 
detectable activity (MDA) in 
radionuclide analysis, and is defined as 
that amount of activity which in the 
same counting time, gives a count which 
is different from the background count 
by three times the standard deviation of 
the background count. Identifying an - 
MDL concentration is limited by the fact 
that MDLs (MDAs) are specific to the 
performance of a given measurement 
system, and vary from system to system. 

The concept of MDL is different for 
radionuclide measurement than for non-
radioactive chemicals. Because counting 
times can be expanded to days or even 
weeks or longer in a research setting, 
very small differences from background 
can theoretically be detected depending 
on research needs. These extremely long 
counting times are unrealistic for ' 
compliance monitoring for drinking 
water. EPA has sometimes set 
laboratory performance expectations at 
a level 5 to 10 times the MDL However, 
MDLs (MDAs) are not necessarily 
reproducible on a routine basis in a 
given laboratory, even when the same 
analytical procedures, instrumentation 
and sample matrix are used. EPA has 
therefore relied on actual performance 
data generated in Performance 
Evaluation and other studies in setting 
standards for laboratory performance 
for radionuclide monitoring. 

The PQL is determined through 
evaluation of the results of 
interlaboratory studies, such as 
performance evaluation WE) studies. In 
these studies, prepared samples of 
known concentration are distributed for 
analysis to participating labs as 
unknowns. The results of the analyses 
by the participants are compared with 
the known value and with each other to 
estimate the precision and accuracy of 
both the methods used and the lab's 
proficiency in using the method. (See 54 
FR 220624, May 22, 1959; 52 FR 25699, 
July 8.1987; and 50 FR 48908, November 
13,1985 for further discussions on MDLs 
and the concept of PQLs.) MDLs (MDA) 
are lower than PQLs since the MDL 
represents the lowest level at which 
there is 99% confidence that the true 
value is greater than zero, while the PQL 
represents the level that can be 
ascertained under practical and routine 
laboratory conditions. The measurement 
of radioactivity becomes limited at low 
concentrations and small sample sizes 
due to the random nature of radioactive  

decay and the resulting theoretical 
counting uncertainty. The counting 
uncertainty is the major contribution to 
the overall uncertainty. This uncertainty 
must be calculated and added to the 
result and other uncertainties to 
determine whether or not the analysis 
has demonstrated compliance (EPA, 
1991r; 1988a). 	' 

The method for estimatingthe PQLs 
for radionuclides is based on the same 
criteria as that used for organic and 
inorganic compounds and incorporates, 
through the methodology, the counting 
time and background activity in each 
laboratory. The PQLs for radionuclides 
are estimated-based on results from - 
EPA's Water Supply Performance 
Evaluation and Intercomparison Cross 
Check Studies for radionuclides with the 
exception of radon, for which no PE or 
cross check data were available. These 
studies are conducted as a part of EPA's 
laboratory certification program by 
EPA's Environniental Measurement 
Systems Laboratory in Las Vegas. A - 
number of laboratories, ranging from 60 
to 140 depending on the analyte, have 
participated annually and biannually, 
respectively, in the PE and cross check 
studies: There are approximately one 
hundred certified laboratories nationally 
that have the capability to conduct 
analyses for the radlormclides currently 
regulated (Ra-228 and 228, gross a and 
gross B. and also uranium). PE studies 
were used to estimate PQLs primarily 
because they are good indicators of 
laboratory performance. The fact that 
they are blind samples eliminates 
possible biases. The intercomparison 
studies cross check study data served as 
an alternative source of data as well as 
a means of verifying laboratory 
performance. 

Because until recently there was not a 
standardized analytic method, nor a 	• 
calibration standard for radon, no PE 
studies were done on radon. Both a 
standard method and calibration - . 
standard have now been developed and 
EPA plans to include radon in future-PE: 
studies. In the interim. EPA relied on - 
two data sources for estimating • 
performance of the availnhie radon 
methods. One study was the report 
"Two Test Procedures for Radon in 
Drinking Water. Interlaboratory - 
Collaborative Study" (EPA. 1987e), 
which evaluated performance of the 
radon methods down to 1600 pC1/1. 
Because EPA wanted to consider MCL 
alternatives lower than this, additional 
data on radon measurement was 
generated by EPA. Radon samples, 
supported by radium 228 bound to a 
resin, as low as 100 pCi/I were tested by 
12 labs using liquid scintillation and 4 

• 
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labs using' Lucas Cells, and these data 	and PQL of 300-pCi/I, EPA. considered 
were used to evaluate perfamance of 	the likely reliability of the overall 
the methods and estimate thePQL PriA, compliance monitoring program, the 
1991n; 19914 EPA considers the radon 	namber of systems that wordcl have 
data to be a limited basis for deriving a 	measurements within the error range, 
PQL,  and solicits' additional information and the risks of radon. With an error' 
on radon analysis. 	 band of ±40%,. and a PQL of 200 pCi/L. - 

The PQLs for the radionuclides were 	approximately Ig,000 of the estimated 
derived applying a procedure described 33,000 systems affected would falt 
in 50Flt 4690% Nov. 13, 1095 and 54-FR 	within the error band and would have 
22100, May 22, 198 Datafrom all 	potentially unclear complianaa status,. 
reporting laboratories-of Performance 	potentially resulting in requests for re. 
Evaluations A and B, 1983-1990 (EPA, 	testingand adclitional hindens cin.sta tag  
199/4, which include EPA. and State 	to determine. and achieve comprsaa

.ra  
laboratories, were used for radium, 	• When EPA, chase a ±.40% acceptance. 
uranium, gross alpha and gross beta. For limit for the vinyl chloride regulation,. -, 
radon, data from the two studies 	. only a few hundred systems were 
described above were used. The PQL. 	; expected; to exceed the MCL;, care. could,., 
procedure generates acceptance. limits . • be taker, to accurately determine 

the laboratory in setting the PQL EPA 	wrr 4991  'gel/ 	PU 

calculatingradonlevels presentar the • ' **Procedures for.measaring radon by ESC '  
time of collectiosz. This assumptiona 	However, EPA does not now believe • - 
along with the factillat the radon PQL.7 . :most laboratories will be capable-of the • 
was based on more limited data dam! ..:; levels of precision and accuracy 	• 
the other radionuclides PQ•La makes ft . achieved by Leanly. EPA will soon 
moreuncertain than the eiberpo,-... • • , . condtict a series of perforinance . 
values. If the PQLwere premiserron ana : evaluation studies. on radon analysis to-"  
8 day time frame from ixiliection to a : • better gauge performance levels and to' 
analysis (to make greater albravance for - T develop e data set on which to base lab' 
mail Maya or  hack-ups  in  atheratariew certification determinations; when the - 
the PQL, (=Ube 5011 pa/b. Similarly,. il elregulatiorreare- final In addition, Vitr '- 
the eeanting  time were  increased • - • •.• !. (19911 recently published a Paper 	• • 
(beyond the pro/jailed istormlnatesk a • 7evaluatireg the effect of several (afferent 
value sonitewhat lower than XXI omit 	:variables on error in measurement°, ' 
might be achievable as the PQL;'., 	including the effect ef the t3rpe of • 
Similarly: should 11XI minute counts .1. •I ; scintiJlatiori cocktail used the type-of 
prove infeaaible, a higher PQL. may need 	and standarifirStinn procedure 
to be set EPA solicits. public comment :used, and temperature-control Mid 
on these issues related to the radon 	-instrument settings. Viir arse. ' 
PQL. 	 •••• commented on siampling procedures. 

Different PQL values could arse be ; 	Vita (195t) over.all reported-that radon' 
established using different aceeptariie • ."'"levels of 200 pei/1 may be measured 
limits-At an acceptance limit of -±20%, 	with 20% precision using a 20 minute . 
for example, the radon ME-would ba ,; •;,,, count, if all parameters- are optimized-  • • 
about 500 pCia; at acceptance limits of • EPA is reviewing this report to identify' '  • 
±40% the PQL would bearapCtilL • 	improvements' in its proposed radon' 
choosing an acceptance limit of -±30%. • method, EPA Method 911. 	• 

that are set around a"true"  . value- Using complianaa atatus if itwerein. doubt • 
the procedure described in these • - '' ' With a ±30% error band for radon at . 
no 	the PQLs for all radii:much-de 	. 300 pa/Lady 5000. to 7000. systems  , 
contaminants were set at a 	 would have potentially unclear , . 
concentration where itwas estimated. 	complianca lentils because of data 
that at least 75. percent of all reporting • • ancè 	while  this. number  would 
laboratories are within the specified --. , . 	 decrease with an even narrower error . acceptance ranges. 	. . 	. -, - band, the individual lifetime risks. would 

The radon PQL.required some special' ' be higher. Therefore, on balance, EPA is' 
considerations: Because of the practical - proposing to set the-PQLat 300-pCi1l . 
considerations involved in analyzing a' a  .,..-., 
radioisotope with a short half life (3.8 	EPA.recognizes that some laboratories 

transport time from the water supply .to ., 
days), EPA.has made allowance for 	. 

: . - , i : oelfannancel  flu;  

may be able tam:bier abetter 

	

ri 

 recente
±an at300

blishe
Paidt 	Racrun.226  • 

Radian-22e 	 
has premised its PQL on. samples being-  stodir intlicattng that radon could be 	Uranium natural 	 
analyzed no longer than 4"days after 	measured using liquid scintillation 	Radon-222 	 
collection:mad delaiya could reduce 	• counting at MO pCill with an overall 	- Grossalptis eMitigg3 	 

accuracafin law level samples.. The • • error of less than ±10%, assuming 4 	Gross Ws, &racer= 	 
sampl7P. collection date and time would 	days. front sample collection to analysis. 	134 	  
be required. on all samples collected, - 	. EPA is reviewing this study to identif' 	137 	 
and will be used by the laborarory-ba.a.a.: • potential improvements in its awn 	Radioactive Iodine 	 

Radioactive Saone= 	 

EPA solicits public comment all these 
issues, and will continue to collect and 
evaluate adclitionai data to refine and 
better substantiate the proposed PQL 
and the constraints on regulation 
imposed by limits on analytic methods. 
EPA spealicaRy requests comment on 
information supporting PQLs higher than  
the proposed PQL [such as'50tYpC1/1j, 
and information implicating a lower PQL: 
than that proposed, such as ZOO pail. 

Public comments are requested on the. 
approach used to determine the PQLs 
for-radionuclide contaminants, on the 
proposed PQLer for these contaminants,. 
and &farmed-an is sought ari any new 
developments fir methodology for.the 
radionuclide contaminants that may be 
used to-  support development of these 

. regulations. EPA also solicits public 
comment on the usefulness of PQLs in 

" setting standards, and the 
appropriateness of alternative methods 
for Accounting for analytic Methods 
limitations in setting standards. 

TABLE 1 a—PRACTICAL QUANTEFATION 
LEVELS (POESt FOR RAMOrttICtIDE , 	• 
CONTAMMANTS 	

, • 
 • • • 

E. Laboratory Approval and 
-Certification - '  

1. Background The aitaaata 
effectiveness of the proposed 
regulations depend. upon the ability of 
laboratories to reliably analyze 
contaminants at relatively tow levels. 
The existing drinkingavaten laboratory 
certificaticin program MCP): esfahlishad 
by EPA requires that only certified 
laboratories may analyze complianaa 
samples. 	 . 

-• 	External checks of performance to 
evaluate a laboratory's nhilly to 
analyze samples for regulated 
contaminants within specific limits is. 
the primary- means of fudging lab 
performance and clefermining whether 
to grant certification. EPA provides. 
performance evaluation, samples to 
laboratories on a regular basis; 

89 	 
90 	 

	

'Tritium 	 

(EPA, 199trr 	: 
• _ 



TABLE 19.—PROPOSED ACCEPTANCE 
LIMITS' 

. 	Contaminant 
Accept-
ance 

limits at 
the POL 
(percent) 

Radium-226 ±30 
Radium-228 ±50 
Uranium natural ±30 
Radon-222 ±30 
Gross alpha emitters ±50 
Gross beta enters ±30 
Radioactive Cesium 

134 ±20 
137 ±30 

Radioactive Iodine ±20 
Radioactive Strontium 

89 ±50 
90 ±30 

Tritium ±20 

Acceptance limits based on 100 minute count 
(EPA. 1991r) 
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participation in the PE program is 
prerequisite for a laboratory to achieve 
certification and to remain certified for 
analyzing drinking water compliance 
samples. Achieving acceptable 
performance in these studies of known 
test samples provides some indication 
that the laboratory is following proper 
practices. Unacceptable performance 
may be indicative of problems that 
could affect the reliability of the 
compliance monitoring data. 

Unacceptable performance on PE 
studies should trigger an investigation to 
establish the possible cause(s) and to 
take corrective action. EPA recognizes 
that even superior analytical 
laboratories occasionally produce data 
which are outside the acceptance limits 
due to statistical reasons rather than . 
from any actual analytical problems. 
EPA has incorporated the criteria of 
using fixed acceptance limits around the 
true value to overcome this 
misinterpretation of analytical results. A 
provision for rapid follow-up analysis is• 
necessary if a laboratory fails the initial 
determination to decrease the likelihood 
of statistical error and to determine if a - 
real problem exists. 

EPA's present PE sample program and 
the approaches to determine laboratory 
performance requirements were 
discussed in 50 FR 46907 (November 13, 
1985). In addition, guidance of minimum 
quality assurance requirements. - 
conditions of laboratory inspections and` 
other elements of laboratory 
certification requirements for 
laboratories conducting compliance 
monitoring measurements are detailed 
in the Manual for the Certification of 
Laboratories Analyzing Drinking Water. 
Criteria and Procedures Quality 
Assurance (EPA,1990b). Participation 
by 300 or more laboratories in the 
interlaboratory studies required in the 
LCP demonstrates that laboratory 
capability and capacity for the 
radionuclide analyses necessary to 
support this proposed regulation exists. 

Acceptable performance has 
historically been identified by EPA using 
one of two different approaches: (1) 
Regressions from performance of 
preselected laboratories (using 95 
percent confidence limits), or (2) 
specified accuracy requirements. 
Acceptance limits based on specified 
accuracy requirements are developed 
from existing PE study data. EPA was 
able to use fixed acceptance limits for 
all of the contaminants proposed in 
today's rule because of the availability 
of PE data, with the exception of radon 
in which an interlaboratory 
collaborative-study was used. EPA 
would prefer to use the true value  

approach because it is the better 
indicator of performance and provides 
laboratories with a fixed target. This 
approach requires that each laboratory 
demonstrate its ability to perform within 
pre-defined limits. Laboratory 
performance is evaluated using a 
constant yardstick independent of 
performance achieved by other 
laboratories participating in the same 
study. A fixed criterion based on a 
percent error around the "true" value 
reflects the experience obtained from 
numerous laboratories and includes 
relationships of the accuracy and 
precision of the measurement to the • 
concentration of the analyte. It also 
assumes little or no bias in the 
analytical methods that may result in 
average reporting values different from 
the reference "true" value. This concept 
assures that reported results can be 
related to the percentage of variance 
from the PQL 

• 2. Acceptance limits for radionuclide 
contaminants. EPA relied on 	data 
generated from the radon 
interlaboratory collaborative study to 
estimate acceptance limits (using the 
approach described in 54 FR 22131-
22132, May 22.1989). The levels (100. 
200, and 500 pCi/1 in lab samples, 
corresponding to 200,400 and 1000 pCi/1 
in field samples analyzed 4 days after 
collection) used in the study were below. 
and above the PQL (300 pCi/1) proposed 
in this regulation, demonstrating the 
participating laboratory's ability to 	- 
measure at or around the proposed MCL 
(EPA, 1991r). 

Performance data are available for all 
of the other radionuclide contaminants 
at the levels proposed for regulation 
(EPA, 1991r). The acceptance limits are 
developed using the approach noted • 
above, resulting in the specification of a 

-"plus or minus percent of true value" for 
setting acceptance limits. The available 
PE data indicate that both the precision 
and accuracy attained for specific 
radionuclide contaminants are - 
contaminant specific. The "plus or 
minus percent of the true value" 
acceptance limits have been derived for 
each contaminant taking into 	• 
consideration past performance of the 
laboratories and the expected precision 
and accuracy (EPA. 1991r). 

EPA believes that the nature of 	- 
radionuclides analysis (i.e., background 
counts, counting time, decay) requires 
unique analytical considerations. In 
some cases this may result in a greater 
effort from laboratories to perform 
analyses which meet the proposed 
acceptance limits. The Agency believes 
that these circumstances are to be 
addressed by the individual 

• laboratories, when executing the 
analyses using the proposed 

" methodology. 
The proposed acceptance limits for 

the radionuclide contaminants are 
summarized in Table 19. The acceptance 
limits only apply to concentrations 
above the PQL 

F. Proposed MCLs and Alternatives 
• Considered . 

The sections below discuss derivation 
of each of the MCLs for the 
contaminants proposed for regulation. 
The first section presents an evaluation 
of radon in water and discusses special 
policy issues EPA considered in 
choosing the MCL to propose for radon. 
This is followed by the derivation of 
MCLs for radium, and uranium which 
are proposed today. This is followed by 
an alternative basis for regulation, the 
lowest technically feasible levels limited 
by affordability to large water suppliers, 
on which EPA requests public comment. 
Finally, proposed MCLs for alpha and 
beta emitters are discussed. 	• 

- 	1. Radon. Regulation of radon in water 
is a complex issue for several reasons. 
In evaluating the various alternatives for 
proposing a radon MCI., EPA considered 
the critical policy question of whether 
radon in water should be regulated like 
other drinking water contaminants, or 
whether it should be regulated more in 
accord with its importance compared to 
overall radon exposures. In considering 
the radon MCL, EPA reviewed and 
evaluated alternatives over the range of 
200 to 2000 pCi/L 

The primary health hazard posed by 
radon in water is due to its volatilization 
from water during household water use, 
and enrichment of indoor air radon 
levels, thereby contributing to increased 
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risk of lung cancer. Direct ingestion of - 
radon may also pose some risk of 
stomach and other cancers.: While on 
average water makes• a small 
contribution to indoor air radon fabout 
5% for houses served by ground water). 
it is prevalent in drinking,  water from 
groundwaterwells and does contribute-
to the very substantial risks posed by - 
radon in the environment overall. 
Because it is. a volatile gas, very little 
radon is expected to be found in surface - 
water., and no surface water systems are 
anticipated to require treatment. EPA •; 
estimates thataoeormorepahlio  
water systems serving 311mlilion or.  • 
more people may have radon in water at 
levels exceeding an estimated 1x10-41  
risk 1eve111.50pGiil water)._ 	- 	• 

Outdoor background levels of radon 
in air (about 0.1 to 05 pCifilair) present • 
estimated lifetime lung cancer risks of ; • 
about 1 in 100G, a risk level above those • 
generally accepted in, EPA regulatory: • - 
programs.. Typical indoor air radon 
levels. (VepCi/1 air) pose estimated 	• - 
lifetime Tuug cancer risks nearl 
Radon is estimated to cause 8000 ta. 
40,000 (EPA. 1989gj lung cancer deaths - 
annuany, of which about 75-400 may be • 
attributed to radon, from drinking water. • 
As discussed in Section IV= above, • 
the SAB/RAC is presently reviewirig a 
proposed revision of the radon- risk 	- 
estimate, which could result ist an • 
approximate 30% reduction in these - 
estimates. While the average water - • • - 
contribution to indoor air radon is small 
relative-to the contribution of soil gas • • 
(for most houses).. it does represent a 
substantial estirnatednumber of annual 
cancer cases and in many =immunities 
poses individual lifetime risks above 
EPA's lifetime cancer risk goal fir - 
drinking waterregulatione of 20-410 ' 
10-6152 FR 25690,July 19E3211 While • - -- 
these risk estimates. have inherent 	- 
uncertainties,. they are no greater here • - 
than for ether- cnntaminants regulated-  • -• 
by EPA using such a risk assessment 	• ; 
approach. 	• 	. • 	• 	." 

