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'ENVIRONMENTAL PROTECTION

AGENCY .

40 CFR Parts 141, 142
[WH-FRL 3956-4]
RIN 2040-AA%4

National Primary Drinking Water
Regulations; Radionuclides

AGENCY: Envxronmental Protection
Agency.

ACTION: Notice of proposed mlemakmg. “

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, uranjum, alpha emitters,
and beta particle and photon emitters.
These radionuclides are classified as

group A human carcinogens according

to EPA's classification scheme; also,
uranjum is toxic to the kidneys. 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,
1991 in Washington, DC beginning at 9
a.m. A second public meeting will be
held on September 12, 1991 in Chicago,
Ilinois at 8 a.m. Washington hearing -
speakers should register by August 23.
Chicago hearing speakers should
register by August 30. -

ADDRESSES: Send written comments to
Comments Clerk—Radionuclides, .
Drinking Water Standards Division,
Office of Ground Water and Drinking
Water (WH~550D]), Environmental
Protection Agency, 401 M Street, SW.,
Washington, DC 20480. A copy of all
public comments and supporting
documents for this proposed regulation
will be available for review at EPA,
Ground Water and Drinking Water
Docket, 401 M Street, SW., Washington,
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 186, 1991.
No facsimiles (faxes) will be accepted.
as EPA is not equipped to receive the

. 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 .-
EPA's Regional Offices listed below:

L JFK Federal Bldg., (One Congress Street,
11th floor), Boston, MA 02203, Phone: (817}
585-3610, Jerome Healey

IL 26 Federal Plaza, Room 824, New York, NY
10278, Phone: (212) 264-1800, Walter
Andrews " ‘

IIL 841 Chestnut Street, Philadelphia, PA -
19107, Phone: (215) 597-8873, Dale Long -

IV. 345 Courtland Street, Atlanta, GA 30365,
Phone: (404) 347-3633, Wayne Aeronson

V. 230 S. Dearborn Street, Chicago, IL 80604, -
Phone: (312) 353-2650, Ed Watters

V1. 1445 Ross Avenue, Dallas, TX 75202, - .
Phone: (214) 655-7155, Thomas Love

V1L 728 Minnesota Avenue, Kansas City, KS
66101, Phone: [913) 238-2815, Ralph
Langemeir

VIIL One Denver Place, 9999 18th Street.
Suite 1300 Denver, CO 80202-2413, Phone:
(303) 2931424, Patrick Crotty i -~

IX. 75 Hawthorne Street, San Francmco. CA

84105, Phone: (415) 9748073, Bruce Macle: -
X. 1200 Sixth Avenue, Seattle, WA 98101.
Phone: (208) 442-1225, Jan Hastings - -

Public hearings will be held in the :
following locations;

Washington DC—Crystal City Mamott
Hotel, 1111 Jefferson Davis nghway.
Arlington, VA -

Chlcago. Hlinois—].C. Kluczynskx

Federal Building, 230 Dearborn Street, .

" 16th Floor, Chicago, IL
_Members of the public who plan to

" make. a statement at either public

hearing should contact Danesha Reid to .

. register, EPA (WH-550D), 401 M Street,
SW., Wasghington, DC 20460, telephone
* {202) 382-7576. Unregistered speakers -

will be heard after all registered
speakers have made their statements.

FOR FURTHER INFORMATION CONTACT: =

telephone (800) 4264791, or Gregory o
Helmas, Drinking Water Standards .-
Division, Office of Ground Water and

Drinking Water (WH-550D), . ... "

Environmental Protection Agency, 401 M

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

Abbreviations Used in This N 06@* R

BAT: Best Available Technology .

- BEIR: Committee on the onloglcal

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

and Support Laboratory [Cmcmnati A

or Las Vegas])
ede: effective dose equivalent
GAC: Granular Activated Carbon

- ICRP: International Commission on

Radiation Protection - - ‘
MCL: Maximum Contaminant Level
MCLG: Maximum Contammant 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.- ¢
NTNC: Non-transient, non—commumty
water system .

- pCi/1: picocurie/liter

POE: Point-of-Entry Technologies
POU: Point-of-Use Technologies
PQL: Practical Quantitation Level

. PTA: Packed Tower Aeration

PWS: Public Water System
-Ra-226: Radium-226

" Ra-228: Radium-228

RIA: Regulatory Impact Analysxs

Rn-222: Radon-222, or radon

SDWA: Safe Drinking Water Act, or the
.~ “Act”, as amended in 1988

" SMR: Standard Mortality Ratio

. WLM. Working Level Month
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I.SummnryofToday’sNPRM o

App]xcabdzty

The regulanons proposed in this . -
".otice would apply to all community
and all non-transient, non-community
public water systems. The proposed -
regulations would not apply to private

water supplies (Le., systems: serving
fewer than 25 persons)

Proposed MCLGs and- MCLs

MCLG MCL

1 Radium-zz&.__._._... zero_._1 ZOpCVI.
2. Radium-228.. ... ...l 28rO_f 20-pCi/1. -

3. Radon-222 ooy 2800 300 pCi7 1.
4 Uranium . .- .. .| zer0] zonp:gn (30 pCw/
5. Bota and photon | zero—| 4 mrem ede/yr.
emitters (excluding
Ra-225). - :
6. Adjusted gross zaro—.d 15 pCi/t.
alpha emitters .
(excluding Ra-228, _
U, and Rn222). -

" Proposed BA Ts Under Sectzon 1412 of

the SDWA

Radium 225/228: Ton -exchange. fime
" softening, reverse osmosis

Radon: Aeration .

Uraniunr: Coagulation/filtration, jon
exchange, lime softemng reverse
osmosis

Beta and photon emitters: Ion exchange.
Teverse OSImosis -

Alpha emitters: Reverse osmosis .

Proposed BAT Uuder Section 1415 of the
SDWA

The same as BAT under Sechon 1412,
Coagulation and filtration and lime
softening are not BAT for small systems
(those with <500 connections) for the
purpose of granting variances because
they are not technologxcally feasible for
small systems. .

Proposed Complzqnce M_omtormg

(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 collectonlyone - - - .

sample per three year comphance 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/l at the tlme of

sampling. :
(2) Systems that vmlate 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, mdmm 226
and uranium are: -

(1) Three annual gross alpha screens,
to be initiated in the compliance period
starting January 1996; if gross alpha is
less than the MCLs for radinm-226, -
uranium, and adjusted gross alpha,
screening would be reduced to -
monitoring once per three year
compliance period. Laboratories would
be mcpected to measure radium 228 and
uranium down to 5 pCi/l and gross
alpha down to 15 pCi/l.

{2) If gross alpha exceeds the radium-
226, uranium, or adjusted gross alpha
MCLs, specific analysis for uranium
and/or radium-226 must be conducted. If
the contaminant-specific analyses show
that the radium-228 or uranfum MCL
was exceeded, quarterly monitoring for
that contaminant is required. If neither
MCL is exceeded, monitoring for
radium-226 and uranium {or gross alpha
screen in lieu of radium or uranium) may
bereduced to one sample every 3-year -

annual

. compliance period after 3

samples, Sampling may be reduced to
one sample every 9-year compliance
cycle if the state finds, througha -
monitoring waiver, that the system

‘meets the MCL reliably and

consistently.
(3) Systems that violate theMCL @

~ would be required to monitor quarterly

until four consecutive quarterly samples
is below the MCL. -

(¢) The proposed monitoring
requirements for radium-228 are as

_ follows: Three annual radium-228 ’

analyses would be required; if the
radium-228 MCL is exceeded, quarterly -
monitoring would be required. If the
system is consistently below the MCL, -
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 MCL 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 quartedy 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 and:strontium annually, The
presumptive screen for compliance with -
the MCL would be 50 pCi/l. Because
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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 éxemption,
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
tisk to health values before grantmg a
variance or exemption. EPA is presently
developing guidance for determmmg
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 t]ns year. e
. Background

A. SlatutazyAuthnty and
Requirements -

Section 1412 of the Safe Drmkmg
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 whlch
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 sach 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), EPAis 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
Section 1415 authorizes the State to

- issue variances from NPDWRs (the term
“State” is ugsed 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
techmques. or other means for purposes
of issuing variances may vary,

depending upon the number of persons
served by the system or for other
physxcal 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
MCL 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 ig 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 Stateisto. - -
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 systemhas *
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 o
practicable steps to meet the above
requxrements.

",Sanacy

Ag indicated above, States may
assume primary enforcement ’
responsibility (primacy) for pubhc water
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systems under section 1413 of the -

must adopt, among other things,

. 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 to insure

’ coimmpliance 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 -

SDWA. To assume or retain primacy, .
States need not adopt the MCLGs but

NPDWRSs that are no less stringent than
those EPA promulgates. States may also, -
at their discretion, adopt standards more

. piped water for human consumption and :
. have at least 15 connections or.regularly. .
" serve at least 25 people. Section .

1401(1)(D}{4}. The category ‘pubhc
water system” is composed of .
community and non-community water-
systems. 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 indeperident water
sources) and non-transient systems:
" which EPA has defined as facilities that
- have their own water supply and

* regularly serve at least 25 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

unregulated contaminants, or in adwsmg exposure to environmental levels of

also requires EPA to promulgate -

requirements.
5. Public Notxﬁcatmn

e Section 1414{c)-of the Act requires the

7 . owner or operator of a public water .

. gystem which fails to comply with an. :
©applicable maximum contaminant level

or treatment technique requirement, :

systems for which variances or . .

. comply with the requirement of any
- 8schedule assembled pursuant to a

the Administrator of the EPA of the .-

¥, 40 CFR 141.32.
. B Appbcabz!zty

¢ (CWSs) and aii non-transient, non- -

g 8ystems.

the public of such risks.” Section 1445

regulations requiring every public water
system to condiict a monitoring program
for unregulated contaminants; and EPA -

. has estabhshed a number of specxﬁc " - community and non-community

- testing procedure, or section 1445(a). "

2 monitoring requirement to give notice to
- the persons served by the water system. : radionuclides) at a total dose equivalent

. Owners and operators of public water '

exemptions are in effect, or which faxl to‘ )

- variance or exemption, must also nge .
notice. Section 1445(a}(5) also Tequires

- - public water systems to notify the -,

:; - persons served by the water system: ami dnnkms ‘water regulations for these two -
% . *radionuclides. As part of an effort to ..
availability of the results of momtormg “develop better information for these. . ,ﬁ ', .
for unregulated contaminants. Public -

notification regulations are codxﬁed at

" These proposed regulatxons would
apply to all community water systems -

- community public (NTNC) water -

Public water systems are defined i m
the Act as those systemns whlch prov1de

: these contaminants pose minimal risks

- to the public and do not warrant .. . |

regulatmn under the SDWA. - . =~ . .
' EPA solicits public comment on the e

. application of these regulations to .

: nontransient public water supphes. -
“C RegulatomBackground

-~ In1976; EPA promulgated the National
- Interim Primary Drinking Water -
- Regulations (NIPDWRs) for combined
- radium-226 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”

. of 4 mrem/year to any organ or whole
body (40 CFR 141.15). These levels are *_
. currently in effect and enforceable.

. the Agency did not have sufficient .

health and.occurrence data on uramum o
.- and radori to develop standards. .

Therefore, there are no existing pnmary - four draft criteria documents which

* supported it prior. to publication of the
- ANPRM in the Federal Register (51 FR

regulatxons, EPA sponsored a workshop -
" on radioactivity.in dnnkmg water
” (Health Physics, 1985). - ’
On September 30, 1986, EPA pubhshed
" an advance notice of proposed - . .
rulemakmg (ANPRM), (51 FR 34836, .
Sept. 30,19886) concermng the.

_radionuclides contained in today's .-:

proposed action. The ANPRM discussed -
" EPA's understanding of the occurrence,
_health effects, and risks from these . -
radxonuchdes. as well as the available .

: When these NIPDWRs were developéd.v'ﬁf

analytical methods ond 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

. 1986 ANPRM.

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 -

, concentratlons Relatively higher levels

of radium were found in the midwest

- and Appalachxan 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 levela
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 midwestern states. Beta

particles and photon emitters were not”
detected above the 50 pCl/l screening

. levels.

.The ANPRM summanzed the types of

" cancer associated 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 . .. "
* with treatment technologms and
. estimated. costs.

D. Comments by the Sczence Advzsory o
-+ Board and the Public on the ANPRM

" 1.SAB Comment' - . ii-cee

- The EPA’s Science Adwsory Board's

"~' (SAB] Radiation Advisory Committee”
" (RAC) reviewed the ANPRM'and the .

'34836;. September 30, 1986). EPA
" subsequently revised the criteria

" documents and resubmitted them to the .
"SAB/RAC for review during the summer

of 1990. EPA has now revised the .

- ¢riteria documents based on this latest

review (SAB/RAC, 1990) and presents a
summary of the SAB/RAC comments
and EPA's i'eplies to them here. More
detail on these issues may be found in

.. the latest rewsed criteria documents o
. themselves. . . :

i L
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a. General comments and generic
Iissues. In requesting review of the
health criteria documents in 1990, the
EPA requested the SAB/RAC to focus-
on five questions in their review, inr
addition to providing any additional
comments the reviewers believed to be’
relevant. The five questions asked were:

1. Are the estimates of the absorptlon.
distribution and excretion of uranium,
when ingested, 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
{(bath individually and collectively)}
appropriate?

The SAB/RAC reviewers also
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. Genera! 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 careful review by
ORP and ODW. Irrelevant information
and incorrect definitions have been
deleted, and definitive descriptions of
the dosimetric models havaheen . . .
included in each Criteria Document. _ .,
Except where noted in the Criteria ’
Documents, the bages for aelecung
models is the same as those given by the
ICRP in their publication ICRP 30 (ICRP"

. -1979). Material on chemical and physical
properties has been included, consistent .

with OW format for 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 rev'xsed
Criteria Documents, EPA believes 0'the
overall quality of the revised documents

is substantially improved, and will
continue to.udate the documents, as
needal.ulg:etweefn t!Ilalx;oposal and’
prom tion o regulation.

2. Technical decisions contrary to
SAB and NAS recommendations were
presented without discussion of
alternatives or justification for the
Agency’s choices. -

EPA Rep]y' Detailed discussions are

: provxded in the criteria documents of

issues raised by the SAB, as indicated
for document-specific comments below.
The-basis for adoption of SAB 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 other Federal Agencies in its
asgsessments of radiation rigks. EPA's
modification. of the ICRP dosimetric
models is used for assessing doses and
risks from radivm, 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 pheton
emitters.

" 3. Uncertainties were not adequately
addressed. -

EPA Reply: A new chapter has been
added to each criteria document
addressing vncertainties associated
with the range of assumptions and
models considered and those arising
from parameter variability (chapter IX
in each document}.

b. Responses ta the. ﬁve specific
questions; )

1. Are the estimates of the absorptxon. :

distribution and excretion' of uranjum,
when ingested, appropriate and
supported by the data? . -

The SAB/RAC believed the - -

' absorption, distribution and excretion
estimates presented in the draft uranium.

criterfa 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 fy (gastrointestinal

absorption factor] and cited a 1985 .

_review sponsored by the EPA as
‘recommending an f; value of 0.014. SAB/
'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 & value of 0.05 is
appropriate. However, published studies
present a wide range of possible values

* for the uranium uptake factor. While
"EPA believes a value of 0.05 is

supportable based on the literature, the

uncertainty associated with this value
may be great, perhaps a factor of 4
greater or less than the value chosen..
The basis for this uricertainty -
assessment is presented in the 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 f; factor.

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

The SAB/RAC urged ERA to better
justify use of & fresh tap water .
consumption value of 0.66 liters/ day,a
value different than the 2 liters dmly
consumption usually used in assessmg
exposure to drinking water -
contaminants, and other assumptions -
about radon loss from water duri i
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 contaminams in drmkmg
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.1 and VILB.2} and the
uncertainties are discussed in chapter IX
of the Radon Criteria Docmnent (section "
IXB.1) ’

The available data on tap water ,
consumption is presented in "Radon in
Drinking Waters Assessment of :
Exposure Pathways” (EPA, 1991h). EPA -
continues to believe a value other than 2
liters per day is appropriate for
assessing risks front ingested radon, and’
has used a value of 1 liter daily intake of
fresh tap water, as a reasonable )
maximum, i the revised documents.

. EPA believes this is appropriate because .
* radon is a volatile gas and will not be

present fn-water used for cooking or.

' . making tea orcoffee, or water thathas™ ..
..been standing for some time. EPA has . -

therefore estimated consumption of:

_ water that i3 promptly consumed, L.e.

water drawn from the tap and consumed
immediately, for agsessing 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.

7 volatile contaminants via ingestion
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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 indoot 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 -

estimates must be addressed. SAB/RAC .

also stated that there were differences-
in the draft criteria document from a. -
draft radon risk assessment previously -
submitted to SAB/RAC by EPA's ORP -
for review.

. EPA Reply: An analysxs of exposure
ta radon during showering and other -

by EPA and is presented in “Radon in
Drinking Water: Assessment of

analysis was summarized in the Radon

VIILB.2} and the uncertainties are
discussed in chapter IX of the Radon

- IXBa2).

data and methods for evaluating. . = .
inhalation exposure to radon released
from water. These include several
empirical studies a3 well as several. .
£ modeled approaches to exposure .
.. assessment: EPA concluded in this - -
analysis that although mass balance

Lii b

from showenng and other water use,
assessing risk based on this information
is difficult. Human activity patterns are
highly variable with regard to factors

~ such as temperature and length of
shower, 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

. the Radon Criteria Document was
Exposure Pathways” (EPA, 1991h). The .
Criteria Document (sections IV.C.2 and :.

" Criteria Document (sechons XA3and

This document reviews the avaxlable " - placed on the epidemiology data and

- modeled rigk estimates for evaluatmg
* radium risks

g ‘modeling can be performed for radon = .

< that have a large influence on exposure,

" 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
regpiratory tract. Modeling does allow

- for risks from showers to be broadly
~ bounded, and EPA has done so inits" .-
- review. EPA concluded that integrated

exposure and risk estimates developed
from modeled water use through out the

house (including showering) differ only
. glightly from the results obtained from -

use of an average water to air transfer

. - factor such as 10,000:1 (i.e., 10,000 pCl/1
" . radon in water increases indoor air

levels by about1 pCi/l). based on the
empirical data.

- In response to the final pomt 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 -
10 working level months of exposure to

radon and it progeny, in air, as a
central estimate, consistent with EPA’s

. "letter of November 23, 1988 (EPA, 1988}
“ _to the SAB/RAC, which first used this
-ag the unit risk for radon. The source of
ement was apparently the lack of

disagre
separate presentation of risks to -

"~ smokers and nonsmokers. Risks to =

smokers and non-smokers were not -

-presented separately and in detail ag in

- .- the February 1990 paper. EPA has added
+ - this discussion to the revised Radon

- Criteria Document (sections VLC and

household uses of water was performed -

VILB.2, Table VI-1). The preparation of

coordinated with the evolving ORP
position on indoor radon risks to the

- extent the regulatory and review

schedules allowed, and EPA will

‘continue to update the document, as
. needed, between proposal and --
-promulgation of the final rules.

4. What relative emphasis should be

The SAB/RAC urged EPA to base 1ts

_ " risk assessment for radium on human . . .
"... . epidemiology data on radium watch dial .
* painters, rather than on modeled- . ..
estimates, and urged EPA to present its. -. .

rationale for adopting the modeling
approach for radium risk assessment. -

* The SAB/RAC also requested that EPA

better describe its dosimetric model in -
the revised criteria document, including
calculated doses and risks to organs, .
and that if EPA continued to use the
modeling approach, uncertainties in the
modeling be addressed.

EPA Reply: The Agency carefully
reconsidered this issue. First it should be
pointed out that all risk estimates are

" based on both epidemiologic data and .

requireé 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 sarcoxpas resultmg from mjected

-Ra-224.

The watch dial pamter 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 derivinga | |
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 IV Committee (NAS, =~

"1988) that there was no unique way to

derive a linear risk coefficient for bone
sarcomas from thé dial painter data. ,

There are, however, serious problems
in applying the watch dial painter

" - epidemiologic data. These include’ .
* 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 sarcomasg-among . . -
lower-intake cohorts. There may alsobe .
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 extrapolahon .
are extensively discussed in the Radium
Criteria Document (sections IIL.B, VLB.1,
VIIB2, IX.A1 and IX.A.2, Tables Vi-1

to VI-3, VIII-1 and VII-2), and a

thorough discussion of the RADRISK

" model has been incorporated (sections

LD, VIL.B, VIILB.2, IXA.2 and IX.B.2,
Tables III-1 and VIII-3 to VIII-5).

S - » . ©
. B .
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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 BEIR
III committee (NAS, 1980} found that
these epidemiclogy 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 toxicokinetics
between the short-lived and the long-
lived isotopes of radium, modelling is-
required to use the BEIR I 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 al,
1981; Dunning et al., 1980; EPA, 198%a}
used by EPA to assess risk from
radionuclides also allows calculation of
radiologic doses to and cancer 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
incidence of lenkemias 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 spondylitic and
Thorotrast studies. The predictions of
the RADRISK model were adjusted to
give 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 VIILB.2,
Table VIH-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 carcinoma risk to the model
{for radium-228], consistent with the
watch dial painter studies. -

_ As aresult 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 requested by SAB/
RAC, an expanded description of the

RADRISK model and assessment of
uncertainties have been added.

5. Is the methodology for assessing
risks fromr 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 revigions 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 document. 1. The
document fails to explain selective
adoption of the recommendations of the

‘BEIR IV report, in particular the BEIR IV

use of analogy with radium as the basis

“for risk evalnation of uranium, and the

BE]RIVconclusionthatanycancerﬂsk
from uranium is from bone sarcoma, not
other organs as predicted by the EPA
model.

" EPA Reply: Fora number of 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 radiatien are carcinogenic.
EPA has reviewed and revigsed a key
parameter value used in this model, the
f: value, according to SAB/RAC

‘recommendations, and has-also revised

the predicted risks of leukemia, as
described abaove 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 valyes, in particular the
f 1 value of 0.20 nsed 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 abave, EPA
has reviewed and revised the f; value
used in estimating vranium 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 {onn -
inhalation studies) and aomemcorrect
definitions.

EPA Reply: EPA has revnewed the
comments made by the 1987.Committee
review, and addressed those that remain -
pertinent to the revised documents. :
Studies by exposure routes other than
ingestion have been included in the K
Criteria docament, where those studies
indicate systemic effects and especially -
where data by the ingestion route are . -
sparse. Terms and definitions have been

. reviewed and corrected where found to

be incorrect.

ii. Radium criteria documt. 1.
Extrapolation of risk from dial pamter
data.

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

2. Uncertainties are not adequately
addresgsed. ’ )

EPA Reply: EPA has added an

. assessment of the uncertainties in tﬁe

risk evaluations to all of the :evxsed

_ Criteria Documents.

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

Response: The dxscusslon has been

. expanded (section LA} and -

uncertainties are addressed (sectmn
IXBJ1).

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

Response: Thig recommendation was
followed (sections 1B, V1.C, VIILA and
IX.A1).
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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-226 and Ra-228
should be addressed. :

EPA Reply: This recommendation was

 followed {sections IILD, VILB, VIILB2,

IX.A.2 and IX.B.2, Tables IlI-1 and VIII-3
to VII-5 of the radium Criteria ,
Document). As described above, the
estimates of leukemia risk for radium
228 and 228 have been revised and the
head carcinoma risk for radium-226
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). :

iil. Documents related to radon. 1.
Inconsistencies in the relative”
conservativeness of the assumptions
across the criteria documents for
radionuclides and with regulatxon 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'

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 showerm,g. This analysis is . -
presented in a separate document (EPA
1991h) and summarized in the Radon
Criteria: Document (sections IV.C.1,
IV.C2, VIILB.2, IX.A.3, IXB.1and .
IX.B.2).

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

" including the degree of radon 1
* equilibrium,

" Beparate document (EPA 1991h) and -

.+ Document {(sections IX.A.2 and IX.B.1).
. The model of Crawford-Brown (1990}, -
* which has been published in peer- -- . ...
- A detailed enumeration of the comments

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 .
VLB.2) and risks of inhaled radon decay
products have been listed separately for
smokers and nonsmokers {sections VL.C
and VIILB.2, Table VI-1). Genetic effects
are discussed in the Radon Criteria
Document (sections VLB.1, VLB.2,
VILC, IX.A.4 and IX.B.3, Tables VII-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.1, VIILB.2 and

)
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, VILB.2 and. .
"¢ IXA3andIXB2). -

6. The daily acute exposure from :
showering should be considered, -

EPA Reply: This has been done e .

summarized in the Radon Criteria:

* Document {sections IV.C.2, VIII.B 2 and
¢ IX.A.3 and IXB.2). -

7. Additional analysrs of the ingestmn

> model by Crawford-Brown (1990) would 3
* be useful, including extending the
-+ analysis of uncertainty. -

EPA Rep]y' The enalysw of -

uncertainty in radon ingestion nsks ig. .
-i aspects of the.September 30, 1988 -
- ANPRM. A summary of the major -

extended in the Radon Criteria - .- - -

reviewed journals (Risk Anal. 11:135- ..
143, 1991), was considered to be the best:

- . analysis available for assessing risks of ,

ingested radon.

8. The document should not contaxn
incorrect definitions of fundamental
technical terms or basic fallacies.’

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
agreementto doso. -

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

. 4', the values of parameters selected and
., overall uncertainty of the evaluation. .

EPA Rep]y: An assessment of the
uncertainties in the risk estimates has

. been added to each of the Criteria

Documents.
5. Tables A—l and V-1 are rmsleadmg :

- or difficult to understand as presented.

EPA Reply: These tables have been
revised to clanfy the mformatmn :

: presented in them. -
- 2. Public Comment on the ANPRM

EPA requested comments on all
comments, and the Agency’s response to
the issues raised, are presented below.

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
Rulemaking of September 30, 1988,"
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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 organizations.