A number of factors were considered... 
in deng cat the epic's& to ; - 
regulating radon-Radon in public water ' -.-
systems can be treated centrally rather . 
than on a house-by-hoose basis as is the" 
case with radon front soil gas Radon 
can be removed from, drinking water * --
efficient* and relatively inexpensively • 
(compared with other drinking water 
contaminants and treatments); although 
costs to srnali,  systems will be high. 	• 
Also, while EPA has. no authority to-
regulate radon in private homes (or 
wells), the Agency is: required to 
regulate water delivered to customers 
by public vvater systems muter the 
SDWA.. Moreover,. the Mg amendments,  

MCL at different levels in the range of • 
200 to 2000 pC1/1 Implementation was 
considered to be a serious issue only in 
the range of 200-500 Peiff..A.large • • 
number of PWS would be affected it - 
any 	in the range of 2CO tu 500 p0/7, • 
but many more systems would tie-  • 
affected at the 200 pati ma, option.. 
There are app. 	ipareately 48,000-
community 'and 20,000 non-Community, 
non-tgansieet public. 	vvtite..1. systems 
served by groUnd water sources: At an 
MCI. of 200 PCilt.EPA estimates that 
33,000-PWSe weal& berequired to-  _take ...' 
action *meet The MCI; at 300 p011. 
29000 sYsterniiivonitt be affectect at 500' 

epproximately.18;0041 systems 
would be. affeCted.• EPA is particularly 
concerned about these-impacts becatisi, . 
of the overall regulatory:  burden being . • 
placed on watersuppliers- as the 83 . • 
Mandated cant *•_ 'eminent! are regulatecE 
For w.cansple, 40,.009 !eateries. 	' 
expected to need to treat to meetthe 
reeently promulgated lead find copper • 
regulations EPA•solicita public Comment 
on consideration ofimplementation 
issues $ettkig Matt 	- - • 

Becanie, radon 	pixibleni onlY for 
groned Water dependent systems; a • 
large percentage of the affected systenis.  
are small (85% serve fewer than 500', ,  

people). While. treatmentfOrradonie ' 
inexpensive for hirger-PWSEr (on.  a per- • . 
house basiSE smaller systems-  will have 
more difficulty fnitalling treatment s 
Also, exemptions are indikely to be-.  
available-to therm Systems; as all of 
options *considered mein the10-4risk 
range; 'winch is the.  proposed limit for 
identifying unreasonable risks to health 
(URTI-1) posed by drinking water 
contamination in the' draft clonument 
"Guidance forDeveluirliqi 	Health, • ' . 
Citeaia forDeteniegfareasonable 

which EPA believe, is at a reasonable 	Risks to-Health'! (WA,..1990k). EPA. ala 
limit, and that overall,. a PQL of 300par recognitee thattirere evotildbe a ' 
I is the reasenable Eimitof the. 	' substantial State burden he implemen 
analytic methods; based ort war/able 	anyradon MCL in the ZOtthr 500 -̀pclif 
data. Should additional data show that 	range, but that it wiralcl be greater • the 
It is difficult for lab, to perform 	• -;• 
consistent analysis at this level with- the-  • 
expected precision (dine perhaps: to long -
transport times), ern:tate uncertainty' • 
near this value (i.e. the ±-30% now • 
estimated and believed to-be • 	- • ' 
acceptable) renders the /AUL-impossible • 
to implement, the PQL could possibly be' • 
reviewed and revised upward. Similarly," ' 
should new data show analysis easier at 
low level's than HOW believe& the PQL - 
could be revised downward. The recent' 
study by Lawry (11991} inditates that 
some individual labs may achieve better 
performance than the minimm 
requirements proposed here- 

EPA arse considered potential 
difficulties. in implementing a radon 

to the SD-WA require EPA to develop an 
MCL for radon. 

Finally, while saving an estimated 52'- 
100' cancer cases annually fthe 	• 
estimated benefit of regulating-radon hi 
waterin the range of 500 to 200-
reepectively) is a small number 
compared with the estimated' 8;6'00-
40,000 annual cancer caseiCauSect by 
radon exposure. (EPA, 1989g), it would.  
be' a substantial Itabfic health benefit • 
compared witir other drinking water • - 
rev/alibi:is and otfrei.errviranmental - 
regulation programs admirdsteredby 
EPA. For exam/A% regulation of vinyl 
chloride in drinking water estimated 
to- avoid 27 cancer cases armuillY; the" ' 1 
only other currently regulatedindividual" 
contaminant (out of Settli• 5) standards" 
with more estimated mincer risk aroided'.  
is ethylene &bromide, With air estimated 
72 cases avoided per year. IT.E.t•. 	- - ' 
concluded that regulation of 'radon is -- • 
water constitutes an opportunity. to 
achieve-a substantial public-health 
benefit in an area of high ertvironmenter 
risk, and to-do so-at relatively low cost' 

EPA also considered 'other fluturs hr 
developing its proposed radon MCL, - ' 
including the ability ter accurately-  
measure radon in wafer-and potential ' 
implementation difficulties. As •:: • ' 
discussed in Sections W)- and E, radon 
poses some challenges inrotitfie • • 	- 
measurement Not only is it a volatile 
gas, it also has; a short rathoactive-lralf,  ' 
life (3.8 days). This' means that stringer 
must be carefidly collected and'. 
promptly sent for analysis; analytic'-" 
sensitivity decreases by one half for 
every 3.9 days' after collection that the-" 
sample Is analyzed. While-the count.  
time could in theory be extended to 
compensate for this the 300-pall PQE is 
premised on acount of WO Minutes' 

lower MCL aptibn. EPA.solictis 
corn/trent orr how these Cimaid tions 
should be feet°, 	 ,g, the, 
radon MCL. •• • 	̀ 

EPA cdisidereil *Posing radon • . 
Mar hi the range •cif200:lta..2000 pCitt. 
However;, woo:pall represents an 
estimated 1Cr7risk, and this  
was refected as inconsistent with. the . 
SDWA and Agency risk management • . 
policy: EPA therefore coneentrated 
much of its effort on evaleating,MUL 
alternatives in the range of 200 to 5011 
pCi/l. Based on considerations of • 
available treatment technologies. cost. 
risk, analytic capabilities and 
implementation concerns, EPA 
determined that 300 pCi/lis the lowest 
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feasible level at which radon can be 
regulated, and proposes to set the MCL 
at this level. 

EPA solicits public comment on this 
proposal, as well as all the alternatives 
considered, from 200 to 2000 pCi/l. 
particular, comment is sought on 200 
pCi/1 as an alternative, in light of new 
studies indicating that radon analysis 
may be improved in the future and the . 
greater health benefits at this level (an 
estimated 20 additional cancer cases 
avoided annually), and also on 500 pCi/1 
as an alternative, if analytic difficulties 
in a implementation setting become 
apparent (i.e., the PQL may be set higher 
if 4 day delivery to labs proves too 
short) and in light of the substantial 
implementation burden that would be - 
imposed by lower values. 

Another issue of concern to EPA 
regarding radon regulation was 
application of the MCL to private wells. 
The relative magnitude of risks from 
radon in water (vs soil gas) is important 
for home owners to bear in mind when 
applying any radon MCL to private 
wells. Because the soil gas contribution 
to indoor radon levels is in most cases 
much larger than the water contribution, 
testing and mitigation strategies for 
private homes should consider all 
sources of radon. The mitigation 
strategy which is most cost-effective 
overall for an individual home should be 
used. In a majority of cases, this will 
mean controlling the soil gas 
contribution to indoor radon before 
ensuring that the radon MCL is met. Soil 
gas contributes more radon to the indoor 
air than does water in most houses. 
Economies of scale for treatment by 
public water systems make radon 
removal from water cost-effective for 
PWSs. Water treatment is unlikely to be 
the most cost-effective first step in 
mitigating radon in individual homes 
(relative to soil gas mitigation). EPA has 
prepared several publications for 
homeowners and private well owners to 
help them in addressing their radon 
problems effectively and for the lowest 
cost possible. These publications 	• 
include, for general information on 
radon risks, testing in the home, and 
mitigation of soil gas contributions to 
indoor air, A Citizen's Guide to Radon 
and A Homeowners Guide to Radon: 
and for radon in water, Radionuclides in 
Drinking Water Fact Sheet. These 
materials can be requested from either 
the Safe Drinking Water Hotline, at 1-
800-426-4791, or from the radon 
information hotline, at 1-800-SOS-
RADON. 

EPA solicits public comment on these 
issues regarding regulation of radon 
under the SDWA. 

2. Radium and Uranium MCLs. As 
described above, all radionuclides cause 
cancer by the same mechanism. Le., 
delivery of ionizing radiation to tissues 
(in the case of drinking water, 
internally), and it is therefore possible to 
make comparisons among them. Several 
comparisons may be made in the course 
of developing regulatory standards 
including the total radioactivity 
removed from potable water in pCi/1 or 
more conveniently, uCi/1-(one million 
pCi equals one uCi). the pCi/1 (or uCi/l) 
removed, or rams ede, the effective dose 
to tissue. These 'comparisons allow 
assessment of the relative cost-
effectiveness of controlling the different 
radionuclides subject to today's rule. 

The control options considered by 
EPA for radium and uranium range from 
the contaminant level that can be 
reliably measured in routine laboratory 
operations (PQL) to the level 
representing an approximate 10-4  
individual lifetime risk level, and for 
uranium, the level at which kidney 
toxicity concern arises. EPA also 
considered the levels to which these 
contaminants can be treated in drinking 
water in assessing which control options 
are technically feasible. 

The Agency determined that it is 
technically feasible to achieve control 
levels of 5 pCi/1 for radium 226, radium 
228 and uranium. EPA then considered a 
number of cost factors related to the 
removal of these contaminants. The high 
cost of removing radium and uranium as 
compared with radon was especially 
apparent when the cost per uCi removed 
from water was estimated. Radon 
removal cost approximately $20,000 per 
uCi removed, where as radium and 
uranium at the lowest technically - • 
feasible levels cost from $2 million to $5 
million per uCi removed. Even at radium 

• levels equal to the 10-4  risk level, the 
removal cost per uCi was $600,000 to $1 
million per uCi (EPA. 1991i). For 
uranium at the kidney toxicity limit of 20 
µg/1 (representing a cancer risk of 

- approximately i0), the removal cost 
. was nearly $2 million per uCi. EPA also 

reviewed the cost per rem removal for _ 
these contaminants. While the cost 
differences are less dramatic, they are 
still large, and in the same direction i.e., 
the cost per rem of removing radium and 
uranium is far greater than the cost of 
removing radon. 

In assessing the MCL alternatives, 
EPA also considered the chemical 
toxicity of uranium to the kidneys. 
While the 10-4  risk level is 170 pCi/l, 
adverse effects on the kidneys may 
occur at lower levels for naturally 
occurring uranium in the environment. 
EPA estimates that the DWEL for 

uranium is 100 µg/1, and using a 20% 
RSC, as discussed in section IV above, a 
safe drinking water level would be 20 
µg/1, corresponding to approximately 26 
pCi/1 (using the conversion of 1.3 pCi/ 
µg; this value rounds to 30 pCi/1). This 
value is below the 10-4  lifetime . 
individual cancer risk level and is 
protective for kidney toxicity, the 
limiting adverse health effect level for 
naturally occurring uranium in drinking 
water. 

The SDWA directs EPA to consider 
cost in setting MCLs. The Agency does 
not believe it would be reasonable to 
establish MCLs that would impose such 
disproportionate costs for removing 
what is effectively the same 
contaminant from drinking water. - 
Therefore. EPA proposes to set MCLs 
for radium 226 and radium 2.28 and - 
uranium at levels less stringent than 
may be technically feasible (if only 
affordability to large systems was taken 
into consideration). These levels are, for 
radium 226,20 pCi/l, for radium 228.20 
pCi/l, and for uranium, 20 µg/1. The 
proposed levels will assure that persons 
served by PWS will not be exposed to 
greater than 10-41ifetime cancer risk, 
and will for uranium also protect against 
possible kidney toxicity. 

Table 21 compares some of 
important considerations in establishing 
standards that are cost-effective with 
the same considerations at the lowest 
technically feasible level. 

EPA recognizes that setting radium 
standards at levels less stringent than 
the interim standards may be disruptive 
to some state regulatory programs. The 
interim standard for radium is 5 pCi/1 
for radium 226 and 228 combined. 
Primacy states have been implementing 
and enforcing this MCL since it was 
effective in 1976. with mixed results. A 
large percentage of water systems with 
radium problems have chronically 
exceeded the radium MCL, and continue 
to do so. States have been working to - 
bring these systems into compliance, • 
and some may view a revision olthe__ 

• radium MCLs to 20 pCi/1 for radium 226 
and 20 pCi/1 for radium 228 as - 
frustrating their program planning and 

• expectations. EPA understands these 
concerns and has considered them in its 
deliberations. The Agency believes - 
however, that it is appropriate to revise 
these MCLs in light of the fact that the 
cost of removing radionuclides from 
drinking water by removing uranium 
and radium to the technologically 
feasible limit is disproportionate to the 
cost of removing radon. 

EPA solicits public comment on this 
approach to setting MCLs. and on the 
MCL levels proposed. EPA also solicits 
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comments from systems that have 
installed or need to install treatment to 
meet the -current interim standards. 

3. Alternative MCLs. EPA has 
generally set MCLs at the lowest 
technically achievable level, with cost 
considered largely in terms of whether 
the standards would be affordable to 
large public water systems. 

Key technical information used in 
assessing the lowest feasible levels has 
been based on engineering and analytic 
chemistry capabilities, with affordability 
determinations based on the estimated 
increase in residential water bills. 

Engineering feasibility is assessed 
based on the treatments available as 
BAT, and the occurrence of the 
regulated contaminants. The BAT 
treatments for these contaminants are, 
at maximum efficiency, capable of 	• 
achieving 90% and greater removals for 
all of the regulated contaminants. Radon 
removal by aeration treatment can 
exceed 99% removal. Occurrence of the 
contaminants is reviewed in detail in  

section III of this notice. The average 
radon level in the MRS survey was 
about 800 pCi/l, with a maximum of 
26,000 pCi/l. Maximum radium 226 and 
228 levels in the NIRS survey were both 
below 20 pCi/1 (occurrence at higher 
levels is based on a statistical projection 
of the 1000 data points in MRS to the 
entire country). The maximum uranium 
level in NIRS was 88 pCi/L Based on 
treatability and occurrence, radon could 
theoretically be treated to 100 pCi/1 or 
lower in most water supply systems, 
radium 226 and 228 could be treated to 2 
pCi/I or lower in most water supplies, 
and uranium could be treated to 5 pCi/1 
or lower as described in Table 20. 

In reviewing analytic capabilities, 
EPA identifies the practical quantitation 
level, or PQL. This is the level EPA 
believes can be measured on a routine 
basis in compliance monitoring, within a 
fixed error rate (often ± 20%-40%), as 
described in section V.E. In reviewing 
the analytic capabilities, EPA 
determined that the radon PQL could be  

established at 300 pCi/l, and that 
radium 226, radium 228, and uranium 
PQLs can be set at 5 pCi/L 

The cost of treatment for removal of 
these contaminants ranges from about 
$4 per household per year (for, radon) to 
$60 per household per year for radium. 
These are costs to large public water 
systems serving 50,000 to 75,000, and 
cost to residents of small' systems would 
be higher. All of these costs are within. 
the range that IF2A considers to be 
affordable for large public water supply 
systems. 

Based on these considerations, EPA 
would consider the lowest feasible 
levels to which these contaminants 
could be regulated are 300 pCi/1 for 
radon, 5 pCi/1 for radium 226, 5 pCi/1 for 
radium 228, and 5 pCi/.1 for uranium 
(kidney toxicity by uranium is not the 
limiting factor here, as it is above) and 
15 pCi/1 for adjusted gross alpha. EPA 
solicits public comment on these levels 
as possible alternative MCLs for the 
radionuclides.. 

- TABLE 20.—BACKGROUND INFORMATION ON RADIONUCUDES 

Rn-222 Ra-226 Ra-228 U Alpha 

Lowest Treatment level (pCi/l)  <100 
300 
$a 
150 
27M 
195 

<2 
5 
560 
22 
890K 
8 

<2 
s 
$60 
26 
100K 
2.1 	• 

<5 
5 
$20 

.170 
50K 
1.6 	- 

<5 
15 
$130 
n/a 
rila 
n/a 

PO 	(pCi/l) 	 - 	... 	. t. 
Treatment Cost S/HH/yr.—Large systems. 
1x 10-4—Lifetime risk level (pCi/l) 
Pop exposed>10-1—Lifetime Risk (pre-regulation) 
Estimated drinking water casesiyr. (pre-regulation) 

Source: EPA 19911 

TABLE 21.—COMPARISON OF PROPOSED AND LOWEST FEASIBLE MCL OPTIONS 

Rn-222 Ra-226 Ra-228 Alpha 

MCI Options (pC1/1): 
Proposed... 	* 

• 

5 	. 

1X10-4 
2x10'-2x10' 

3,..02 
5 

0.38 	' - 
0.63 	. 

70 	- 
590 	' - 

$30M - 
$120M 

51.6K 
55K 

5600K 
52M 

$23M 
575M 

" 
5 	-. 	! .. 

8x10-1  

. 	: 

0.6 	; 

0.03'. ' 
0.19 	. 

40 
500 

$6M 	. 
$55M, 

53.9K' 
517K 	" 

$1.6M 
$2M 

550M 
$158M 

20&g/1 
5 

1x10'' 
3 x 10-4 

0.21 	, 
0.6 . 

0.17 
0.33. 

1500 
7200 

$55M 
$225M 

5380K- 
$700K 

$2.M 
.$4M' 

$57M 
- 

. 
15 	, 
15 

n/a 
n/a 

n/a 
n/a 

n/a 
n/a 

'130 
130 

$37M 
537M 

n/a 
n/a 

n/a 
n/a 

n/a 
n/a 

Alternate 	- 300 

2x10-4 
2x104 

so 
80 

0.41 
0.41 

26,000 
26,000 

$180M 
$180M 

six - 
51K 

520K 
520K 

$2.9M 
$2.9M 

Lifetime rislc 	• 
Proposed 
Alternate 

Cases avoided/yr.: 
ProPosed 

"Alternate 

Proposed 
Fraction of total cases avoided/yr.:  

Alternate 
No. Sys affected 

Proposed 
- 

Alternate 	. 
Total 5/yr.: 	- 

Proposed" 
Alternate ' 

$/rern(K): 
Proposed • 

• 
' 

Alternate . 
5/uCk 	- 

Proposed 	 • . 

Alternate . • 
Incr. 5/case: 

Proposed 
Alternate .............._....... 

Source: EPA 19911 
Approximately 900,000 people also, reduced to exposure level with increased probability of kidney toxicity. 
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4. Gross ,cilpha and beta 'and photon 
MCLs. Alpha and beta -mutters are -a 
way of broadly grouping a large number 
of radioactive contaminants based 'on
their reihoactive -characteristics. 
Radioactive isotopes have -c:haracteristic 
decay patterns which allow-them tobe 
identified as being primarily alpha, beta 
or photon Igainmaray) emitters 
(although many-compounds dectryby 
combination-of these routes with -one 
being predominant). AlPha-ethitters are 
primarily naturally-eccurring 
compounds, although some are man-
made 'feu& 4183:4fitoxiittn3.13eta--entitters 
are mostly man-model:pompom:Ids:bit 
some are naturally occurring (such us 
radium 228 and leed210):The-1.988 
amendments to the BIWA direct EFekto 
establish MCLs-for these two-categories 
of radioactive -r.ontaniinants Isecfion 
141Z(b7(13). 

Because They eniit •ionizingtudiation 
as they-decay,-  they are all -considered-to 
be group Alumannarcinogens,und the 
proposed MCLG for both alpha 'and 
beta/photon emitters is zero, as 
described in Section 1V-C above. 

-The etherredienuclides proposed for 
.regulation today all fall into one orthese 
categories (radium 228, radon and 
uranium are alpha (emitters,and radium 
228 is.abeta emitter). EPAlas proposed 
to set individual.-MCLs for-radon, nulium 
and uranhun because theyoccurin the 
water-of-an important number of public 
water supplies over substantial parts or 
the country. This is not true for the 
majority of radionuclides. Marrysf-the 
other alpha and beta emitters have 
never been debectedin4rinldngwater. - 
and:others -only sporadically. Many or 
the naturally occurring raciicmuclides 
.may befound.inwater because they are 
radioactive progeny of the-more 
:commonly occurring radionuclidesior 
-Whichandividnal MCLsaire being . 
proposed.' The man-made radionuclides 
may be found imarater as.-a result of 
their release from-facilities where they 
are produced, stored, used= disposed 
of. These couldlaclude nudlear power 
plants..researchrutmanufacturing 
facilities. high arIow levelzadioac& e I. 

waste disposal sites, and others. 
There are approximately2000 

xtuclidesthatrallinto these categories. 
Many ofthesehave veryahort halfflives, 
and are-.not ofmorscern in water; several 
hundred have longer half lives and could 
be important. EPA is proposing to 
regulate these contaminantsns classes 
of compounds because they all cause 
cancerbytthe ame basic.inech 'aritsm. 
Also,-EPA believes -the none of them 
Individually occur with enough 
frequency td warrant a national 
regulation, but that as groups they are  

found "frequently enough to warrant 
public health concern, and -thai 	dote 
regulation. EPA further believes that 
public water-syttems using water that is 
known to have the potential-to become 
contaminated withiruclear reactorfor 
other nuclearfacrTrty) releases, by -eithei 
scheduled orunscheduled -release, 
should-monitor for-these compomids and 
that there should be:standards in place 
to TrOtect.the public Am 	ad high levels 
occur. 

a. Gross rripha.-There is currently an 
interimAICL for alpha emitters -which 
was set as a screen for the occurrence.of 
both radium 228 and other alpha 
emitting-radionuclides that-might be 
present in drinking-water-Few water 
systems have ever exceeded -the gross 
alpha MCLlexcept-when-itis due to 
high-radimnlevelS). The-1531CM MCL 
was-intended to limit overall-exposure 
to alpha racliaticmin nrinldng-water, and 
EPAvorninues in believe 'that -it is 
important to lixrdt overall alpha emitter 
exposure.'EPAisproposingto retain but 
modify the gross alpha MCL As 
discussed inSectiortiV-C, alpha 
emitters ere-carcinogenic, -and-EPA is 
proposing to set the MCLG for.gross-
alpha at zero, in accord with EPA's - 

„general poll...Om-regulating rarcinogens 
occurring in drinking water. 
- Mast alphaem 	Ariracieg water 

•occurnaturally. Alpha emitters -other 
'than-radium -and uranium 'that 'have 
-beenround in drinking water include 
polonium and thorium as discussed in 
section 111-Frdinue.in addition, 
pininninnt sand sarnaririiirazigy  orcnr  

EPA believes the potential for 
occurrence of these contaminants 
indicates that a screening standard 
'would be 'appropriate-to 	-the 

exposure That may occur, while 
oot requiring that separate.Mas, with 
:required separate-monitoring,-be set 
The available data indicate that 
occurrence of alpha unifiers other than 
those specifically regulated (i.e. radon, 
radium-anduranium) is-infrequent-EPA 
believes -thislimitLuccinxirteans 

- . that individual, nationally applicable 
...11CLs are not warranted, hut thaisnme 
mechanism to detect potential 
-.occurrence -and 	..1,n.-e-expostrre-wlien 
-alpha emitters do occur is warranted. 
EPA believes that &gross alpha-MCL 
swaild providea -mechanism 443-clete.ct 
and reduce exposure to alpha emitters. 
While not overburdening water systems 
with monitoring requirements. 

EP-A--has -reviewed the-risks for -these 
-c.uutawinunts, -and -discusses them in 
SecfionIV-C above and-in greater detail 
in the;a1plia emitteramiteria idocturrent. 
As noted above, the MCLG for alpha 
emitters is being proposed as zero.  

because all ionizing radiation Is 
considered 'to be carcinogenic. Lifee 
risks in the lx.10-4-range for alpha 
emitters in drinking waterarel4 pCin 
for polonium, 50-125pCinfor various 
thorium isotopes, and 7 pCi/1 for 
plutonium (see appenclbc q. 

EPA has also reviewed the available 
treatment information to -determine 
what levels .ofalpha. emitters can be 
successfully removed. 'EPA has also 
conducted limited,pllot scale studies to 
better determine the treatabifity -of 
polonium IEPA..199110.13AT'lias been 
identified as reverse .osmosis. Ion 
exchange, CAC, and coagulation and 
filtration have been Shown to remove 
some of these contaminants, but data 
are inadequate to consider any or them 
BAT. RO can remove up to 99% of alpha 
emitters That nrayle,presentin.drinking 
water. 

'The analytic methods formeaauring 
alpha emitters is the gross alpha test 
(EPA-No.900.8143r smss alpha by 
coprecipitation, whenhigh amounts of 
solids Are present As discussed in 
-secfion V.D, the PQL for gross alpha is 
-ISpCitl. with ±40% error. 

While retaining the .grass alpha MCI. 
EPA proposes to revise its approach to 
this standard. Because separate Mao 
are being pmposedfor radium and 
uranium, the-gross-alpha Ma. Willnot 
-include them t the current gross alpha 
standard includes radium 225 but 	. 
excludes uranium and radon). The alpha 
emitter MCL will be defined as gross 
alphaeless,radium 228, and uranium 
{and -not including radon]. To -avoid 
confusion of the regulatory use of the 
term "gross alpha" and the laboratory 
measurement that is called gross alpha, 
EPA proposes 'to designate 'the MCL as 
"adjusted gross alpha", to indicatethat 
complienne with the gross-alpha MCL 
-would-be-determined hystmeasaring 
gross alpha and if the value exceeds the 
MCL, measuring and subtracting-nut the 
radium 226 and tuunium-contributions 
(because-ofthe-waythe -testis 
conducted, any radon initiallypresentin 
a sample would be _driven off by-the 
samplepreparation;..therefore,while the 
adjusted gross alpha measure does-not 
include radon, neither would radonhe 
subtracted from the gross alpha 
meesurement,  aswould radium 228 and 

-uranium). -EPA 	°poses -that-the 
"adjusted gross alpha" MCL would-he 
gross alpha minus radium 228 and minas 
uranium, and proposes that the adjusted 
gross 'alpha MCL be-set at 15 pCill.This 
MCI, would, overall, limit exposure to 
other radionuclides and ensure that 
risks 	Gum-alpha-emitting raclionuclides 
would not exceed the 10- 4  to 10-6  
lifetime risk range. EPA considers this to 
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be the lowest level at which it is feasible 
to set the adjusted gross alpha MCL, 
bounded by i0-  lifetimerisk. 

EPA recognizes that there could be 
situations in which several 
radionuclides occur together in drinking 
water. Based on the data available 
today, it appears unlikely that 
radionuclides will co-occur at levels 
near the proposed MCLs. Therefore, the 
potential for overall risks to be greater 
than 10-4  appears small. EPA solicits 
public comment on its proposed MCLs 
in regard to possible co-occurrence of 

•
. 

radionuclides and possible approaches 
to ensuring that overall risks do not rise 
above the 10-4  leveL 

Assessing the impacts of the proposed 
adjusted gross alpha MCL is difficult 
due to uncertainties in the available 
data, and also because of its "screening" 
nature. As a worst case, EPA estimates 
that up to 130 systems could exceed an 
adjusted gross alpha MCL of 15 pCi/l, 
and believes the actual number of 
systems would be far below that , 
number. No violators of the current 
gross alpha MCL have been identified in 
a search of the EPA compliance data 
base. 

b. Beta and photon emitters. There are 
over 200 beta and photon emitters 
covered by this regulation (see appendix 
B). Most of these are man-made isotopes 
and are the waste from nuclear power 
plants, medical industry, nuclear 	- 
weapon development, and other 
industries. The Agency regulated the 
beta and photon emitters as a class in 
the NIPDVVRs with an MCL of 4 mrem 
per year effective dose equivalent 	• 
(whole body or any organ), and 
proposes to retain the interim standard 
as a final MCL. 

Strontium-90, strontium-89, cesium 
134, cesium-137, iodine-131, and cobalt-
60 are the beta emitters with the highest 
toxicity. These are also the most likely 
to be found in reactor releases or 
accidents. 

Ion exchange and reverse osmosis are 
capable of removing up to 99% of these 
isotopes, with several exceptions. Only 
reverse osmosis is capable of removing 
iodine. Also, while there is no treatment 
for tritium other than use of an alternate 
water source,,EPA considers an 
alternate water source (including bottled 
water) to be BAT for this limited 
purpose. Both ion exchange and reverse 
osmosis may be used to remove mixed 
commercial radionuclides. The 
treatment cost varies between $330 to 
$540 per household per year for a small 
system and between $84 to $230 per 
household per year for a large system. 

Beta emitters are measured by the 
gross beta method (EPA No. 900.0), 
which has PQL of 30 pCi/l. 

At the time of the interim standards. 
there was great concern about the 
fallout of strontium 90 (and others) from 
above-ground nudear tests. Since the 
ban on above-ground tests in 1964, 
environmental levels have declined and 
the concern now has shifted more 
toward water which is vulnerable to 
radionuclides released from industrial 
and governmental (DOE) facilities and, 
to a lesser degree, landfills. Controls are 
in place for discharges from these 
sources under the Clean Water Act, 
RCRA. and NRC and DOE regulations. 
These regulations are intended to be 
protective of the environment and public 
health. The drinking water standard• 
under these conditions becomes an - 
adjunct to these release restrictions, and 
establishes values which would be used 
in case of an accident or unscheduled 
release, where these regulations are 
violated. EPA nonetheless believes it is 
necessary and appropriate to establish 
the beta and photon emitter MCL to 
ensure protection of public health in - 
these circumstances, and is required to 
set such a standard by the 1986 - 
amendment to the SDWA, which liked 
beta emitters as among the 83 
contaminants for which MCLs must be 
developed. 

The Agency is proposing to set the 
beta MCL at 4 mrem ede per year. The 
individual lifetime risk at 4 mrem ede/ 
year is estimated to be approximately 
1 x10-4. 

One naturally occurring beta emitter 
of potential concern is lead-210. Lead-
210 is the first long lived progeny of 
radon-222, and could be anticipated to 
co-occur in ground water where radon 
occurs. However, there are few data on 
lead-210 occurrence in water, and 
modeling exercises of lead movement 
through the environment indicate that 
low levels (mass) of lead may bind to 
soils and be unavailable to water (EPA, 
1986e). Because data on which to base 
risk and regulatory impact estimates are 
lacking, EPA is proposing to require 
unregulated contaminant monitoring for 
lead-210, as discussed below, and - 
consider it for possible regulation in the 
future. 	 ••.. - 

G. Proposed Monitoring and Reporting 
Requirements 

Compliance monitoring requirements - 
are being proposed for determining 
compliance with the MCLs. In 
developing the proposed compliance 
monitoring req-uir' ements for these 
contaminants, EPA considered: 

(1) The likely source of contamination 
of drinking water, 

(2) The differences between ground 
water and surface water systems, 

(3) The collection of samples which 
are representative of consumer 
exposure. 

(4) The economic burden of sample 
collection and analysis, 

(5) The use of historical monitoring 
data to identify vulnerable systems and 
to specify monitoring requirements for 
each of the individual systems, 

(6) The limited occurrence of some 
contaminants, and 

(7) The need for States to tailor 
monitoring requirements to site-specific 
conditions. 

A major goal has been to make these 
monitoring requirements consistent with 
the monitoring requirements for other 
regulated drinking water contaminants 
as described in the standardized 
monitoring requirements. EPA wants to 
develop monitoring requirements that 
will meet the statutory goal of ensuring 
compliance with the MCLs while 
providing efficient utili7ation of State 
and utility resources. The monitoring 
program will focus on targeting the 
monitoring efforts in individual water 
supply systems to the contaminants that 
are likely to be present The general 
approach taken by EPA includes: 

• Providing latitude to the States to 
target monitoring efforts based on 
vulnerability of the system to a 
particular contaminant if its occurrence 
is not widespread and thus avoiding 
unnecessary monitoring efforts. 

' 	• Allowing the use of recent 
monitoring data in lieu of new data if 
the system has conducted a monitoring 

• program using reliable analytical 
methods. 	. 

• Allowing the use of historical 
monitoring data meeting specified 
quality requirements and other available 
records to make decisions regarding the 
vulnerability of a system to , 	. 
contamination.- 	, 

• Requir' ing all vulnerable systems to 
" conduct repeat monitoring unless the 

system demonstrates that its 
vulnerability status has changed. 

' 	• Designating sampling locations and 
frequencies that permit simultaneous . 
monitoring for all regulated 
contaminants, whenever possible and 
advantageous. 	- 

• Requiring that samples be taken 
during high vulnerability times. 

- 	EPA is proposing to require 
' monitoring to begin at the start of the 

next 3 year period after the regulation is 
effective, which is January 1, 1996, in 
accord with the standardized monitoring • 
requirements. However, under Section 
1445, monitoring, reporting, and 
recordkeeping regulations which may be 
used to assist in determining compliance 
may be made effective on the date that 
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systems are not:required:to testior 
radon. 

Only systemsdesignatedas 
vulnerable wouhl be :required tomnonitor 
gross betafor beta and photon emitters. 
Vulnerability for beta and paroton 
emitters would be .determined by-states, 
and wouldbelutsed on the proximity of 
the system to potential sources of:man-
made madionunlides, such as nuclear 
powerfacilities.-imivemities or other 
researchirtthlitipq  -or orrtprinfirrtunue:  g 
facilities that-nse rarlioactivematerird. 
or radioactive waste dirposalisites (for 
eitherthigh or low levelwaste)..EPA 
suggests a 15.mileradius amundsuch 
facilities as the vulnerable area for 
purposes. otrequiringgross beta 
monitoring. 

tvia.ixceedences would-trigger 
increased manitoringmequirements, 
which =arid be reducedto thebase 
mcaritoringrequiremeats !once 
compliance-with the MCL is re-
established. 

Became these ccartnintml Tits  present 
risks fromlong4erm. chronic'exposure, 
only community.smdson-sormnunity, 
non-transient public watersupplies 
would be required bxmonitorfor 

1.1todon.—a. Radon monitoring for 
surface water supplied systems. - 
Systems relying exclusively en surface 
water as theirwatersource would not 
be required-tosample Ica-radon. 
Systems that rely in:part on-ground 	.. 
water would be considered groundwater 
systems forpourposeu.of-radon 
monitemg:Systems-thatinseground 
water tompplemeni-surfacenurder - 
during low-flowperiods would:be 
required to monitorfinishedwaterat : 
eachentry point to the distribution 
system forvadonduringperiods of 
ground-water:nse..accordingto the 
groundwaternmnitoringimprirements. 
Also..groundwater mtderltheinfluence 
of surface water wool:Ile:considered 
grourtd-waterior this regulation. • - 

b.B.orlonsnanitoring for;grcumd water 
systems. Systems:relying-wholly ar in.: 
part:onluonnd watersironklirexequired . 
to sample for.rwion quarbulyfor one 
yearatescb.-wellerentry-point to the • 
distribution system. If the average of all 
firstyear samples at each well ,is below 
the MCL, monitoring wmild be reduced 
to one sample annually per well orentry 
point to.1he:dish-4mq= system  All 
samples-would be required to-be of 
finished water, as it enters the 
distribution system and -after any 
treatment 

c. Radon compliance and -increased 
and rlecreased :monitornigrequiraments. 
Compliance would be determined:based 
on an average of 4 quarterly samples In 
the initial year -ofraonitoring, and 

the regulation -is finalized. EPA -solicits 
public comment:on the effective:date for 
the monitoring requirements, 
particularly whether monitoring should 
begin before January 1. 1996. 

Surface water systems must sample at 
points lathe •distribution system•which 
• are representative of:each source ie., .at 
each entry point to the distribution 
system :which is located lifter any 
treatment and which is 'epresentativeof  
each source.The number-of samples will 
be-determined byllre number of sources 
or treatment plants. Sampling murit be 
done atientry pdirsts to the distribution 
system forgroand-water systems-and 
the number-of samples will be 
determined by the nuniber of entry 
:points. This-approacth Will make it-easier 
to identify possible contaniinated 
sources {wells) within a system. in both 
:surface and ground water-systems, the 
;proposed sampling locations are such 
that the same sampling locations may be 
used for the collection-of samples for 

- other source-related contantinants-such 
as the volatile organioillenficals and 
inorganic chemicals, which-simplifies 
sample-ccillection efforts. 