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 representatlves
reported on levels of rachonuchdes 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—ObsewedoAdvers&Eﬂ'ect—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 uraniumisa
carcinogen. One commenter disagreed

with EPA’s rationale to regulate uranium -

based on similarities to radium and
another maintained that EPA’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

" and because of similarities between
_ radium and uranium. .

EPA Response: Uramum. hke radmm. :

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 radmm and
radon. -

EPA Response: The risk level
estimated in the 1983 Workshop on
uranium was 6 x 10 ~7 per pCi/l 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/l (EPA, 1991¢e). 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
(1079 to one in 1,000,000 (10~¢) risk. As
uranium occurs in water uséd asa
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 i
against this potential hazard is also
warranted. In addition, regulation of
uranium in water is required by

- the 1988 amendment to the SDWA.

7 (2) No-Observed-Adverse—Eﬁ'ect-Level
data on the radiotoxic effects of uranium.

' Comments: Two commenters cited
data showing that the lowest:

. concentration Of uranium shown to

cause kidney damage is 3 pg per gram of . are discussed in greater deta 1l in

kidney with 1 ug/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/lis the accepted, nontoxic
level for natural uranium from heavy
metal toxicity.

- EPA Response: The study that the first
* commenter is referring to (Wrenn é¢ al,

water, and protection

1985) goes on to derive an intake limit

for uranium in drinking water based on
the 1 pg 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 pg/1 limit for uranium

in drinking water.

Based on evidence from a number of
chronic and subchronic 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 RfD is 3 x.

10~ mg/kg/day (EPA, EPA, 1991s).

When estimating drinking water
contaminant levels for contaminants or

.effects associated with identified
- thresholds, EPA calculates a Drinking

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 pg/1) 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 give an MCLG of 20 pg/L 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

Sections . 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/l 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 exmtters.

mcludmg uranium.

EPA Response: The BEIR 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 BEIR IV (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
thre cost of the health protection ;
afforded by the proposed MCLs to be
reasonable (EPA, 1991i). While
affordability assessments are based on
cost to regxonal 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. 4

The Agency has specified proposed
BAT3 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.
MCLG$ and MCLs for radium-228 and
radium-228. 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 MCLGs 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,

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 ingufficient 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).
~ Asdiscussed 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
310~ ¢ per pCi/l The epidemiology
studies addressing radiuni-226 and -228
directly also indicate that two types of
cancer, 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, B

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 ehology of these e
- tumors. ’

EPA also included radmm—zza 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 IL

below. EPA also has data supporting the

analytic chemistry methods to -

determine compliance with the radium- -
228 MCL, 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, - -
- occurring radioactive contaminants at

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-228 test were done (the interim
monitoring requirements only required
radium-228 monitoring when the gross

alpha measurement exceeded 5 pCi/l, 40

" 'CFR 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
generated from treatment of water for
radionuclides. A total of 15 commenters .
discussed the need for EPA to address
technical, regulatory, and economic
aspects of treatment and disposal of .
radicactive 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 -
matetial, and that a large problem
associated with reverse osmosis
treatment for uranium would be disposal
of large volumes of brine generated by
the process and disposal of 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
radionuclide 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 A
- 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 occumng
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 drinking water

treatment wastes containing naturally- -

various ranges of concentration. These

guidelines are presented in “Suggested - v

Guidelines for the Disposal of Drinking

* Water Treatment Wastes Containing

Naturally-Occurring Radionuclides™
(EPA, 1990a).

For disposal of hqmd wastes, or
brines, EPA suggests discharge to
surface water, discharge to sanitary
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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.C below.

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

EPA Response: The treatment and
disposal of wastes generated by the
treatment processes could increase
overall treatment costs and may be
beyond affordabxhty for some small
systems. However, in establishing
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.C below.

As previously mentioned, under -
certain conditions, variances and - -
exceptions from any MCL requirement
or NPDWR treatment technique - - '
requirement may be available for some
small systems (see section V.I).
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 resultinan -
‘unreasonable risk to the health of the
water supply customers. .

d. EPA’s proposal to set a MCLG and
MCL 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 proposalto
regulate gross alpha radiation with an -

'MCLG and MCL; favoring the idea that

gross alpha be used as a screemng
device only.

In support of a MCL, one commenter
asserted than a total alpha activity MCL
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 drinking 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 MCL 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 1988

"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
uranjum 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. - -

d_ecay. 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 df 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.

. 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

i

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-

" appearto 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 sensltnnty to radiation
induced cancer is mcorporated in the”
models. - :
Comment: One commenter o
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 appmpnateness
of setting one dose equivalent MCL
standard for all radionuclides fourd in
drinking'water.

A total of 11 commenters addressed
the appropriateness of a combined MCL'
standard for all radmnuchdes 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 eifort 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 hxgher
analytical costs. -
EPA Response: The Agency agrees -
that a combined MCL 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 wold 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-emmttmg .
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. grogs-
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 stdtement
made by one commenter that
- implementation of a combined MCL
would have higher costs due to the
extent of unnecessary monitoring that
might occur.

h. Comments un regu]atxon 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 elght .
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 cf 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 .

Adbvisories 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 MCL 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 pC1/1 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 1986 amendments to

- the SDWA to set an MCL for beta and
_photon emitters.

- E. Other EPA Radon and Radmtmn '

Programs .

- EPA has developed the Radon Action .

Program, a primarily non-regulatory -
program, to reduce the heglth 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 detaﬂ in section V.F.
below.

EPA’s Radon Action achvmes 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 testmg
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 radonin
~ new homes. °

EPA has also prepared a vanety 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/l 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 maten_als on radon
testing and mitigation in the home can
be obtained from the national radon
hotline at 1-800-SOS-RADON.

There are al3o regulatory programs
that restrict radon and other
radionuclide exposures. In November of
1989 EPA issued final regulatxons :

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 existirg

" and new uranium mining and mﬂl—
: talhngs piles. :

F. Basics.of Rad}atzon '

The study of radiation is a epemaiized

scientific field and much of the public

- water supply industry and public
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 presentsa
discussion of the fundamental concepts
of radiation, its nomenclature and its -

© measurement.

II1. 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 falpha 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 meost significant
natural radionuclides (as determned by
their levels of occurrence in

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 drinkmg
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 18 proposing to set MCLs
near the 10~* 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 1074 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
geries contains both radium-228 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.
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Figure 1. Uranium and thorium isotope decay 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. NIRS 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 (ANPRM) (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 NIRS (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 60,000 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
3,300 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 890 of the 1,000 sites
selected.)’

The national occurrence estimates for
radon, radium-226, 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-226 -

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/1. 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/1, respectively. The overall

mean value was 0.4 pCi/1, assuming a
value of 0.9 pCi/1 (i.e., one-half the -
MRL) for those systems with results

;. below the MRI..

NIRS also computed populahon-
weighted averages for the states having

supplies sampled in NIRS, and reported ~

that the highest values were found in -
Illinois, Wisconsin, Minnesota, and
Missouri, a region recognized by others
(e.g., Hess et al., 1985) for havmg high
radium-226 levels.

The national occurrence eshmates
derived from NIRS 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 tohave 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,

" itis also estimated that 3.4 million

people using ground water systems are
exposed to radium-226 levels exceeding
5 pCi/1, and 899,000 are exposed to
levels above 20 pCi/1 (EPA, 1991i).
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 0.1and 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/1,
respectively. The overall mean, using 0.5
pCi/1 for those systems below the MRL,
was 0.7 pCif1 (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), approxxmately 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/1, 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; 1991).

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 NIRS. About 11% of
the NIRS systems were found to have
levels above 1,000 pCi/1, and 1%
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reported radon levels above 10,060 pCif
~ 1. The maximum value reported was
25,700 pCi/f1. The mean and median
values for the positive sites were 881 -
and 289 pCif1, respectively. The overall
mean, using a value of 50 pCi/1 for those
" gites below the MRL, was :eparted to be
648 pCif1.

Based on the NIRS data, itis
estimated that approximately 45,000
community and non-transient
noncommunity ground water supplies in
the U.S. have radon levels above 100
pCi/1. About 25,900 are estimated to
have levels exceeding 300 pCi/f1, with
9,400 exceeding 1,000 pCi/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
pCi/1, 17 million by those having radon
levels above 300 pCi/1, and 2.7 million

_ by those with levels above LOOO p&[l
(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 kimited
information provided in the Nationwide
Radon Survey it appears that levels in
such sapplies are very low compared to
levels observed in ground water o
supplies. Of 25 susface water gystems in
the Nationwide Radon Survey forwhich
data were available, 23 (32%) had levels
below 100 pCi/1. The mean level was 34
pCif1, with a maximum level reported at
240 pCif1. 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 a.lso
vary on & diurnal or longer term basis.
Data on radon variability were :
developed by Kinner et. al (Kinner, 1890)

unng their study of radon freatments.
A review of the monitoring data takén |
from several of the wells used in the =~
treatment studies showed up to 2 fold. =
varfations in radon levels at various " .’
wells over periods of one year orless. .
Variability over the course of a single”
day was generally less than over the " .

lenger periods. EPA has also funded an -

ongoing study by the State of.
Connecticut to investigate the variability
in radon levels in water. EPA: will :
incorporate these results when they are
available. )
Because of this vanablhty inradon -
levels in water, EPA is proposing more
frequent moritoring for radon than the
othrer contaminants proposed for
regulation here, but will also allow
averaging of results for determining
compliance, as described in section V.G

below. EPA solicits addittonal data on
the variability of radon levels in water,
and on use of these data in establishing
compliance monitoring requirements. -
2. Assessing individual radon exposure
from inhalation and ingestion .
Because it is @ volatile contaminamt,

. radon poses exposure issuesnot -

encountered in estimating exposures
(and risks] for other drinking water
confaminants. In assessing exposure
and risk from radomn, EPA has generated
two separate exposure (EPA,1991h) and
risk assessments (EPA, 1991c). by the :
inhatation and mgahon exposure,
routes.

For other volatile contaminants .
regulated under the SDWA, EPA has -
continved to use its estimate of 2 litera
of daily water consumption to assess -
overall exposure and risk. EPA. . -
estimated that while a volatile -
compound may be lost fromwater 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 eses.in -

the house). Because adverse health. -
effects far the VOCs were systemic

‘rather than route speific, exposure-

route was not eritical 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 both routes.

In considering exposure and risk.
estimation for radon there were two - .
critical differences that led EPA toits
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 studies hava been conducted
on the transfer of radon from water to .
the air of a house (Hess et. al.,1991], ;
and several published modeling - _
approaches to assessing exposure are
available, EPA’s assessment of these is
described in detail in the background
document “Radon in Drinking Water? -
Assessment of Exposure Pathways" '
(EPA 1901h). Second, thereare™ =
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 informatiomon
which to base a risk assessment is**
different for the two routes. Risk of lung’
cancer by inhalation from radon and its

progery is based on a sevies of Itaman
epidemiology studies, as described’ -
below, and has many elements specific
to radon with its progeny in the air. The
target organ for these studies was the
hmg ondy. Risk by ingestion is based on
modeled estimates of radiation dose and
risk to all body organs as a resuit of
consuming water containing radon.

In assessing indoor au"exposure to
radon resulting from its presence in
drinking water, EPA has used an overall
average estimated factor for transfer of
radon from water to air 0£10,000t01 .-
(i.e., 10,000 pCi/l radon in water .
contributes 1 pCi/l to air). EPA. ..
extensively reviewed both the empirical
data and the various modelling
approaches that are available, mcludmg
exposure to radon during showering.
EPA's review is presented in “Radon in
Drinking Water: Assessm:ent of
Exposure Pathways” (EPA 1991h). As
described above mEPAs reply to
comments from the SAB/RAC, 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 difficuit. 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 nultipie 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 fraction, and -
aerosol particle size in a shower and
behavior of water aerosols in the: .
respiratory tract: Modeling does alInw
for risks from showers to be broadly -~
bounded, and EPA has done so inits
review. EPA concluded that i exposure -
and risk estimates developed from' -
modeled water use throughout the honse
(including showering} differ only slightly
from the resuits obtained from use of an
average water to air transfer factor such

. a8 10,0001, based ou the empirical data.

EPA is therefore using‘thelo,ooon st

transfer factoras an average for " -
purposes of assessing nahonal nsks to

radon in drinking water : . -

In assessing exposure ami nsk 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 will have appreciable
amounts of radon. Even water directly
consumed after being drawn will have |
less radon than would be measured ’by
carefully drawing & sample from the tap
for monitoring purposes. because of

T T T T LT
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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 drinking 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 drinking 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/ug
and is frequently used to estimate the
activity of total uranium measured as
mass (EPA, 1988b; EPA/ORNL, 1981).
The 0.68 pCi/pg value is based on the
natural crustal abundance of isotopes.

. The uranium-234/uranium-238 activities

ratio of one, that is inherent in this
assumption, 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, 1990h; 19910). The 1.3 factor was
applied to the NIRS results to convert
those data from mass (ug/l1) to actmty

_ (pCi/1) for total uranium.

Approximately 72% of the sites in -
NIRS had uranium levels above 0.1 pCi/l
{0.08 ug/1). Most of these (70%) had
levels between 0.1 and 20 pCi/l
{approximately 0.08 and 15 ug/1).
Uranium was found to exceed 30 pCi/l
(20 ug/1) in only about 1% of the systems
in NIRS. The maximum value found was
115 pCi/l (88.2 pg/l) (EPA, 19910).

* Based on an analysis of the NIRS
data, national occurrence estimates for
community and non-transient non-
community water supplies (both ground
and surface water) indicate that o
approximately 1500 will have levels
exceeding 20 pg/l, serving )
approximately 875,000 people [EPA. )
1991i). Of the 1500 systems exceeding 20
pg/l, 1460 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;
19910).

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™* 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 consxder
exposures by routes other than
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 in.more 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 1990h; 19910). 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 9011
and water may be higher. - .

EPA is proposing to use the 20% ~ ‘
default value as the RSCforusein - °
calculating a uranium MCL because of
the poor data base for estlmatmg dietary
exposures. EPA recognizes this may be
a conservative asgessment, 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 ufanium 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. B¢ 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 Amblent
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/l (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 pCi/
1, with:average values below 0.1 pCl/ 1
EPA, 1989c). :

Asis 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 supphes downstream
from nuclear facilities or using a water
source that may be affected by nuclear”
facility releases. While normal releases
pose very low rigks, accidentalor -
unscheduled releases could be of

_concern.

One naturally occurring beta and
photon emitter potentially of concern ia
lead-210, the first long-lived progeny of'

' radon-222. Lead-210 was not monitored' -
in the NIRS survey, and data on its' ‘
occurrence in drinking water supphes s
are limited (EPA, 1991g). However, the '
drinking water concentration estxmated‘
to correspond to 4 mrem ede/yr .
- (assuming 2 liters-daily intake) is 1 pr/
L, 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 pogsible need to
develop an MCL for lead 210.

1

F AIpba-Emittiné Radionuc]fdes

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 tobe
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”
MCL 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
NIRS data were evaluated in terms of a
reasonable worst case approximation,
which represents the highest reasonable
estimate of gross alpha concentrations

- (EPA, 1991f). 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 léék 6f nauonal 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, 1991f).

" Based on the upper bound

" approximation, 17% of the systenis ‘

sampled in NIRS reported adjusted -

. gross alpha above 2.8 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/l and only
1% had levels over 20 pCi/l (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/l and 65 systems
(serving 500,000 people) exceeded 20
pCi/l (EPA, 1991f, EPA, 1991i).
Approximately 80% of the systems
affected at any of these levels serve
3300 or fewer persons.

* EPA notes however, that this analysxs
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, 1991f). 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 fou.nd
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/l 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 pCi/l 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 0.0l 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, 1991f) 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 pCi/},
although values as high as 0.8 pCi/l
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were reported for plutonium-238 at twe
sites.

IV. Proposed MCLGs for Radiomlchdes
A. Setting MCLGs

MCLGs are set at concentration levels
at which no known or anticipated
adverse hezalth effects would occur,
allowing for an adequate margin of
safety. Establishment of a specific
MCLG depends on the evidence of
carcinogenicity from drinking water
exposure or the Agency's reference dose’
(RID}, 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 (i.e, A, B,.C, D, or
E). Each chemical is analyzed for
evidence of carcinogenicity.via. -
ingestion. In most cases, the Agency .
places Group A, B1, and B2 .
contaminants into Category I, Group C
into Category I, and Group D and E into’
Category IIl. However, where there is
additional information on cancer risks
from drinking water ingestion (taking
into consideration weight of evidence, -
pharmacokinetics and exposure) - - .
additionat scrutiny is condncted which
may result in placing the contaminant - */
into a different category. Asbestos and -
cadmium are examples where the
categorization was adjusted based on:- -
the evldence of careinogemcity via o

A’s policy is’ tosetMCLGsfor .
Category I chemicals at zero. The MCLG ;
for Category I contaminantsis -
generally based on the RED/DWEL "

(drinking water eqnivalent level as’

described below} with an added margin.
of safety to account for cancer effects or -

" is based on a cancerrisk range of- 10" to
" 10~*when non-cancer dataare .~ - -

inadequate for deriving an RfD.,©"
Category IIl confaminants are based on
the R/ DWEL approach. .

TABLE 1 —EPA’s THREE-CATEGORY
APPROACH FOR. Esnausums MCLGs

wc!nngsnicitsrifit"

weight of
gvidence,
pharmacokine-
-} texand - .
1 exposure..

TABLE 1.—EPA’S THREe-CATEGORY AP-
PROACH FOR ESTABLISHING MCLGS—
Continued

Evidenca of . 8
Catogory carcinogenicity via approach
1 sececremmacnemeees}, Limnited evidenca RID approach
considering with added
weight of safety
evidence, margin of
pharmacokine- 107%to 10°¢
{1 Oo——— ) . .Y RfD epproach.
The MCLG for Category 1

contaminants is set at zero because it is
assumed, in the absence of other data,
that there is no known threshold
Category I 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)orB - -
carcinogens are placed in Category L
Category H contaminants include
those contaminants for which EPA has
determined there is limited evidence of
carcinogenicity via drinking water-
ingestion considering weight of
evidence; pharmacokinetics, and
exposure. I there is no additional
information to consider on potential
cangcer risks from dri water - -
ingestion, chemicals classified by the
Agency as Group C carcinogens are
placed in Category IL For Category I
contaminants two approaches are
generally used to set the MCLGs—either

A sethng the goal based upon non-

carcinogenic endpoints fthe RiD} then -
applying an additional uncertainty -

- (safety) factor of up to 10 or (2] setting

the goal based upon a nominsl lifetime
cancer risk calculation in the range of -

- 107%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
- approach -

currently evaluating its approach to
establishing MCLGs for Category II

~ contaminants.

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

contaminants, the MCLG is estavlished
using the RfD approach.

The cancer classification for a specxﬁc
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) are'made

- through the Agency Reference Dose

work group, also composed 6f
representatives of various EPA pro
offices. Decisions by CRAVE and the
RID groups represent rigk 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 (IRIS}. This system can be .-
accessed by the public by contacting
Mike McLaughlin of DIALCOM, Inc. at

202-488-0550. -

The RfD 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 RfD 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 NOAEL or LOAEL is then divided
by the uncertamty factor to derive the -
RiD.

The use of an uncertamty 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 humans. Accounts for
intra-species variability.

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

1,000—Human data not avaxlable.

: Extrapolation from animal studies of

less than chronic exposure or fmm a

. LOAEL in animals.

1-10—Additional safety factor based
on scientific judgement. .

In general, an uncertainty factor is .
calculated to consider intra- and
interspecies variations, limited or

- incomplete data, use of subchronic

studies, significance of the adverse
effect, and the pharmacekinetic factors
From the RfD, a drinking water
equivalent level (DWEL} is calculated
by multiplying the RfD by an assumed
adult body weight (generally 70 kg) and
then dividing by an average daily water
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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, celled 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

_ uncertainty factor

= mg/kg/(}):;iy weight‘/ . ")
Rﬂ)xﬁpdy'weight
DWEL= daily water consumption in
L/day
ms/ L EE @
MCLG DW'ELannkmg water 3
contribution - S @)

For chemicals suspected as
carcinogens, the assessment for non-
threshold toxicants consists of the
weight of evidence of carcinogenicity in
humans, using bicassays 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 B1—Probable human
carcinogen based on at least limited
evidence of carcinogenicity to humans.

GI‘Ole B2—Probable human

carcinogen based on sufficient evidence -

in animals and inadequate or no data in
humans.

Group C—Possible human carcmogen
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 pubhcahon
of the National Interim Primary Dri

... 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 34838, 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 radiopuclides. These fall

into two brodd:categéries: 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 inchide -

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 sub]ects.

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, 1991a; 1991b; 1991c; 1991d:
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 usmg
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 dnnkmg
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 w
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 scme
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 nsks'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 o
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

T
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radiation dosés to workers exposed to
radionuclides and to provide for worker
safety. EPA uses a dosimetric model

that is very similar to the ICRP model in .

a computer program called “RADRISK™
which uses the ICRP 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 Heclth 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
uraniurm, 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 bets, gamma, and photon
emitters. Despite differences in radiation
type, energy or half-life, the health
effects of radiation are identical.

TABLE 2.—CLASSIFICATION OF THE
CARCINOGENICITY OF RADIONUCLIDES

Isotope Canearg:p Summary of basis.

Rn-222__tA

Ra-226 ..} A_.....} Done sarcomas and head

i exposed to
via ingestion. Supporting

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

1988; UNSCEAR,
Ra-228_ .|

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

Cancer.
group

isotope

Uranium .{ A

2

Beta/ A
gamma,

1. Radium-226 and Radium-228

The Agency has placed radium;zza in .

Group A based upon clear evidence of
carcinogenicity to humans and animals
(EPA, 1991b; 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 brugh.
with the lips and (2} patients in Europe -
injected with a short-lived isotope of -
radium, radium-224, for treatment of
spinal arthritis and tuberculosis
infection of the bone (NAS, 1988; EPA,
1991b). Radium-228 and radium-zza are
category I contaminants.

Harmful effects of radinm result from
tissue damage caused by the
radioactivity of radium and its .
daughters (ATSDR, 1990). The dosxmetry
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-228, with

y

a half-life of 1,600 years, and radium- -
228, with a half-life of 5.75 years-
(ATSDR, 1890). The alpha, beta, and
gamma radiation released by the decay
of radium and their progeny cause o
ionization of cellular components and
the subsequent death or mutation of
affected cells (EPA, 1989a). o
For about half of known radium dial
workers, radium exposure has been
calculated from measured body burdens
(Rundo et al., 1986). In most cases, only
radium-226 was detected, sothat .. -
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, 1974; -
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. (1968, 1969), ingestion
was assumed to be five times 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, ludney disease, liver
disease, tissue necrosis, cataracts,
anemia, immunological suppression and
death {ATSDR, 1990). The most sensitive .
indicator of non-cancer 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 uCi 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 usually not of concern .
for radium in drinking water (EPA;, -

. 1991b; EPA, 1990g; EPA, 1990n).

Scientists-have long recogmzedtlmt
exposed radium dial painters have. .

elevated rates of two rare types of . -

-t cancer, bone sarcomas (csteogamom :i“;
- fibrosarcomas and chondrosarcomas}-

and carcinomas of head sinuses and - -

| mastoids (Evans et al, 1944; Sharpe, - .
- 1974). A recent quantitative analysis of -
- the epidemiologic data (Rowland et al.,.

1978) found a highly significant excess
of bone sarcomas and head carcinomas
in a cohort of measured women first
employed before 193Q. The relative
effectiveness of radium-228 and radiom- -
228 in inducing bone sarcomas was )
estimated to be 1:2.5. The incidence of
head carcinomas was associated with
exposure to radium-228, but not radium-
228 {(Rowland et al., 1978). This is
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expected if these cancers are due to
accuinulation of radon gas in the »
mastoid air cells and paranasal sinuses;.
because the radon daughter of radium-
228, radon 220, decays to Ra-224 too
quickly for substantial diffusion to air
celis (NAS, 1988}. In this cohort, a dose-
squared relationship was the best fit of
the data for radium-228 and radivm-228
induction of bone sarcomas, while a
linear relationship was the best fit for
radium-226 induction of head
carcinomas {(Rowland et al., 1978).
Heowever, 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 danghter of radium-223,
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 whichis )
used in the RADRISK model is derived
from data on expasure to radium-224 -
(NAS, 1980; EPA, 1991b} because actual .
exposures to radium-228 and radium-228
to the watch dial painters is not well .
known, and because of the uncertainty
that would be introduced in derivinga. ;
linear risk coefficient from slgmﬁcantly
non-linear data. :

No statistically significant # fncrease in
cancers other than bore sarcomas and
head carcinomas have been found in
cohorts of radfum dial painters - - -
(Stebbings et al, 1984). Increasesin . . -
" breast cancer and multiple myeloma are
better correlated with durationof - . - .
employment, a surrogate for external ..
dose of gamma irradiation, than with
radium intake (Stebbings et ak. 1984).
The lack of an increase in leukemias is
unexpected, because the accumulation .
of radium in bone would be expected to

- provide substantial irradiation of _ .

potentially leukemogenic cells (Mays et
al., 1985),-and external irradiation has
clearly been-established as a cause of
levkemia in humans (NAS, 1980).
Possible explanations for the lack nf
observable increase in leukemias ..,
include alterations in bone arclntectnre
non-umiformity of irradiation, lethality of
irradiation to marrow cells, low - - -
frequency of leukemogeniccells in -
irradiated regions, misdiagnosig 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 frradiation (EPA.
19g91b}.

Possible correlations between cancer
rates and radium in drinking water have
been examined in three studies in the
United States. Petersen et al. (1966])
found an elevated rate of fatalities from
bone malignancies among residents of
Iowa and Hlinois with elevated radivm-
228 in drinking water, but the statistical
gignificance was marginal and
confounding factors could not be ruled
out {NAS, 1988). Bean et al. {1982) found
an increased incidence of 4 out of the 10
cancers investigated among fowa ,
residents of small communities with

- elevated radium-228 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-223
in private wells, but there was no
evidence of a dose-response trend.
Rates of colon, lung and breast cancer
and lymphoma showed no consistent

.excess (Lyman and Eyman, 1986).