Because of -the large nuniher of 
regulations for tfrinldng water 
-contaminants-that:have-been developed 
in recent years, EPA recently sought to 
coordinate contaminant monitoring *to 
simplify the requirements imposed on 
public water systems:This coordination 
is called the standardized monitoring 
framework. EPA announced this 
framework in :Tannery of.1991.156TR 
3528-3597;january30,19911-and'held a 
public meeting to discuss the concept 
and solicit public comment Reaction of 
the water supply Industry was ,generally 
favorable. and EPAlias proceeded to 
Implement the standardized monitoring 
framework in the context ofindiVidual 
rulemaidngs f56 FR 3526, January '30,. 
19911 The monitoringsepiirements Tor 
the radionuclides regulations will rely 
on the basic structure riegcribed in. the 
documents. on standartlized.monitoring. 
Initial monitoringvallegin with-the 
-compliance period that-begins ianuaryl.. 
1996, and wouldberepiked to be 
.completedbylanuary 1,1999,EPA 
solicits public comment nuthe use lithe 
StandardizedIqcuiitoring.scheme Tor :the 
radionuclides.regulations. 
• The monitoring requirements for the 

different radionuclides would vary 
depending on their likely-occurrence. 
For-example for ration,,allground water 
systems would -be required-to collect 
one sample from each -entry point -to the 
distribution-system quarterly at first and 
annually after compliance is 
established. whereas -surface -water  

alynnal  samples in the.seccuad-and third 
years of the first-compliance period. The. 
reported values Irrillier than the bottom . 
of the error band associated with the 
measurements) would be averaged 
together; systems-with-averages 
exceeding ZOO pCi/latany well or 
• sampling point would-be deemed to he 
out ofoompliance..Systems exceeding 
the 1:4CL wouldbe required to monitor 
quarterly turril the average of 4 
consecutive samples are less than the 
MCI-Systeme-would thenbe -allowed to 
reduce monitoring -to one santi4e - 
annnallyperwell orsamplingpoint. 
States would be allowed to-reduce 
monitoring requirements to one sampla 
per three-year compliance period pP- - 
_well or-sampling-point if -the-state 
determines that the system-is reliably 
and -consistently below-the MCL 	• 
Systems-monitoring amnia-11y or-once 
per three year-compliance period that 
exceed the radon-MCLin a single 
sample woUld be required to revert to 
quarterly mcmitoring entff the-average -of 
4 consecutive samples-is lessthan the 
MM. Ground water-systems with 

• unconnected-wells would be -required to 
conduct increased monitoring only at 
those wellsexceedingthe MCI.. 

EPA is .propoiing.more frequent 
monitoring.for radon fhanforthe other 
railionuctirieRlecause levels arelmowat 
to vary diurnally and.ov.er  thecourseuT 
a year. Variability maybe 100% or-more. 
EPA solicits public _comment DB the 
proposedradommonitoring  
requirements. and on the advisability of 
allowing.uptomine yearsbetween 
samples, and thermite_riathatmig,htbe 
used Midentffyaystems very.unlilcely 

• exceed the MCL Tor which monitoring 
once exery.niney-ears may be adequate. 

2.4Gross Alpha, Radium-228and 
Uranium. Ali ground water and surface 
water-systems-would besequired-to 
monitor annually.  forgrosselpha., and4 
the gross alpha measurement exceeds 
the -MCL forraditun 2.26 and/or-uranium. 

• specificanabsesior the rontaminangs). - 
exceeding thelytaisvouldberequired. 
Systems *mild bemequired tosample • 

- each-will= entry pointlothe • • 
distribution system.Samples-swirddle 
of finished waterlifterany treatment. - 
Systemstexceedingthella.-would: be 
required tuumnitorquarterlyanitilfour 
consecutivesamples.were less than the 
MCL.Forsystemunotexceediogthe • 
MCL after three consecutive :annual 
samples.are mkensampling :waddle 
reduceddo onesampleper three-year 
compliance perkuiStates•would:be 
allowed/to-reduce monitoring to once 
per nine-year conpliance cycle if the 
state deterraines fita_ta system 
consistently and reliably meets the 
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MCL Systems with unconnected wells 
would be required to conduct increased 
monitoring only at those wells 
exceeding the MCI. 

Gross alpha measurement would be 
used both to determine compliance with 
the adjusted gross alpha MCL and as a 
screen for radium 226 and uranium, 
provided the analytic requirements 
described in section V.13 are met. These 
requirements include appropriate • 
calibration of equipment to ensure that 
neither radium 226 or uranium are. 
underestimated by the screen. 
Compliance determinations for adjusted 
gross alpha, radium 226 and uranium 
based on gross alpha measurements are 
listed in Figure 2. Adjusted gross alpha 
is defined as the gross alpha 
measurement less radium 226 and less 
uranium. Because the adjusted gross 
alpha MCI. is less than the radium 226 
and uranium MCLs, one or both of these 
may need to be specifically analyzed to 
determine adjusted gross alpha 
compliance even though the gross alpha 
screen indicates that both the radium 
226 and uranium MCLs have been met 
(i.e., if the gross alpha is between 15 and 
20 pCi/1). 

Systems with gross alpha less than 
the radium 226 or uranium MCLs would 
be considered to be in compliance with 
those respective MCLs. Specific 
analyses of either or both contaminants 
would be required if the gross alpha 
measurement exceeds the respective 
MCL 

For adjusted gross alpha, radium 226 
and uranium, compliance would be 
based on the average of an initial 
sample exceeding the MCL and a 
confirmation sample (as the reported 
values, not the lower bound of the error 
band associated with the measurement). 

EPA solicits public comment on the 
proposed radium 226 and uranium 
monitoring, and use of the gross alpha 
screen for these contaminants, 
especially in light of the fact that the 
uranium MCL is proposed to be set 
based on mass rather than activity 
measurements. 

3. Radium-22.% All ground water and 
surface water systems would be 
required to monitor annually for radium 

• 228. Systems would be required to 
sample each well or entry point to the 
distribution system. Samples would be 
of finished water after any treatment. 
Systems exceeding the MCL would be 
required to monitor quarterly until four 
consecutive samples were less than the 
MCL For systems not exceeding the 
MCL sampling would be reduced to one 
sample per three year compliance period 
after three consecutive annual samples 
are below the MCL States would be 
allowed to reduce monitoring to one  

sample per nine year compliance cycle if 
the state determines that a system 
consistently and reliably meets the 
MCL. Systems with unconnected wells 
would be required to conduct increased 
monitoring only at those wells 
exceeding the MCL. 

Gross beta measurement would be 
allowed to serve as a screen for radium 
228 levels. Systems with gross beta 
levels less than the radium 228 MCI. 
would be considered to be in - - 
compliance with the radium-228 MCI.. 
Systems with gross beta levels 
exceeding the radium-228 MCI. would be 
required to measure radium-228 
specifically. 

For radium-228, compliance would be 
based on the average of an initial 
sample exceeding the MCL and a 
confirmation sample (as the reported 
values, not the lower bound of the error 
band associated with the measurement). 

4. Beta and photon emitters. Because 
of revisions in the estimated drinking 
water concentrations of various beta 
and photon emitters that correspond to 
a yearly dose of 4 mrem ede, EPA is 
proposing to revise and simplify the 
monitoring requirements for beta and 
photon emitters. The revised estimates 
in general allow for less specific 
monitoring and greater reliance on the 
gross beta screen. In addition, because 
of the special vulnerability 
circumstances which Could result in the 
presence of man-made beta emitters in 
drinking water, monitoring more 
frequent than that required for other 
contaminants under the standardized 
monitoring program is being proposed. 

The current gross beta monitoring 
program requires all vulnerable PWS 
and all systems serving 100,000 or more 
persons to perform a screen plus specific 
analyses for several contaminants EPA 
proposes to revise these requirements so 
that only vulnerable systems would be 
required to perform gross beta 
monitoring. States would make the 
vulnerability determination for each 
PWS, and it would be based on the 
proximity of the water source for the 
system to facilities using or producing 
radioactive materials. EPA suggests that 
all systems within a 15 mile radius of 
these facilities be considered 
vulnerable, as well as systems using a 
water source clearly influenced by such 
a facility. All systems using water that 
could be influenced by releases (either 
scheduled or unscheduled) from 
facilities such as nuclear power plants, 
Department of Energy nuclear facilities, 
Nuclear Regulatory Commission 
licensees, low or high level nuclear 
waste storage or disposal facilities, or 
other facilities using or making 
radioactive material should be  

considered vulnerable. Monitoring could 
be required of either surface or ground 
water dependent systems, depending on 
their vulnerability. 

EPA considered two gross beta 
monitoring programs. Under the first 
alternative, the current 50 pCi/I screen 
for presumptive compliance, along with 
additional specific monitoring for tritium 
and strontium 90 would be required. If 
the 50 pall screen were met, and 
tritium and strontium were individually 
and combined below the 4 mrem ede 
value, the system would be considered 
to be in compliance. The beta screen 
would be required quarterly and the 
tritium and strontium would be required 
annually, as described in Figure 3. 
Under the second alternative, the beta 
screen would be set at the gross beta 
PQL of 30 pCi/L, and only specific 
analysis of tritium would be required. 
The screen would be required quarterly 
and the tritium analysis annually. 
Because of the vulnerable status of 
these systems, no reduced monitoring 
would be allowed. Under either 
alternative, water suppliers would be 
required to identify the particular 
contaminants present if the screen is 
exceeded, and add the estimated doses 
including tritium and strontium 90 under 
the first alternative to ensure that the 4 
mrem ede MCL is not exceeded. The 
values in Appendix B would be used to - 
perform this calculation. EPA believes 
that either of these monitoring plans 
would ensure the safety the public 
served by vulnerable water supplies. 

EPA proposes to establish the first 
alternative, of retaining the 50 pCi/1 
screen for presumptive compliance with 
the gross beta MCL and specific 
analyses for tritium and strontium 90 
(because 50 pCi/I would not adequately 
screen for tritium and Sr-90 at the 4 
mrem ede level). EPA solicits public 
comment on reducing the screen to 30 
pCi/1 and eliminating the strontium 90 
measurement 

5. Monitoring schedule. In order to 
moderate demand on analytic 
laboratories, the monitoring 
requirements for determining 
compliance with these regulations 
would be phased-in over a 3 year period. 
States would determine the schedule for 
phasing in monitoring, but all systems 
would be required to have performed 
their first year of sampling by the end of 
the first 3 year compliance period (i.e, 
December 31, 1998). 

6. Grandfathering data. Interim MCLs 
have been in place and analytic 
methods available for radium, gross 
alpha and beta and photon emitters 
since 1976. Validated analytic methods 
for other radionuclides, including 



33106 	Federal Register / Vol. 56, No. 138 [Thursday, July 18, 1991 / Proposed Rules 	, 

uranium, have also been available since 
then. Most water supply systems that 
would be covered by these proposed 
regulations have been monitoring for the 
regulated contaminants for several 
years. Data collected in compliance with 
the interim MCL requirements (Le., 
analyses by certified laboratories) 
would be allowed to be used to 
determine compliance with the proposed 
MCLs. While no EPA-approved radon 
analytic method has been available, 
EPA recognizes that many water 
supplies have conducted some radon 
monitoring in recent years. Data on 
radon occurrence generated using  

methods and with laboratory 
performance similar to those proposed 
here would be allowed to be used to 
determine compliance, at the discretion 
of the State. 

7. Monitoring for unregulated 
contaminants. As discussed above, 
available data are inadequate to 
determine whether lead-210 occurs 
frequently enough to warrant public 
health concern. EPA is therefore 
proposing to require all community and 
non-community, non-transient public - 
water systems to collect one sample 
from each well or entry point to the-
distribution system, after any treatment,  

and analyze the sample for lead-210. 
States may require systems to collect 
one confirmation sample. All regulated 
systems would be required to collect 
and analyze one sample for lead-210, so 
that adequate data on which to assess 
exposure may be obtained. EPA solicits 
public comment on this proposed 
monitoring for unregulated 	• 
contaminants. 

EPA solicits public comment on the 
proposed monitoring requirements 
described above. 
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FIGURE 2. GROSS. ALPHA SCREENING 
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FIGURE 2. GROSS ALPHA SCREENING (Continued)  
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FIGURE 3. GROSS BETA SCREENING OPTIONS  
Option 1: Higher Screening Level 

MONITOR QUARTERLY 	 MONITOR ANNUALLY 
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FIGURE 3. GROSS BETA SCREENING OPTIONS (Continued)  

Option 2: Low Screening Level 
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H. State Implementation 
The Safe Drinking Water Act provides 

that States may assume primary 
implementation and enforcement 
responsibilities. Fifty-four out of 57 
jurisdictions have applied for and 
received primary enforcement 
responsibility (primacy) under the Act. 
To implement the Federal regulations for 
drinking water contaminants, States 
must adopt their own regulations which 
are at least as stringent as the Federal 
regulations. This section of today's 
proposal describes the regulations and 
other procedures/policies that States 
must adopt to implement today's 
proposed rule. EPA has recently revised 
its program implementation 
requirements of 40 CFR part 142, on 
December 20, 1989 (54 FR 52126), and on 
June 3, 1991 (58 FR 25046). 

Tnimplement today's proposed rule, 
States will be required to adopt the 
following regulatory requirements: 
When they are promulgated: 141.25, 
Radionuclide Sampling and Analytical 
Requirements; § 141.32, General public 
notice requirements: § 141.44, Special 
monitoring for radionuclides; and 
§ 141.64, MCLs for Radionuclides. 

In addition to adopting drinking water 
regulations no less stringent than the 
Federal regulations listed above, EPA is 
proposing that States adopt certain 
requirements related to this regulation in 
order to have their program revision 
application approved by EPA. In various 
respects the proposed NPDWRs provide 
flexibility to the State with regard 'tó 
implementation of the monitoring 
requirements by this rule. 

Today EPA is also proposing changes 
to State recordkeeping and reporting 
requirements. EPA's proposed changes 
are discussed below. EPA requests 
comments on these proposed 
requirements. 

1. Special primacy requirements. To 
ensure that the State program includes 
all the elements necessary for an 
effective and enforceable program, the 
State's request for approval must - 
contain the following: 

(1) If the State issues waivers, the 
procedures and/or policies the State will.  
use to conduct and/or evaluate 
vulnerability assessments; . 

(2) The procedures/policies the State 
will use to allow a system to decrease 
its monitoring frequency; and 

(3) A plan that ensures that each 
system monitors by the end of each - 
compliance period. 

2. State recordkeeping. The current 
regulations in § 142.14 require States 
with primary enforcement responsibility 
to keep records of analytical results to  

determine compliance, system 
inventories, sanitary surveys, State 
approvals, enforcement actions, and the 
issuance of variances and exemptions. 
In this rule, States would be required to 
keep additional records of the following: 
(1) Any determination of a system's 
vulnerability to contamination by beta 
and photon emitters due to proximity of 
an emitting source; and (2) any 
determination that a system can reduce 
monitoring for gross beta, uranium, 
radium 226 or 228 or increase monitoring 
frequency. The records must include the 
basis for the decision, and the repeat 
monitoring frequency. 

Systems that are located within a 15 
mile radius of a nuclear facility, or 
hospitals or other locations that use, 
store or dispose of radioactive material 
should be considered vulnerable to 
contamination, and therefore, monitored 
more closely. Systems that are found not 
to be vulnerable to contamination will 
be listed as such. This information will 
be available to EPA for review in a 
similar manner to current records kept 
by the State. 

3. State reporting. EPA currently 
requires in § 141.15 that States report to 
EPA information such as violations, 
variances and exemption status, 
enforcement actions, etc. EPA proposes 
in this notice that in addition to the 
current reporting requirements. States 
report to EPA: 

(1) A list of all systems on which the 
State conducted a vulnerability 
assessment, the dates of those 
assessments, the results of that 
assessment, and the basis for that 
determination; and 

(2) A list of all systems on which the 
State is requiring repeat monitoring for 
Gross beta particle and photon emitters, 
the results of that assessment, and the 
basis for that determination. 

EPA believes that the State reporting 
requirements contained in this proposal 
are necessary to ensure effective 
oversight of State programs. Public. 
comments comments on these proposed State 
reporting requirements are requested. • 
EPA particularly requests comments on 

' whether the proposed reporting 
requirements are appropriate. 

I. Variances and Exemptions 
1. Variances. Under section 

1415(a)(1)(A) of the SDWA, a State 
which has primary enforcement 
responsibility (i.e., primacy), or EPA as 
the primacy agent, may grant variances 
from MCLs to those public water 
systems that cannot comply with the 
MCLs because of characteristics of the 
water sources that are reasonably 
available. At the time a variance is  

granted, the State must prescribe a 
compliance schedule and may require 
the system to implement additional 
control measures. The SDWA requires 
that variances may only be granted to 
those systems that have installed BAT 
(as identified by EPA). However, in 
limited situations a system may receive 
a variance if it demonstrates that the 
BAT would only achieve a de mirdmis 
reduction in contamination (see 
§ 142.62(c)). Furthermore, before EPA or 
a State may grant a variance, it must 
find that the variance will not result in 
an unreasonable risk to health to the 
public served by the public water 
system. The levels representing an 
unreasonable risk to health for each of 
the contaminants in this proposal will 
be addressed in subsequent guidance 
(see discussion below). In general, the 
unreasonable risk to health (URTH) 
level would reflect acute and subchronic 
toxicity for shorter-term exposures and 
high carcinogenic risks for long-term 
exposures (as calculated using the 
linearized multistage model in 
accordance with the Agency's risk 
assessment guidelines; See URTH 
Guidance, 55 FR 40205, October 2, 1990). 

Under section 1413(a)(4), States that 
choose to issue variances must do so 
under conditions, and in a manner, 
which are no less stringent than EPA 
allows in Section 1415. Of course, a 
State may adopt standards that are 
more stringent than the EPA standards. 
Before a State may issue a variance, it 
must find that the system is unable to (1) 
join another water system. or (2) 
develop another source of water and 
thus comply fully with all applicable 
drinking water regulations. 

EPA specifies BATs for variance 
purposes. EPA may identify as BAT 
different treatments under section 1415 
for variances than BAT under section 
1412 for MCLs. EPA's section 1415 BAT 
findings may vary depending on a 
number of factors, including the number 
of persons served by the public water 
systems, physical conditions related to 
engtdeering feasibility, and the costs of 
compliance with MCLs. 

Section 1415 Best Available 
Technology for Radionuclides. Table 22 
shows the BATs that EPA is proposing 
for variance purposes under section 1415 
for radionuclides. EPA has not proposed 
coagulation/filtration or lime softening 
as BAT for small systems (i.e., those 
systems .s.500 connections) for the 
purpose of granting variances because 
they are not technologically feasible for 
small systems, as discussed below. 



33112 Federal Register / Vol. 56, No. 138..! Thursday, July 18, 1991 1  Proposed Rules 

TABLE 22.—PROPOSED BATS FOR 

VARIANCES UNDER SECTION 1415 

Contaminant 
	

BAT 

Radon 222 	  1 
Radium 226 	  2. 3. 4. 
Radium 228 
	

2. 3, 4. 
Uranium (N) 	  2.3.4.5. 
Alpha particle emitters 	  3 
Beta particle and Photon emitters- 3.8. 