Animal studies have shown that
exposure to radium causes bone.
sarcoma in mice, rats and dogs and .
leukemia in mice (ATSDR, 1990}). Evana
et al. (1944} produced bone sarcomas in
rats by both oral exposure for 20 days
and intradermal exposure for 2 days to
radium-226. Experiments af Argonne
National Laberatory using large
numbers of CF1 female mice injected
once with radium-226 demonstrated a

clear increase in bone sarcomas (Finkel

et al.,, 1969]. 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 incidence of bone sarcomas -
{Raabe et al., 1981}. In addition to bone -

" sarcomas, other malignancies . -

associated with radium exposure in -
animals are eye melanomas in beagle -
dogs injected with radium-226 or - - -

radium-228 (Taylor et ak, 1972) and - - - :
leukemies in mice injected with radivm--
~224[Hnmphreysetnk.1985.Mulleret 4‘,.

al., 1988).
Quantl!atxve eshmates of the risks of

low level exposure to radium ir drinking
water were

for under-prediction of bone dose and
sarcoma risk by radium-228. The -

resulting risks corresponding to hfetnﬂe )

intake of water containing 1 pCi/l are -
4.4 x 107 ¢ for radium 226 and 3.8 x 107¢
for radium 228 (EPA, 1991b}. An

generated by the RADRISK -
model and adjusted for aver-prediction .
of leukemias Iack of separate prediction -
- of head carcinomas by radium-226, and

alternative approach to ‘evaluating the
risks-of radium in
presented by Mays et al., (1885} These -
investigators derived linear risk
coefficients from the dial painter
epidemiologic data, which, as noted

above showed a significantly non-linear - :

response for bone sarcoma incidence.
Mays et al. (1985} calculated the risks
corresponding to lifetime intake of water
containing 1 pCifl radium to be 8.4x
10~ ¢ for radfum 226 and 8.8 x 10~ *for
radium 228. The adjusted risk -
coefficients used by the Agency in -
evaluating the risks of radiumm . -
drinking water are about half those .
calculated by Mays et al. (1985}, but are
considered to be better estimates
because of the quantitative uncertainties
in the dial painter dafa concerming
ingested dose, cancer incidence, and -
particularly low dose extrapolation.
There may be several sourcesof .
uncertainty in the rigk 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 sarcomag as
one part of a linear low dose :
extrapolation, lack of statistically
significant increases 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, EPAhas -
evaluated all the available data and
believes the approach selected is likely
to bave fewer uncertainties than other
approaches to assessing radium risks at
environmental intake levels. .

EPA selicits public comment onits -
estimation of risks from radium in
drinking water. Int particular, EPA
solicits public comment ox use of the
RADRISK model ta assess risks, use.of a
linear risk model to extrapolate to low
doses, and the adjustment of estimated
leukemia riska and addition of the head
carcinoma risks to the risk estimate, and
adjustment of the radrmn-zzs bone -
sarcoma risks. - . .

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

Ratﬁ'um-m ~

‘e Excesg mcxdence of bone sarcomas
and head carcinomas among humans -
occupationally exposed to radium-226.

+ Excess incidence of bone sarcomas
among laboratory ammals injected with
radium-228. -

* A calculated mortality risk from
lifetime ingestion of radium-226 in
drinking water of 4.4 x 107%/pCi/[l,
assuming 2 liters consumption per day.
A lifetime mortality rizk of 10~* vould

33073 -
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exist at approximately 22 pCi/l 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 injecfed with
radium-228.

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

2. Radon

EPA'’s primary concern in regulating
raden 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~
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 classxﬁed 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 - -
studies.with experimental animals also -
provide sufficient evidence for the :
carcinogenicity of radon: The fact that -
ionizing radiation is clagsified asa - '
group A carcinogen provides the basis:
for considering radon to pose cancer::
risk when ingested and for radon gas

that is inhaled, absorbed and. dlstnbuted

(EPA,1991p). .
a. Radon risks fmm mbalatzon.

Human epidemiologic data-have been . -
obtained from groups-of underground - .
Ietal-ore miners mainly in the United

_ States (Colorado Plateau), Canada
(Ontario, and Eldorado):

Czechoslovakia, Sweden (Maimberget). 2
Newfoundland and Great Britain. 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
WIM of exposure is approximately
equal to being exposed to radon and its
progeny at 200 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 smok.mg
histories.

The Czechoslovakian cohort consisted
of 2,433 miners who began
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 relahonslnp
existed, so that increasing dose (WLM)
did not result in increased risk if

‘exposure was less than 5.8 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=2820). 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/10% persons,
and in persons starting exposure after 30
years of age the risk was approximately
30 cases per year per WLM/10¢ persons.
The Malmberget retrospective -

_mortalxty study involved a cohort of

1,415 miners who had worked

-underground for more than one caIendar

year from 1897 to 1978 (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 (SMR=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 (W) before

. age using the equation: -

r{age, period, dose history)=r, (age)

[14+0.025y (age} (W1 +0.5W3)]
where 7 has a value of 1.2 for persons )

. younger than 55 years, a value of 1 for

persons 55 to 65 years old, and 0.4 for

: persons older than 65. Based on this . -
equation, the excess lifetime lung cancer -
mortality for males was 5.0810™*¢ -
.cases/WLM of lifetime exposure, and the )
risk for females was 1.86X10™ ¢ cases/ .
WLM of lifetime exposuré. Assuming .
equal numbers of inales and females in -
the U.S. populahon. 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/10¢ 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 raden
exposure and is proportional to the :
normal lung cancerrate without raden
exposure.

The equation for the constant relative-
risk, proportional hazard model is:
M) = Roft) (1 + [ r{tJ R{t) dt} = the

mortality rate at age, t

where:

A, (t}=age-specifie long cancerrate at gge. t
r{t.}=risk coefficient at age of

exposure,t,
R(t.)=age-dependent exposure.rate
r=time lag (minimal Iatency]

A correction of 0.8 was used to account
for the other carcinogens present in
mines but not present in indoor
buildings. Anether adjustment of 0.8
was made to account for differences in
dose to the bronchial epithelium for
indoor as compared with miner
exposure. This resulted in arisk
reduction factor of 8.64. 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 Iagtxme and the
1980 U.S. lifetable and vital statistics at
an exposure level of 0.001 WiM/year,
ICRP calculated 610 lung cancer deaths/
10 * WLM for males and 204 for females .
(i.e. a combined risk of 420 [ung cancer
deaths/10®* WLM]. -

The current EPA estimates for Iung : ,

cancer risk from radon exposure are

based on an averaging of the results of .

the BEIRIV and ICRP 50 analyses with
slight modifications (EPA, 1989a; EPA,
1991c). The EPA has accepted the BEIR "
IV conclusions that the dose and risk -
per WLM exposure in residences and in

mines are basically identcal, and thus '~

no compensation is made for age- and
sex-specific tracheobronchial-

A}

deposition. The ICRP 50 (1987} results -

have been slightly modified by deleting
the risk reduction factor of 0.8 used by -
ICRP to compensate for differences in
dose to bronchial 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, 1989a)}. :
The EPA’s risk estimate was adjusted
for an assumed background exposure of
0.25 WEM fyear; the average radon
exposure rate was based on 19380 ¥.S.

vital statistics and Nero’s radon in

residence distribution estnnate {Nero et
al, 1988). .

EPA estimated the excess lifetime risk
in the general population due to
constant fow-Tevel lifetime exposure,
based on an average of the BEIR IV and -
ICRP 50 estimates and the modifications
discussed above, at 550 and 190/1G ¢
WLM for males and females,
respectively, or a combined risk of 360

_lung cancer deaths/10® WLM, with an

estimated range of 140ta 720 lung _°

: cancerdeathspenm‘WIM(EPA.

1989al.

The occupancy factor of wsnsbased
on studies by Moeller and Underhilk
(1976) and OakIey (1972}, which
estimated radiation exposure and
populanon 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,
1991i}, and EPA estimates that 10,000
pCif1 radon in water will contribute
about 1 pCi/1 to the airofa house. on
average (EPA,1981h). ~ .

. The risk estimates for excess lung
cancer deaths due to inhalation. of radon
can be used in estimating the risk of
radon in water (EPA, 1991c}. Using the -
above assumptions, the risk estimate of
360 deaths/10 ¢ WLM is converted to
units of deaths/pCi/1 water as. follows.

Risle (PCI/Tuucur} =

(360 deaths /10 ¢ mnx(smwm/wx.-

yr)X (20 yr} (0.5 WL 100 pCi/ T} X (107
(PCi/ 1}/ (PCilloeral} % (075) -

=4.9X10"? deaths[p&h..,.
Lifetime individual risk for kmg eaneer -
of 5% 10 *deaths per pCi/t water was -
estimated for mhaled radon daughters
(EPA, 199%c}. - :

However, EPA isin the pmcess of
reviewing and revising its estimate of
radon risk. This review is basedon the *
conclusions of the recent report by the
National Academy of Science entitfed
“Comparative Dosimetry of Radon i -
Mines and Homes™ (NAS, 1991}, on -
results of the National Residential - -
Radon Survey and also o' comments
received by EPA on the backgmund
document revisions fo the = -

5

) supporting
Citizer’s Guide to Radon. The study by *

NAS was funded by EPA to help rednce
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 revige 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 SABfRAC ata’
meeting held May 20 and 21, 1991. EPA
anticipates that the humg cancer risk '
estimate forradon by inhalation (based

on the epidemiology studies] may be
reduced by as much as 30% in the final
revised estimate (EPA, 19911].

As a volatile gas, radon may aIso be
absorbed via inhalation and distributed
throaghout the body, posing some risk to
internal organs. The human
epidemiology studies do not account for.
this risk. EPA estimafed the risk to
internal organs from inhaled radon gas,
using the RADRISK model, the 0.75
occupancy factor, an estimated
breathing rate of 22,000 liters daily

- (EPA, 1989a} and the 10,000:1 water to

air transfer factor (EPA, 195th]. as

* 2x10~*deaths per pCi/Twaer Details of
“this calculation are provided in the

Health Criterta Document for radon .
(EPA,1991c). = . .

EPA has also reviewed information on
the interaction of smoking and lung.
cancer risk from radon. The BEIR IV .-
committee (NAS 1988] concluded that
the data show a multiplicative
interaction between smoking and radon
exposure in causing hmg cancer, notan.
additive interaction. In reviewing the
relative risks from radon fo smokers = .
EPA (EPA 1990i; EPA 1991c] eshmafecl
risk multipliers applicable to the
population average risks for diifezent

categories of smokers. The categories .. - -

include non-smokers, former smokers, -
and current smokers of different '
numbers of cigarettes. For non-smokers,
estimated risks from radom are about

- 20% of the overall average population.

risk; for former smokers, radon risks are .
about 80% of the average risk. For " .-

current smokers, estimated risks range .

up to about 450% of the dverage
population risk (40 cigarettes per. day]..
with & smoker average of 180% of ~ .
overall average population risk’ Heavy .
smokers are therefore at considerably =
greater risk from radon: exposure than ia
the general populatwn. =
b. Radon risk via mgestmm EPA' )
assessment of the risk associated mth
radon when ingested is Iess certain than .

the estimate of risk by the inhalafion .. .-

exposure route. No experimental or - L

. epidemiologic data Jink exposure via " - .

ingestion to increased cancer rates. . ." -
In the present assessment; EPAfms

estimated the risk from ingestion of

radon-222 in dtinking water using dafa .

on organ doses recenily developed for .

- the Agency by Crawford- Brown(IQQOI.

In developing these dose estimates..
Crawford-Brown used thé results of
biokinetics studies carried outby ~, °
Correia et al., (1987; 1988] using xenon- ,
133, a gas that behaves similarly to

radon-22Z. Hess and Brown (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 accurnulation 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 I1I.C 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 1.5x10~7 per pCi/l (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 8.6 X10~7 per pCi/L This gives
an estimated 1x10*individual lifetime
risk at approximately 150 pCi/l in water
for all water related exposure to radon
(EPA, 1991c). -

EPA estimates that approxxmately 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/l, 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/l
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 adveise
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

. toxi¢ity, 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; 1991¢). 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 acfivity 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, 1991¢e). Malignant
tumors were observed in mice following

injection of uranium-232 or uranium-233 -

{at levels greater than 0.1 uCi/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
madequate to assess the carcinogenicity
of uranium ingested in drinking water
(EPA, 1991¢e). However, some
epidemiological data do suggest that
inhalation exposure to uranium or direct
exposure to uranium deposits may be
carcinogenic in humans. Polednak and
Wilson (as cited in Dupfee 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 model, as
described in the revised Drinking Water
Criteria Document for uranium (EPA,
1991e). EPA's earlier draft of this-
document (EPA, 1989f) and earlier risk
assessment used a gastrointestinal
uptake (f;) factor of 0.20, which is
revised in the updated Criteria :
Document (EPA, 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 f; (from less than 0.01 to
0.30) indicate that there may be
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 f; value..

Using a gastrointestinal uptake (f,)
factor of 0.05, risks of fatal cancer
estimated using the RADRISK model
indicated that uranium in water poses
cancer risk of approxnnately 59x10°7 -
per pCi/l, assuming 2 liters daily intake.
Concentrations in water of 1.7 pCi/l, 17
pCi/1 and 170 pCi/l correspond to
lifetime mortality risks of approximately
1X107% 1X10"* and 1X10" .

" respectively. .«

b. Non-cancer eﬁects 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
oxyﬂuonde, and hydroﬂuonc ac1d

{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 Tox:cn'v

. . " NOAEL (mg U/kg/day) LOAEL (mg U/kg/day)
Species/compound
30-day 19 2yr 30-day 1yr 2yr

Rat N -

UGyF, e 19 19| 19 39 39 39

UG,(NOs ) 24 24 24 120 120 120

UF, 760 760 760 76001 7,600 7,600

UG,F, 4 8 NT 8 19 NT
Rabbit

UQO2(NOCs )2 ND NT NT 28 NT NT

NT = Not tested. -

ND = Not determined. .
NOAEL = no observed adverse effect level
LOAEL = lowest observed adverse effect

lavel
Source: Maynard and Hodge (1949, as cited in U.S. EPA, 19916)

N ephrotoxicity has been rep_orted 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 et al., 1953),
Treatment-related histopathological
changes were observed in the kidneys of
rats fed UO.F;, UO:(NOs),- 6H20, and

" UCL. No histopathologic 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 studxes is presented
in Table 4 :

TABLE 4. —-SUMMARY ofF NOAEL AND LOAEL VALUES

NOAEL | LOAEL .
Compound percent percent s Effect
Uranyl nitrate. 0.1 0.5 | Body wetght depression, mild. tubulat necrosis of Iudneys.
Uranyl fiuoride - 0.08 0.1 | Body weight depression.
Uranyl nitrate o1 0.5 | Body weight depression, kidney changes.
Uranyl tetrafiuoride 2 20 | Body weight depression, kidney changes.
- Uranium dioxide effects 20 | No toxic

Source: Maynard and Hodge (1949, as cited in U.S. EPA, 1991e); Maynsrd_eta!.(1953.asdtédin0$. EPA, 1991e).

The mechanism of action of uranium A'

in renal toxicity is not fully understood -

(Leggett. 1989). Nephritis and changes i m ;
urine composition are the pnmary -

symptoms (EPA, 1991e).
Morphologlcally. 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. Regereration 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).

_ mg (9.5 mg U/kg) uranyl nitrate.

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 ag lethality, at

*". higher exposures (EPA, 1991e).
" | Histopathological changes (distortion of -
* centrilobular and perilobular zones) -~ -~

were observed in the livers of rats fed 20

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
(Paternian 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 2.8 mg uranmm/kg/ 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 RfD) of 31073 mg/

. kg/day (EPA, 1991s; 1991e). EPA
multiplied the RfD by 70 kg and divided -

by 2 liters daily water intake, to derive-
the DWEL of 100 pg/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 pg/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 mast be
protective of the public against all
adverse health effects.

There may be several sources of
uncertainty in the uranium risk
evaluation. These are discussed in detail
in the Criteria Document {(EPA, 1991e), -
and are briefly surmmarized here.
include in particular for the uranium

cancer risk estimate the f; factor, as well -

as the lack of confirmation of uranium'’s
carcinogenicity 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 uraniem,

.including the f; factor, uraniom’s

carcinogenicity, and kidney toxicity as

_ thelmmmgadmehealﬁx effect.

4. Beta Parﬁcle and Photon Emtters

. “Beta and photon emitters” are a
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 human 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-LET}
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 radxahon 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.

Nonstochastic effects occur at relatively -

high doses of radiation but not at doses
of typical environmental exposure and
regulatory interest. Radionuclides
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 cancer have been shown
to be induced by radiation (ICRP, 1877;
NAS, 1990). The epidemiological basis -

* for risk estimates specific to irradiation

have been reviewed in detail in BEIR Il
(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

- rigk 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; Sullivan et
al, 1981; EPA, 1989a; 1991d). Equivalent -

organ doses consider the concentration .

of the radionuclide, the intake of water,
the absorption of the radionuclide 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 f,) and
fraction deposited in the organ or

- compartment (fy") are functions of the

chemical form and of age. The values of
f; and £’ and the retention functions for
each radionuclide and chemical form
are taken mostly from the tabulations in
ICRP Publication 30 (ICRP, 1979; 1980;

- 1981); Sullivan et al., (1961) and Dunning

et al. (1984). Organ masses are values
from ICRP Publication 23 for adults -

-{ICRP; 1975). The model integrates the

organ burden for each year of life to
obtain an annual burden, which is
corrected for age with a nuclide-specific
S-factor. The S-factors (unita of dose
equivalent per Ci-day) are derived by -
calculating the number of decays in the
organ during residence and the energy -

: absorbed as the result of the decays.. . . -
. Using these parameters, the dase . -

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;
1991d).

The risk factor associated with
exposure to 1 Sv (Sievert; 1 Sv=100
rems) that is adopted is 39,000/10%
persons (or for 1 rem, 4x10™ ¢ persons;’

-lifetime probability (P) of a radiation-

) lifetime intake of 2 liters of water daily. - |

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

induced fatal cancer is 2.8x1075 per
mrem ede per year. For the purpose of
getting standards, the EPA generally
considers allowable values for lifetime
risk to lie between 10~*and 1074 A
lifetime cancer risk of approximately
10~* corresponds to 4 mren ede/yr.
Appendix B lists the concentrations in
pCi/1 that correspond to 4 mrem ede/
year for each beta emitter, assuming -

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
evalnated all the available dataand
believes the approach selected is likely
to have fewer uncertainties than other
approaches to assessing nsks from beta

EPA solicits pubhc comment on its
approach to estimating risks from beta
and photon emitters in dmnhngwater

5. Alpha Emitters |

EPA considers all ionizing radmhon to
be carcinogenic, and has €lassified the
jonizing radiation released during alpha
decay as a Group A carcinogen (EPA,
1991p). Therefore, as a'class, alpba - -
emitting radionnclides are considered .-
group A carcinogens. There are also. . .
adequate data on some individual alpha
emitters to conclude that they are .
carcinogenic. Accordingly. the Agency
has placed alpha emitting radionuclides

" asa class in Group A as known human'’.
_.carcinogens {EPA. 19913]

Alpha emitters are pnmanly nahna]ly
occurring, deriving from the uranium - -
and thorium decay, series. There are a. .
more limited number of alpha emittmg
radiomuclides (than beta emitters] that -
are of potential concern in public water
supplies, as only a few alpha emitters
have ever been reported in the '
published literature to occur in water. In
addition to the naturally occurring
radicnuclides, 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 IILF).

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 (1969a). 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 metabolie
model as do Dunning et al. (1980): -

and as described above for the beta

: emitters. The model estimates radiation
dose to organs, the dose isusedto : - - -
calculate risk to the organs, and the -
risks to organs are summed to estimate
overall risk. Levels of the alpha emitters
representing 10™4 lifetime risk in s
- drinking water (assuming ingestion of 2

hters dmly] are presented in Appendix " -
. However, the BEIR committee discussed

Spec1fic alpha emitters of interest -
include polonium, thorium, plutonium
and p0331b1y americium as these have
been found in water. There are scme
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 reviewed the available literature
on polonium. Polonium was reported to
cause lymphomas in mice, and various
soft tissue tumors in rats given
polonium. In addition, 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
hyperplasxa 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/l in
water (assuming 2 liters daily intake)
would pose an approximate lifetime
cancer risk of 1104 (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/l (EPA,
1991f).

The BEIR 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 (ThO:;

- . Thorotrast) was used in medical .
Sullivan et al. (1981); and EPA (1989a]. o

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.

the limitations of these data for
assessing the risk due to other forms of
thorium. Forms of thorium other than
ThO,; 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/l to approximately -

125 pCi/l (EPA, 1991a). Most reported
thorium occurrence in drinking water
was at levels near 1 pCi/l (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 1963. 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
causged 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 uged its
RADRISK model to assess'plutonium
risks. The RADRISK model estimates
that lifetime cancer risks of
apprommately 1X10~*are posed by

water plutomum concentrations - -

of about 7 pCi/l for the different
plutonium isotopes (EPA, 1991a)
Reported plutonium levels in drinking
water were less than 0. 1 pr/ 1(EPA,
1991{).

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 assessmg 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

=4
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known or probable human carcinogens
at zero, the Agency is proposing to set
MCLGs of zero for radon, radivm-226, -
radium-228, uranium, and alpha and

- beta particle and photon emitters.

V. Proposed Maximam Contammant
Levels

Summary of the Proposal

The SDWA directs the Agency to set
an enforceable standard fora .
contaminant (MCL) as close to the -
health goal for the contaminant @ICLG)
as ig “feasible”. Feasible is defined as
the use of the “best technology,
treatment techniques and other means
which the Administrator finds. * * * are
available (taking cost into ~
consideration)”. (Section 1412(b}{5}.) In _

ining MCLs, the .

determining Agency
considers a number of factors. The -
Agency evaluates the availability and
performance of the various technologies
capable of removing the contaminants,
identifying those that have the highest
removal efficiencies, that are compatible
with other types of water treatment
processes, and that are not limited to

- application in a particular geographic
region. As the MCLlevelsmustbe -
generally enforceable, EPA also -
considers the ahility of labaratories to

measxmereliahlyforthecontammanﬁsm‘

water. EPA derives practical :
quantitation levels (PQLs) which x:eﬂect
the contaminant concentration that can

be measured by good laboratories under

normal operating conditions within -
specxﬁed Limits of precision and

S N .
’I'he Agency also considers the health

risk associated with the contaminant.
The Agency esfimates both the ’
incidence of disease and the risk to

. individuals. EPA has historically set a; .

reference risk range for carcinogens at
10~*to 10~ *lifetime individual risk; risks
within this range have been conmdeted
acceptable, . -

T}zeBdeofCosism Se:nguass
In setting MCLs, the Agency also

considers a mumber of cost elements. In

the past, EPA has generafly limited -
consideration of economic costs under
the SDWA to whether a teclmology i is
affordable for large municipal water -

systems. (52 FR 42225 Nov. 3,1987; "the a

legislative history indicates that EPA is
to base MCLs on treatment technology
affordable by the largest public water
systems”). However, EPA has .
determined that nothing in the statutory
language, the legistative history or EPA’s
prior constructions of the statute
precludes consideration of cost-
effectiveness in setting MCLs under the
SDWA (EPA, 19900}

EPA'’s focus on affordabi]ity for large
systems in the past is consistent with
statements in the 1974 House Committee
Report:

In determining what meﬂmds are generally
available, the Administrator is directed to
take costs into account.”* * * It i evident
that what i3 a reasonable cost for a large
metropolitan (or regional} public water
system may not be reasonable for a small

- gystem which serves relatively few users.

The Committee believes, however, that the -
quality of the Nation's drinking relatively few
users. The Committee believes, howeverz, 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 general, this

means larger systems are to be encouraged
and smaller systems dt For this

reason, the Committee intends thet the
Administrator’s determination of what
methods are generaBy available (taking cost
into account] is to be afforded by large -
metropolitan or regional public water
systems.
HR. Rep. No. 93-1185, A Legislative
History of the Safe Drinking Water Act,
g7th 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 en cost-
effectiveness, but thought that -
promoting consolidation of amaIl
drinking water systems into larger ones
would promote cost-effective solations
in the circumstances that prevailed in
1974. EPA has concluded that in lght of
changing circumstances since 1974,
including the Iarge number of MCLs that
have been established in the meantime
under the SDWA, it is no longer :
appropriate to focus exclusively on large
system costs in order to promote cost-
effective solntions that protect human
health from contaminants in the pation’s
drinking water. .

In addition to the statements in the

~* 1974 House Committee Report, a 1986
. floor statement by Senator Dm'enberger
: might be read to saggest that - -

consideration of large system

. affordability is the only permissible role -

. for cons‘demS mm under ﬂ'e SDWA‘I . effectiveness considerations apply to large aswell

3 In the floor debates on passage of the

conferance report for the 1966 amendments to the

SDWA, Senator Durenberger stated that the
amendments were “not an instructien for the

" administrator to conduct a cost-benefit analysis to
- determine the MCL. The law emphatically does not

provide that the administrator will set the MCL at 2
level where benzfits 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 aveilable
technologies. And availability in this instance is
considered only in the context of the largest supply
systems.” 132 Cong. Rec. $8287 (May 21, 1988}

‘restrict

However, EPA believes that, in context,
the 1986 er floor statement
was not in fact intended to preclude
consideration of cost-effectiveness, as
opposed to cost-benefit analysis.?
Nowhere in his floor statement does .
Senator Durenberger reject
considerations of cost-effectiveness (as
opposed to cost-benefif} 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 (GAC) -
technology to establish MCLs. 132 Corg.
Rec. S6294. EPA believes that it would
be anomalous and contrary to |
Congressional intent to sanction usmg
cost-effectiveness considerations in
setting MCLs using one technology
(GAC), which Congress clearly
intended, but to prahibit consideration
of cost-effectiveness in setting MCLs

" using other tectmologies which raise-

very similar issues.