Key to BAT= 
1=Aeration: Packed Tower, spray, slat tray and 

other forms. 
2=km-exchange. 
3=Reverse osmosis. 
4=Urne softening except for systems serving 
500 connections. 
5=Coagulation/filtratiorz except for systems serv- 

ing 500 connections. 
6=Mixed bed ion exchange. ' 

Coagulation/filtration and lime 
softening for radionuclides (i.e., 

.0.41 	uranium. radium-226 and radium-228) 
involve a greater degree of complexity 
than is required for removing 
conventional contaminants (i.e., 
turbidity removal). These differences 
result in increased operating time and 
level of expertise needed to operate 
coagulation/filtration and lime softening 
systems. Specific differences include: (a) 
Generally higher pH requirements for 
lime softening removal of radium and • 
specific-pH -control for coagulation of 
uranium; (b) higher doses of chemical-
coagulants or lime for precipitation of 
radionuclides than for conventional 
turbidity removal or lime softening. 
which can complicate treatment 
operations with respect to chemical 
supply, and waste by-product (sludge) 
management and (c)larger 
sedimentation basins andpossilale two-
stage processes lone for turbidity 
softening and one for radionuclides 	' 
precipitation). Consequently. 	• 
coagulation/filtration and lime softening 
treatment are considered too complex in 
terms of operating time and levels of 
technical and managerial expertise 
usually available-at small systems. - 

Costa atin.stalling and.operating some 
of the BATs listed in Table.22 (reverse. 
osmosis and ion exchange) are ligh.for 
small systems relative to costs for-large-
systems. as shown by EPA estimatesin• 
tables 7-through 9. EPAois requesting - 
.omment on these technologies as am 

for variance purposes for small systems. 
EPA is continuing to evaluate what 
costs are reasonable for public water 
systems and in this regard. commenters 
are.encouraged to provide abash, for 
their statements on what should . 
cunstitute BAT for small systems. 	• 

With regard to BAT established under 
section 1415, EPA is requesting comment 
on: (1) Whether other technologies 
should be considered BAT undersection 
1415 for radionuclides; (2) whether it is  

appropriate to exclude coagulation/ 
filtration and lime softening for small 
systems; and (3) the appropriateness of 
reverse osmosis (RO) and ion exrhange 
as BAT under section 1415 for small 
systems. EPA notes that RO offers the 
benefit of multiple contaminant removal 
and desalting, which makes RO 
technology especially attractive for 
some drinking water systems, including 
small systems. EPA-also notes that ion 
exchange offers the benefit of water 
softening (i.e., removal of hardness) 
where hard water conditions prevail. 

Use of POU devices and bottled 
water. Under section 1415(a)(1)(A)(ii), 
the State is to prescribe a schedule for 
implementation of any additional 
control measures it may require. The 
State-may require the use of POU 
devices, bottled water, or other 
mitigation measures as an "additional 
control measures" during the period of a 
variance, as a condition to receiving the 
variance, if an unreasonable risk to . 
health exists. The use-of POU devices 
and bottled water would not be allowed 
for radon; only point of entry devices 
would be allowed for radon. 

POU devices fail to treat water for the 
most significant risk from radon in 
water, the inhalation risk. EPA also 
recognizes that the use of POU devices 
to reduce levels of radon in water could 
present problems of disposal of the 
devices when their useful life is over. To 
prevent potential disposal problems, 
and to ensure that treatment required 
under variance provisions reduces risks. 
EPA is proposing to disallow the use of 
POU devices for radon for granting 
variances. Public comment on this 
proposed disallowance of POU devices 
-to remove radon is requested. 

2. Exemptions. Under Section 1416(a), 
EPA or a State may exempt public water 
systems from any requirements 
respecting an MCL or treatment 
technique requirements of an NPDWR. if 
It finds that-(i) due to compelling factors 

' (which may include economic factors). 
the PWS is-unable to comply with the 
requirement (2) the exemption will not 
result in an 'unreasonable risk to human 
health; and (3) the PINS was in 
operation on the effective date of the 
NPDWR, or for .a system which was not 
in operation by that date, only if no 
reasonable alternative source of 
drinking water is available to the new 
system. 

If EPA or a State-grants an exemption 
to a public water system, it must at the 
same time prescribe a schedule for 
compliance (including increments of 
progress) and implementation of 
appropriate-control measures that the 
State requires the system to meet while  

the exemption is in effect Under section 
1416(2)(A), the schedule must require 
compliance within one year after the 
date of issuance of the exemption. 
However, section 1416(b)(2)(B) states 
that EPA or the State may extend the 
final date for compliance provided in 
any schedule for a period not to exceed 
a total of three years, if the public water 
system is taking all practicable steps to 
meet the standard and one of the 
following conditions applies: (1) The 
system cannot meet the standard 
without capital improvements which 
cannot be completed within the period 
of the exemption; (2) in the case of a 
system which needs financial assistance 
for the necessary implementation, the 
system has entered into an agreement to 
obtain financial assistance; or (3) the 
system has entered into an enforceable 
agreement to become part of a regional 
public water system. For public water 
systems which do not serve more than 
500 service connections and which need 
financial assistance for the necessary 
improvements, EPA or the State may 
renew an exemption for one or more 
additional two-year periods if the 
system establishes that it is taking all 
practicable steps to meet the 
requirements noted above. Section 
1416(b)(2)(C). 

Under section 1416(d), EPA is required • 
to review State-issued exemptions at 
least every three years and, if the 
Administrator finds that .a State has, in 
a substantial number cf instances, 
abused its discretion in granting 
exemptions or failed to prescribe 
schedules in accordance with the statute 
after following various procedures, the 
Administrator may revoke -or modify • 
those exemptions and schedules. EPA 
will use these procedures to-strictly 
scrutinize exemptions from the MCLs 
granted by States and, if appropriate, 
will revoke or modify exemptions 
granted. 

As a condition for receiving an 
exemption. the State may require the 	• 
use of POU devices or bottled water for 
the duration of the exemption. The 
conditions are the same as those 
referenced in the variance section. 

3. Unreasonable risks to health 
(M77). As a part of the variance and 
exemption granting process, States must 
determine whether granting such a 
variance or exemption will pose an 
unreasonable risk to the health of the 
population served. While the granting of 
variances and exemptions, and the 
inherent URTH assessment, are State 
determinations, they occur within the 
overall context of State primacy and 
EPA oversight of the State's 
administration. EPA has therefore 
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developed guidance to assist 'States hi  
malting UfrTH determinations .(EPA, 
1900k), and published a draft of the 
guidance for public .comment. For 
carcinogens, the draft guidance 
recommends that URTH be set at the 
top of. EPA's risk range that is generally 
considered acceptable, 10-ilifetimerisk. 
Because EPA is proposing .toregulate 
these contmnimmts at the inost most-
effective level, bounded by ltr4risk,..the 
URTH values could be equal to the 
propesedMaa, except for adjusted 
gross alpha and uranium. Adjusted gross 
alpha is a -sareening* 101CL: an'URTH 
should not be considered to exist unless 
the individual contaminants in the 
adjusted grass. alpha .sample .exceeiLa 
10-4xisk. Uranium is being regulated 
based-on its kidney toxicily; URTH 
guidance would need to be developed 
for uranium based on this toxic end 
point. 

EPA solicits public romment on this 
approach to establishing URTH 
guidance for radionuClides. 

VI. PublicliaticaRequinenents 
Under section 14141c)(13 of the Ant, 

each owner or operator of a public 
water system mustgive notice to 
persons served by it of {I) any violation 
of any;MCL, treatment technique 
requirement, or testistgprovision 
presrxibedbyenINPDWR:(2):failure-to 
comply with any monitoring requirement  

under section 1445(a) of the Act (3) 
existence of a variance or .exemptiorc 
and (4) failure tocamply with the 
requirements of e schedule prescribed 
pursuant to a variance •orincemption. 

The 1988 amendments reqtiired that 
EPA amend its currentpublic 
notification regulations to provide for 
different types and frequencies of notice 
based on the differences between 
violations which are intermittent-or 
infrequent and violations which are 
continuous or frequent, taking into 
account the seriousness-deny potential 
adverse health effects athichmay be 
involved. EPA promulgated regulations 
to revise the public notffication 
requirements on October 28, 1987 (52 FR 
41534).The -revised regulations state 
that violations of an MCI, treatment 
technique or variance or exemption 
schedule ("rier 1 violations") contain 
health effeetc  language specifi.' edbylEPA 
which concisely andin non-tachnical 
terms -conveys to the public the adverse 
health effects thatmay recurasa result 
of the violation.Statesand water 
utilities remain free to add additional 
information to each notice, as deemed 
appropriate forspecific situations:This 
proposed rule contains specEtchealth 
effects language forthe contaminants.  • 
which are in today's proposed 
rulemaking. EPAbelieves that the 
mandatory health effects Ifingnagf. is the 
most appropriate way to inform The 

affected public of the ;health 
implicationsof violating a-particular 
EPA standard.The proposed mandatory 
health-effects language in §'141;32('e) 
describes in non-technical terms the 
health effects associated with the 
proposed contaminants. Public comment 
is requested.= the proposed language.. 

VII. Economic Impacts and Benefits 

Executive Order 12291 requires EN 
and other regulatory Agencies to 
perform a:Regulatory Impact Analysis 
(RIA) for all "major" regulations. Major 
regulations are those whichimpose a 
cost 611;100 million or more on the 
national economy4  ormeet other criteria. 
EPAbas determined that this proposed 
rule wouldbe a major rule under the 
Executive Order,_andbas accnraingly 
prepared anlIA whichassesses the 
casts andlenAts of the proposed 
regulations -(EPA.1.9910. This regulation 
has also been revie_wedby The .Officeol 
Management and Budget and their 

- comments are available in the public 
docket. 	. 

Table 23 presents a summary of the 
results of the RULApproximately 28,000 
public water systems wouldbe required 
to install theatment or take otheractioas 
to comply with-the proposed-Mrs-for 
these-radionuclides. Total.natienal costs 
would be approximatelp$310 million per 
year. 

TABLE 23.-4,1ATIONAL COSTS AND BENEF3TS DP PROPOSED RADIONUCU DES MOLS 
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Systems affected • 
Treatment-cost 

Total coot aL(SM) 
Maw:al:AM (SM) 
T.otal,annual.cost (SM) 

Cancer 

	

	avoided/yr .cases 
Monitodng 1$147Yr) It) 
Statelmplementation 

Initial,(3,M) 
AlvrtUal ($1.9) 

V.ery:Scrw11 (25-506) 
Annualihouseboldixist* system:Nam  

Sraell.(501-3 4tY0 ' 	' 
Medum /3201-10900) 
Large (over 10,000) 

la),Adlustedorossalpha. 
(b)AtOlswre expeassectit pCIAL•unlessothenvise noted. 
(c),MCL 'for uraniumis expressed in_ L 	- 	 . .. 
(d)1P0CL for beta emitters iseqrassedm mrems ede/year. 	 - 

. 	(e) Number of cases avoided-peryearie-inlhe range of 02 to 1.4.-The low end of the rangeiisbasedan the risklactecassociatedefth tboduai-232 the,tigh,Wad - 
is based za.goloniurn-2.10,risk. Actualoccurrencs,la likely tobe cheractedzed.by  afaix_of severalootopes. 

(f) Gross alpha lamed as *screen tor-radium-226 and uranium. 
Note: Total rimy not add ,duelotounding. 

A large proportion of the water 
systems -affected by this Tegtilation 
would be small systems serving.fewer 
than 500 people. Costs to 'households 
vary considerably over the range-cif  

system-sizes that wouldbecavered by 
the proposed regulations, with smaller 
systems having higher costs.because 
these systems do not benefit from the 
engineering economies of scale that  

largisystems lurve.inIhe smallest of 
these systems (25 to 160:people), annual 
residential water billsoauldinirmil2P by 
$70010 $800 for treatment dream or 
uranium. EPA recognizes that these 
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costs could prove very difficult to afford 
for small systems. Exemptions may be 
available through States to provide 
small systems with additional time to 
develop financing for water treatment as 
described in section V.I.2. 

A. Regulatory Flexibility Analysis 

The Regulatory Flexibility Act 
reguires EPA to consider the effect of 
regulations on small entities, 5 U.S.C. 
602 et seq. If there is a significant effect 
on a substantial number of small 
entities, the Agency must prepare a 
Regulatory Flexibility Analysis which 
describes significant alternatives that 
would minimize the impact on small 
entities. An analysis of the impact of the 
proposed radionuclides rule on small 
water systems is included in the RIA 
supporting this rule. The Administrator 
has determined that the proposed rule, if 
promulgated, will have a significant 
effect on a substantial number of small 
entities. 

B. Paperwork Reduction Act 

The information collection ' 
reguirements in this proposed rule have 
been submitted for approval to the 
Office of Management and Budget 
(OMB) under the Paperwork Reduction 
Act, 44 US.C. 3501 et seq. An ' 
Information Collection Request 
document has been prepared by EPA 
(ICR No. 0270) and a copy may be 
obtained from Sandy Farmer, 
Information Policy Branch, (PM-223Y), 
U.S. Environmental Protection Agency. 
401 M Street, SW., Washington, DC 
20460, or by calling (202) 382-2740. 

The total public reporting burden for 
this collection of information is 
estimated to be 674,517 hours, with an 
average of 4.7 hours per response, 
including time for reviewing 
instructions, searching existing data 
sources, gathering and maintaining the 
data needed, and completing and 
reviewing the collection of information. 

Send comments regarding the burden 
estimate or any other aspect of this 
collection of information, including 
suggestions for reducing this burden, to 
Chief, Information Policy Branch, (PM-
Z23Y), U.S. Environmental Protection 
Agency, 401 M Street. SW., Washington, 
DC 20460; and to the Office of 
Information and Regulatory Affairs, 
Office of Management and Budget, 
Washington, DC 20503, marked 
"Attention: Desk Officer for EPA". The 
final rule will respond to any OMB or 
public comments on the information 
collection reciuirements contained in this 
proposal. 
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Appendix A-Fundamentals of 
Radioactivity in Drinking Water 

To assist commenters, the following Seetion 
provides a summary of concepts and 
definitions involving radioeclivity. The 
definitions include those in the Interim 
Regulations along with several additions, one 
of which is being considered (i.e.. curie) to be 
added to 40 (FR 141.2. 

Defirulioni • • 	 • 	. - 

(a) Dose equivaientmeana the product Of 
the absorbed dose from ionizing radiation 
and such factors which account for-
differences in biological effectiveness due to 
the type of radiation and its distribution in 
the body as-specified by the International 
Commission on Radiological Units and • 
MeasurementslICRU).- 	: 	- • . - 

(b.) Rem means the emit of dose equivalent 
from ionizing radiation to the total body or 
any internal organ-or organ system. ltis • 
equal to the absorbed dose. in rads multiplied 
by a quality factor Do account for different 
radiation types). A rem ede (effective dose 
equivalent) is a -dose to organs adjusted for 
different radiation types and by an omen • . 
weighting factor to account for organ ' 
sensitivity to the effect of racliation. A ' 
"millirem" (=rem) is 1/1.000 dare= 

(c) Curie means a special unit of activity 
equal to a nuclear transformation sate of 
3.7X10'° disintegrationsfaecomi One - 
picocurie is e,qualto 10cuxies, which is 
approximately 2 -disintegrations per minute. 

(d) Gross alidus particle emission actnnt r 
means the total alpha particle radioactivity 
measured in an aliquot of an evaporated 
water sample. 	• 

(e) Man-made beta particle and photon 
emitters means all radionuclides emitting 



Federal Register / Vol. 56, No. 138 / Thursday. July 18, 1991 / Proposed Rules 	33119 

beta particles and/or photons that have been 
produced artificially and do not exist 
naturally. 

(f) Gross beta particle activity means the 
total radioactivity due to beta particle 
emissions measured in a aliquot of a 
evaporated water sample. 

(g) Becquerel (I3q) is a special unit of 
radioactivity in the international system of 
units (SI). One Becquerel is equal to one 
disintegration per second. 

(h) Sievert (Sv) means the unit of dose 
equivalent in the international system of 
units (SI) from ionizing radiation to the total 
body or any internal organ or organ system. 
One Sievert equals 100 rem. 

(i) Effective dose equivalent means the sum 
of the products of the dose equivalents in 
individual organs and the organ weighing 
factor. 
- (j) Organ weighting factor means the ratio 

of the stochastic risk for that organ to the 
total risk when the whole body is irradiated 
uniformly.. 	 • 

(k) Natural uranium means uranium with 
combined uranium-234 plus uranium-235 plus 
uranium-238.which has a varying isotopic 
compositiontut typically is 0.006% uranium-
234.0.7% uranium-235, and 99.27% uranium-
238.. . 

(1) Activity means the nuclear 
transformations of a radioactive substance 
which occur in a specific time interval. 

Fundamentals of Nuclear Structure and 
Radioactivity 

This section has been included to provide 
background information for those not familiar 
with nuclear chemistry. It is written in broad 
and general terms and some statements may 
be simplified. 

An atom consists of a heavy concentration 
of mass at the center (the nucleus) 
surrounded by shells of electrons in different 
orbits. The primary constituents of the 	- 
nucleus are neutrons and protons. The 
neutrons have no net electric charge while 
the protons have a positive charge. The 
orbital electrons have a negative charge and 
in the un-ionized atoms are equal in number 
to the protons, making the atom neutral in 
overall charge. . 

The number of protons in the nucleus 
determines the chemical element and its- • 
atomic number. A given element can have 
more than one particular number of neutrons. 
Variation in the number of neutrons does not 

• change the chemical properties (the element • 
is the same) but it can produce considerable • 
change in the stability of the element to 	- 	- 
radioactive decay. Atoms with the same • - 
number of protons but different number of . 
neutrons are called "isotopes." For example. 
if an atom has 86 protons, it is radon. There-
are three principal isotopes of radon 
containing 133.134 and 138 neutrons. The 
atomic mass number is the total number of 
protons and neutrons in the nucleus and this 
sum is usually, used to label isotopes. The :-
three isotopes of radon have atomic masses 
of 86+133=219.86+134=220 and 
86+136=222. Symbolically these can be 
written as: Radon-219 Radon-220 Radon-222. 

Since the atomic number and the chemical 
symbol are 8ynonym9us, the number of • 
protons is usually omitted in the 
nomenclature. 

These radionudides decay by emission of 
alpha and beta particles and gamma rays. An 
alpha particle, the heaviest nuclear radiation, 
consists of two protons and two neutrons. (A 
proton or neutron is about 2,000 times as 
massive as an electron.) A negative beta 
particle is an electron emitted from the 
nucleus as a result of neutron decay. An 
electron can be "created" and ejected from a 
nucleus by a neutron decaying into a proton 
(which remains in the nucleus) and an 
electron (which is ejected as a beta particle) 
and also a neutrino. As a result of this 
process the nucleus has one more proton and 
thus has become the atom of a different 
element with atomic number one greater than 
the parent atom. (There can also be a nuclear 
transformation in which a proton emits a 

- positive beta particle, or positron, and is 
transformed into a neutron 'Which remains in 
the nucleus). A gamma ray is 'a form of 
electromagnetic radiation. Other forms of 
electromagnetic radiation are light, radio 
waves. infrared radiation, ultraviolet 
radiation and x-rays. 

The process of alpha and beta radioactive 
decay leads tea different element while ' 
gamma ray emission does not. The isotope 
that decays is called the parent The resulting 
isotope (if a different element) is called the 
progeny. For example, radon-222 decays by 
emitting an alpha particle to the progeny 

_polonium. This reaction is written: 
• Radori-222 	.Polonium-2181-helium-4 
• The atomic numbers (number of protons) 
for radium, polonium and helium (the alpha 
particles) are 88.84 and 2, respectively. Note 
that the atomic numbers and atomic mass 
numbers balance on the two sides of this . 
equation. Note that the atomic mass 
decreased by 4 due to the loss of two 
neutrons and two protons, and the atomic 
number decreased by 2 due to the loss of two 
protons. 

Beta decay causes the atomic number to 
increase by one. Beta decay can be described 
as a neutron in the nucleus converted to a 
• proton. An example of beta decay is radium-
228 which decays to actinium. This reaction 
is written: . 
Radium-228 	 Actinium-228-1-beta 

particle 
The atomic numbers are 88 for Ra and 89 

for Ac (the beta decay described here is the 
.negative kind). The atomic numbers and.. 
atomic . atomic masa numbers balance in this' 
equation equation since the atomic number for an 

. electron is —1 and its atomic mass number is 
, zero. Gamma decay changes neither the 
atomic number nor the element it only 
involves a loss of energy. 

' 	Not all atoms are equally stable and 
different isotopes characteristically decay at 
different rates. The concept of half life is 
used to quantitatively describe these 
differences. The half life of an isotope is the 
time required for one half of the atoms 
present to decay. Half lives can range from  

billions of years or more (the half life of 
uranium-238 is 4.5x10° years) to millionths of 
a second (the half life of polonium-214 is 
164 X 10-4  sec) and even less. For example. 
the half lives of radon-219 and radon-220 are 
too short to survive transport through a 
drinking water distribution system. 

Atomic fission occurring in a nuclear 
reactor can also contribute radioactivity to 
drinking water, if by-products are released. 
This process, the source of immense energy, 
is triggered by adding a neutron to certain 
nuclei. The phenomenon occurs for heavy 
nuclei, the classical examples being isotopes 
of uranium (uranium-235) and plutonium 
(plutonium-239). When a neutron is added, 
each of these isotopes breaks into two 
roughly equal parts. Each of the parts (called 
fission fragments) is itself a radioactive 
nucleus and decays through a sequence of 
isotopes by beta and gamma decay. 

Generally units such as mg/L micrograms/ 
liter or ppm are used to describe the 
concentrations in drinking water Of 
pollutants, toxic and hazardous substances. 
However, certain unique properties of 
radioactive substances limit the utility of 
these units and alternative units are used to 
directly compare the health effects of 
different radionuclides. • 

Two important concepts are needed to 
describe radioactivity: 

• How many nuclear transformations 
occur per second. 

• How much radiation or how much energy 
• is imparted to tissue (called absorbed dose). • 

Energy is related to the number of particles 
emitted by the radioisotope, per second, and 
their energies. 	. 
• Damage from radionuclides depends on the 
radiation emitted (alpha. beta or gamma) and 

• not the mass of the radionuclides. Thus it is 
essential to have a unit that describes the 
number of radioactive emissions per time 
period, or activity. The activity is related to 
the half life: Longer half lives mean lower 
activity. Historically by definition one gram 
of radium is said to have 1 curie (1 Di) of 
activity. By comparison. 1 gm of uranium-238 
has an activity of 0.36 millionth of a curie. 
One curie is equivalent to 3.7 x 10" 
disintegrations per second. The International 
System (SI) unit for activity is the Becquerel 
(Bq) which is equal to one disintegration/ 
second 

• The effect of radioactivity depends not 
only 9n the activity (decays/time) but on the 
kind of radiation (alpha, beta or gamma) and 
• its energy. These two properties determine 
the absorbed dose to tissue when decay 
occurs internally and the internal organs are 
the target 

A common unit of absorbed dose is called 
the sad, and one rad is equivalent to one 

• hundred ergs (metric unit of energy) in one 
• gram of matter (for perspective on the size of 
an erg.10 million erg/sec is one watt). In 
general, these units are quite large and 
engineering shorthand is used to describe the 
activities. Shown below are some commonly ,  
used prefixes. 
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" 	Greek. prefix & abbreviation 	 Value 
Shathand 
eXponen- 

tial 
noon 

Description 

mr11-m 	  1/1p00 	10'2  One part per 
thousand. 

micro-Greek in  	 1/1,000,000 	10' One part per Tram. 
nano-n 	" 	 1,1,000,300,000 	10-* One part per billion. 
pico-p 	 1/1,000,000,000,000 	10-12  
fernto-f 	 1/1,000,000,000,000,000 	10-is 

atto-a 	1/1,000,000,000,000,000,000 	1Or" 

Thus 1 picocude is a millionth millionth of 
a curie and is abbreviated 1 pa.Also 1 
millirad (1 =ad) is one thousandth of a rad. 

Because of the particle mass and charge. 1 
red deposited in tissue by alpha particles 
creates a more concentrated biological 
damage than 1 sad of „gamma rays. To 
compensate for this difference in damage and 
subsequent effect, a new unit was created-;-
the rem. This is called the dose equivalent. 
The absorbed dose is measured inrads and 
the dose equivalent is measured in rams. 

The sad and rem are related by a quality 
factor as follow= • 
Number of rems=Q times the number of rads 

Where Qislize quality factor which has 
been assigned the following value: 
Q=1 for beta particles and all 

electromagnetic radiations fgamma rays 
and x-rays) • 

Q=10 for neutrons from spontaneous fission 
and for protons 

Q=20 for alpha particles and fission 
fragments 	- 	' 

The quality factor is -meant to 
approximately account for the relative harm 
caused by various types of radiation. The 
International System (SI) unit t.w.Leayunding 
to the rem is the Sievert (Sy). One Sievert 
equals100 rem: 	'" 	• • ' 

• 
Ch (pCt/rster) • 

H-3 6.09E+04 
88-7 4.35E+04 	- 
N-13 1.52E+05 
C-11 9.92E+04 	-- 
C-14 320E+03 . 
C-15 669E+06 
0-15 495E--O5 
F-18 325E+04 
NA-22 4.66E+02 
NA-24 3.35E+03 
S1-31 102E+04 
P-32 841E+02 
P-33 1 87E+03 
S-35 1.29E+04 
CL-36 1.135E+03 
CL.-38 2.12E+04 
K-42 3.90E+03 
CA-4g 1 73E+03 
CA-47 846E+02 
SC-46 8.63E+02 
5C-47 2.44E+03 
SC-48 7.66E+02 
U-48 6.44E+02 
CR-51 380E+04 
MN-52 7.33E+02 

2.01E+03 
5.64E+03 
9.25E+03 

APPENDIX B-7-BETA PARTICLE. AND. 
. 	PHOTON EMITTERS 

APPENDIX 
PHOTON 

B -BETA 
. • 

PARTICLE AND 
EMITTERS--Contnued 

APPENDIX B-BETA PARTICLE AND 
PHOTON EMITTERS-Continued 

Nuclide Ch (pa/liter) Mudd. Ch (pClader) 

FE-59 8.44E+02 
4.87E+03 
1.59E+03 
6.49E+04 

RH-106 1.24E+06 
1.30E+03 
1.34E-404 
6.94E+03 

CO-57 P0-100 
CO-58 P0-101 
CO-58M PD-103 
CO-60 P0-107 218E+02 3.66E+04 
N1-59 PD-109 2.70E+04 2.12E+03 
N1-63. AG-105 9.91E+03 270E+03 
N1-65 AG-108 8.81E+03 8.26E+05 
CU-64 AG-108M 1.19E+04 7.23E-1-02 
ZN-65 AG-109M 3.96E+02 1.67E+07 
ZN-69 AG-110 6.31E+04 1.84E+06 
Z11-69M AG-110M 422E+03 5.12E+02 
GA-67 AG111  7.02E+03 1 06E+43 
GA-72 CO-109 t19E+03 2.27E+02 
GE-71 ' CD-115 4.36E+05 9.58E+02 
A5-73 CD-115M • 7 85E+03 3.39E+02 
AS-74 •  1N-113M 141E+03 524E+04 
AS-76 IN-114 1.06E+03 9.76E+05 
AS-77 1N-114M 4.33E+03 323E+02 
SE-75 1N-115 5.74E+02 3.51E+01 
BR-82 1N-115M 3.15E+03 1 64E+04 
88-82 SN-113 4.36E+05 t74E+03 
88-86 SN-121 4.85E+02 &06E+03 
8E3-87 Sf4-120.1 5.01E+02 2.26E+03 
88-88 • SN-125 2.91E+04 446E+02 
88-89 SN-126 5.27E+04 293E+02 
SR-89 SE3-122 2.41E+02 &10E+02 
SR-412 SB-124 2.83E+03 5.63E+02 
58-8511 SB-1.9c 237E+05 1.94E+03 
SR-se 5E3-126 5.99E+02 5.44E+02 
SR-90 5B-126M 4.20E+01 5J35E+04 
58-91 216E+03 SB-127 8.18E+02 
SR-flo SB-129 3.10E+03 3.09E+03 
Y-90 TE-125ht-- 5.10E+02' 1.49E+03 
Y-91 1E-127 5.76E4-02 722E+03 
Y-911A TE-127M 1.32E+05 6.63E-4-02 
Y-92 TE-120 2.87E+03 2.72E+04 
Y-93 1.20E+03 TE-129M 5.24E+02 
ZR-93 5.09E+03 TE-131 2613E+04 
ZFI-95 TE-131M 1.46E+03 9.71E+02 
ZR-97 TE-132 6.50E+02 5.80E+02 
NB-93M 1-177 1.05E+04 211E+05 
N8-94 1-123 7.07E+02 1 07E+04 
NB-95 1-125 2.15E+03 1.51E+02 
NB-95M 1-126 2.39E+03 8.10E+01 
NB-97 1-12n 9 'nF +04 	• 210E+01 
NB-97M 1.37E+06 1-130 1 19E+03 
M0-99 1-131 1.83E+03 108E+02 
TC-95 1-132 6.97E+04 8 19E+03 

1-133 3.12E+03 5.49E+02 
TC-98 2.05E+03 1-134 2.14E+04 
TC-96M ' 1-135 1.76E+05 234E+03 
TC-97 CS-131 3.25E+04 228E+04 
TC-97M 

• 
CS-134 	- 4.-45E+03 &13E +01 

TC-99 CS-134h4 3.72E+03 1 01E+05 
TC-99M-. CS-135 8.96E+04 7.94E-4-02 
RU-97 7.96E+03 CS-136 5.18E+02 
RU-103 CS-137 1.81E+03 1 19E+02 
RU-105. .... CS-138 4.99E+03 2.56E+04 

BA-131 . RU-106. 2.03E+02 2.95E+03 
BA-133 4.71E+05 	 1.52E+03 

RH-105 3.72E+03 F3A-133M 2.62E+03 
FH-105M. 	 5.51E+06 BA-137M 	 2.15E+06 

sth, 

1 
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APPENDIX B-BETA PARTICLE -AND 

PHOTON EmiTTER3-Continued 

Nucrida -Ch 1pC171fter) 

RA-225 9.14E+00 
RA-228 725E+00 
AC-227 127E+00 
AC-228 3.27E+03 
TH-231 4:07E+03 
1H-234 4.01E+02 
PA-233 1.51E+03 
PA-234 2.56E+03 
PA-234M 9.30E+05 
U-237 1.78E+03 
U-240 124E+03 
NP-236 5-96E+03 
NP-238 4.39E+03 
NP-239 1 68E+03 
NP-240 2.31E+04 
NP-240M 1.74E+05 
PU-241 4.26E+01 
PU-243 1.64E+04 
AM-242M 	  127E+00 

Ch=Concentration in water for 4 mem ede/y, 
assuming 2 Eters daily intake. 

APPENDIX C-ALPHA Emn-rEcts 

-flUCLIDE Cm (planter) • /pCi/liter) 

SM-147 1.06E+02 . 
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  131-210 	' 124E+03 

131-211 	- 2.05E+135 
P0-210 1.40E+01 
P0-212 1.15E+14 
P0-213 8.03E+12 
P0-214 2.43E+11 
P0-214 9.17E4439 
P0-216 7.38E+07 
P0-218 9.50E+04 
AT-217 S.74E+08 
FR-221 4.50E+04 
RA-273 3.21E+01 
RA-224 5.46E+01 
RA-224-.--- 207E+01 
AC-225 1.85E+02 
TH-227 422E+02 
TH-224 1-53E+02 
TH-229 5.15E+01 
1H-230 627E+01 
111-232 9.18E+01 
PA-231 1.02E+01 - 
U-232 1.02E+01 
13-233 2.56E+01 ' 
4.1-234 2.59E+01 
1.1-235 2.65E+01 
U-236 2.74E+01 • 
13-238 ?6'+01 
NP-237 7.19E+00 
P13-236--: 3.33E+01 
P13-236---:: 7-15E440 
PU-239 449E+01. • 
P13-240 6.49E+01 
P13-242 6.83E+01 
PU-214 7.02E+00 
AM-241 4.45E4430 
AM-242 .t, 3166E+03 
AM-243 "6.49E+00 
CM-242 1.45E+02 
CM-243 8.47E+00 : 
CM-244 1.00E+01 
CM-245 6.35E+00 
CM-246 4.38E+00 
CM-247 6.93E +00 
CM-248_........_ 171E+00 
CF-252. 1.70E+01 

Cm=Concentrabon in water for Trfetime mortality 
risk=1 x10'• 

CI=Concerrtration in water for lifetime incidence 
risk =1 )(10-' 

Both assume 2 liters daily intake of water. 

List of Subjects in 40 CFR Parts 141 and 
142 

Chemicals, Reporting and record 
keeping requirements, Water supply. 
Administrative practice and procedure. 

Dated: June 17, 1991. 

William K. Reilly. 
Administrator, Environmental Protection 
Agency. 

For the reasons set forth in the 
preamble, title 40-of the Code of-Federal 
Regulations is proposed to be amended 
as follows: 

PART 141-NATIONAL PRIMARY 
DRINKING WATER REGULATIONS 

1. The authority citation for -part 141 
continues to read as follow= 

Authority: 42 U.S.C. 300f, 300g-1. 300g-2; 
300g-3, 300g-4.200g-5, 300g-8, 300j-4-and 
300j-0. 

2. Section 141.2 is amended by adding, 
in alphabetical order, a,definilion for 
"adjusted gross alpha" as followsc 

§ 141.2 Definitions 
a * * . 

AcUusted grvss. alpha. Adjusted gross 
alpha.is  de:mad as the result-of a gross 
alpha measurement, less -radium-22.8 and 
less uranium. Radon is.not included in 
adjusted gross aloha.- 

-dr 

3. Section 141.15 is amended:by 
revising the-introductory _text to read.as  
follows: 

§ 141.15 hfsdritum contaminant:levels for 
radium-228,tadium-228,and grossaipha 
particle radioactivity in community water 
systems. 

The following are ihemaxiinum 
contaminantievels for radium-228, 
radium-228, and gross alpha particle 
radioactivity, which shaltremain 
effective untilfmsert date18.months 
after publication of the final rule in the 
Federal Register]: 

4. Section-1.41.1.6is proposedlo be . 
amended-by addingintroductoryitextto 
read as follows: . • 

§ 141.16 Maximumsontaininant levels ICS 
beta particle and photon radioactivity from . 
man-made radionuclides in-community 	. 
watersystems. 

The following maximum contaminant 
levels shall remain effective-until [insert 
date 18 months after publication of 
finni rule in the Federal Register]; 
• • 	ir 

5. Section 141.25 is amended by 
revising the section to read as follows: 

APPENDIX B-BETA PARTICLE AND 
PHOTON Emil 1H3-00fItillUed 

Nue.lide 
	

Ch (pander) 

A-139 
	

1 38E+04 
IA-140 
	

5.82E+02 
A-140 
	

c2F+02 
8-141 
	

1.89E+03 
E-143 
	

121E+03 
;E-144 
	

2.61E+02 
S-142 
	

1.04E+03 
43-143 
	

1 17E+03 
11-144 
	

4_70E+04 
'R-144M 
	

1128+05 
10-147 
	

1.25E+03 
ID-149 
	

1_17E+04 
,M-147 
	

524E+03 
4A-148 
	

505E+02 
1.4-148M 
	

5.75E+02 
,M-149 
	

1.38E+03 
4M-151 
	

1 41E+04 
1M-153 
	

1 83E+03 
3.1-152 
	

8.41E+02 
i11-154 
	

5.73E+02 
EU-155 
	

3.59E+03 
Ell-156 
	

6.00E+02 
313-153 
	

4.68E+03 
iD-159 
	

2.76E+03 
-n-158 
	

1.25E+03 
B-160 
	

8.15E+02 
rf-165 
	

1.51E+04 
)Y-166 
	

8.30E+02 
40-166 
	

9.81E4-02 
ER-169 
	

3.64E+03 
M-171 
	

3.80E+03 
1,4-170 
	

1.03E+03 
14-171 
	

1.27E+04 
S-169 
	

1.83E+03 
13-175 
	

3_11E+03 
.1}.4n 
	

2.55E+03 
IF-181 
	

1 17E+03 
A-1R2 
	

8.42E+02 
41-181 
	

1.90E+04 
V-185 
	

3.44E+03 
V-187 
	

2.66E+03 
1E-183 
	

5.40E+03 
1E-1436 
	

1.88E+03 
1E-187 
	

5.82E+05 
1E-188 
	

1.79E+03 
3S-185 
	

246E+03 
3S-191 
	

2.38E+03 
)S-191M 
	

1.43E+04 
3S-193 
	

1.89E+03 
R-190 
	

1)31E+03 
R-192 
	

9.57E+02 
1-194 
	

1.04E+03 
T-191. 
	

321E-4-03 
T-193 
	

4.81E+04 
T-193M 
	

3.02E+03 
T-197 
	

3.40E+03 
T-197M 
	

1 75E+44 	- 
0-196 
	

• 	3.66E+03 
tU-198 
	

1.31E+03 
IG-197 
	

5.76E+03 
IG-203 
	

2.39E+03 
1.-202 
	

'3848+03 
1.-204 
	

1.68E+03 
L-207 
	

4.00E+05 
L-208 
	

2.83E+05 
1-209 
	

3.58E+05 
S-201 
	

5.06E+03 
13-209 
	

2.53E+04 
S-213. 
	

1.01E+00 
13-2tt 
	

1.29E+04 
8-2/7 
	

1.23E+02 
8-214 
	

1 18E+04 
11-206 
	

6.56E+02 
11-207 
	

1.01E+03 
1-212 
	

5.20E+03 
1-213 
	

1.50E+04 
11-214 
	

129E+04 
R-223 
	

3.41E-4-03 
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§ 141.25 Sampling and analytical methods 
for radionuclides. 

The current analytical methods 
outlined in § 141.25 and the monitoring 
requirements in § 141.26 shall remain 
effective until [insert date 18 months 
after promulgation of the final rule]. 
After that date, the monitoring and 
analytical methods specified below will 
be effective. Community water systems 
and non-transient non-community 
water systems shall conduct monitoring 
to determine compliance with the 
maximum contaminant levels specified 
in § 141.64 in accordance with this 
section. 

(a) Monitoring shall be conducted as 
follows: 

(1) Groundwater systems shall take a 
minimum of one sample at every entry 
point to the distribution system which is 
representative of each well after 
treatment (hereafter called a sampling 
point) beginning in the compliance 
period starting January 1, 1996. The 
system shall take each sample at the 
same sampling point unless conditions 
make another sampling point more 
representative of each source or 
treatment plant 

(2) Surface water systems shall take a 
minimum of one sample at every entry 
point to the distribution system after 
any application of treatment or in the 
distribution system at a point which is 
representative of each source after 
treatment (hereafter called a sampling 
point) beginning in the compliance 
period starting January 1,1996. The 
system shall take each sample at the 
same sampling point unless conditions 
make another sampling point more 
representative of each source or 
treatment plant. 