Snm}aﬂy neither the statotory
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 close to the
maximum contaminant level goal - -
(“MCLG™) “as is feasible.” SDWA Sec.
1412(a}(4), 42 U.S.C. 300g-1{a)(4). The
term “feasible” i3 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 avmlable (lakmgoostm

consideration). - .
SDWA sec.‘1412(a){5). 42U.S. C 3009-

‘ 1(a)(5) (emphasis sxrpphed).

dominant emphasis in the statutory
language is on achieving practical - -

‘results.® Ftn'thox'e. far from

EPA’s approu:h 10 wmiderlng coﬂ-eﬁecﬁvcnm
in this rule is consistent with the literal language of
Senator Durenberger’s floor statement, in that EPA
is considering cost-effectiveness in the context of
determining which technology should be deemed
“best available technology,” and these cost- -

as small systems. -

2 In any event, even if the Dnrenberger floor
statement had been intended to restrict EPA’s
discretion 1o consider costs in any way other than
large system affordability (whick EPA does not
believe that it was}, legally it could not have that
effect. Floor statements by individual legislators.
while entitled fo some weight, do not effectively
g di ion t0 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 Pzerce
County, 478 U.S. 253, 283 (1966).

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

X E Continved

~
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precluding consideratien of economics
in setting MCLs, EPA is specifically
instructed to*tak{e] costinto
cansiderafion” in determining whether a
technology is available.

EPA does not believe that Congress'’s
instruction ta take economic costs into
account:in:determining whether
technologies. are available wasintended
to preclude.consideration of -economic

cost-effectiveness in:determining which

technology, or level of ‘technelogy, is
“best.” As:a.matterof the.ordinary
mexning-of langaage, if two technologies
orilevelsof vontrol achieve comparable .
or nearly comparable results, but.one of
them is much more efficientor:cost-
effective than the other, theanore - -
wasteful and expemnsive one could
hardly be szid to be the “best.” ~ -
This plain language interpretation.of
“best” available technology as
permitting some weighing of economic

has construed “best-available
technology” requiremerits in-other
environmental statutes to encompass-
cost-effectiveness, but generally not
cost-benefit.considerations. Far S
example, EPA has long interpreted: -
“best" available control techmology for

purposes:of the PSD programunderthe -

Clean Air Act as incorperating-cost- .
effectiveness considerations (EPA,
1979a; unreasonable adverse economic
effects of an available control
technalogy, as demonstrated by an
incremental analysis of that option
relative to others, are.an adeguate basis
to reject an alternative}. EPA’s
interpretation of the “best” available
technology requirement under-the Clean
Aijr Act as allowing consideration of .
cost-eHectiveness has been upheld by.

" . the courls. See, e.g., Northern Plain

~

ResourceCouncil v. EPA, 845 F.2d 1349

-(9th Cir. 1981) {affirming EPA’s rejection

of an available control opfion on cost-
effective grounds under the “best
available contral technology™
requirements of the PSD program nnﬂer

. the Clean Air Act).

From the standpdint of facilitaﬁng
sound environmental policy, it makes .
little sense to:set multiple MCLs based

" solely on considerations of the ability of

large systems to afford each individual
MCL. Rather, EPA believes thatthe
overall purposes of the Safe Drinking
Water Act, assuring the overall safety of
the Nation's drinking water supply, will
be best effectuated by a consideration of
cost-effectiveness. In addition, EPA has
historically set its MCLs based on 10~*
to 107¢ lifetime risk to an exposed

practical results.is'that EPA:is:adjured to set
standards based on practical results.obtainable in
the field. rather.than solély'in the laboratory.

" account in sefting MCLs forcertain .
costs is reinforced by ‘the fact that EPA -

. effectiveness in setting the ‘level of ...
. contral whxﬂusmnsxdered.feamble

" radionuclides that have ﬂmgreateét '

individual. See for example 40:CFR part
300 [National Contingency Plan), 40 CFR
part 61 [Benzene NESHAPs, 54 FR .
Contingency Plan), 40 CFR part 61
(Benzene NESHAPs, 54 FR 88044, .
September 14, 1989), and 52 FR.25700~ .
25701, July 8, 1987 (Final VOC MCLs). If -
cast-effectiveness.could not.be
considered, EPA would be required to
set each individual MCL at the limits of
technology that.could be afforded. This
does not necessarily maximize the.
overall health benefits to the drinking
watersupply as.a whole. The limited -
resources which are “affordable” would
achieve:greater health benefits for
people served by the drinking water
supply as a whole if these resources are

deployed where they can achieve fhe

greatesthealth benefits in the. aggregate.
Indeed, in prier SDWA rules, EPA hasin
fact taken cost-effectiveness.into

volatile organic chemicals, albeit .
without extensive discussion, 52 FR ‘
256991(July 8, 1987}, since failure 40 do so
would lead to sbsurd results. -
In.sum, EPA has concluded that .

. limited consideration of cost-. -
- effecfiveness.in setting MCLs will.. -

further the overall goal that Congress set
in the SDWA, which was to maximize :
the hedlth and safety-of thecountry's. -
drinking water supply.as a whole. . - .

Setting each individual MCLat the .
. limits of economic affona&bﬂnymuld.
- in EPA's judgment, actually impede that

goal by misallocating limited pescurces
to achieving comparatively small:or
nonexistent health benefits based on the
orderin which EPA sets MCLs, rather ..
than where the greatest health benefits-
can be achieved. Therefore, EPA -
believes it has anwebligationto. = -
maximize the overall health benefits ~

that accrne.from.all its actions.

affectmg .
the nation’s drinking water.supply. For -
. all of these reasons, EP.A?bélievesﬂ;at it .

- is consistent with the langnage, . -
. legislative history, and Congress’s

overall purposes to.interpret ﬂzeSD-WA
to allow EPA to considercost-:... - .-

using the hestiechmilogy
Radzonucbdes&m R oot
In sdectmg MCLs for the four

frequencies of occurrence in public

- water supplies (radon. radium 228.-and _’

228, and uranium), the Agency
conisidered the factors described ahove.
The Agency was sble te collectively
analyze these contaminants because .
they have the unique characterisfic that-
all radionuclides cause cancerby‘ﬂ:\e

. same mechanism, Le., delivering ionizing

radiation to tissue (by either external

exposure,-or internally when ingested or
inhaled). These individual contaminants
may beviewed as vehicles for internal
delivery of that jonizing radiationto
different parts of the body. Indeed, the
Agency has classified ionizing radiation

- (as well .as the individual contaminants

proposed for regulation here),:as a class
A carcinogen. This classification:applies
to alpha, beta and photon, and gamma
ray emitters. It is therefore possible 1o
make .comparisons of eitherthe
radioactivity in water orremoved from
water {in pCi-or uCi), orthe radiatien

"dose delivered by each of the .. .
radionuclides in terms of “rems.ede’.. - .

Rems:ede are a way of normelizing for
different radiomuclides the Tadiafion

dose to the body taking into accountthe -

effect of different types-ofionizing -
radiation ontissue aswellasthe .- =
distribution of dose {largely determined

V by metabolic-destination:cf the -

radionuclides) in the body of the -
ingested orinhaled radionuclide. These

measures permit-comparisonofthe. * . - -

overall reductionineithertotal .- -
raaioachvxtymihe effective'daseof -
ionizing radiation that can be echieved
with:different-control level options. -
These common tharacteristics of the
radionuclides aflow comparisons among °
radon. radiom 226 am 228, and uraniom -

interms-of -overall reduction in iomizing - '

radiafion in-drinking waterand - :
radiation dose delivered viadrinking
water by implementing different control
levels, and therelativecostof such -

" reductions. These tomparisons were

considered in- eva'fluatmgaitemahve
EPAm.mtemsted in so'.Iim‘tmg pub’lic

- comment on the applicabilityof cost---
_ effectiveness to otherdmnlong water -

contammants. ‘ . )

Radon . i - .
Radon.is eshmatedto cause about

8,000°to 20,000 (EPA, 1989¢) lung cancer

" deaths annually. Typical indoor radon -
- levels (1-2:pCifl) pose esﬁmatedlifenme

* lung cancer risks near 1'in 100, The mast .
'} significant-contributor to indoor radon.\s
. "3, -~ soil gas. However, volatilization of -

"~ " radon from drinking water-during’

. household use alsomcteasesmdaor R
.. radon’levels thereby comtributingte - .~ . -
. increased risk of lung na[ncer.]]irect IR

", ingestion.of radonunay also pese some . .
risk of stomach and other ; cancem LEPA.

1991c).
EPA estimates that more than26,000
puhblic water systems have radonin.

. water atlevels exceeding an .

approximate 10~*individual Iifetune risk

_ level. Because radon is significantly

more prevalent indrinking water than -
radium.226-and radium 228-or uranium,
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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/l 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/l (although other researchers
variously believe the number could be
either lower or higher; see Sections V.C
and V.D below). 7

The Agency then analyzed the costs
of implementing a 300 pCi/l standard.
The Agency estimated that costs for
large systems to achieve 300 pCi/l
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/l
standard, the annual nationwide costs
would be approxunately $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/l level to be a
lifetime risk of approximately 10~ (i.e.,
2X10™4. The Agency concluded that
this level would be adequately
protective of public health since it is
within the target risk range of
approximately 10™4to 107¢

'I‘akmg these factors into account, the
Agency is proposing to set the MCL for
radon at 300 pCi/l.

Radum 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/l; uranium could be
theoretically treated to-a level lower
than 5 pCi/l (see section V.B below).
The Agency also established PQLs for
these three radionuclides at 5 pCi/l for
each (see sections V.C and V.D below).
EPA's analysis indicated that it is
technologically feasible to achieve
control levels of 5 pCi/l 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 technically 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/l is much greater than the number
that would be removed by controlling
radium and uranium at the technically
feasible levels. At the 300 pCi/l -
proposed standard for radon, nearly -
8300 uCi 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

at the technically feasible levels, 150
uCi, representing 86,000 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 vranium 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

* 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 imipose 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 1074
lifetime individual risk level, which are
approximately 20 pCi/l for radium 226,
20 pr/l for radium 228 and 20 pg/1 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 approxxmately
1X10™*risk. In addition, the uranium
value is protective against kidney
toxicity, which may occur at levels far
below the 10~*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~% excess
individual risk from lifetime exposure
and therefore considers an

. approximately 10~*risk protective of

public health. Based on these
considerations, EPA proposes to set the

,;—MCL for radium 226 at 20-pCi/], for
= radium 228 at 20 pr/I and uramum at

20 pg/1.

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

A.BATs and Associated Costs

Section 1412(b)({6) of the Act states
that each national primary drinkin

" 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
radon is about $180 million. In contrast,

life, compatibility with other water = ..
treatment processes, and the ability to -
bring all of the water in a system into

comphance. ’

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;sﬁrvey data and
maximurn demonstrated BAT removal

TABLE 5. BAT CONTAMINANT REMOVAL RATES 1

rates. PWSs applying these BA'i‘s will

not need to design treatment systems to

.achieve these estimated low effluent

concentrations.

Contaminant " jon-exchanga | Lime sottening | Aeration ] m m%’;‘;':gg"/
‘Radon : . Up 10'99:9% ' ,
{Radium (226 and 228) 80-97% 75-85% - : 87-98% |
Reta Emitters ;
_—=Ca-437. 85-99% - | 90-39% |
3131 ‘ 90-99% |
—~Sr-89 i 95-99% | 90-99%
—Mixed commercially produced radionuctides § 290-89% 96-99%
1 information. temovalefﬁcuenaes.mmmammmmwmnwhmeEPATmogyaMCostdowmmﬁ&Qamm
supplements -to .mmmmmmmmtmmawmasmmmmqumam)
'Mlxed&bedormobed(amomcl mdxmg.mns. Fiemova!mtodoesnotindude -131. ]
TABLE 6.—TECHNOLOGY LIMTS FOR ~ * - The total «costs for the removal of ' radionuclides, and also other
’ 'RADIONUCLIDE REMOVAL . specific radionuclide contaminants, contaminants, are included, and
using the pgopose% 1BATB. %rle and verifying treatment costs is oneelement
Cortami- | . . summarized in Table 7. Tables 8 and'9 of this study. EPA will make this stud
, Geoatest | Maximum * | Achievable z : 3 8tnd : y
shant/ | percent | Jafuem | afuent  display the total capital cost and annual  available to the pulilic when it is
gy(BAT) | Bmoval | BpC/) | IpCi/ operation and maintenance costs, . completed. EPA solicits public comment
) respectively. Costs cited in Tables 7, 8 and data on treatments that may be
Radon and 9 are based on treatment conditions- iallv well suited to small sys!
O : 4 especially well suited 1o systems
. Aeration.. 99.9 26,000 . 26 that would require removal of fairly high  znd any treatment systems designed for
mgﬁ . : levels of contamination. The assumed small systems, includingdataon
N 97 15| 7 s removalratesare as follows: 50. treatment efficiencies, adaptatility of
y . for radium; 80 percent for radon; and 60 : it a3
TS 85 15 o075 or i The veneral - designs to different size systems, and
RO__..3 98 15 o0 ~percentt nm dev zen the cost to install and operate treatment
Radusn- . 4 - d IR mumPhO 4 elOP smaﬂp!ﬂ:ll
fé?ﬂ , 97” o] B 036 tneattt:lentwsts include:chemical costs, - :z;elzlx;srsd igned for icwater
capital costs amortized over 20 years at
IéS......_... - 85, L1y o os0 aipepercent interest rate, curregt -~ Costs may vary significantly from
O 98| 12| D24 fees, contractor overhead - those shown, depending on local -
Unanium | . Z g circumstances. Costs of treatment will
CIE 99 | 28] ‘0.9 and profit, late 1988 power and fuel
LS .99 88 09 costs and labor rates (EPA, 198ab; 1985b; e less than shown on Table 8 if
RO %9 8] 09 '1986h; 1986c; 1987b; 1987c; 1987d; 1988¢).  contaminant concentration levels
Bﬁ:——m T 85 87 *4 ° Cpsts as evaluated here assume the encountered in the raw water are lower
Emitters existence of no residential POE water than those used for the calcalations.
Fwo bed treatment such as water softeningfor ~ However, costs of treatment will be
_ Jon . aesthetic reasons which might higher I additional treatment or storage
R ;;nge o .} -+ ., incidentally rednce some pollutant requirements need to be satisfied. The
RO [ P . « levels. The prevalence of such home costs in Tables 7, 8 and 9 do notinchede
— : treatments is extremely difficultto - those attributable to the treatment and

- 3 Maximum leveis in groundwater sources of drirk-
ing water as reported in NRS. -

Note: IE (ion s soft R
( au:hangar JUime enhg):o

‘Sowrca: (EPA, '198(4b- *lsa}l 1986!:; msc;
asmqmqaes’f'd:mae)m-._. -

estimate and incorporate into a national
level analysis. -

- EPA is presently conductmga study of
treatment for very small water systems.
All of the sma]] system treatments for

disposal of wastes generated by water
. ireatment plants. Waste disposal
techniques and associated costsare -
discussed in section C, foIlowmg a

o dlscussmn of BATs.

TABLE 7 —TOTAL PRomxmon COST OF OONTAMINANT REMOVAL BYBAT 1 NOT INCLUDING WASTE BY-PRODUCT DISPOSAL Cos1'

:(Domns/1 000 GALLON_s LATE 1986 DOLLARS)

2 = Population served - )

- 25100 | 100500 | 500-1000 | 10003300 | §700; | >1000,000
lon-exchange. 260; 150 0.90 | - 0:58 | © 033 S017
Lime softening, new 8.40, 300, 1.30° 0:67 054 - . 076

- Lime softening, modiﬁed h "3.50‘ 170 0.78. 039 L D03
‘Reverse osmosis. ] 5.10 400 2.70 230. 130 072
Radon {80% :removal): . ; . : '
Packed tower-aeration . D94, 050, 0.26 015 007" .05
Uranmum (60 removal): . ; ' i '
CoagulationTitration, modfﬁed 4.40. 210 0.83 .38 0307} 0.02
ton-exchange ER( R 2.70 200 1.70. L1104 100

e e

A
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TABLE 7.—TOTAL >20DUCTION Cosr OF CONTAMINANT REMOVAL BY BAT ! NOT INCLUDING WASTE BY—PRODUCT DISPOSAL Cosr
(DoLLARS/1,000 GALLONS, LATE 1986 DoLLARS)—Continued

Population served

25-100 | 100-500 | 500-1,000 |1,000:3300 | 3290 | >1,000,000
Lime softening, mogineg 420 2.10 0.93 0.47 0.20 0.03
Reverse osmosis..._ 6.20 © 470 350 - 270 150 - 089
Notes: '
! Technologies ang sset documents, and cost supplements for radium, radon, and uranium (EPA. 1984b; 1985b; 1986b; 1986c; 1987b; 1987¢; 1987d; 1988e),
fom the basis for systom lovel weatment design fiows

e Costs were revised in

* TABLE 8. ~CAPITAL COST OF CONTAMINANT REMOVAL BY BAT ©¥

May, 1990 to account for new

adopted by EPA (EPA, 1990d).
v

(iKilo Dollars, Late 1986 Dollars)
Population served
' ag00. | >1:000.000
_ 25-100 100-500 | 500-1,000 | 1,000-3.300 | 35605
Radium (50% removal)y
mx ange 36 91 180 . 280 350 31,000
Lima softaning, now .. 79 130 180 240 - 540 55,000
ovores Comos: 9‘-,"'“"” 23 74 | 140 200 150 400
' aad:,, (80% rsmoval): 51 160 340 20 1,000 177,000
Umr:t‘:k(esg)% removal); 15 33 58 78 100 - 13,000
Coaguiation/fitration, medied 2z 55 9 130 100 450
o 3 41 100 200 310 330 31,000
R ng, Modkes . 43 91 160 220 300 480
OVErSa OSmOSiS 64 200 500 960 1,400 249,000
Notes: ..
* Technologies and cret documents, and

cost supplements for mdim, radon, and uranium A, 1984b; 1985b; 1986b’ 19860; 1987b; 1987(:: 1987d; 1988e),
mmemWMCMwomseanay.wSObamm newsystern(EP satment

flows adopted by EPA (EPA, 1990d).

- TABLE 9.—~OPERATION AND MAINTENANCE COST OF CONTAMINANT REMOVAL BY BAT (K$/YEAR. LATE 1986 DOLLARS)

Population served
25100 | 100500 | 500-1,000 | 10003300 |- 33005 | 1,000,000
Radium (50% removal): = : }
. ton exchianga - 1af{ - 28 75 17 - 43 13,000
Lima soflening, now...... 38 1 20 . 2 73 9,700
Rm"’"""‘"g‘- 32 64 82| 85| 91 1.100
osmoss 45 16 - 45 - 100 | .. 200 50,000
Radon (80% removal) S
Packed tower aeration, 4
Uranium (50% removal: 02| o 14 . sl 7s 3,400
,co,,“mgeg”m"' V/fitration, madfied 57 12 15 C 18 o1 1,400
Lime softeting. 34| 12 39 110 250 95,000
Reverse g, odiisd a5 74 10 o3|, 1.8 3,200
— 51 18 52 120 |- 230 59,000

Notes: -
1T,

gh m&ﬁﬂd wpplemem radimn.radon.mdwanm (EPA, 1984b 1985b; 1986h; 1966¢; 1987b; 19876: 1987d; 1988e)
'W”"m'“mmwemmdnmywsommwmsyswmm 1990d).

B. Best Available Technologies (BATs) .

1. Radium-226 and radjum-228, The
Agency proposes that of the
technologies capable of removing
radium from source water, Jime
softenmg. ion exchange and reverse
osmosis fulfill the SDWwa requirements
as BAT for radium removal. While

-radium-226 and radium-228 are

radiologically different, they are
chemically the same. Therefore, the

. same BATSs, with the same removal

efficiencies, apply to I+ oth. All of these

ie&hﬁbiogies héve demdnstrated 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 cusrently in
e. 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

desxgn flows adoptadby A (EPA,

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 $0.18/1,000 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/1. (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 $0.17/1,000 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 famhty ,
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 ﬁmshed
water corrosivity. Digposal of -
concentrated waste brines contsumng .
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
influerit 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 is adversely 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 installed 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 forradon.
However, the long empty bed contact

time required for radon removal renders -

it infeasible for large mumclpal
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),
ingtitutional or manpower constraints,
site-specific design factors, and local
preferences.

The costs assaciated with the various
technological options for radon
reduction, such as packed tower
aeration (PTA) 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 ambxent air
—air to water ratio :
—contact time between air and water

- —available area for transfer of radon

from water. .

PTA prowdes the most efﬁment
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, oritmay ‘- -
design a shorter packed towerto - :
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 Kinner-et 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 aeratfon plant in
Belstone, England which was built to
remove influent radon, and provided
long-term removat 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 eontact
between air and water achievable in a
packed tower aeratoris difficult to
obtain in a diffused air system. The
above-referenced Belstone, England
plant treated 2.5 mgd water, with 2,600 -
air diffusers, each designed to supply &
maximum of 0.8 cubic feet per minute,
and with a 24-minute retention time,
achieved an air-to-waterratioof8to T
for 97 percent radon reduction. In a field

. test of a diffused bubble aeration -

system, Kinner et al. (1990) report that
removals of 90 to 99 percent were
achieved at air-to-waterratios of 5to 1
and 15to 1. .
Disadvantages which have been .
identified by Kinner et al. (1989; 1990)

are the potential for bacteria fouling and

irorr and manganese precipitation, whxch
may clog or otherwise impede
operations at an aeration facility (PTA
or diffused bubble type). These
secondary effects may occur, however
they would be highty 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 nozzdeson &
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. stadvantages
include the need for a large operating -
area and operating problems during cohi
weather months when the temperauxre
is below the freezing point. Costs -
assaciated with: this option (for-alt mzes
of water treatment plants) havennt

been developed by EPA. -

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

options which may be suitable for small
water systems, and which may cost less
than the above aptions ta install and
operate (Kinner et al., 1989; 1990]. These
options inchlude: 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 Z feet with simple
nozzle attachment was found to reduce
radon by 63 to 75 percent with 8 hrs

_detention time; and a two foot free fall

into a tank equipped with garden hose
(punctured] bubble aerators, supplied by
a lahoratory 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 gystems that may need pastiat
radon removal to meet the drinking.
water MCL. Cost estimates for small
systems installing 8-hour storagef .
detention, diffused aeration, spray.-
aeration, slat tray aeration, and PTA are
presented in an: addendum to the EPA.

Radon Technologg and CostDocummt

(EPA,1988e). :

b. Secondary effects of aemtmm
Estimate of risks from PTA emissions of
radon. Sinee this notice containg a.© -
propesal toreduce radon concentrations
in drinking water by setting an MCL, .
and the EPA is proposing acration as
BAT for meeting the MCL, the Agency .
undertook an evaluation of risks. -~

associated with potential air emissions -

of radon from water treatment famhnes
due to aeration of drinking water. It is -
logical to assume that radon, remaved

from drinking water and released ta the -

atmosphere; could result insome .. -
degradation of air quality and pessibly
pose some incremental health risk tothe
general population. However, therisks -

- due tnpotentml human exposure.te PTA

emissions appear very small in .

radon in dnnkmg water [EPA. 1988¢cs
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 Raden
Survey (EPA, 1985a}, 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 radonfyr), from PTA
treatment facilities, assunting 100
percent radon removal, and these were
applied to.appropriate dispersion
models. Estimates were made for the
following parameters.An dispersion of
radioactive emissions, including radon
and pregeny isotopes of radon decay;
concentrations.in the air and on the
ground; amounts. of radienuclides 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, aa well ag a crude
estimate of U.S. risks (total national-.
risks} based on a projection of resuits
obtained for the 20 water systems.
These estimates were basedon - - .
exposure analyses on a limited number
of mode} plants, located in urban, - -
suburban and rural settings, which were -
scaled to-evaluate a pumber of facilities.
(A similar approach has beenx used by
the Agency in assessing risks assaciated
with dispersion of coal and.ml S
combustion products.}

The risk assessment results for tbe 20
systems-indicate the following: A -
highest maximum lifetime risk to .
individuala at one systemi of 4 X 10°°%,
with & maximum incidence at the same -
location of 0.0060 cancer cases per yesr; |
an estimate: of anrual cancer cases for
all 20 systems of 0.016/yr; and e crude
U.S. estimate of 0.4 cancer cases/year
due to air emissions at all drinking .
water supplies to meet a hypothetical

-~ . MCL of 200 pCi/1. The results of the risk
comparison: to the risks associated with - -

" emissions from drinking water facxlmes
; aregrvenin'!‘abfe‘m. S .

assessment for potential radon

TAB:.E 10.—Esnuxres OF RISKS AT 20 SrrEs Due TO PO.TENTIAL RADON EMiISSIONS FROM PTA Unrrs AND CRUDE ESTIMRTE OF

US Risx®

;&ncesgta-ab trom PTA ]
n i by
} (pCi Rn/1) | (CiRnsyp | Pividuab | cases/year

18391 - . 279t “6x 10} 0003
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TABLE 10.—ESTIMATES OF RISKS AT 20 SlTES DUE 70 POTENTIAL RADON EMISSIONS FROM PTA UNITS AND CRUDE ESTIMATE OF

U S. RlSKl-Contmued
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. . Maximum
. Concentra- Emission
Scenario tion in water | from PTA md‘lceldual Can;:er
(pCiAn/1) | (CiRn/yr) Fiok cases/year

2 5,003 6.22 1 x 10~¢ .0008
3 2,175 285 6% 1077 0004
4 1,880 20.89 1 X 10-¢ - 0004
5 1,310 1.81 9 x 1077 .0000
6 1,329 91.80 2 X 10°s 0040
7 4,085 226 5x 1077 0001
8 10,640 1.18 2% 1077 0000
9 3,083 - 055 1 X 1077 0000
10 3270 9.04 4 X 1078 0060
11 2,565 3.54 1 X 10°® 0023
12 4,092 1.75 3x 1077 .0001
13 16,135 223 4 X 1077 .0001
14 3,882 027 1X107° 0000
15 1,244 1.03 5x 1077 .0001
16 2,437 135 7 X 1077 0000
17 996 8.94 2 X 107¢ .0008
18 7,890 0.87 4 X 1077 .0000
19 8,195 1.02 5 X 1077 L0000
20..c - 7,500 1.04 5x 1077 0000

All 20 facilities — 161 4% 107% 016

All U.S. drinking water plants <200 4,200 . —_— 4

<500 2,000 —_ 2
<1,000 900 -— 09

1 Estimates of risk assessed using AIRDOSE-EPA, RADRISKmdDARTABakdispersionaMﬁfeﬁmriskeompm«codes(EPA.msc)T

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

® PTA treatment applied, removmg )
100 percent of radon; .

e typical (not sxte—specxﬁc]
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 resxdency at same location,

and exposure to air and radon exmsslons

persists throughout 70 yrs.;

e 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 le‘}éis .

- ranging from 1,330 to 110,000 pr/ 1 were
identified and their potential emissions

modeled. These systems represent what -

may- be the greatest potentxal 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/1) 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
estimate

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 states 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 at
efficiencies of 80 to 99 percent (Kinner et
al,, 1989). The efficiency of removal is
dependent upon radon concentration,

3.” Nevertheless, it is apparent .
that the risks to the U.S. population, and
-to the individual drinking water ‘

the més;s bf ;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 pCi/l, 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 mummpal treatment
systems (EPA, 1987b) and it is therefore
not considered BAT. .

Another disadvantage assomated w1th
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 (Kinner et
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al., 1889). EPA's guidelines for-
radioactive waste disposal (EPA, 1990a)
provide guidance on the disposal of
GAC waste eontaining naturally
occurring radiomuclides, 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 ta 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, Le., of radiation build-up, waste
disposal, and contact time, the Agency
has judged that GAC cannot be .
.designated ag BAT for radon removal
{EPA, 1987b; 1988e; 1991i].

3. 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 processesin
different regions. The full range of
technical capabilities for each of these
proposed BATs is:discussed in the EPA
technologies and costs document for:
uranium (EPA, 1985b). and summarized:
below. .

a. Coagulatmnlf‘ ltration. Laboratory
and pilot plant studies have shown that -
pH and coagulant dosage significantly
impact uranium removal efficiency in
water treatment. fron and aluminum
based coagnlants are generally more
effective in aiding the removal process
at pH vaiues near 6 and 1. Removal by
coagulation appears to be low atpH 8
due to stability and charge
characteristics of uranryl species in
solution. In one study, removat -

efficiencies of greater than 80 percent
were reported (Sorg, 1988) in: tests using -
20 mg/} doses of ferric sulfate, ferrous -

sulfate, or aluminum sulfate coagulants. -
Influent uranium levels were about 83

pg/t in that study. Coagulation/filtration-

has been demonstrated to achieve
removat efficiencies as high as 95
percent when using aluminum sulfate
dose]d at 10mg/F or more, at pl-l 10 (Sarg.
1988 -

Coagulatwn/ﬁltratxon as a new
process designed specifically to remove
uranium may not be cost effective;
partficalarly for smaller utilities.
However, where the reduction: of
turbidity irt the source. wateria alsa a
concerm, this method can be very
effective..

Estimated costs for an existing
coagulation/filtration facility to modlfy
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 gerving over 1,000,000 persons.

b. Jor 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 fromr $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.

¢ Lime softening. Lime softening is
capable of achieving removal
efficiencies for uranium of up to 98
percent. At optimum pit levels 0 16.6 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/
L and maintaining the pH above 11.
Lower dosages of Ca(OH}, 50 to 100
mg/t, have achieved 85 percent uranium
removal. This treatment shaule be given:
serious consideration if removal of
hardness fromr 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 toremoveuranmm The ,
estimated cost to- modify an
lime softening treatment facility to
remove uvranium from ground water
ranges from $4.20/%,000 gallons of water
serving 25-100 persons to $0.03/1,000
gallona of water serving more than
1,000,000 persons. - .

d. Reverse osmosis. Reverse osmosis
(RO) membranes are capable of
removing uranium and many other
contaminants irr source water, at high
efficfeneies. RO has beer used primarily
forremoving total dissolved solids -
(TDS} 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
pesformance 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 ta remove these
constituents, the cost {o install the

~ pretreatment facility wouId be an
- important factor.

The RO system is adaptable to all size
systems with costs ranging from $6.20/
1,000 gallons for systems serving 25-100

. persons to $0.89/1,000 gallons for

systems serving over 1,000,000 persons.
I reducing TDS is also a goal of the
treatment process then reverse osmasis
is a very cost effective solution for the
removal of uranium from source waters.
Disposal of waste brine, the reject flow
representing 20 to 50 percent of the feed
water, and the quantity of available feed
(source} water ta accommodate this
technolegy, would require consideration
by & water system in its initial
evaluation of alternative technoIogxes
for radium removal.

4. Beta and photon emitters. 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 radionuclides
originate from the nuclear fuel cycle,
defense related industrial activities,
institutions such as hospitals, research -
foundations and universities, -
commercial/industrial users of -
radioisotopes, and atmospheric or
surface detonation of nuclear devices. -
Some beta-emitting radionuclides
originating from such sources have
occurred in water sources and
have been partially removed by drinking
water treatment processes.

Levels of gross betz above the
maximum contaminant level are ikely
to occur only i transient siteations ’
following a contaminating event. The
following technologies may be effective
in lowering the contaminant level below-
the MCL value: The full range of -
technical capability of the proposed
BATS is summarized in the EPA '
document “Fechnologies and Costs for -

. the Removal 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. Ior exchange. Yon exchange has
been successfully employed by the -
nuclear power industry in treating liquid.
radioactive wastes as well as chemical, -
laboratory, and’ lmmdry wastes
containing various ionic species. Cation
exchange resins have exhibited a 95 to-
99 percent removal efficiency for low
level and trace amounts of the following
contaminants: barium-137, barium-140,
cadminm-115, cesium-137, lanthanum-
140; scandivm-46, and strontium-89.
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-48,
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-emxttmg
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 anienic). .

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-
134. The cost of removing man-made
radionuclides from source water :
utilizing RO may be similar to the costs -
cited in Tables 7, 8 and 9 for removal of
uranium from 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 costto .

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 reqmrements or
regulations affecting discharg

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.
¢ 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 gites 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. Ninety percent removal of
strontium requires ironrcoagulant

- 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 thh
soda-ash addition can remove
approximately 90 percent of sn'ontmm (

.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-85, lanthanum-140, scandium-

48, niobium-95, stronhum—89 and
yttrium-81.

Dhue to the lack of information on
rémoval of many of the beta emitting
radionuclides addressed by this
proposed regulation, EPA proposes that
lime softening not be desxgnated asa
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
3 "+ reverse osmosis with the hghest RENIL

emitters identified above that may occur -

in potable water supphes {other than

in water systems include polonium-210

240).
EPA summanzed available treatment

* data from field studies and from public.

water systerns 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 tecimology..
Raw influent waters contained 1 to 2
femtocuries 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 dwgnahon asa BAT for
alpha emitters. - - - ;

EPA has undertaken to 1dent1fy BATS
that effectively remove polonium-210
from drinking water to achieve
compliance with the gross alpha
standard. The results of treatability
studies conducted in Maineon 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~ *
199], anion exchange, reverse osmosis,.
and granular activated carbon (GAC)
were tested. These tests showed {after

correction of some cloggmgandfoulmg -

of the ion exchange and carbon units] -

93%) and jon exchange (52-83%}:- i
showing somewhat lower remcval rates.

. . (Po-210), thorium 228,238, and 232 (Th- - WaterpHmayaffectpolnmnmrmoval
© 228, 230, 232) and at very low levels, - *': :

ratesforGACandmnexchange,but
: plutomum238. 239 and240 [Pu—238.239.

- this has not been documented. .

The Maine treatability studies and the

; Technologies and Cost document form -
. the basis for a decision by EPA to T

propose a BAT for removal of alpha
emitters. RO has provided the highest
removal efficiericies and is proposed as

. BAT for alpha emitter removal.

C. Waste Treatment and I.j‘isposal .

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

TABLE 11.—RANGE OF BRINE AND SLUDGE DiSPOSAL COSTS IN REMOVAL OF RADIONUCLIDE CONTAMINANTS 1

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

[Cents/1,000 Gallons of Water Treated]

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, part 2(c},

above,

Direct Discharge to Evaporan)i)n, ' Chemical
Treatment process discharge - sewer pond/land precipitation
Brine Disposak
lon Exchange ® 4-110 20-250 30-35(
Reverse osmosis. 2-95 10-230 ® *
" Non-mechanical
; Discharge Dewatenng and
Treatrnent process 10 sewer gen:atenng arzgi) land disposal (*)
Studge Disposat:
Coaguiation/Filtration 1-180 65-360 75-2,800
Lime Softening. ® 30-600 )
Notes:

* From “Ty

Continants" (EPA.1986d) Cost ranges represent disposal costs for very large to very small water systems.

’Datanotmlable.
3 Non-mechanical
4 Disposal option too

dewatenng altemauvesfots!udgesindudosanddrymgbedsanddewatenng lagoons.

expensive.
‘Medwwddewamngmayhdudeunﬁzauonofprmmﬁhmﬂm

Liquid wastes, or brines. are
generated by ion exchange, reverse
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.

At the present time there are no
federal regulations which specifically
address the disposal of water 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

and Costs for the Treatment and Disposal of Waste Byproducts from Water Treatments for the Removal of lnorgamc and Radioactive

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 gmdance. 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 purpdse 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.
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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 landfill regulations under 40 CFR

part 258.

Similarly, from 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 srange

Lime softening studges (EPA, 1985d) .

Ra-226 1-22 pCi/g (dry).

Ra-228 2-12 pCi/g (dry).
fon axchango {EPA, 1987f) o

Chemical clarification fitter cake, uramium Z 57-171 pCi/g [dry).
lee sofhanmg backwash {EPA, 1985d)
6-50pCi/l.

lon emhange brine/regen .

Radium—typical (Schliekelman, 1976) 110-530 pGi/L
—Peak 3,500 pCi/L.
Uranium , 1976 and EPA. 1985(1) up to 610 pCirLl’

Reverse osmosis waste (Sorg et al, 1980\
Ra-226 » 7-38 pCan.
Mang. and iron treatment filter backwash (EPA, 1985d and EPA , 13873) ’
Ra-226 21-106 pG/l.
Ra-228 5.7-83 pCi/l.

TABLE 13.~DiSPOSAL GUIDELINES FOR
RADIOACTIVE SOLID WASTES RESULT-
ING FROM DRINKING WATER TREAT-

TaBte 13.—DiSPOSAL GUIDELINES FOR
RADIOACTIVE Soup WASTES HESULT-
ING FROM DRINKING WATER TREAT-

TABLE 14.—DisPOSAL GUIDELINES FOR
RADIOACTIVE LiQUID WASTES GENER-
ATED BY WATER TREATMENT PLANTS 1—

MENT PROCESSES ! MENT PROCESSES 1-—Continued Continued .
Waste characteristics : ion Wasts characteristics - Di ¢ ’
: Disposal option. : : Disposal option Disposal opfion %{Fm

1. Solids/sludges Studge should be IV. Sofids/sludges - Should be disposed of n '
containing less than 3 dewatered, and mixed containing more than a low-level radioacti B. Discharge into (1) State limits on
pCi/g of radium or in landfill. 2,000 pCi/g of natural waste disposal facility sanitary sewers {if Ra- discharge of
lead-210, or less than mdloacuvnty operated under the 226 is less than 400  |. hazardous or
30 pCl/g uranium. provisions of the pCif, Ra-228 tess radioactive wastes.

Il. Sofids/sludges - Sludge should be Atomic Energy Act, as than 800 pCi7}, total | {2) Limits on discharge
containing'3 to 50 dewatered, and . amended, or ata uranium less than 3 of radium and uranium
pCi/g of radiumor = |- disposed of within a State or EPA-permitted | pCi/1, and yearly total into sanitary sawers— .
lead-210, or 30 to 500 |  stabilized landfill to- facility for NARM |  discharge less than 1 per NRC standards for
pCi/g vranium. ~ - " teolate and to avoid disposal. Uranium curie). discharge by licanseas

inappropriate usage of recovery may be {10 CFR 20, part 303).
’ the site. " possible. NRC (3) Federal, State, and

Hl. Solids/shsdges Case-by-case provisions may apply. . local pretreatment
containing 50 to 2,000 determination, to Dept. of . ) fequirements. -
pCi/g of radium or include consideration £ “Yransportation C. Disposal of '(1) Authorization of any
lead-210, or 500 to of standards for reguiations would radicactive wastes injection of liquid-
2,000 pCi/g of uranium mill taflings _apply. . through injection wells wastes under the
uranium. (40 CFR 192), NARM {under condltions Underground Injection

S _ disposal, and fong- - Note: “Water treatment consistent with 40. .. ] . Control {UIC) program
- torm instituSonal records of the amount and composition of radioac- CFR144 . - regulations in 40 CFR
control of disposal tive’ wastes they generate, and the manner and classifications of =~ .. {.. 144.6(a)(2), and
sites. RCRA location of S : . wells). Shaltow .+ - : | - 144.12(c). -
hazardous waste units 1 From EPA Suggested Guidelines (EPA, 1990a). injection banned. . - R
should also be - . . ’ : - D. Evaporation, - ﬂ)Res'dtgsolﬂs
considered. NRC N precipitation, drying, or should be disposed
. provisions may apply. - TABLE .14.—DISPOSAL GUIDELINES FOR othor treatment. por soid waste .
S RADIOACTIVE L1QUID WASTES GENER- -. tegulations and per
] 1 EPA guidelines for
. ATED BY WATE@ TREATMENT PLANTS oo eatmont solid
. - * wastes (EPA, 1990a).
Disposal option fequirements (Federal -
il and other) 1From EPA Suggested Guidefines (EPA, 1990a).
A Disposal into surface | (1) Federal, State and

_water .

ocal discharge limits
and NPDES permit
requirements apply.

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 i3 economically and
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technologically feasible to ascertain the  the MCLs. Therefore, each analytical (a} Reliability (i.e., precision/accuracy
level of such contaminants in water in method was evaluated for accuracy or of the analytical results over a range of
public water systems.” (SDWA section recovery (lack of bias) and precision concentrations, including the MCL};
1401[1][C][ii]). NPDWRs are also to (good reproducibility over the range of (b) Specificity in the presence of
“contains] criten?_ and Proced;xres t};’i " MCLs considered). The primary purpose interferences;
assure a supply of drinking water whic of this evaluation is to determine: ¢) Availability of adequate equipment
dependably complies with such . ¢ Whether analytical methods are an[d]trained ergmnel toqim lén?enrt’ a
maximum contaminant levels; includin : P ; P
. h * € available to measure the regulated national compliance monitoring program

ali trol and testin d t P g progr:
quality control and testing procedures to . 3, clide contammants in drinkin; @ laborat ilabili
insure compliance with such levels.” : 8 -e., laboratory availability};
(SDWA section 1401[1][D]). The analytic ~Watel - (d) Rapidity of analysis to permit
methods described and evaluated here * The ability Of recently developed routine use; and
are the testing procedures EPA analytical method(s) to measure (e) Cost of analysis to water supply
identified to insure compliance with the ~ radionuclide contaminants in drinking systems.
MCLs. EPA evaluated the availability, water; ' 1. Description of anaIytzc met]mds.
cost, and the performance of these _* Reasonable expectations of Analytical methods exist to measure
analytical techniques, as well as the_ technical performance by analytical each radionuclide contaminant covered
ablhty Of laboratones to use these Iaboratories conducting routine analysis by today’s pfoposed regulaﬁons. Table
methods to measure radionuclide at or near the MCL levels; and 15 lists these analytical methods. EPA
contan:n;ax}ts conmstleizntly and tori " e Analytical costs. : believes these methods are technically
accuralely in a compliance monitoring The selection of analytical methods sound, economical, and generally

se%lllrzgrehabmty of analytic methods at for compliance with these regulations . available for radionuclide monitoring,

_the maximum contaminant level is includes consideration of theé followmg and is proposing their use for monitoring
critical to implementing and enforcing factors: _ -~ . . to determine compliance with the MCLs.

TABLE 15.—PROPOSED METHODOLOGY FOR RADIONUCLIDE CONTAMINANTS

References (Method or Page Number)
Contaminant. . Methodology -
- N EPA1 EPA3 EPA? EPA ¢ SMs ASTM ¢ USGS 7 DOE® - Other
Gross alpha and beta...| Evaportation. ...y 900.0 | pp. 1-3 00-01 p1 71108 D 1943-81 R-1120-78
Radium 226.................| Radon Emanation.........] 903.1 | pp.16-23 - | Ra-03 |p. 19 750-RaB. | D3454-86 " |R-1141-76 } . . *NY.”
: Radiochemical........| 903.0 ~ Ra-05 .
Radium 228...................| Radiochemical.w . 904.0 | pp. 24-28 Ra-05 |p.19 . | 7500-Ra R-1142-76 . P‘:OY
: D* . - N.J..
Radon 222 ... Liquid Scintillation i R . , 11913,
) - . . 12 |8
: Lucas Ceft o ) : : . e
Uranium ...eeeiescend Radiochemical o]  908.0 o . 7500-U B | D3972-82 R
. Fluorometric....cu v  908.1 . B 7500-U C | D 2907-83. ‘| R-1180-76 { E-U-03
’ Alpha Spectrometry o 00-07 |p.33 . R-1182-76 | E-U-04
Man-Made: B o . . o - -
Radioactive Cesium......! Precipitation ..ccevceeeee]  901.0 | pp. 4-5 . 7500-Cs B R-1110-76 | E~-Cs-01 ..
Radioactive lodine........| Precipitation ....eeeeeecceeee  902.0 . 101 7500-1 B D 2334-88 .
Raacgoadivo Strontium | Precipitation oeeeeeeeeeeeer.{  905.0 | pp. 29-33 ’ p. 65 7500-SrB R-1160-76
‘| Radiochemical | pp. 108-114 | Sr-04 . . £-5r-01. Co
TotuM e oeeee.on] Liquid Scintillation 906.0 | pp. 3440 | H-02 p. 87 7500-3H B | D 2476-81 R-1171-78 . -
- - . ‘ - ) . 87) N o
Gamma and photon | Gamma Ray : 901.1 ’ . D-3649-85 4523:

1 “Prascribed Procedures for Measurement of Radioacﬂvny in Drinl Water,” EPA Enviconmental Monitoring and Support Laboratory Cinemnati. OH (EPA-600/
4—80-032.August1980 (EPA. 1980) king "

3 “Interim Radiochemical M o? for Drinking Water. EPA~600/4-75-008, March 1976. (EPA 1976) .
3 Eastern Environmental Radiation aenlity Montgomery, AL 36109, “Radiochemical Procedures Manual,” EPA 20/5-84-008, August 1984. (EPA, 1984a)
¢ “Radiochemical Analytical Procedures for Analysis of Environmental Samples,” EMSL-LV~0538-17, March.1979. (EPA. 1979b)

* “Standard Methods for the Exammabon of Water and Wastewater,” 17th edition, American Public Health Association, American Water Works Association, Water
Poﬂuuon Control Federation, 1989. (APHA. 1 z/
¢ 1989 Annual Book of ASTM Standards, ol.1102.Amenean$oaetyforTesmgmdMatends.1918RaceStreet.Phtladﬁhua.Pa.19103 (ASTM, 1989)
u ’Msemods Determination of Radioactive As(ussgsumbege;s WateramFluvtaISedmen& Book 5, 1989, Techniques of Water esoweesnvesngamofme
mtad tates Geological Survey, Chapter 1 :
“Ermromnenml Measurements Laboratmz S. Department of Energy, “EML PROCEDURES MANUAL, 27th edition.” (DOE, 1990
* “Detormination of *2%Aa and 32%Ra (| a-02). Radiological Sciences Institute Center for Research—New York State Depanmem of Health,” January 1980
(Reused June 1982). (NY State DOH, 1982) )
9 “Determination of Radium 228 in Dnnkmg Water. State of New Jersey—-Depammnt of- Environmental Protection—Division of Environmental Qualtty——Bureau
of Radiabon and lggq Analytical August 1990. (NJ DEQ, 1990)
" Method 91 adon in drinking water by bqu;d scintillation, “Environmental Monitoring and Support Laboratory, Las Vegas, NV. (EPA, 1991q)
12 Appendix D, Analytical Test edure, “The Determination of Radon in Drinking Water,” p. 22, Two Test Procedures for Radon in Dnnkmg Water,
Interiaboratory Collaborahve Study, EPA/SOO/2-87/082, March 1987 (EPA, 19879)

EPA believes that the analytical for radionuclide monitoring. Many of the  analyses under the Interim Drinking
methods listed in Table 15 are listed analytical methods have been Water Regulations (see 40 CFR part 141,
technically and economically available used for a number of years in water ‘subpart C) and in determining
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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 809, “Determination of Lead-210
in Drinking Water” would be used for -
the unregulated contaminant momtormg
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, ie., 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. i. Alpha Emitting
Radionuclides (Gross alpha particle

activity, Radium-226, Radon-222 and
Uranium}—Alpha Counting Methods—
Alpha particles are characterized by an
interise 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 appropnate electromc
components. The techniques for
measuring the alpha emitters use gas-
flow proportional counters, scintillation
cell systems and liquid scintillation
counters, in conjunction with electronic
components such as high voltage power
supplies, preamplifiers, amplifiers,
scalers and recording devices.
Additional techniques using fluorometry
and alphaspectrophotometnc techmques
are being proposed for uranium
analysis.

Proportional Countmg 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 scmtxllahon
counting, the alpha particle transfers
energy to ascintillator disk, such as zinc
sulfide, which is enclosed within a light-
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 of 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 8tnkmg 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 havinga -
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-
228 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 oceurs 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
uranjum in this proposal. The
fluorometer measures the fluorescence
of the uranjum 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 mvolves

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 toa - -. -
multichannel analyzer where energy -
discrimination can be performed. This
alpha spectrometer is employed in some
of the techmques for the measurement of
uranium.

ii. Beta Exmttmg Rachonuchdes (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 cne of
several types of instruments (counters)
that consist of a detector and an -
amplifier, power supply, and scaler, etc.
As in alpha counting, 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.

fil. Gamma and Photon Emitting -
Radionuclides-Gamma Counting
Method: Gamma rays are hxgh 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 countmg.
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 . -
proportidnal to the amount of energy
produced, are counted using a scaler or
analyzed by pulse height to producea -
gamma-ray spectrum, depending on the
detector employed. The use ofa” °
multichannel analyzer allows for energy
discrimination and the 1dentxﬁcahon K
and quanuﬁcatmn of th.e indwxdnal
nuclides.: warm - i3

b. Spec:f' ic ana]ytzc metbods—-l. Gmss
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 MCLs, 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 uranium, and

gross beta would be uséd as a screen for
radium 228. If gross alpha methods are
to be used for screening for radium 226
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 forradiom 226 and =~ -
uranium for determining compliance
with the MCLs. 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 |
counting efficiency becauss of its lngher
energy alpha particle. Cesium 137 i3 -

recommended for calibratirg 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.

ii. 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 & Lucas Cell chamber for couating.
These two methods are described in the
report “Two Test Procedures for Radon
in Drinking Water, Interlaboratory
Collaborative Study” (EPA, 1987¢). EPA
has slightly modified the liquid
‘scintillation procedure described in that
report and proposes to gstablish 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 & 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 liquid scintillation
counting report that they can analyze -
50-200 samples daily (EPA, 1989e; 1890j).

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 bubbling
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 228 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 o
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. .

iii. 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. B .

Analysis of radium 228 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. Uranjum 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 radicisotopes
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/
18- 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 us€ 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
talculation 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). Co :
For radon, because it is a volatile gas,
special attention to sample collection is
required. Either the VOG sample
collection method, or one of the methods
described in “Two Test Procedures for
Radon in Drinking Water, ’
Interlaboratory Collaborative Study”
(EPA, 1987¢) 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.—SAMPLING HANDLING, PRESERVATION, HOLDING TIMES - - .. .

Parameter Preservative ! Contained? m“&ma
Gross alpha.. Conc. HC! or HNO; to pH <24 PorG 6 months.
Gross beta Conc. HCI or HNOs to pH <2 ¢. PorG € months.
Radium-226 Conc. HCGI or HNO; 10 pH <2.......... PorG R 6 months.
Radium-228 , Conc. HCI or HNO; to pH <2 PorG : - 6 months. -
Radium-222 ¢ : Cool 4° C. Glass with Teflon-lined septum adays . ..
Uranium natural .} Cone. HCI or HNO, to pH <2 i PorG 6 months. .
, Radicactive Cesium .| Conc. HC1 10 pH <2 - PG - 6 months.
Radioactive Strontium Conc. HC! or HNO; to pH <2 . PorG 6 months, -
- Radioactrvelgdim None ‘ : PorG 6 months. -
Tt None e N Glass 6 months.
Photon emitters Conc. HCI or HNOy to pH <2 PorG e 6 MoORthS. .
* (All except radon-222 samples). It is recommended that the preservative ba added to the sample-at the time of collection unless suspended solids activity is to

be_measthowever.ifmesamplemxstbeshi to a labora or-storage - area, acidification of the sample (in its original container) may be del for.a
. DenodnotmexeeedSday;Ammimummmhourgpr:gstelapsebemmaddmwﬁmaMamlm (.v, mg' R n:ay . lay

2 Holi, s 5 donee g the nemed horm s i analysis. I ail cases, samp
[ is as i om time of sampling to time of is. In alt les should be
. ‘HHGngausadwaddifymmpleswhicharstobeanal‘;;g

. transfer of the samples to planchets. :

*The procedurs of a positive

collection in 60-mi glass bottles is to ba followed. This

as soon after collection as possible.

analyzed
for gross alpha or gross beta activities, the acid salts must be converted to nitrate salts before

ure is described in appendix G, NIRS_Sampling

1 pressure proced!
Instructions—Radon, p. 26, Two Test Procedures. For Radon In Drinking Water, Interiaboratory Collaborative Study, (EPA, 1978e).