(3) If a system draws water from more 
than one source and the sources are 
combined before distribution, the 
system must sample at an entry point to 
the distribution system during periods of 
normal operating conditions (i.e., when 
water is representative of all sources 
being used). 	-  

(4) The State may reduce the total 
number of samples which must be 
analyzed by allowing the use of 
compositing, except for radon and gross 
beta samples, which may not be 
composited. 

(i) Composite samples from a 
maximum of five sampling points within 
one system are allowed. Compositing of 
samples must be done in the laboratory. 

(ii) If the concentration in the 
composite sample is greater than or 
equal to 3 pCi/i. of any radionuclide,-the 
individual non-composited samples, or if 
these are not available, follow-up 
samples must be analyzed to identify 
the sampling points which may violate 

one of the MCLs. Any follow-up samples 
must be taken Within 14 days at each 
sampling point included in the 
composite. Samples must be analyzed 
for the contaminants which were 
detected in the composite sample. 

(5) The frequency of monitoring for 
radon shall be in accordance with 
paragraph (b) of this section, the 
frequency of monitoring for radium-226, 
radium-228, uranium, and adjusted gross 
alpha shall be in accordance with 
paragraph (c) of this section; and the 
frequency of monitoring for beta and 
photon emitters shall be in accordance 
with paragraph (d) of this section. 

(b) The frequency of monitoring - 
conducted to determine compliance with 
the maximum contaminant level for 
radon specified in I 141.64 shall be 
conducted as follows: 

(1) Groundwater systems or systems 
using both ground and surface water are 
required to take four consecutive 
• quarterly samples during the first year 
of each three-year compliance period of 
each nine-year compliance cycle. 
Annual samples are required in the 
second and third years of each 

•compliance period. The initial 
monitoring for radon must be completed 
by January 1, 1999. 

(2) Surface water systems are not 
required to monitor for radon. The State 
may require it. 

(3) The State may grant a waiver to 
ground water systems or systems that - 
use both ground and surface water for 
monitoring requirements in paragraph 
(b)(1) of this section, provided that they 
have monitored quarterly in the initial 
year, and completed annual testing in 
the second and third year of the first 
compliance period (at least one sample 
shall have been taken since January 1, 
1990). Groundwater systems shall 
demonstrate that all previous analytical 
results were less than the maximum 
contaminant leveL Systems that use a; 
new new water source are not eligible for a 
waiver until 4 quarters of monitoring 	. 
and two subsequent years of a single 	- 
annual sample of the new source has 
been Completed. 	 - 

(4) The State may grant a waiver if the 
State determines that the system is 
reliably and consistently below the 
MCL, based on a consideration of the 
following factors: 

(i) Potential radon contamination of 
the water source due to the geological 
characteristics of the area where the 
water source is located. 

(ii) Previous analytical results. 
(5) A condition of the waiver shall' 

require that a system take a minimum of 
1 sample every three-year compliance 
period. 

(6) A waiver remains in effect until 
the completion of the nine-year 
compliance cycle. Systems not receiving 
a waiver must monitor in accordance 
with the provisions of paragraph (b)(1) 
of this section. 

(7) A decision by the State to grant a 
waiver shall be made in writing and 
shall set forth the basis for the 
determination. The determination may 
be initiated by the State or upon an 
application by the public water system. 
The public water system shall specify 
the basis for its request The State shall 
review and, where appropriate, revise 
its determination of appropriate 
frequency. 
• (8) A system which exceeds the 
maximum contaminant level in § 141.64 
of this part shall monitor quarterly 
beginning in the next quarter after the 
violation occurred. Quarterly monitoring • 
must continue until the average of 4 
consecutive quarterly samples is below 
the MCL. 

(9) If monitoring data collected after 
January 1, 1990 are generally consistent 
with the requirements of § 141.25, then 
the State may allow systems to use 
those data to satisfy the monitoring 
requirement for the initial compliance' 
period. 

(c) The frequency of monitoring 
conducted to determine compliance with 
the maximum contaminant levels in 
§ 141.64 for radium-226, radium-228, 
uranium, and adjusted gross alpha shall 
be as follows: 

(1) Groundwater systems, surface 
water systems and systems using both 
ground and surface water shall take one 
sample annually at each sampling point 
during each compliance period starting 
in the compliance period beginning 
January 1, 1996. If all samples are less 
than the MCL, then monitoring can be 
reduced to one sample per compliance 
period, in accordance with paragraphs 
(c) (2) through (6) of this section. 	- 

(2) Systems may apply to the State for 
a waiver from the monitoring 
frequencies specified in paragraph (c)(1) 
of this section, if they have completed 
the require.d three annual samples in the 
first three-year compliance period. 
Systems that use a new water source --
are not eligible for a waiver until three 
years of monitoring of the new source 
has been completed. ' 

(3) The State may grant a waiver if it 
finds that the system is reliably and 
consistently below the MCL, based on a 
consideration of the following factors: 

(i) Potential contamination of the 
water source; and 

(ii) Previous analytical results. 
(4) A condition of the waiver shall 

require that a system take a minimum of 
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one sample during the effective period 
of the waiver. The term during which the 
waiver is effective shall not exceed one 
nine-year compliance cycle. 

(8) The State may grant a waiver 
provided water systems have monitored 
annually for at least three consecutive 
years. (At least one sample shall have 
been taken since January 1, 1990.) Both 
surface and groundwater systems shall 
demonstrate that all previous analytical 
results were less than the maximum 
contaminant level. Systems that use a 
newwater source are not eligible for a 
waiver until -three consecutive annual 
samples from the new source have been 
collected and analyzed. 

(6) A decision by the State to grant a 
waiver shall be made in writing and 
shall set forth the basis for the 
determination. The determination may 
be initiated by the State or upon an 
application by the public water system. 
The public water system shall specify 
the basis for-its-request. The State shall 
review and, where.appropriate, revise • 
its determination of the appropriate 
monitoring frequency when the system 
submits new-monitoring data orwhen 
other data relevant to the system's 
appropriate monitoring frequency 
become available. 

(7) Systems which exceed the 
maximum contaminant levels in § 141.64 
of this part shall monitor quarterly 
beginning in the next quarter.after the 
violation occurred. Quarterly monitoring 
must continue until 4 consecutive 
quarterly samples are below the MCL. 

(8) If -monitoring data collected after 
January 1, 1985 are generally consistent 
with-the requirementsaf i.141.25, then 
the State may allow systems to use 
these data to satisfy the monitoring 
requirements forthe initial-compliance 
period beginning January 1,1996, except 
at least one sample shall have been 
collected since January 1, 1990. 

(d)The frequency of monitoring 
conducted to determine compliance with 
the maximum contaminant levels in 

141.64 for beta andphoton emitters _ 
shall beasIollows: - 

(1) Only systems (both surface and 
ground water) detezmined.by  the State 
to be vulnerable need to sample for beta 
and photon emitters. Vulnerability shall 
be based on the proximity of the water 
source(s) to-facilities using or producing - 
radioactive materials. Vulnerable 
systems shall monitor quarterly for beta 
and annually for tritium and strontium. 
beginning in the compliance period 
starting January 1996. Systems must  

begin monitoring within one quarter 
after being notified by the State that the 
system is vulnerable. Existing 
vulnerability determinations by the 
State shall remain effective until the 
State reviews and either reaffirms them 
or revises them. 

(2) Systems determined to be 
vulnerable may not apply to the State 
for a waiver from the monitoring 
frequencies specified in paragraph (d)(1) 
of this section. 

(3) If the gross beta particle activity 
exceeds 50 pCi/1, an analysis of the 
sample must be performed to identify 
the major radioactive constituents 
present in the sample and the 
appropriate-doses shall be -calculated 
and summed to determine compliance 
with § 141.64, using appendix B, [insert 
citation for final Federal Register]. 	_ 
Measured levels of tritium and strontium 
shall be included in this calculation. 
Doses shall also be calculated and 
combined for measured levels of tritium 
and :strontium to determine compliance. 

(4) Suppliers of water shall conduct 
additional monitoring as directed by the 
State, to determine-the concentration of 
man-made radioactivity in principal 
watersheds designated by the State. 

(5) Vulnerable systems which exceed 
the maximum contaminant levels in 

141.64-shall monitor monthly-beginning 
In the next month after the violation 
occurred. Monthlyinonitoring shall 	- 
continue until the system has - 	- 
established, by a rolling average -of 3 
monthly samples, that the MCI. is being 
met 	 - - • 

(e) Confirmationsamples: - 	• 
(1) Where the resultwof sampling for. 

radon, radium-226, radium-228..adjusted 
gross alpha, uranium, and beta and 
photon emitters indicate exceedence 
of the maximum contaminant level. the • 
State may require that one additional 
sample be collected as soon as possible 
after the initial sample was taken (but 
not to exceed two 'Weeks) at the-same 
sampling point 	• ' 	• • 	• 

(2) If a State-required confirmation 
sample is taken for any contaminant • 
then-the results of the initial and 
canfirtratiart sample shall be averaged. 
The resulting average shall be used to 
determine the system's compliance in-
accordance -with paragraph (h) of this - 
section. States have the discretionto 	- 
delete-results of obvious sampling or 
analytic errors. 
• (f) The State may require more 
frequent monitoring than specified in 
paragraphs (b), (c), and (d) of this  

section or may require confirmation 
samples for positive and negative results 
at its discretion. 

(g) Systems may-apply to the State to 
conduct more frequent monitoring than 
the minimum monitoring frequencies 
specified in this section. 

(h) Compliaur-P with *1141.15,141.16, 
and 141.64 (as appropriate) shall be 
determined based on the analytical 
result(s) obtained at each sampling 
point. 

(1) For systems which are conducting 
monitoring at a frequency greater than 
annual, compliance with'the maximum 
contaminant levels for radon, radium-
226, radium-228. adjusted gross alpha, 
uranium. and beta and photon emitters 
is determined by a running annual 
average at each sampling point. If the 
average at any sampling point is greater 
than the MCL, then the system is-out-of 
compliance. If any one sample would 
cause the annual average to be 
exceeded, then the system is out of 
compliance immediately. Any sample 

, below the detection limit shall be 
calculated at one-half the detection limit 

:for the.purpose of determining the 
annual average. 
- (2) For systems-which are monitoring 

annually, or less frequently, the system 
is out of compliance with the maximum 

-contaminant levels for radon. radium-
226 radium-228,-adjusted gross alpha. 
uranium..tuul beta andphoton emitters 
if the level ofa contaminant at any 
sampling point is greater thanthe MCL. 
If a confirmation sample is required by 
the-State, the determination of 

, 	ompliance incline:based-on:the average 
- of the two samples. 	• ' • 	• 

.(3) If a public water, systembasa 
distribution system separable -from other 
parts of the distribution system With no 
-interconnections, only those parts-of the 
system that exceed the MCI. need to 
conduct increased monitoring. 	, 

(4) If a public water system-has -a 
distribution-system separable from-other 
parts -of the distribution system withno - 
interconnections. the State may allow 
the system to give-public notice to only 
the area served by that portion of the 
system which is out of compliance. 

(i) Each public water system shall 
-monitor at the time designated by the 
'State during each complianre period. . 

(1) Radionuclides analysis: 
11)Analysis for radon, radium-225, 

radium-228. adjusted gross alpha, 
-uranium, and beta and photon emitters 
shall be conducted using the following 
methods: 
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PROPOSED METHODOLOGY FOR RADIONUCUDE CONTAMINANTS 

Contaminant Methodology 
* 	Reference (method or page number) 

EPA' EPA ' EPA 3  EPA • SM ' ASTM 6  USGS 7  DOE • Other 

Naturally 
occurring 

Gross alpha and 
beta. 

Gross alpha__. 
Radium 226_.... 

m Radiu 228_ 

Evaporation..._ 

Co-precipitation .......--- 
Radon 

emanation. 
Radiochemical_ 
Radiochemical...-. 

Liquid 
scintillation. 

Lucas cell 

900.0 

-903.1 

903.0 
904.0 

-- ........ 

pp. 1-3______ 

.. 	__... 
pp. 16-231......... 

pp. 24-28............ 

00-01.... 

00-02-- 
Ra-03 ... 

 Ra-05 
Ra-05 - 

p. 1 ........ 

---.- 
p. 19 - 

7110 B.....-.... 

.----- 	. 
7500-Ra B _. 

I) 1943-81 _______ 

- - -- D -3454-(1.6--_--_. 

R-1120-76_......................... 

N.Y.* 

N.J.10  
913 11  
LS 12  
LC" 

. 

. 

• 

R-1141-76............................. 

p. 19 :..... 750043a D• R-1142-76  

Radon 222............ 

• 
Uranium . 

t - 

- 

Radiochemical- 
Fluorometric- 

908.0 
908.1 

7500-U 8 - 
7500-U C....... 

7500-Cs B 

p. 33......._--- 

D 3972-82 
02907-83 

Man-made 
Radioactive 

cesium. 
Radioactive 

iodine. 
Radioactive 

strontium 89, 
90. 

• 
Tritium.................... 

R-1180-76...... 
R-1181-76_ 
R-1182-76.......E 

R-1110-87- 

E-U-03......... 

-U-04....... 

* 
E-Cs-01 - 

Alpha 
spectrometry. 

Precipitation......... 

Precipitation.-._ 

00-07.... ---.---__. 

901.0 

902.0 

905.0 

- 

4-5 pp. 

1-01 

- 

7500-1 B..- 02334-88 

Precipitation- pp. 29-33............ p.65...... 7500-Sr B R-1160-76 

• 

• 

Racriochemical 
liquid 	' 

scintillation. 
Gamma ray 

Spectrometry. 

pp. 108-114-- 
pp. 34-40 

Sr-04 
H-02...... 

E7Sr-01....-. 
906.0 

901 1 

p. 87 ...... 7500-3H B..... 02476-81 (87).._ 

0-3649-85 

R-1171-76 • ..• 

Gamma and 	. 
photon 
emitters. 

- 4.5.2.3,......... 

. 

. 
- 

'"Prescribed Procedures for Measurement of Radioactivity in Drinking Water," EPA Environmental Monitoring and Support Laboratory, Cincinnati, OH (EPA-600/ 
4-80-032, August 1980. (EPA, 1980). 

2  "Interim Radochemical Methodology for Drinking Water," EPA-600/4-75-008, March 1976. (EPA, 1976) 
Eastern Environmental Radiation Facility, Montgomery, AL 36109, "Radiochemical Procedures Manual,". EPA 520/5-84-006: August 1984. (EPA, 1984a). 

4  "Radiochemical Analytical Procedures for Analysis of Environmental Samples," EMSL-LV-0539-17, March 1979. (EPA, 1976b). • 	• 
• "Standard Methods for the Examination of Water and Wastewater," 17th edition, American Public Health Association, American Water Works Association, Water 

Pollution Control Federation, 1989. (APHA, 1989). 
• 1989 Annual Book of ASTM Standards, Vol. '11.02, American Society for Testing and Materials, 1918 Race Street, Philadelphia, Pa. 19103. (ASTM, 1989) 
/Methods for Determination of Radioactive Substances in Water and Fluvial Sediments," Book 5,1989, Techniques of Water-Resources Investigations of the 

United States Geological Survey, Chapter AS. (USGS, 1989). 
• Environmental Measurements Laboratcxy, US. Department of Energy, "EML PROCEDURES MANUAL, 27th edition." (DOE, 1990). 
"Determination of 224  Ra and 222  Re (Ra-02). Radiological Sciences Institute Center for Research-New York State Department- of Health, January 1980 

(Revised June 1982). (NY State DOH, 1982). 
1° "Determination of Radium 228 in Drinking Water," State of New Jersey-Department of Environmental Protection-Division of Environmental Quality-Bureau . 

of Radiation and I 	Analytical Services, August 1990. (NJ DE(2. 1990). 
11  Method 91 	adon in drinking water by liquid scintillation, Environmental Monitoring and Support Laboratory, Las Vegas, NV. (EPA 1991)., 	. 
1" Appendix 0, Analytical Test 	re, "The Determination of Radon In Drinking Water," p. 22, Two Test Procedures for Radon In Drinking Water. . 

Interlaboratory Collaborative Study, EPA/600/2-87/082, March 1987. (EPA, 1987e). 

(2) Sample collection for radon, 
radium-226, radium-22.8, adjusted gross 
alpha, uranium, and beta and photon 

emitters under this section shall be 
conducted using the sample 
preservation, container, and maxim 

•  

holding time procedures specified in the 
table below: 

• • 

Sampling handing, preservation, holding thnes:•- - 	r': 	:('3  • ' 
Container 2 	 •-• • 

Maximum* 
holding 
time ' Parameter Preservative 

Gross alpha 
- 	, 	. 	- 	• 

Conc. Ha or ENO* to pH <2 4  
• 

P or G .. 6 months..
1-  8 months.. 

6 months. 	• 
6 months. 
4 days 	- 
6 months. 
6 months. 
6 months. - 
6 months. 
6 months. 
6 months. 

Gross beta Conc. HCI or HMO. to pH <24  • P or G 	 - . 
Radium-226 	• Conc. HCI or HMO, to pH.  <2 - P or G - 	- 
Radium-228 Conc. HP or HNOs to pH <2 P or G 	- 
Radon-222 ' Cool 4'C. Glass with Teflon-lined septum 
Uranium natural Conc. Ha or HMO, to pH <2 P or G 
Radioactive Cesium....................---- 
Radioactive Strontium 	- 

Conc. Hp to pH <2 P or G______ ____ 	,._ 
Conc. HCI or HNC:), to pH <2 P or G 

Radioactive Iodine None. . - P or G 

Photon emitters______-______ 
G............._........ ._ 

Conc. HCI or HNO, to pH ..2 ........________________. P or G_ 	 

1  (Alt except radon-22 samples). It is recommended that the preservative be added to the sample at the time of collection unless suspended solids activity is to 
be measured. However, if the sample must be shipped to a laboratory or storage area, acidification of the sample (in its original container) may be delayed for a 
period not to exceed 5 days. A minimum of 16 hours must elapse between acidification and analysis 

2  P=Plastdc. hard or soft G =Glass. hard or soft 
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3  Holding time is defined as the period from time of sampling to time of analysis. In all cases, samples should be analyzed as soon after. collection as possible. 
If Ha is used to acidify samples which are to be analyzed for gross alpha or gross beta activities, the acid salts must be converted to nitrate salts before 

sneer of the samples to planchets. 
*The procedure of a positive prnsclue collection in 60-ml glass bottles is to be followed. This procedure is described in appendix C, NIRS Sampling 

structions--Radon, p. 26, Two Test Procedures For Radon In Drinking Water. Into/laboratory Collaborative Study, EPA/600/2-87/082, March 1987. 

determined that radium 226 is of health 
concern at certain levels of exposure. 
Radium 226 is a naturally occurring 
radioactive contaminant that occurs 
primarily in ground water. Radium 226 
has been found in epidemiology studies 
to cause bone cancer in humans at high 
exposure levels; and is believed to cause 
other cancers as well; at lower exposure 
levels the risk of cancer is reduced. EPA 
has set the drinking Water standard for 
radium 226 at 20 picocuries per liter 
(pCi/l) to protect against cancer risk. 
Drinking water that meets the EPA 
standard is associated with little of this 
risk and is considered safe for radium 
226. 