2. Cost of performing analyses. The
actual costs of performing analysis may
Vvary with laboratory, analytical -
technique selected, the total number of

sample’é 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 differentin |
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 RADIONUCLIDES

Approx-
mate cost

for
Radionuclides analysis

in

. sk

water
Radium-226 $85
Radium-228 100
Uranium (total) 45
U Isotopic 125
Radon-222 50
Gross alpha emitters : 35
Gross beta emitters 35
Radioactive Cesium S| I 100
Radicactive lodine 100
Radicactive Strontium 105
Total, 89 and 80 .
Tritiumn. 50
Gamma emitters 110

N;Sqma:(gPA.wmm)
costs are on & per-sample

analysis of multiple mayg':volawereou

3. Method detection limits and
practical quantitation levels. Method
detection limits (MDLs) and practical

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, instramentation °
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

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 comphance (EPA,
1991r; 1986a). ‘

The method for'estimating the 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 PQLSs for radionuclides
are estimatedbased 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 bianmuaily,
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 radionuclides currently
regulated (Ra-226 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 '

Lo T T
r,!uau'fl#m-

; quantitation levels (PQLs) are two for radionuclide monitoring. possible biases. The intercomparison
‘ 4k performance measures used by EPA to - The PQL is determined through . - studies cross check study data served as
: estimate the limits of performance of evaluation of the results of an alternative source of data as well as
g analytic chemistry methods for interlaboratory studies, such as a means of verifying laboratory
i measuring contaminants in drinki . performance evaluation (PE) studies. In  performance.

Because until recently there wasnota .
: ‘standardized analytic method, nor a
calibration standard for radon, no PE " ©
studies were done onradon. Botha ™ ..
standard method and calibration . -~ .-
standard have now been developed and
EPA plans to include radon in future PE
studies. In the interim, EPAreliedon ...

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 ' by the participants are compared with
specified methods on a routine basis, - the known value and with each other to
{such as compliance monitoring) by well  estimate the precision and accuracy of
managed laboratories, and within both the methods used and the lab’s

these studies, prepared samples of

known concentration are distributed for -
" analysis to participating labs as

unknowns. The results of the analyses
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specified precision and accuracy limits.
The proposed PQLs for the
radionuclides are listed in Table 18
below (EPA. 1991r).

EPA considers PQLs in evaluatmg
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.

proficiency in using the method. (See 54
FR 220624, May 22, 198%; 52 FR 25699,
July 8, 1987; and 50 FR 46906, November
13, 1985 for further discussions on MDLs
and the concept of PQLs.) MDLs (MDA)
are lower than PQLSs since the MDL
represents the lowest level at which
there i3 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

two data sources for estimating . .
performance of the available radon. .
methods. One stady was the report’
*Two Test Procedures for Radon in.
Drinking Water, Interlaboratory -
Collaborative Study™ (EPA, 1987},
which evaluated performance of the . -
radon methods down to 1600 pCi/l.
Because EPA wanted to consider MCL
alternatives lower than this, additional
data on radon measurement was-
generated by EPA. Radon samples, |
supported by radium 226 bound to.a
resin, as low as 100 pCi/l were tested by
12 labs using liquid scintillation and 4
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labs using Lucas €ells, and these dater
were used to evaluate performance of.
the methods and estimate the PQL (EPA,
1991n; 1953r). EPA eonsiders the radon
data to be a Emited basiy for deriving a
PQL. and solcity addmon&l mfarmahon
on radon analysis.

The PQLs for the radmnuckdes were
derived applying a procedure described.
in 50:FR 46908, Nov. 13, 1985 and' 54 FR
22100, May 22, 198% Data from all
reporting laboratories of Performance
Evalnations A and B, 1983-1990 (EPA,
1991r}, which include EPA and State
labaratories, were used for radium,
urardum, gross alpha and gross beta. For
radon, data from the two studies

described above were used. The PQL. ~ "

procedure generates acceptance limits
that are set around a “true” value. Usmg
the procedure described in these -
notices, the PQLs for alt radforuclide
contaminants were setata
concentration where it was esumated
that at least 75 percent of all reporting
laboratories are within the specxﬁed' =
acceptance ranges.

The radon. PQL required. some specml
considerations. Beeause of the practrm!

considerations involved i analyzing @ - -.

radioisotope with a short half life (3.8
days), EPA has made allowance for .
transport time from the water supply: fo.,
the laboratory in setting the PQL. EPA
hag premised #s PQL on samples being -
analyzed no longes than 4 daysafter :
collection; mail defays could reduce. -
accuracy for low level samples. The :
sample collection date and time would
be required omn alk samples collected, -

and will be used by the laboratory in-+.-:
calculating radon levels presentray the
time of coltectior. This. assumption. - .-
along with the fact that the radon PQL_
was hased on: more limited data thap: =
the other radiomzclides PQLs makm fr
more uncertain thar the cther PQL.. -
values. If the PQL were premised’ on.an
8 day time frame from collection to

analysis (to make greater allowance: fot

mail delays or back-ups in laboratories),”

the PQE could be 506 pCifE. S!nnlmd:y, if .. «iregulations are final. In addition, Vitz
s 21(1991) recently published a paper~ -

: revaluating the effect of severat different

~i:variables on error i measurements; .

- including the effect of the type of -

v :scintifatiori cocktail used; the type’ o’r‘

the counting time were increased b
[beyonddmpopmedmmimxtes}. al
value somewhat kmzerﬂmnmpcﬁ/
. might be achievable as the PQL: -
Sxmlaﬂy.shadﬂlmmecmts
prove infeasible, a higher PQL may need

to be set. EPA selicits public comment -

on these fssues re!amd’tn theradon
PQL. . .- .

Different PQ!‘.vaIues coui‘d also be e
established using different aceeptan€e
limits. At anx acceptance limit of £20%, - -

for example, the radon PQL wouldi be : 7

about 500 p€i/ L at acceptance imits of

+40% the PQE would be/! 200 pCs /L bw -
choasing an acceptance lirmt of £38% -

. only a few hundred systems were ... .
- expected.to exceed the MCL; care could .
 be taken to accurately determine

and PQL of 300-pCi/, EPA conaidered
the likely reliability of the overall
compliance monitoring program, the
number of systems that would have -

- measurements within the error range,

and the risks of radon. With an error

.~ EPA epecifically requests commenton = .
- information supporting PQLs higher than

band of +40%, and a PQL of 200 pCi/L,
approximately 19,000 of the estimated
33,000 systems affected would fall
within the error band and would have
potentially unclear compliance status,.

- potentially resulting in requests forre- . -

testing and additional burdens on states
to determine and achieve compliance.

* When EPA chase a £40% acceptance.

limit for the vinyl chlaride regulation., -

compliance status if it were-in doubt. -

""" With a $30% error band for rader at |
- 300 pCi/L, only 5000 ta 7000 systems .

would have potentially unclear ;. .
complmnr.e status because of data

" uncertainty. While this pumber would
decrease with an even narvower ezror .

" proposing tex set the PQL at 300 pCifL. -
EPA recognizes that some ta.boratones

i may be able ta achfevebetter

- - pexformance than $30% atsmpCﬁ/‘l';

Lomyﬂsstlvexymcenﬂypubhsheda
stindy indicating that radon coukibe-

., measured using [fquid scintillation '

. counting at 306 pCi/} with an overall

', i error of lesg tham §-10%, assuming 4-

days from: sampl'e collection tor anafysrs.
+-; EPA is reviewing this study to identify -
.~ potential nnp:ovements iritsown - -

- procedures for measwring mdenbyl’sc.
1:#However, EPA does not now believe ' B
:..most laboratories will be capable of the
u;-,levels of precision and accuracy ~ ¢ ¢
achxevedbyl.omy EPA witksoen - -~

“conduct a serfes of perforinanee < - -
. evalwations studies on radon anelysis to
- ibetter gauge performance levels and to

“develop a data set on which to Basefab

certification determinations whern the -

‘;vials and standardization procedure.
used, and temperafure controf and'

“: instrument settings. Vitz also

-“commented on sampling procedures. -
‘thz (199%) overall reported that radonr

**levels of 200 p€i/} may be measured N

with 20% precision using & 20 mimute

‘count, if alf parameters are optimized: - -
- EPA is reviewing this report to identify -

- improvements in its proposed radorr
‘method, EPA Method 913

| E Laboratory Appmva& an&
'7Cemficauon S

EPA solicits public comment an these
issues, and will continue to collect and
evaluate additional data to refine and
better substantiate the proposed PQL

* and the consfraints on regulation

imposed by lmits on analytic methods.

the proposed PQL.(such as 500 pCi/ll.
and information supporting a lawez PQL.

_ than that proposed, such as 200 pCi/L

Public comments are requested on the.
approach used to determine the PQLs
forradioneciide contaminants, on the

" proposed PQLs ﬁ)rtbese contaminants,
- and informatfar is sought ar any new-
* developments i methodology for the
" radiorruclide contaminants that may be

used to support development of these

:‘ regulations. EPA also solicits public

comment o the usefulness of PQLs i in

* getting standards, and the

appropriaterress of alternative metﬁods
for accounting for analytic methods
lmn"tatmns i 4 set‘hng standard‘s

. 18 —PRACFICAL - QUANTIFRT!ON
band, the: individual lifetime risks would -TABEE &

be highes. Therefore, on balance, EPA is-. .

Levers  (PQEsy fFoR kaomcuos“
Commm:ms

W

é

§mé“335-gégﬁmé

’é \

(EPA. 199?¢

1. Background; The ultimate. o .

&

N :effectxveness of the proposed. .-
. _regulations. depends upon the abxﬁty ef _
_laborataries tareliably analyze ~ - -
" contaminanfs at relatively low Ievelx. '
" 'The existing drinking water laboratory
. ‘certification. program (LCP] established .
"~ by EPA requires that only certified .
. laboratories may anafyze compKanne
~* samples. .
.~ External checks of performarnce to.
evaluate a laboratory’s ahilify to
. analyze samples for regulated. .

contaminants within specific [imits ia
the primary means of judging Iab
performance and defermining whether

.to grant certification. EPA provides .

performance evaluation samples to.
laboratories on a regular basis;
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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 provxdes 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 caunse(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 analytxcal 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 ifa - -

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). Partxcxpahon '

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 S
support this proposed regulation exists.

Acceptable performance has

historically been identified by EPA oomg

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 pérformance and provxdes
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 éxperience 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 vanance
from the PQL.

2. Acceptance limits for radlonucllde :

contaminants. EPA relied on'the 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/1in 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, 19911).

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 precxsxon

.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 résult 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 hmxts for
the radionuclide contaminants are

- summarized in Table 19. The acceptance

limits only apply to concentrations
above the PQL. - .

TABLE 19.—PROPOSED ACCEPTANCE

LimMITS:

. . Accept-

- ¥ ance
. Contaminant fimits at
. the PQL
Radium-226 . +30
Radium-228. i +50
Uranium natural +30
Radon-222 1430

Gross alpha emitters +50
Gross beta emitters . e +30
Radioactive Cesium: '

134 , : +20

137 . +30
Radioactive lodine . %20

" Radioactive Strontium: .

89 +50

920 +30
Tritium. : . e . 20

2 limits based on 100 minute count.
(EPA, 19911)

F Proposed MCLs and Alternatxves B
Considered .

The sectxons below dlscuss denvatxon

. 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. Regulahon of radon in water-
is a complex issue for several reasons.

- In evaluating the various alternatives for -

proposing a radon MCL, 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/lL

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 caneer. Direct ingestiomn o_f
radomn may also pose some risk of’
stomach and other cancers. Whileon
average waler makes:a small
contribution to indeor air radom fabout
5% fox houses served by ground water), .
it is prevalent in drinking water fromr
groundwater-wells and does centribute -
to the very substantial risks posed by
radon i the environment overalk -
Because it i a volatile gas, very little
radon is expected to be found in surface -
wates, and na surface water systems are
anticipated to.require treatment. EPA -+ °
estimates that 30,000 or more public
water eystems serving 36 miflion or
more people may have radow in: water at
levels exceeding an estimated 1:><m-* -
risk levek {150 pCif} water). -

Outdoor background levels of radon
in air (a8bout &1 te &5 pCifl air) psesene‘ ~
estimated lifetime: lung cancer risks of /-
about 1 in 1000, & risk level above those -

enerally accepted:in EPA regulatory

rograms. Typical indoor air raden -
level‘s £1=2pCi/l air} pase estimated
lifetime Jung eaneerrisks pear1in100.
Radon is estimated to cause-8000te
40,000 (EPA, 1989g} lung canecer deatlis -
annually, of which about 75-400 may be -
attributed to radon from drinking water: -
As discussed in Sectien IV.C.Zabove,
the SAB/RAC is presenﬁymenewmga
propesed revision of theradon risle -
estimate, which could result iman * .
approximate 30% reduction in these: -
estimates. While.the:average water:: "
contribution ta indoor air rador is small
relative to the contribution of soil gas:
(for most hauses), it does represent a .
substantial estimated number of amal
cancer cases and i many communities
; poses individuak lifetime risks. ahuve S
‘g lifetime cancer risk goal for

drmkmg water regulations of 10" ‘tu G
10~%(52 FR 25608, July 8, 1987} While. .
these risk estimates have inherent - . . :.
uncertainties, they are no greater here -
than for other contaminants regulzted‘

by EPA using sndx a nxk assasment
approack. | -

A number of hcton were consrdfered
mdecxdmgcntheapmmhto L
regulating radon. Radon in pubhc wa@er <
systems can be treated eentraily rather
than ob a house-by-house basis as io the
case: witl radon from soil gas: Radon -
can be removed from drinking water -
efficiently and relatively inexpensively :
(compared: with other drinking water
contaminants and treatments), although
costs to small systems will be kigh. -
Also, while EPA kas no autherity to.
regutate radorn iw private homes [or -
wells), the Agency is-required te -
regulate water delivered to customers:
by public water systems undes the!
SDWA. Mereaver, the: 1988 amendments

: mmamalcmeercasesczusedﬁy

- achieve a sebstantial public health
* benefit ir an area of high enrvironmentaf -

- poses some challenges inroutine
* measurement. Not only is it & volatile

: hge(asdays).'ﬂrmme&nst&afsamples
. semsitivity decreases by one half for i
: every 3.8 days after collection that the -~ 5

; time could in theory be-extended to = -
compensate for this, the 300 pCift PQE is :

data. Should additional date show'tha't
it is difficult for kabe to perform '

g to implemesnt, the PQL could possibly be

" : could be revised dowmnrward. The recent

to the SDWA require EPA to devefap an
MCL for radon.

Finally, while saving amr estimafed 57=
100 cancer-cases annuoally fthe - "
estimated bemnefit of regulating radom in
water-in the range of 500 to 200 pCifl,
reepectively] is & small number
compared with the estimmated 8,600~

radon expesure (EPA, 1989g), it would™"
be a substantis]l poblic health benefit -
compared with other drinking water
regulations and other environmental
regufatfon programs administered by
EPA. For example, regutatfort of vinyf °
chloride in drinking water is estxmated'
to avoid 27 cancer cases ammually; the
only otker currenty regulated individual *

"+ contaminent feut of some 50 standards)

with meze estimated cancer risk avoided:
is ethylene dibromide, witk arr estimated’
72 cases avoided per year. EFPA" e
concluded that regulation of radom frr -~
water constitutes an opportunity to- <~

risk, and to do so-at relatively fow cost'.'
EPA also considered other factors i

devetoping its proposed radon MCL, - jj

ineluding the ability to accnratefy'

measure radon in water and poter

- implementation difficuities. As

dxscussedeeehonsV.DandE.radon

gas, it alse hes a short radioactive half ~

must be carefully collected and-
. promptly sent for analysts; analytic- =

sample is analyzed. While the count'

,..r

premised on a count of 100 minutes,’

+ which EPA belfeves is at & reasonable

limit, and- that overall. a PQL ofsotpr','
* 1is at the reasonable Bmit of the* °
analytlc methods, based en avaifable

* consistent anafysas at this fevel with tﬁe
> expected precision (due pethaps to fong"
transpert times}, or if data uncertamiy'

]

' estimated and belfeved to-be- _
: acceptable} renders the MEL impossible

: reviewed and revised upward, Simifarly, -

. should new data show analysiz easierat

low levels than now believed, the PQL -
study by Lowry (1991} indicates that

- some individual labs may ach.leve-better- :

performance: than the windrrum:

requirements proposed here. -
EPA alse considered potential

difficulties in implementing & radonr

i 33,000 PWSs would be'required to take
**  action to meet the MCL; at 300 pCH/E,
"+ 28,000 systems ‘would be affected; at 500 °
" pCi/l, approximately 18,000 systems

* range; whicl fs the proposed Hmit for

- (URTHJ posed by drinking water’ .
i contamination in the draft‘document‘:

MCL st different levels in the range of
208 to 2000 pCi/Y. Implementation was '
considered to be a serious issue only in L
the range of 200-500 pCifl A targe = - g
number of PWS would be affected at - P

: anyMCLmtherangeofNOtoSO&pCrﬂ’, :
would be

but marny more systems L S
affected at the 200 pCift MCL aption. oo

- - There-are approximately 48,0000 ~ - |

community and 20,06¢ nom-comnrunity, |

= non-transient publicwater systems

served by ground water saurces: At air
MCL of 200 pCif¥, EPA estimates that

would be affécted. EPA is particularly -
concerned about these impacts because e
of the overall regutatory burden being - P
placed e water- supplers-as the'83 - - :
mandated eontaminants are regulate&; i
Forexmnpfe 40,000 systems are~ -

" expected to need to treat fo-meet the

recently promulgated lead end copper

regufations. EPA solicits public comment’

on consideration of f unplementaﬁon :

issues i setting MCLs. - = - o i
Because fadorris & probl'em only for - :

ground water dependent systems, a -

large percentage of the affected systenis

are smali‘f&ﬁ%servefewerthansoo L

* people). While freatment forradon’is’

- inexpensive for larger PWSs (o a per-- T
hmrsebasxs}. smaﬂersystemswﬂfhavel

more difficalty installing treatment.

* Also, exemptions are unlikely to be .
: available to these systems, as al of the

> options considered are in the 10~%risk :
~ identifying unreasonable risks to health .

“Guidance for Developing Health.. "/ .:
Criteria forD Efm'easonabfe
" Risks to Health’ (EPA, 1990k} EPAaIs “
‘ recognizes that there wouldbea =~ -/ _
* substantfal State burden to fmpfement/

* any radorr MCL irr the 200 to 500 pCi/T -

! range; but that it would be greater tﬁe ‘

: lower MEL aption. EPA solicits pablic

commrent orr how thesecuns;gati’ons e
should be factoredm!a esta hmg the. ‘

' radon M€L.-~ 7
* near this value (Le. the £30% now - '.:: !

EPA considered proposmgrad’on ..
MCLsmtherange of 200 to0.2000 pCifY.

" However, 2000 pCi/] represents an.”.
estimated Io'"nsk. and this alternative -

was rejected as incansistent with the
SDWA. and Agency risk management .
policy. EPA therefore concentrated

" much of its effort on. evaluatmgMCI’.

alternatives in the range of 200 ta 500
pCi/l. Based on considerations of . -
available treatment technologies, cost.

 risk, analytic capabilities and
. implementation concerns, EPA
" determined that 300 pCi/t is the Jowest -
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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. In-
particular, comment is sought on 200
pCi/l 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/l '

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 80il 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-S0OS~
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, i.e.,

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/l or
more conveniently, uCi/l.(one million
pCi equals one uCi), the pCi/l (or uCi/l)
removed, or rems 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 levéls 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/l for radium 2286, 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™*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 .

pg/1 (representing a cancer risk of

. approximately 10~%), 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~ *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 pg/1, and using a 20% ,

RSC, as discussed in section IV above, a
safe drinking water level would be 20
pg/1, corresponding to apprommately 26
pCi/l (using the conversion of 1.3 pCi/ -
pg; this value rounds to 30 pCi/l). This . .
value is below the 10™4lifetime .
individual cancer risk level and is

. protective for kidney toxicity, the

limiting adverse health effect level for
naturally occurnng uranium in drinking
water.

The SDWA dxrects EPA to. consxder
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 228 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 228, 20 pCi/l, for radium 228, 20
pCi/l, and for uranium, 20 pg/1. The
proposed levels will assure that persons
served by PWS will not be exposed to

- greater than 10~ “lifetime cancer risk,

and will for uranium also protect agamst
possible kidney toxicity: . . :

Table 21 compares some of the .
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/l

. for radium 226 and 228 combined.’

Primacy states have been implementing
and enforcmg 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 continué

to do so. States have been working to -
bring these systems into comphaxxce.

_. and some may view a revision of the.. -
. radium MCLSs to 20 pCi/l for radium 226 -

and 20 pCi/l for radium 228 as- - ..

- frustrating their program plannmg 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 slso solicits
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comments from systems that have
installed or reed 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 NIRS survey was
about 800 pCif], with a maximum of -
28,000 pCi/l. Maximum radium 226 and
228 levels in the NIRS survey were both
below 20 pCi/l {occurrence at higher
levels is based on a statistical projection
of the 1100 data points in NIRS 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/fl 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/l
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 or 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/lL.

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 EPA considers to be
affordable for large public water supply
systems.

‘Basged on these conmderauons. EPA
would consider the lowest feasible
levels to which these contaminants -
could be regulated are 300 pCi/l for
radon, 5 pCi/l for radium 226, 5 pCi/l for
radium 228, and 5 pCi/l for uranium
(kidney toxicity by uranium is not the
limiting factor here, as it is above) and
15 pCi/l for adjusted gross-alpha. EPA
solicits public comment on these levels
as possible alternative MCLs for the
radionuclides... - .-

: . . At .
;. TABLE 20.—BACKGROUND INFORMATION ON RADIONUCLIDES

. ST -| Rn-222 | Ra-226 | Ra-228 U Alpha
Lowest Treatment lavel (pCi/1). e i . <100 <2 <2 <5 <5
PQL (pCi/l) . - S 300 5 5 5 15
Treatment Cost $/HH/yr.—Large systems. $4 $60 $60 ] $20° $130 -
1X10~-Lifetime risk level (pCi/l). . N 150 2 . 26 170 n/a
Pop exposed> 10~‘—Lifetime Risk (pre-regulauon\ . 2M 890K 100K - | 50K n/a
Estimated drinking water cases/yr. (pre-regulation) N . 195 8 . . |21 .]168 - |n/a
Source: EPA 1991i _
TABLE 21.—COMPARISON OF PROPOSED AND LOWEST FEASIBLE MCL OPTIONS
Rn-222 | Ra-226 | Ra-228 | - U - Alpha
Proposed ... " . - 300 20 20 -, 20 ug/t |15 _
AROMNAG oo it eemssnaineressmsissnesio , 300 s .15 ., |s 15
Proposed ....... e — 2%10™* {1x10~¢ [8%10°%* | 1X107*- | n/a
Alternate 2x107 | 2x107 - [2x10¢ 7| 3x107¢ |n/a
Cases avoided/yr.: o RS .
Proposed evitreermeertens : 80 3. 020 ,0.2‘ . n/a . .
~Altemate R - 3 . : 80 15 108 . |06 n/a |
Frac‘bono“otalcasesavocdedlyr..' s N o . ¥ TATEN .
Proposed ..., - Crmeverens - 0.41 038 "~ {003 - 1017 - n/a -
Altornate.................. s : 0.41 063 .., 0.19 --1033. ([na.
. No. Sys affected: N _ N o A
P sod e JUR Ve PP : . .o oLl - 26,000 70 . 40 ‘ 1500 . 130
Alternate : eeecensorecaos. . ; 26,000 590 1500 7200 130
Total $/yr.. = - . E e
Proposed st : $180M | $30M--.--| $6M- . - | $55M $37M
Altemate...._ " e e $180M | $120M | $55M | $225M | S37M
$/rem(K): L PR -
Proposed : - i . $1K - $16K ~ | $39K  18$380K” [n/a - -
Alternate - , ; : $1K $5K  .|$17K [$700K  |n/a
Proposed e - . " $20K $600K $1.6M $2M n/a.
Alternate : . P . $20K $2M $2M .$4M - n/a
Incr. $/case: . . : :
Proposed $2.9M $23M $50M $57M. n/a
Alternate . $2.9M $75M $158M -— n/a

Source EPA 1991 :
! Approximately 900,000 people also reduced toexposure levelmﬁ’xmcreesedpmbabdnyof k:dneytoxtctty
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4. Gross-alpha and beta-and photon
MCLs. Alpha and beta -emitters area
way of broadly grouping a large number
of radieactive contaminants based -on
their radioactive characterigtics. -
Radioactive isotopes hawve-characteristic
decay patterns which allow-them tobe
identified as being primarily alpha, beta
or photon [gamma ray) emitters
(although many compounds decay by a
combination of these Toutes with-ene
being predominant). Alpha -emitters are
primarily naturally-eccurring
compounds, although some are man-
made {such as plutonium). Beta emitters
are mostly men-made ‘compounds, out
some are naturally occwrring (such as
radium 228 and lead 210). The 1986
amendments 1o the SDWA direct EPA‘to
establish MCLsfor these two-categories
of radioactive contaminants {section
1412(b)(23).

- Because they emilt jonizing radiation
as they-decay, they are =il considered to
be group A'hemen-carcinogens, and the
proposed MCLG for both alpha-and
beta/photon emitters is zero, as
described in Section IV-C above.

-The-other radionuclides proposed for
regulation today all fall into one vf these
categories (radium 228, radon and
‘uranium are alpha emitters,.and radium
228 is a beta emitter). EPA has praposed
‘to set individual-:MCLs forradon, radium
and urantum because they-occurin the
water-of an important number of public
water supplies over substanfial parts of
the country. This is not true for the
‘majority of radionuclides. Manyof the .
other alpha and beta emitters have

never been detected in-drinking wsater, .-

ard uthrers only sporadically. Many of
the naturally occurring radionuclides
1nay befaund:in-water because they are
radioactive progeny of the'more
:commonly occurring radionuclides.for
‘whichdndividmal MCLs:are being - - -
proposed. The man-made radionuclides
may be found in-water asa result of
their rélease from facilities where they
are praduced, stored, usedxr dispased
'of. These couldinclude ruélear power
plants, research ormanufacturing .
facilities, high orlow level radioactive
waste disposal sites, and others.

There are approximately 2000 -
nuclittes-that Tall-into these categones
‘Many of these bave very»short half-lives,
and are.not of:concern in:water; several
hundred have longer half lives and could
be important. EPA is propasing to
regulate these contaminants:as classes
-of compoundsbecause they all cause
cancerbyithe ame basic-mechanism.
Also, EPA believes that none of them
individually occur with enough
frequency t6 warrant a national
regulation, but that as groups they are

found frequently enough to warrant
public health concern, and ‘therefore
regulation. EPA further believes that
public-water systems using water that is
knewn to have the potential to brecome
contaminated with nuclear reactor (or
other nuclearfacility) releases, by etther
scheduled or unscheduled release,
showld-monitor for these compounds and
that there should be:standards ‘n piace
to protect the public should high tevels
occur.

a. Gross a!_pba “Threre is curremtly an
irtterim MCL for alpha emitterswhich
was set as a.screen for the occurrence of
both radium 226 and other alpha .
emitting radiomrclides that nright be
present in drinking-water. Few water
systems have ever exceeded the gross
alpha MCL-fexcept whenitis due to
high-radium levels). The15pCi/l MCL
was-imtended to limit overall exposure
to alpha radiation in drinking water, and
EPA ontinues-to believe that it is
important to Yimit oversll alpha emitter
exposure. EPA is proposing to retain but
modify the gross alpha MCL. As

-discussed inSection TV-C, alpha

-emitiers are-carcinogenic, amd EPA1s -
‘proposing to set the MCLG for gross-
alpha at zero, in accord with EPA’s
general policy for regulating carcinogens
nccurﬁng in drinking water. -

emitters in drinking water -

-~ Mast alpha.

-ocour-naturally, Alpha -emitters other
-then radium and uranium that have
‘beenTound in drinking water include

polonium and thorium as discussed in
section HI-F ahowe. In addition, -
plutonium and americium occur.

HPA believes the potential for
occurrence of these contaminants
indicates that a screening standard
~would ‘be appropriate-to restrict the
"Himited exposure that may occur, while
not requiring that separate MCLs, with

separatenonitoring,-be set.

The available data indicate that
occurrence of alpha emitters other than
those specifically regulated (i.e. radon,

radium-and uranium) is-infrequent. EPA -

believes this-limited -occurrence means
- .that individual, nationally applicable
MCLs are not warranted, but that some

- mechanism to detect potential

-alpha emitters do occuris warranted.
EPA believes that a_gross alpha MCL
would.provide-a mechanism to-detect
and reduce exposure to alpha emitters,
while not overburdening water systems
with monitoring requirements.

JEPA-has reviewed the risks for these
contamimants, and discusses them in
Bection TV-T above and-in greater detail
in the:alpha enritter criteria docomrernt.
As noted above, the MCLG for alpha
emitters is being proposed as zero,

because aﬂ‘ioniz'ingradiation is :
considered to be carcinagenic. Lifet e -
risks in the 1x10~*range for alpha - -
emitters in drinking water are14 pClI 1
for polonium, 50-125 pCi/l for various
thorium isotopes, and 7 pCifi for '
plutorium (see appendix C).

EPA has also reviewed the available =
treatment information to.determine
what Jevels of alpha.emitters can be
successfully removed. EPA has also
conducted limited pilot scale studies to
better determine the treatability of
polonium {(EPA, 1991k). BAT has been
identified as reverse .osmosis. Ton
exchange, GAC, and coagulation and
filtration have been shown to remove
some of these contaminants, but.data
are inadequate to consider any of them =
BAT. RO can remove up te 99% of alpha™
emitters that may be present in drinking
water.

“The analytic methods for measuring
alpha emitters is the gross alpha test
{EPA No.900.0) or gross alpha by
coprecipitation, when high amounts of
solids are present. As discussed in

- pection V.D, the PQL for gross alpha is

15 pCifl, with 4+20% error.
. While retaining the gross-alpha MCL,
EPA proposes to revise its approach to

this standard. Because separate MCLs

are being proposed for radiom and o
aranium, the-gross alpha MCL willnot - -
include them fthe. current gross alpha
standard includes radium 22Bbut = .
excludes uranium and radon). The alpha
emitter MCL will be defined as gross
dlpha, lessradium 226, and uranium

" {and notincluding reden). To avoid

confusion of the regulatory use of the
term “gross alpha” and the laboratory
measurement that is called-gross alpha,
EPA proposes to dezugnate the MCL as -
“ad]usted gross alpha”, to indicateitbat -

with the gro&walpha MCL

would be-determined

by first mezsuring
gross alpha and if the value exceeds the
MCL, measuring and subtracting-ont the
radium 226 and ‘uranium-contributions

-the way thetestis

conducted. any radoninifially present;m
a sample would be driven off by the-...- ~
.sample preparation;-therefore, _w&brle‘the
-adjusted gross alpha measure doesnot
include radon, neither would radenbe
subtracted from the gross alpha - :
measurement, a8 would radium 226 and
~raninm). EPA proposes that-the
“adjusted gross alpha” MCL would.be
grosg alpha minus radium 226 and minus
uranium, and proposes that the adjusted
gross alpha MCL be set at 15 pCi/l. This
‘MCL would, overall, Timit exposure to
other radionuclides and ensare that
rigks from-alpha-emitting radionuclides
would not exceed the 107 to 10™°
lifetime risk range. EPA considers this to
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be the lowest level at which it is feasxble
to set the adjusted gross alpha MCL,
bounded by 10™*lifetime risk.-

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~ appears small. EPA sglicits
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 107*level.

Assessing the impacts of the proposed
adjusted gross alpha MCL is diificult
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
g search of the EPA compliance data

ase.

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, ruclear
weapon development, and other
industries. The Agency regulated the
beta and photon emitters as a class in
the NIPDWRs 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-99, 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. 800.0),
which has PQL of 30 pCi/l.

. 210 is the first long lived progeny of

" occurs. However, there are few data on
. lead-210 occurrence in water, and -

- low levels (mass) of lead may bind to

- consider it for possxble regulatxon in the

At the time of the interim standards,
there was great concern about the
fallout of strontium 90 (and others) from
above-ground nuclear tests: Since the
ban on above-ground tests in 1963,
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 degrée, 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 hsted4

- 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 approxv.mately
1X1074

One naturally occurring beta emxtter
of potential concern is lead-210. Lead-

radon-222, and could be anticipated to
co-occur in ground water where radon
modeling exercises of lead movement

through the environment indicate that.

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

future.
G. Proposed Monitoring and Repomng .

. Requirements

Comphance momtonng requxrements -
are being proposed for determining ‘

- compliance with the MCLs. In

developing the proposed compliance
monitoring requirements 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 collectmn of samples which
are representatxve 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 reqmrements 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 utilization 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
partlcular contamjnant 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 rehable analytical
. methods.

. Allowuig the use of historical

* 'momtonng data meeting specified

quality requirements and other available

: records to make decisions regarding the '
: vulnerability of a systemto * . .
: contammahon. . T
* Requiring all vulnerable systems to
conduct repeat monitoring unless the

system demonstrates thatits
vulnerability status has changed.

+ Designating sampling locations’ and '’
: frequencies that permit simultaneous "~

- monitoring for all regulated "7 " .
“ contaminants, whenever possxble and o

advantageous. " -
¢ Requiring that samples be taken -
during high vulnerabxhty 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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the regulation is finalized. EPA salicits
public comment-on the effective date for
the monitoring requirements,
particularly whethermonitoring shauld
begin before January 1, 1996.

Surface water:systems must sample at
points in-the distribution system which
-are representative ©of .each source i.e., at
each entry point to the distribution
-systemwhich is located :gfter any
treatment and which is representative of
each source. The number of samples will
be determined by The number of sources
or treatment plants. Sampling mustbe
done at.entry points to the distribution
system forgroand water systems:-and
the number.of samples will be
determined by the mumher of entry
‘points. This-approach will make it-easier
to identify possible contaminated
.sources {wells) within a system. mboth
:surface-and ground water-systems, the
;proposed sampling locations are such
that the same sampling locations may be
used for thecollection-of samples for

- -other source-related contaminants-such
-as the volatile-organic chemicals and
inorganic chemicals, which-stmplifies
:sample-callection efforts.

Because of the large number of
regulations for drinking water

, ‘contaminamnts that’have been developed
in recent years, EPA recently soughtto
:coordinate cortaminant monttoring to

gimplify the requirements imposed on
|publxc water systems. This coordination
is called the standardized monitoring
framework. EPA announced this
framework in January of 1991 {56 FR

'3528-3597, Tanuary 30, 1991),-and held a
public meeting to discuss the cancept

and solicit public comment. Reaction of
the water supply industry was generally
favorable, and EPA has proceeded to
implement the standardized monitoring
framework in the context of individual
rulemakings (56 FR 3526, January 30,
1991). The monitoring requirements for
the radionuclides regulations will rely
on the basic structure described in the

-documents. on standardized monitoring.

Inifial monitoring-will begin with the
-compliance period that begins January-,

1996, and would be reguired to he
.completed by Jamuary 1, 1999. EPA

solicits public comment an the use of the
Standardized Manitoring scheme Jorthe
radmnuchdes,regulaﬁons.

The monitoring requirements for the
different radionuclides would vary
depending:on their likely occurrence.
For-example for radon, -all.ground 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

gystems are not reqmred ‘to test for
radon.

Only:systems deslgnated as
vulnerable wonld be sequired tomonitor
gross beta for beta :and photon emitters.
Vulnerahility for beta and photon :
emitters wounld be determined by states,
and would be hased anthe proximity :of
the systemto potential sources af:man-
made radionuciides, such asnuclear
power facilifies, nniversities or ether
researchfacilities, ar mannfacturing
facilities that nge radioactive material,
or radioactive waste fisposal:sites (for
either:high orlow level waste). EPA .
suggests a 15 mile-radius around:such
facilities :as the vulnerahle area for
purposes. of requiring.gross beta
moznitoring.

MCL exceedences sould trigger
increased monitoring Tequirements,
which could be reduced to-the base
monitoring requmirements once
corxplienceweith tthe MCL isTe- -
established.

Because these contaminants present .
risks from longsterm, chroniciexposure,
only community and nen-commmity,
non-transient public water:supplies
would be reguired to:monitor for them.

1. Radon.—a. Radon monitoring for
surface water supplied systems.
Systems relyingexclusively on surface
water as theirwater source would not
be regnired to zsample forradon.
Systems that rely in part on ground

water would be considered groundwatex:

systems far purposes of radon
monitoring. Systems:thatmse groumd
water to-snpplement surface water - .
during ew-flow periods would:be
required to monitor finished weater at :

. eachentry point 1o the flistribution
- system forraden:dnring periods of

ground wateruse, according $0-the
groundwater:manitoring requirements.
Also, groundwater nader the:.inflnence
of snr'face water would be considered
ground water for this regnlation.

. b.Rodonmonitoring for.ground wrder
systems. Systems:relying wholly orin.:
ater-wonld berequired

part.ongronnd w
yearateach-wel orentry point tothe -

first year samples at each well.is below
the MCL, monitoring would be reduced
to one sample annually per well or' entry
point tothe distribution system. Al
samples-wouid be reguired to-be af
finished water, 28 it.emers the
distribntion system and after any
treatment.

c. Radon compliance and .increased
and decrensed monitoring requirements.
Compliance would be determined based
on an average of 4 quarterly samplesin
the initial year.of monitoring, and . -

annuaisamples in the secondand third
years of ithe firsts perind. The. .
reported values {rather than the bottom .
of theerror band associated with the
measurements) would be averaged-
together; systems with.-averages
exceeding 360 pCi/l atany well.or

-sampling point would be deemed to.be

out of compliance.:Systems exceeding
the MCL would'be required to monitor
quarterly until the :average of 4
consecutive samples are less than the
MCL. Systemns would then'be allowed to
reduce monitoring to ene samble -
anmually perwell or sampling peint.
States would be allewed to-reduce .
monitoring requirements to one sample
per three-year compliance period ps=-

.well er-sampling point, I the state

determines that the system-is reliably
and consistently below-the MCL. :
Systems-monitoring amnually or once

per three year-compliance period ‘that
exceed the radon MCL in a single

sample would be required 4o revert to
quarterly monitoring until the averageof
4 consecutive samplesis lessthan the -
MCL. Ground wat with

- uncomected-wells would be required to

conduct increased monitoring only at
those wells exceedingthe MCL.

EPA is proposing more Trequent- °
monitoring for radon than for the other
radionuclides because levels are known
to vary dinrnally and over the.caurse.of -
a year. Variability maybe 100% er.more.
EPA solicits pullic comment on the
proposed radon monitari
requirements, and en the advisability of -
allowing.upto.nine years between
samples, ard fhe criteria that mightbe
used to.identify systems very unlikely to

" - exceed the MCL Tor which monitoring

once every.nine years.may be adequate.
2..Gross Alpha, Radium-2268 0rd
Urcaium. All ground water and:surfaoe ,
water systems-wonld hervequiredto .
monitor annually for gross-alpha, and if -

. the gross alpha measurement exceeds

the MCL forradium 228 and feruranium, -

. specific;analyses for the contaminantls) -
.+ exceeding the MCLwould he Tequired.
to sample for radon quartertyferone ...
o« eachwelor entry pointtothe -
distribution system. If the average of=il

Systemsmmﬂdbe:zegmmdmmpie R

distribution system.ﬁamplesmnnld.be o
of finished swvaterzifter any treadment. - - -
Systemssexceeding: the MCL would be

required to monitarquarterty amtil four
consecutive sarples:wvere tess than the

- MCL. Forsystems:not exceeding the

MCL after three consecutive anrmsal
samples are teken, zampling - would be
redncedto one sample per three year
compliarce period. States would:be
allowed tto-rednce muonitoring to once
per nine-year compliance cycle if the
state determines:that.a 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 MCL. ‘
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.D are met. These
requirements include appropriate-
calibration of equipment to ensure that
neither radium 228 or uranium are: -
underestimated by the screen.

Compliance determinations for ad]usted :

gross alpha, radium 226 and uranium -
based on gross alpha measurements are
listed in Figure 2. Adjusted gross alpha
is defined as the grogs alpha
measurement less radium 226 and less
uranium. Because the adjusted gross
alpha MCL 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/fl).

Systems with gross alpha less than
the radium 228 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. Radijum-228. 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 mornitor 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 MCL -
would be considered to be in
compliance with the radium-228 MCL.
Systems with gross beta levels

exceeding the radium-228 MCL 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, dependmg on

their vulnerability.

EPA considered two gross beta
monitoring programs. Under the first
alternative, the current 50 pCi/l screen
for presumptive compliance, along with
additional specific monitoring for trittum
and strontium 90 would be required. If
the 50 pCi/l screen weremet, and
trittum 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 trittum 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/l
screen for presumptive compliance with
the gross beta MCL and specific
analyses for tritium and strontium 90
{because 50 pCi/l 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/l 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 sckedule 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 1876. Validated analytic methods
for other radionuclides, including
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uranium, have also been available since
then. Most wateér 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 (i.e.,
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. N

BILLING CODE 8560-50-M
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FIGURE 2.
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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 : .
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Option 2: Low Screening Level
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FIGURE 3. -GROSS BETA SCREENING OPTIONS {gontinued)”ﬂ
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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 (56 FR 25046).

To implement 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 to
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 requzrements. 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 tke
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) Alist 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 on these proposed State
reporting requirements are requested. -

. EPA particularly requests comments on
" whether the proposed reporting

requirements are appropriate.

L Variances and Exemptions

1. Variances. Under section -
1415(a)(1)(A) of the SDWA, a State
which has primary enforcement
resporisibility (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 requ.re
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 minimis
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
engtaeering feasibility, and the costs of

. comphance with MCLs.

Section 1415 Best Available

. Technology for Radionuclides. Table 22

shows the BATSs 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 <500 connections) for the
purpose of granting variances because
they are not technologically feasible for
small systems, as discussed below.
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TABLE 22.—PROPOSED BATS FOR
VARIANCES UNDER SECTION 1415

Contaminant BAT

3
3,4.
3,
6.

ran

5.

PONPP -

Beta particie and Photon emitters..._.]

Key to BATs: ’
1=Asration: Packed Tower, spray, siat tray and

- GSmosis.

4=Lime softening; except for systems servmg
< 500 connections.
. 5=Coagulation/filtration; axcept for systems serv-
ing <500 connections.

8=Mixed bad lon exchange. °

Coagulation/filtration and lime
softening for radionuclides (i.e.,
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 and possible two-
‘'stage processes [one for turbidity
softening and one for radionuchdes
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.
Costs oﬁnstalling and.operating some
of the BAT's listed in Table 22 (reverss.
osmosis and ion exchange) are high for
small systems relative to costs forlarge:
systems, as shown by EPA estimates in'
tables 7 through 8. EPA is requesting
-omment on these techmologies as BAT
for variance purposes far small systems.
EPA is continuing to evaluate what
costs are reasonable for public water
systems and in this regard, commenters
are.encouraged to provide a basis for
their statements on what should
constitute 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 under-section
1415 for radionuclides; {2) whether itis

appropriate to exclude coagulation/
filtration and lime softening for small
systems; and (3) the appropriateness of

reverse osmosis (RO) and ion exchange -

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
saftening (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.

PQU 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 ugeful 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. ents of an NPDWR, if
it finds that (1) due to compelling factors

* (which may include economic factors),
‘the PWSis-unable to comply with the

requirement; (2] the exemption will not
result in an unreasonable risk to human
health; and (3} the PWS 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 sectlon .

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 conmections 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)- - o
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-of 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 fo health
(URTH). As a part of the varianceand .
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 grafiting 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 Statesin

making URTH determinations (EPA,
19a0k), 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™*lifetime risk.
Because EPA is propasing to-regulate
these cantaminants at the most cast-
effective level, bounded by 16™*xisk, the
URTH values could be equal to the
propesed MCLs, except for edjusted
gross alpha and wranium. Adjusted gross
alphaisa: ing MCL; an URTH
should not be considered to exist unless
the individual .contaminants in the
adjusted gross.alpha sample exceed.a
10~ *risk. Uranium is being-regulated
based on its kidney toxicity; URTH
guidance -would need to be developed
for uraninm based on this toxic end
point.

EPA ‘solicits- pubhcxcommenton this
approach to establishing URTH
guidance for radionuclides.

VL. Public.Notice Requirements

Under section 1414(c}(1) of the Act,
each owner or ope:ator\of a public
water system must give nofice to
persons served by it of {1) any violatian
of any MCL, treatment technigne
requirement, or testing provision
prescribed by an NPDWR:;: (2} failuse 1o
comply with any monitoring reqmrement

" utilities remain free 4o add additional

undef section 1445(a) of the Act; [3)
existence of a variance or exemption;

- and (4) failure to-comply with the
‘requirements of a schedule prescribed

pursuant to a variance-or-exemption.
The 1986 amendments required that
EPA amend its currentpublic -
notification regulations to provide for
different types and frequencies of notice
based on the differences between
violations which .are intermitient.or
infrequent and violations swhich .are
continuous or frequent, taking into
acconnt the serionsness of any potential
adverse health effects which-may be
involved. EPA promulgated regulations
to revise the public notification
requirements on October 28, 1987 (52 FR
41534). The revised regulations state
that violations .of an MCL, treatment
technique ar variance or exemption
schedule (*Tier 1 violations™) contain
health effects language apecified by EPA
which concisely and in non-technical
terms-conveys to the public the adverse
health effects thatamay accuras:a resnlt
of the wiolation. States-and water

information to each notice, as deemed
appropriate for specific situations. This
proposed rule contains specific health
effects Tangwage For the contaminants -
which are in today’s proposed )
rulemaking. FPA helieves that the ..
mandatory health effects langnage is the
most appropriate way to inform the

affected publicof the health
implications-of viclating a-particular

EPA standard. The proposed -mandator;y -

health-effects language in §141.32(¢)
describes ‘in mon-technical terms the
health effects associated with the -
proposed contaminants. Public comment
is requested on the proposed language..

VIL Econamic Jmpacts.and Benefits

Execnfive Order.12291 requires EP: .
and other regulatory Agencies to
perform a Regulatory Impact Analysis
(RIA) for all “major” regulatiens. Major
regulations are those whichimpose.a
cost of $100 million or more on the
national economy, or meet ofher criteria.
EPA has.determined fhat this proposed
rule would be a major rule under the
Executive Order, and has accordingly
prepared an RIA which assesses the
costs and benefits of the praposed

" regulations {EPA, 199li). This regulation
- has.also heen reviewed by the Office-of

Management and Budget and their’

<. comments are available in the pubhc
" docket. '

Table 23 présents a summary of the

results of the RIA. Approximately 28,000
public water systems would be-required.

to install ineatment.or take other actions

to comply with-the proposed MCLs for

_ these radianuckides. Total natianal costs

would be appnmcima,telyrs:ilo million per
year' T e :

TABLE 23 --NATIONAL-COSTS AND BENEHTS OF PROPDSED RADIONUCLIDES MQL‘S >

~4 M- { Ra- e s N oacatar ] BotR
] Bz | T | R | tranim | AGAID ) orinacs | T

Proposed MCL (b) 300 20 201 -20(f.. 18] .- udﬁ. .
Systoms affected {26000 - 701 40| -1us00t 480} - 0] 28000
Treatment cost. 1 J { ] : Cy R

Total captial-(SM) 1600 190 40 as0i 230] 01 2300

Annual'O&M {SM) . 1 =0 af. . 304 20¢ 0y - 150

Total annual.cast (SM) se0 30 6 &l el . ol 3w
Cancer cases. avoided/yr. R X I 3 02| -.02% @Y 0° R a3
Monitoiing (SM7Y9) 1) 1+ 5 ppo3{ . 089 00mY) - 0641 - ©V28f T
State Impiementa g 1 h R b 25 4 :

Initial($M) . NAJ.- NA NAL O OONAY T NAd o NAY 15-28
Apmual (SM) 1. MNA}  NA NA NAY . . NAT - NAY .10-19
Annualhousetold-costby systom sz I SR ) ; R I

Very:Small 25-500). 1 1207 em| -es0f" ol T

Small {591-3,300)..... 3 - B0 158 1507 oY -

Medium {3,301-10,000} 3 71..: 90 90 - RS N N

Large (over 10,000} 3 - 81.% 60 607} . 0

(a).Ad grossaipha. v

(bNK?l‘-s:‘g‘1 hpcm.wlessm:\oted. H -

(c)-MCL Tor uranium is exprassed in

d):MCL for beta emitters s
is

Nots: Total may not add .due to sounding.

A large proportion of the water
systems affected by this regulation
would be small systems serving fewer
than 500 people. Costs to households
vary considerably over the range-of

mmmsedey ) ’ i '
8) Numbwofcasesavoidedporyeuﬂ«horangoofozm14 mmemmmamnge@Mmmrskmwwmmzmmm
-210-risk. Actual.occusrmence.is Jikely to be characterized i8otopes.

.00 polonium-;
() Gross alpha is used as a scresa Tor.radium-226 and uranium.

by a.mix.of sevetal

system-sizes that would be-covered by
the proposed regulations, with smaller
systems hawing higher casts, because
thege systems .do not benefit fram the
engineering economies of scale that

-

large systems have. in fhe smallest of

these systems {25 to 100 pecpls), annual

residential water bills.could:increase by
$760 %0 3800 for treatment of radium: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.12,

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. Paperwor_k 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 U.S.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-
223Y), 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 requirements contained in this
proposal.
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U.S. Environmental Protection Agency.
Radon in Drinking Water: Assessment of
Exposure Pathways. Prepared by Life
Systems, Inc.. {June 1991) [EPA, 1991h].

U.S. Environmental Protection Agency.
Regulatory Impact Analysis of Propased
National Primary Drinking Water
Regulations for Radiomuclides (Draft).

- Prepared by Wade Miller Assocmtes
(Qune 14, 1991). [EPA; 1991i]

U.S. Environmental Protection Agency.
Response To Comments Received on the
NPDWRs: Radionmuclides in Drinking-
Water—Advance Notice of Proposed
Rulemaking, September 30.1986. Uune
1991). [EPA, 1991] - -

U.S. Environmental Protection Agency :
Technologies and Costs for the Removal
of Alpha Emitters from Potable Water
Supplies. Prepared by Malcolm Pirnie,
Inc. (Feb., 1991). {EPA, 1991k] - |

U.S. Envirommental Protection Agency.