(79) Radium 22& The United States 
Environmental Protection Agency (EPA) 
sets drinking water standards and has 
determined that radium 228 is of health 
concern at certain levels of exposure. 
Radium 228 is a naturally occurring 
radioactive contaminant that occurs 
primarily in ground water. Radium 228 
has been found in epidemiology studies 
to cause bone cancer in humans at high 
exposure levels and is believed to cause 
other cancers as well; at lower exposure 
levels the risk of bone cancer is reduced. 

- EPA has set the drinking water standard 
for radium 228 and 20 picocuries per 
liter (pCi/l) to protect against cancer 
risk. Drinking water that meets the EPA 
standard is associated with little of this 
risk and Is considered safe for radium. 

(80) Uranium: The United States 	. 
Environmental Protection Agency (EPA) 

(e) • • • 	 sets drinking water standards and has 
(77) Radom The United States 	determined that uranium is of health 

Environmental Protection Agency (EPA) concern at certain levels of exposure. 
sets drinking water standards and has 	Uranium is a naturally occurring 
determined that radon is of health 	radioactive contaminant that occurs in - 
concern at certain levels of exposure.-- 	both ground and surface water. Uranium 
Radon is a naturally occurring 	is believed to cause bone cancer and 
radioactive C011tArninatit that occurs in • other cancers in humans at high 
ground water. It is a gas, and is released exposure levels; at lower exposure 
from water into household air during . 	levels the risk of cancer is reduced. EPA 
water use. Radon has been found in 	also believes uranium can be toxic to 
epidemiology studies to cause lung • 	the kidneys. EPA has set the drinking 
cancer in humans at high exposure 	water standard for uranium at 20 
levels; at lower exposure levels the risk 	micrograms per liter (p,g1) to protect 
of lung cancer is reduced. EPA has set 	against both cancer risk and risk of 
the drinking water standard for radon in kidney damage. Drinking water that 
public water supplies at 300 picocuries 	meets the EPA standard is associated 
per liter (pCi/l) to protect against lung 	with little of this risk and is considered 
cancer risk. Drinking water that meets 	safe for uranium. 
the EPA standard is associated with 	(81) Gross Alpha: The United States 
little of this risk and is considered safe 	Environmental Protection Agency (EPA) 
for radon, 	 sets drinking water standards and has 

(78) Radium 226: The United States 	determined that alpha emitting 
Environmental Protection Agency (EPA) radionuclides may be of health concern 
sets drinking water standards and has 	at certain levels of exposure. Alpha  

emitters are primarily naturally 
occurring radioactive contaminants, but 
several derive from man-made sources. 
They may occur in either ground or 
surface water. Alpha emitters are 
believed to cause cancer in humans at 
high exposure levels because they emit 
ionizing radiation. At lower levels, the 
risk of cancer is reduced. EPA has set 
the drinking water standard for alpha 
emitters at 15 picocuries per liter (pCi/l) 
to protect against cancel' risk. Drinlcing 
water that meets the EPA standard is 
associated with little of this risk and is 
considered safe for alpha emitters. 

(82) Beta and photon emitters: The 
United States Environmental Protection 
Agency (EPA) sets drinking water 
standards and has determined that beta 
and photon emitting radionuclides may 
be of health concern at certain levels of 
exposure. Beta and photon emitters are 
primarily man-made radioactive 
contaminants associated with-the 
operation of nuclear power facilities, 
facilities using radioactive material for 
research or manufacturing, or facilities 
where these materials are disposed. 
Some beta emitters are naturally 
occurring. Beta and photon emitters are 
expected to occur primarily in surface 
water. Beta and photon emitters are 
believed to cause cancer in humans at 
high exposure levels because they emit 
ionizing radiation. At lower levels, the 
risk of cancer is reduced. EPA has set 
the drinking water standard for beta and 
photon emitters at 4 millirems effective 
dose equivalent per year (mrem ede/yr) 
to protect against cancer risk. Drinking 
water that meets the EPA standard is 
associated with little of the risk and is 
considered safe for beta and photon - 
emitters.. 

7. A new section § 141.44 is added to 
subpart E to read as follows: • 

§ 141.44 Special monitoring for 
radionuclides. 

(a) Each community and non-
transient, non-community water system 
shall take one sample at each sampling 
point for lead-210 and report the results 
to the State. Monitoring must be 
completed by December 1996. 

(b) Groundwater systems shall take a 
minimum of one sample at every entry 
point to the distribution system which is 
representative of each well after 
treatment (hereafter called a sampling 
point). Each sample must be taken at the 
same sampling point unless conditions 

(3) Analysis under this section shall 
inly be conducted by laboratories that 
tave received approval by EPA or the 
;tate. To receive approval to conduct 
inalyses for radon. radium-226, radium-
28, adjusted gross alpha, uranium, and 
eta and photon emitters the laboratory 
nust: 
(i) Analyze Performance Evaluation 

iamples which include those substances 
novided by EPA Environmental 
vlonitoring and Support Laboratory or 
!vivalent samples provided by the 
State. 

(ii) Achieve quantitative results on the 
analyses that are within the following 
acceptance limits: 

Radium-226 	 
Radium-228 	 
Uranium 	  
Radon-2221 	 

	

Gross alpha emitters 	 
Gross beta .emitters 	 
Radioactive Cesium 	 
Radioactive Iodine 	 
Radioactive Strontium 

total, 89 and 90. 
Tritium 	  ±20% at 1200 pCi/l. 

Acceptance Omits based on. 100 minute count 
2  Radon acceptance limits based on 4 day 

elapsed time from sample collection to analysis. 

6. Section 141.321s amended by 	- 
adding paragraphs (e)(77) through (82), - 
to read as follows: 	• 

141.32 Public notification. 

Contruninant 

±30% at 	pC4/1.. 
±50% at pCi/L 
±30% at 
±30% at 38/0 pC1/1. 
±50% at 15 pC1/1. 
±30% at 30 pCi/I.,-
±30% at 10 pail 
±20% at 20 pCi/l. 
±30% at 5 pCi/l. 

Acceptance Limits " 

* 	• 	• 



Contaminant • • 
„ . 

Aeraffout Fittchee t'Oe44.sprejr.  ;elat- 

ion exchange. .Rea osmosis, 
Lime softening. 	.------- ----• 	-• 

Ion exchange. Reverse .ifsaS?Isis. • 

Ion eichanget remirsit 4./solosk 
Urns softening.- •coagulan/51- 

Reverse osmosi. „ • .. • 	. 	 r 	• 

Mixed bed ion eXchange, Reverse 

RaclCia 

Radurn.226--•-. 

Radium 22E1 
• ' 

Uranium 4/1 	 

Alpha particle 
emitters. - 

Beta particle 
and photon. 
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make another Sampling point:more 
representative of each source or 
treatment /Ant, • ." 

(c) Surface Water systems. 
Note: For purposes of this paragraph., 

surface water system include Systems with a 
combination of surface and grotmdeonrces.:7 

shall take a Minim-  inn of one sample at . 
points' in the distribution system that are.  
represeritadve of each source or at each: 
entry paint to the distribution aysteru 
after treatment (hereafter called a' 
samplingpaing.Tanh.serilpie lutist be 
takenit -these* atiniPling Paintnnieiji, 
nand/friend Maki another sampling Point 
more -representatii;viit ea& source or 
treittoniirtiant.:: 	 • 

(d).  Itthe tyitem-4We Water from 
moretharf One ititurce 'and' the Mitt:roes 
are combined before distribution, the 
system must sample at an entry point to 
the disttibutionayateth during periods of 
normal 'Operating conditions (i.e.. when ' 
water lepLirz.enitative of all sources is' 

(e) The State litaYreqiiire'-..'a 
contatiation sample forpoaitive Or 
negative reaults,  

(f) Instead of performing the 
monitoring required by &rs sent:kin,. a 
community water system or non-
transient non-community water system 
serving fewer thati/50 service 
connections may send letter to 	the 	-. 
State stating that the system Is available 
for sampling. This letter must be sent to " 
the State by Janaary1;1996. The system" 
shall not send such samples to the State,. 
unless requested to do so bythe State. 

8. A news 141.53 Is added to subpart ' 
F to read as follows: ' 

§14t53 Maxhaum-contaminant level 
goals for Radionuclides. 	- ••. 	. 

MCLGa for the radionuclides ere as . 
follow= 

9. A new section 141.84 is added to • 
subpart G to read as follows: 

§ 141.64 Maximum contaminant levels for 
radionuclides. 

(a) The following maximum 
contaminant levels for Radionuclides 
apply to community and non-transient, 
non-community water systems. The 
effective date for these MC1.5 is [insert 
date 18 months after publication of the 
final rule in the Federal Register]. 

Coorni. 	cant 

(1) Radon-322 	• 	30 	*, 
(2) Radium-226 	 20 pCift. 
(3) Radium-228 	 20 pCi/t. 
(4) Uraniurn--. 	 20 pg/I " 
(5) Adjusted gross alpha 	
(6) Beta particle and photon. 4 nasal adetycz. • 

/5 pCi/E • 

emitters. 	0, 	 ;.:•.. :7:: 

I Noi• 20 wit uranium la apprOximatelt equal' to 
30 p011, 'using an acti‘ity4o-mass common of 1.3 
pC..i/ug. The actialty4o-mass ratio can vary. depend-
ing on the retedve amounts of_taardum-234„ -235 
and 438 that sre present frta setripie. The INCE 
amrift to the total matted osmium ler the sagegla.! 

Nate The unit meat ede/yr retera to IA 1k , 
committed over a period tit 50,:y-, .• to 'reference 
raw .41CRP 1975) froavan anti* Stake at the sate 
°f 2:fdee,°•flf.°°°119ikv146f.Pf%.°.41c:i-i.: 	• 

(b) The Aditiriistnit*Purailant 	- 
sectiolirI412'of the Act,  here* identies 
as indicated 4theitiblebelow•the heat; 
teclina/Ogy, treatment teChnfritie.16" - 
other Meane aailabIe fOr achieVingi:  
compliance with the maximum 
contaminant leiel forRadioniMlides • 
identified in paragraph (q Of this 
section: 	 " 

BAT FOR Rici3i0NuCtibE'Llittli IN 
SECTION 141.64" 

PART 142-NATIONAL PRIMARY-  • 
DRINKING WATER REGULATIONS 
IMPLEMENTATIONS 

1. The authority citation for part 142 
continues to read as follows: 

Authority: 42 U.S.C. 300g. 300g-1, 300g-2. 
300g-3. 300g-4, 300g-5.. 300g-6,.300f-4. and 
300 

2. Section 142.14 is amended by ' 
adding paragraphs (d)f12/ and (d)t13/. 

§ 142.14 Records keptby States 
* 	4 	11. 	. 4 	4  • 

(d) * • * 
(12) Records of any determination of a 

system's vulnerability to contamination 
from photon and beta emitters due to 
their proximity to an emitting source or 
use of source water influenced by a 
source of radiation. The records shall 
also include the basis for such 
determination. 

(13) Records of all current MOnitoring 
requirements and the most recent „I: ' 
monitoring frequency decision 
pertaining to each contnminant, 
including the monitoring results and - 
other data supporting the decision, the 
State's findings belied an the supporting 
data and any additional bases for such .1 
decision; records shall be kept in 	• 
perpetuity or until a more recent 	; 
monitoring frequency decision haibeen  

* 	• 	* 	* 

3.1n f 142.1515 a:Mended biehrting 
. 

neviparagraph (c)(5) reactas faliowL. 	df.' 

*142.15-  Reports br States 

(c) * * 
(5) 	eresults of Monitoring far Th 	 the ' 	. 

unregulated contaminants in I 141.44 • 
shall be reported within one 
after the December 1996 completion date - 
for monitoring lead-210. 	' 
. 	 . 	. 

4. Section 1,47,16 is amended by 
adding anew paragraph (f) to read as 
follows: 

§ 142.16 Special primacy,  requirements. 
. 	. 

(f) An application for approval of a 
State program revision for 	- 
Radionuclides which adopts the 
requirements specified in ff 141.25, • 
141.32; 141.44, and 141.64 must contain 
the following (in addition to the general 
primacy requirements enumerated. 
elsewhere in this part, including the - 
requirement that state regulations be at 
least as stringent as the federal 
requirements): 	- - 

(1) If a State chooses to -issue waivers 
from the monitoring requirements in 
§§ 141.25 and 141.44, the State shall 
describe the procedures and criteria 
which it will use to review waiver 
applications and issnP waiver 
determinations. 

(i) The procedures for each 
contaminant or class of contaminants 
shall include a description of: 

(A) The waiver application 
requirement= 

(B) The State review process for 
reviewing waiver application= 

(ii) The State decision criteria, 
including the factors that will be 
considered in deciding to grant or deny 
waivers. The decision criteria must 
include the factors specified in 
§§ 14125(bX4) and 141.25(c)(3). 

(2) A State shall determine what 
systems_ are vulnerable to beta and 
photon emitting sources. States shall 
specify the procedures they will use to 
decide which systems are vulnerable. 
Vulnerability of each public water 

Containinant 	 MCLG 

Radon 222 	 Zero. 
Radium-22S 	 Zero. 
Radium-229 	 Zara. 
Uranium 	 Zero. 
Gross alpha emitter* 	 Zero. 
Beta and photon emitters 	 Zero. 

• 

• 
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system shall be determined by the State 
based upon an assessment of the 
following factors: 

(i) Proximity of water system to a 
potentially discharging source, such as a 
nuclear power facility, or where there is 
a commercial or industrial use, disposal, 
or storage of the materials; 

(ii) Previous monitoring results; and 
(iii) Use of water influenced by a 

nuclear power facility or other potential 
discharger. 

5. A new f 142.65 is added to subpart 
G to read as follows: 

§ 142.65 Variances and Exemptions from 
the maximum contaminant levels for the 
radionuclide contaminants listed in 
§ 141.64. 

(a) The Administrator, pursuant to 
section 1415(a)(1)(A) of the Act, hereby 
identifies the following as the best 
technology, treatment techniques, or 
other means available for achieving 
compliance with the maximum 
contaminant levels for the radionuclides 
listed in § 141.64, for the purpose of 
issuing variances and exemptions. 

BAT FOR RADIONUCLIDES LISTED IN 
§141.64 

Contaminant BAT 

Radon 222 1 
Radium -- 2.34. 
Radium 228 2.34. 
Uranium 04) 2.3 4 5. 
Gross alpha particle emitters 3. 
Gross beta partible and photon 

emitters. 

Key to BATs in table: 
1=Aeratiort Packed Tower, spray, slat tray and 

other forms. 
2= Ion exchange. 
3=Reverse osmosis. 
4= Lime softening: except for systems serving 500 

or fewer connections. 
5=Coagulation/filtratiorc except for  Systems serv- 

ing 500 or fewer connections. 
6= Mixed bed ion exchange. 

(b) A State shall require community 
water systems and non-transient, non-
community water systems to install 
and/or use any treatment method 
identified in § 141.64 as a condition for 
granting a variance except as provided 
in paragraph (c) of this section. If, after 
the system's installation of the treatment 
method, the system cannot meet the 
MCL, that system shall be eligible for a 
variance under the provisions of section 
1415(a)(1)(A) of the Act. 

(c) If a system can demonstrate 
through comprehensive engineering 
assessment, which may include pilot  

plant studies that the treatment methods 
identified in § 141.64 would only achieve 
a de minimis reduction in contaminants, 
the State may issue a schedule of 
compliance that requires the system 
being granted the variance to examine 
other treatment methods as a condition 
of obtaining the variance. 

(d) If the State determines that a 
treatment method identified in 
paragraph (c) of this section is 
technically feasible, the Administrator 
or primary State may require the system-
to install and/or use that treatment 
method in connection with a compliance 
schedule issued under the provisions of 
section 1415(a)(1)(A) of the Act. The 
State's determination shall be based 
upon studies by the system and other 
relevant information. 

(e) The State may require a public 
water system to use bottled water 
(except for radon) or other means as a 
condition of granting a variance or an 
exemption from the requirements of 
§ 141.64, to avoid an unreasonable risk 
to health. Granular activated carbon 
point-of-use devices cannot be used as a 
means of being granted a variance or an 
exemption for radon. 

(f) Public water systems that use 
bottled water as a condition for 
receiving a variance or an exemption 
from the requirements of § 141.64 must 
meet the following requirements. Bottled 
water cannot be used as a means of 
being granted a variance or an 
exemption for radon. 

(1) The Administrator or primacy 
State must require and approve a 
monitoring program for bottled water. 
The pu,blic water system must develop 
and pVt in place a monitoring program 
that provides reasonable assurances 
that the bottled water meets all MCLs. 
The public water system must monitor a 
representative sample of the bottled 
water for all contaminants under 
regulated § 141.64 the first quarter that it 
supplies that bottled water to the public, 
and annually thereafter. Results of the 
monitoring program shall be provided to 
the State annually; or 

(2) The public water system must 
receive a certification from the bottled 
water company that the bottled water 
supplied has been taken from an 
"approved source" as defined in 21 CFR 
129.3(a); the bottled water company has 
conducted monitoring in accordance 
with 21 CFR 129.80(g) (1) through (3); 
and the bottled water does not exceed 
any MCLs or quality limits as set out in  

21 CFR 103.35, 110, and 129. The public 
water system shall provide the 
certification to the State the first quarter 
after it supplies bottled water and 
annually thereafter and 

(3) The public water system is fully 
responsible for the provision of 
sufficient quantities of bottled water to 
every person supplied by the public 
water system, via door-to-door bottled 
water delivery. 

(g) Public water systems that use 
point-of-use devices as a condition for 
obtaining a variance or an exemption 
from NPDWRs for Radionuclides 
(except radon, as POU treatment is not 
allowed for variances to the radon MCL) 
must meet the following requirements: 

(1) It is the responsibility of the public 
water system to operate-and maintain 
the point-of-use device. 

(2) The public water system must 
develop a monitoring plan and obtain. 
State approval for the plan before point-
of-use devices are installed for 
compliance. This monitoring plan must 
provide health protection equivalent to a 
monitoring plan for central water 
treatment. 

(3) Effective technology must be 
properly applied under a plan approved 
by the State. 

(4) The State must require adequate 
certification of performance, field 
testing, and if not included in the 
certification process, a rigorous 
engineering design review of the point-
of-use devices. 

(5) The design and application of the 
point-of-use devices must consider the 
tendency for an increase in 
heterotrophic bacteria concentrations in 
water treated with activated carbon. It 
may be necessary to use frequent 
backwashing, post-contactor 
disinfection, and Heterotrophic Plate 
Count monitoring to ensure that the 
microbiological safety of the water is 
not compromised. 

(6) All consumers shall be protected. 
Every building connected to the system 
must have a point-of-use device 
installed, maintained, and adequately 
monitored. The State must be assured 
that every building is subject to 
treatment and monitoring and that the 
rights and responsibilities of the public 
water system customer convey with title 
upon sale of property. 
[FR Doc. 91-16523 Filed 7-17-91: 8:45 am] 
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