“Proposged Revisions in EPA Estimates of
Radon Risks and Associated © -
- Uncertainties™ {April, 1991). {EPA, 19911}

U.S. Environmental Protection. Agency.
Memorandum to G. Hebms from L
Deloatch regarding estimated cost of
analyses for mdionudxdes. (March 27
'1991). [EPA; 1991m] |

US. Environmental Protection Agency.
Radiation Research and Methods -
Validation. Annual Report, FY 1990. EPA
600/X-91/055, (May 1991). [EPA, 1991a]

U.S. Environmental Protectioa Agency. .y

..Occurrence and Exposure Assessment
" for Uranium in Public Drinking Water

. Supplies..Revision 2. Prepared by Wade
Miller Associates, Inc. (June 13, 1991) :
[EPA. 16910]. et

us. Envamnmental Pmtecuan my

Health Effects Assesament Summary
Tables. Annnel FY-1991. OERR 8200.6-
303 (93-1) NTIS. m—aznss. [EP&
1991p} - .

uUs. Envmental Protnchun &gency.
Method 913—Radoa in Drinking Water

. Liquid Scintillation. ML/LV (Iune
1991) {EPA,1991q] - -

U.S. Environmental Protection Agency.

. Memorandum Deloatch to Helms, PQL
Assessments for Radionuclides. (June 13,
1991) {EPA, 1991r] :

U.S. Environmental Protection Agency-IRIS
Print-out for Uranium (soluble salts):
Revised 10/1/89. (]une 14, 1991) [EPA,
1991s]

U.S. Geological Survey (USGS). Methods for

Determination of Radioacfive Substances
in Water and Fluvial Sediments, Book 5,
Chapter A5, in Techniques of Water-
Resources Investigations of the USGS.
(1989) [USGS, 1989] .

United Nations Scientific Committee on the
Effect of Atomic Radiation [UNSCEAR).
Ionizing Radiation: Sources and
Biological Effects. Report to the General
Assembly New York [‘1982] {UNSCEAR,
1982}

United Nation’s Scientific Committee on the
Effect of Atomic Radiation (UNSCEAR). -
Sources, Effects and Risks of Iqmzmg
Radiation. Report to the General
Asaembly New York, (1988). [UNSCEAR.

988] -

thz.E.Toward a Standard Method for .
Determining Waterborne Radon. Health
Physics, vol 68, No. 6 pp. 817—829 []rme
1991). [Vitz, 1991] '

Wilkinson, G. Gastric Cancer in New Mexico
counties with significant deposits of
uranium.- Arch. Environ. Health. [1985]
40:307. {Wilkinson, 1985] -

Wrenn, ME. et al. Metabolism of Ingested U
and Ra. Health Physics. Vol. 48, No: §

-(1985). [Wremm et el., 19851 - .

Radioactivity in Dﬁnking Water )

To asmt commenters, the foﬂowmg aectxon
provides a summary of conceptsand - ;.
definitions involving radioectivity. The
definitions include those in the Interim
Regulations along with several additions; one
of which is being considered (x.e.. curie) to be
added to40 caun.z. : .

P et e

Defi; m‘t:ons

(a) Dose eqmmlentmeans thepmduct of
the absarbed dose from ionizing ra&iaﬂon
and such factors which account for -

" differences in biological effectiveness dne to

the type of radiation and its distribution in
the body as specified by the International
Commission on Radiological Uni!s and
Measurements (ICRU). E
(b} Rem means: the unit of dose equivalent
from ionizing radiation to the total body or
any internal organ or organ system. It
equal to the-absorbed dose.in rads mninpiied
by a quality factor (to account for different
radiation types}.. A rem ede {effective dose

equivalent} is a dose to organs adjusted for -

different radiation types and by an oxga.n
weighting factor to account for organ
sensitivity to the effect of radiation. A ;' .
“millirem" {mrem)is 1/1,000 of arem. ..°

(c) Curie means a special unit of activity
equal to a nuclear transformation rate of -
3.7x10* disintegrationslseeond. One -
picocurie is equal to 1072 curies, which is-:
approximately zdxsmtegrahom per minute.

(d) Gross alpha particle emission activity
means the total alpha particle radioactivity
measured in an aliquot of an evapomted
water sample.

(e} Man-made beta pamc/e and pboton
emitters means all radionuclides emitting
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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.

(8) Becguerel (Bq) is a special unitof |
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 wexghm,g
factor.

- (§). Organ weighting factor means the ratio
of the stochastic rigk for that organ to the
total risk when the whole body is n'radxated
uniformly.- - .

(k) Natural uranium means uranium thh
combined uranium-234 plus uranium-235 plus-
uranium-238-which has a varying isotopic-
composition but typically is 0.006% uranium-
234, 0.7% uranium-235, and 99.27% uranium-
238. ) - '

) Actmty 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 concentratxon
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 elementto ~ :--.-

radioactive decay. Atoms with the same :

number of protons but different number of B
neutrons are called “isotopes.” For example; - -

. if an atom has 88 protons, it is radon. There
are three principal isotopes of radon- -
containing 133, 134 and 136 peutrons. 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+4-133=219, 864134220 and
88--136=222. Symbolically these can be -
written as: Radon-219 Radon-220 Radon-222.

Since the atomic number and the chemical °

symbol are synonymous, the number of

‘protons is usually omitted in the

nomenclature. L
These radionuclides 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)

. andalsoanentnno 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, andis - -
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 to a 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 pamde to the progeny
_polonium. This reaction is written:

.Radon-222———s Polonium-218+ helinin-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————s Achmum-228+beta

4 partlcle

The atomic numbers are 88 for Ra and 89
for Ac (the beta decay described here is the .

_negative kind}. The atomic numbersand . ... -
. atomic mass numbers balance in this -

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

164X107% 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 parta (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 transformatmns
occur per second.

¢ How much radiation or bow much energy

s s mparted 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 Ci) 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 on 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 mtemal organs are

] “the target.

A common unit of absorbed dose is called
the rad, 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
gener&l. these units are quite large and -
engineering shorthand is used to describe the
activities. Shown below are some commonly
vsed prefixes.
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Shorthand

¥ ] Greek, prefix & abbreviation Value epone™ Description
h, mit—m 171,000 103 Ore part per
i thousand. .
L micro—Greek m 1/1,000,000 10~ One part per milfion. -
G nano—n 1,1,000,000,000 10™* One part per bilion.
: pico—p , 171,000,000,000,000 10732 :

femtomt. 1/1,000,000,000,000,000 10718

atto—a 1/1,000,000,000,000,000,000 10-18

Thus 1 picocuzie is a millionth millionth of
a curie and is abbreviated 1 pCi. Also 1

milkirad (1 mrad) is one thousandth of a rad. ‘

Because of the particle mass and charge, 1
rad deposited in tissue by alpha particles

" creates a more concentrated biological

damage than 1 rad of gamma rays. To

compensate for this difference in damage and

subsequent effect, 8 new unit was created—
the rem. This is called the dose equivalent.

The absarbed dose is measured inradsand

the dose equivalent is measured in rems.
The rad and rem are related by a quality

factor as follows:

Number of rems=0) times the numiber of rads
Where Qs the quality factor which has

been assigned the following value:

Q=1 for beta particles and all

electromagnetic radmmms (gamma rays

and x-rays)

Q=10 for neutrons. frox_n spontaneons ﬁssxon

and for protons-

Q=20 for alphaparticlea andﬁssum
fragments o
The quality factor is meant to

approximately account for the relative harm

caused by various typ'csbfmdiaﬁan.fthe
International System (SI} unit corresponding
to ﬁxeremistheSxey(ett{Svi OneSievert i

equals 100 rem.
APPENDD( B-—BETA PAR‘HOLE AND
. PHOTON EMITTERS
. Nuctide .~ _v Ch (CU/Titer) -
H-3 : 6.09E+4-04 -
BE-7 .| 435E404
N-13 152E4+05 .
c-11 Q92E4+04 -
C-14 4 320E+03
C-15 B.E9E+08 . -
0-15 J4GSE405
F-t8 .] 3.95E4.04 :
NA-22 466E402
- NA-24 - 335E+03
Si-31 .. 1.02E404 -
P-32 841E4-02
P-33 1.87E-+03
$-35 1.29E+04 .
CL-38. 185E+03 .
CL-38 212E304
K-42 8.90E403
CA-45. 1.73E4-03°
CA-47. 8.45E302
SC-46 ‘8.63E402 ..
SC-47. 2.44E+03
- SC—48, 7.66E+02 .
v-48 6.44E4.02
CR-51 3.80E+04
MN-52 7.33E+02
MN-54 : 201E+03
MN-56 5.64E+403
FE-55 9.25E+03

APPENDIX B—BETA PARTICLE AND

APPENDIX B-—BETA PARTICLE AND

PHOTON Emrrens—Com':rmed PHoOTON EMITTERS—Continued
Nuclide Ch(pCi/Ii!er) Nuciide Ch (pCi/fiter) . -

FE-59 8.4484-02 RH-106 1.24E4.06
CO-57 4.87E+03 PD-100 1.530E+.03
C0O-58 1.59E+403 PD-101 1.34E404
CO-58M 6A49E+04 PD~103 6.94€+4+03
CO-60 218E402 PD-107 3.66E404
NI-59 2.70E+04 PD-109 2126403
NI-63 9.91E4+03 AG-105. 270E+03
NI-65 8.81E403 AG-108 8.26E+05
CU-64 1.18E4-04 AG-108M 723E402
ZN-65 3.96E402 AG-109M 1.67E407
IN-69. 831E+4+04 AG-110 1.84E4.08
ZN-69M 4.22E403 AG-110M 5126402
GA-67 7.026+03 AG-111 1.08E403 -
GA-T2 1.19E+03 CD-109 227/E+402
GE-M 4.36E405 CD-115 958E+402
AST3. 7.85E+403 CD-115M . 339402
AS-74 o J141E403 - IN-113M -} 5.24E 404
AS-786. 1.06E+03 IN-114. 9.76E+4-05
AS-77. 433E+03 IN-114M. 3238402
SE-75 5.74E3-02 IN-115. 351E4+01
BR-82 315E+03- IN-1T5M 1.64E+04
RB-82... 436E+05 SN-113 1.73E303
RB-88 485E+02 SN-121 8.08E+403 -
RB-87 5.01E402 SR-121M 226E+403
RB-88 291E4+04 SN-125 4.46E+402
‘RB-89 527E+04 SN-126 293E402
SR-82. 241E4-02- $B-122 8.10E+02
SR-85 283E+03 S$B-124. 5.63E+402
SR-85M 237E+05 SB-125. 1.94E4-03
SR-88. 5.99E+02 SB-126. 544E+02
SR-80 4.20E+01 S$B-126M 5.85E-+04 .
SR-81 2.16E+03 $B-127. 8.18E+402
SR-82. 310E+03 ~ | SB-129, 3.09E403
Y-90 .. N - 510E+02° | TE-125M. 1.49€+403
Y-91 - . eeermnneaadonn S.76E4-02 TE-127 7.92£4-03
Y-\, 132E+05 TE-127TM. 8.63E402 -
Y-92.. M. ] 287E303 TE-128. 272E404
Y-93 1.20E403 TE-129M. §524E402
ZR-93 5.00£+03 TE-131 268E+04
ZR-95. 1.48E403 TE-131M. - 8.71E402
2R-97. 6.50E+02 TE-132 5.80E+-02
NB-H3M 1.05E+04 ~ 122 211E405
NB-04 7.07E402 123 1.07E+04
NB-85 .| 2156403 - 125 151E4+02 -
NB-95M 239403 1-128. 8.16E+01
NB-97 -] 235E+04" 1 129, 2.10E3-01
NB-97M 1.37E+06 -130. 1.15€403
MO-99 1.83E+03 13t 1.08E4-02
TC-95. 8.97E4-04 -, {-132 8.18E4+03
TC-95M..... 312E+03 133 5.48E+02
TC-88 205E+03 134 214E+04
TC-96M. 1.76E+05 -135. 2.34E+03
TC-07... 3.25E+04 CS-131 228E404
TC-97M.. 4.45E4.03 CS-134 8.13E +01
TC-99 379403 CS-134M 1.01E405
TC-99M. B.OGE+04 CS-135 7.84E 402
RU-97 7.96E-4+03 CsS-138 S 5.18E+02
RU-103 1.81E+4-03 CS-137 11SE+-02
RU-105 4.99E+03 CS-138 2.56E+-04
RU-106 2.03E+02 BA-131 2.95E+03
RH-103M 4.71E4-05 BA-133 1.52E+-03
RH-105 3.72E+03 BA-133M 2.62E+03
RH-105M 5.51E+06 BA-137M 2.15E4-06
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APPENDIX B——BETA PARTICLE AND

APPENDIX B—BETA PARTICLE AND

PHOTON EMITTERS—~Continued PHOTON EMmERs-Contmued
Nuclide " Ch (pCirtiter) Nuclide Oh lpcilﬂter)
A~-139 ] 1.38E+4+04 RA-225 ] 9:14E4-00-
A-140 5.82E4-02 RA-228 7BSE+00
A-140 852E+02 AC-227 4 127400
E-141 1.80E4+03 - AC-228 3.27E403 .
E-143 1:21E+03 TH-231 4 #07E+03
144 261E4+02 TH-234. 401E402
R-142 1.04E+03 PA-233 151E+03
R-143 117E403 PA-234 -2.56E+-03
R-144 ATOE 404 PA-234M £.30E+405
R-144M 1.12E405 u-237 4 3:78E+03
D-147 1.25E+03 U-240 1.54E403
ID-149 147E+04 NP-238 S.B6E-+03
M-147 5.24E403 NP-238 1.38E+03
M-149 1 1385+03 NP-240M 4 174E405
M-~151 1 1.416+04 PU-241 6.26E+01
M-153 1.83E403 PU-243 - 1.64E+04
U-152 841E+-02 AM-242M A27E+00
&:55; gggig Ch=cConcantration in water for 4 ™yem ede/y, r
U-158 8.00E+02 assuming. 2 fitors daily intake.
D153 458E4-03 '
D-159 2766403 APPENDIX C—ALPHA EMITTERS
R.158. 1.25E4-03 - -
B~160 8.1SE402 ‘NUCLIDE Cm (pCiZiiten) Ci{pCiriter)
;z-ws 151E4+04 ]
-1668 8.30E+02 . . 14
O-168 9BIE402. SM-147 - 1.06E4-02 : ‘1.04E+.02
BI-210 1384E4-03 1D1E4+03
R-169 3.B4E+03 ; .
- Bi-211 205E405 11.56E+405
:R-171 4 3BOE+03 PO-210ceeo] 140E+01 | 2.46E4-00
M-170 1.03E+03 PO-212erene] LISE+18 [ BITBE+13
M-171 1.27E+04 PO-213 803E+12 | 6.06E+12
'B-169 1.83E+03 PO-214 e ] 243E3 T 4 1:86E4-11
'B-175. 31E+03 PO-215 i mcceercrersenn] 9.37E4+09 {6.84E4-09
1-177 25S5E+03 PO-216....eere| 7.38E4-07 S530E+07
F-181 1.17E+4-03 PO-218.ee] B.50E+04 | BBIE4D4
‘A-182 ‘8.42E+02 AT-217 e ] STAEH08 - | 4.27E408
vV-181 1.80E4-04 - FR-221 | 4.50E4.04 i| 3.26E4+04
v-185. 3.44E403 RA-223.ee] 321E4-01 1 241E401-
v-187 2.66E+03 RA-224ceeenervreereee] SA6E 401 | 4.06€E4-01
iE-183 ‘S 40E4-03 RA~228.erene] S2OTE401 - {1S7E4+01
1E-166 1.88E403 AC:225 1 1.85E402 1 113E402
1E-187 J.5.82E4-05 TH227 ceerrresvmened BHB2E4-02 403EH02
iE-188 4 1.79E4-08 TH-228iscreneneed 1.83E 402 1.26E+4+02
¥S-185 | 2.46E403 TH-229.ceocoee | SISES-O ‘] 433E+01
)S-191 1298403 - - | TH-230ue .. JB27ESRDN (7O2E4DY - °
)S-191M 11435404 TH-232 i DIGE DT B.BOE40Y .
¥S-193 ‘1.89E+03 PA-231 1.02E4-01 4 1.02E401 - .
A-190. 1.01E+03 U-232 1 1.02E+01 -5J2E+00
R-192 BS7E402 U-233 1256E401 | 1.38E401
R-194 11.04£4+03 U-234 J255E4+01 ~ {139E4+01 °
T-191 ABIE403 U-235 265E4+01 - {14SE401 ..
T-193 461E+04 U-238 i o] 74E O 4 LAZE4+O1 -
T-193M 3026409 - ] U288 ] 2B2E401 1 1.46E+01.
T197 ‘| 3.230E403. NP-237. s TI9E 00 ] TOEE+00 - :
T-197M . 175€ 404 ¢ PU-ZSG—-.—.——— 3—3364‘0' ~~~~ l ’3.23E+M .
W-196 {96sEsns . ] PU-288_{7ASES00 - {IO2E400 .
\U-158 1.31E403 PU—239..._.._._—... 8.4954»01 L | 8218401 -
1G-197 . 576E4-03 PU-240..................] B.49E4-01 - 822€4-01 o
1G-203 1230E+03 PU-242. o] B.B3E+01 . SS4EFDT
L.202 12845103 PU-284. ___ TD2E4AD0 - {BBTE4D0 <
L204 1BSE403 ~ | AM-241.____164SE+00 | {BIME400
1207 400E3.05 AM-242 I BEGE+03 . |:534E+03
1-208 283E+405 | AM-243_ .. | B49E400 | 837E+00
1-208 | 358E4.05 CM-242. 145E+02 | 1.33E402
B 203 1 s06E 403 CM-243 847E4+00 ] B30E400
B-209: 12536108 CM-244 1.00E 401 1] 9:B4E400.
B210 1.01E4.00 CM-245................| B3SE+00 B823E4-00
8211 1286+ 04 CM-248...............] B3BE+00 B.27E+00
B 212 1236 4+ 02 CM-247.. 8.93E+00 “879E 300
B-214 118E+04 CM-248 o] 1.TIE400 {1B7E400
4206 1 e.56E.402 CF-252...ooemermenn{ 1.70E+-01 | 1:62E401
207 1.01E+03 T y -
212 5206403 nskC::(C?gc:enmnon in water for Tifetime .mortality :
tg}i :—ggg:x ﬁsgﬁio?ggmﬁon i water for lifetime incidence
R-223 1 3.41E+03 Both assume 2 kters 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 Pramctzon
Agency.
For the reasons set forth in the
preamble, title 40.of the Code-of Federal
Regulations is proposed tobe amended

as follows:

PART 141—NATIONAL PRIMARY
DRINKING WATER REGULATIONS

1. The authority citation forpart 141
continues to read as follows:

Authority: 42 U.S.C. 300f, 300g-1, 300g-2,
300g-3, 300g-4, 300g-5, 300g-8, 300j-4aud

2. Section 141.2 is amended by adding,
in alphabetical order, a-definition for
*“adjusted gross alpha” asfollows:

§141.2 Definttions

L - * > -

Ad]usted gross.alpha: Ad]usted gross

: alpha:is defined as-the result-of a gross

alpha measurement, less radium-228 and

1 lessuranium. Radon isnot mclnded in

adjusted-gross alpha.- -

* - -« -l -

3. Section 141.15 is amended hy
revising the: mtmdnctoxyie)d to read.as
follows:

§141.15 Maximum eonummhvebfor

radium-226, radium-228, and gross-aipha -

particie radioactivity In community water
The following are the maximum

4 contaminantievels for radium-226, -
radium-228, and gross alpha pazﬁcle_

radioactivity, which shall remain
effective until [insert date-18.months
after publication of the final rule in the

FederalRegmter]. C

* . ’

4. Sectlon‘lm.‘mis proposedlo be

amended by adding. xntroductory itext: to :

read as follows:

| 8141.18 umdmummmam;mmemér
1 beta particie and photon radioactivity from -

man-made radionuciides in.community
watersystems. '

The following maximum contaminant

levels shall remain effective nntil (insert
date 18:months after publication of the
final rule in the Federal Register};

L ] * -~ * -

5. Section 141.25 is amended by
revising the section to read-as follows:
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§141.25 Sampllng and analytlcal methods
for radlonuclides. o

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.

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 representanve 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 N
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/1 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 s
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 § 141.64 shall be
conducted as follows:

@ 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

(3) If a system draws water from more’ . 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 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.

(M)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 appropnate _
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 comphance
period.

(c) The frequency of momtonng
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
durmg each compliance period starting
in the compliance period beginning

Janmary 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 (8} 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 required three annual samples in the .
first thrée-year compliance period. --,.

- Systems that use a new water source .
. are not eligible for a waiver unti} 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.

{5) The State.may grant a waiver
provided water systems have monitored
annually for at least three consecutive
years. (At least one sample ghall 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
new-water 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 .or'when
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 -

murst continue until 4 consecutive
quarterly samples are below the MCL.

" {8) If monitoring data collected after
January 1, 1985 are generally consistent .

-the requirements-of § 141.25, then

the State may allow systems to use
these data to satisfy the monitoring
requirements for:the initial-compliance -
period beginning January 1, 1998, except
at least one sample shall have been
collected since January 1, 1990.

(d) The frequency of monitoring
conducted to determine comphance w:th
the maximum contaminant levels in
§ 141.84 for beta and photon emitters
shall be.as follows: -

(1) Only systems (both surface and
ground water) determined 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,
begiming in the compliance period
starting January 1996. Systems must

. accordance with paragraph:(h) of this. -

begin monitoring within one quarter
aiter being notified by the State that the
system is vulnerable. Existing
vulnerahility determinations.by the
State ghall 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)[l)
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 trittum
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
§ 141.84 shall monitor monthly beginning .
in the next month after the violation

occurred. Monthly monitoring shall - -

-continue until the system has -
-established, by a rolling: average of3
monthly samples, : mat the MCL is bemg
met - .-
() Conﬁrmahon-samples, . .
ﬁjWhemﬂxetes:ﬂmofsamplmgfor .

radon, radium-228, radium-228, adjusted -

gross alpha, uranium, and beta and -
photon emitters indicate an.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 fbut
not to exceed two weeks) at’ the same

sampling point. - - -
(2} Ifa State-reqmred confirmahon

" "sample is taken for any contaminant,

then the results of the initial and -
confirmation sample shall be averaged.

The resulting average shallbeusedto . -

determine the system’s compliance in - : -

pection. States have-the discretion'to
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

" calculated at one-half the detection limit

'section or may require confirmation
samples for positive and negative resnlts
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) Compliance with §§141.15, 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-
228, 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

annual average. -

- (2) For systems- whxch are monitoring
annually. or less frequently, the system
is out of compliance with the maximum
-contaminant Jevels for radon, radium-
226, radium-228, adjusted gross alpha,
uranium, and beta and photon emitters
if the level of a contaminant atany g
sampling point is greater than the MCL. i
If a confirmation sample is required by ’

for the purpose of determining the ’
i

. the State, the determination of

compliance will be based. on. the -average

“ of the two samples. -

{3) If a public water sysbemhas a
distribution system separable from other

- parts-of the distribution system with no
- -interconmections, only those parts.of the

system that exceed the MCL need to
conduct increased monitoring. -

-(4) If a public water system has a _
distribution-system separable fromother

- 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
1monitor at the time designated by:- the

State during each compliance period. .

- (§) Radionuclides analysis: - .
11).Analysis for radon, radium-226, . .
radium:228, adjusted gross alpha, ,
-uranium, and beta and photon emitters
ghall be conducted using the following
methods:
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PrOPOSED METHODOLOGY FOR RADIONUCLIDE CONTAMINANTS
Reference (method or page number)
Contaminant Methodology
EPA? EPAS EPAS | EPA¢ SMs ASTM ¢ usGs? DOE s Other
Naturaily
occurring
Gross alpha and | Evaporation ......... 900.0 | pp. 1=3.eeece] 00-01 .| P- 1. 7110 B...........] D 194381 oo, R-1120-76
beta.
Gross alpha Co-precipimﬁon 00-02
Radium 226 .......... 903.1 | pp. 16-23.........] Ra-03..] p. 19 .....| 7500-Ra B...| D 345486 ............... R-1141-76 N.Y.?
emanauon. :
. Radiochemical.....| 903.0 Ra-05
Radium 228.........| Radiochemical..... 904.0 | pp. 24-28..........| Ra-05 ..} p. 19 -....] 7500-Ra D* R-1142-76 N.Y.*
. . X- N.J.1o
Radon 222............} Liquid 913 11
scintillation. . LS12
: Lucas cell LC12
Uranium. .| Radiochemical..... 908.0 7500-U B.....| D 3972-82 % .
Fluorometnic.......,| 908.1 7500-U C.._.| D 2907-83 R-1180-76......1 E-U-03.......
: R-1181-76....]
Alpha 00-07...| p. 33...... R-1182-76.....| E-U-04........
spectrometry : :
Man-made . ’
Radioactive Precipitation......... 901.0 | pp. 4-5 7500-Cs B R-1110-87.....] E-Cs-01......} -
Radioactive Precipitation......... 902.0 101 7500~ Bl D 2334-88
iodine. )
Radioactive Pracipitation......... 905.0 | pp. 29-33ccnnuercc coossreeares] P. 65 ......] 7500-Sr B R-1160-76
strontium 89, . . N JUN
. Radiochemical pp. 108-114 ......; Sr-04. E-Sr-01......
Tritium. g ‘- 908.0 | pp. 34-40..........] H-02.....| p. 87 .....| 7500-3H B....| D 2476-81 (87) ....{ R-1171-76.
scintillation. EE R N - 1 - -
Gamma and Gamma ray 901.1 D-3649-85 4.523.
emitters. -

1 “prascribed

"‘lntenmR

aug,

August1980 (EPA. 1980
adiochemical M

3 Eastern Enviconmental Rad:a
adiochemical

€ 1989 Annual Book of

* Methods

Umted States Geological
nvironmental

for Determination of Radicactive
Survey, Chapter A5. (USGS, 1989).

Laboratory,
Determination of 3¢ Ra and 22® Ra (Ra-o Radiological

lity, M AL 36109, “R
acnty omgomeéy

(Flevused June 1982). (NY State DOH, 1982).
9 *Determination

ofRadiauonandl
" Method 91

adon in dnnkn fiquid
D, Analytical T ng’roceduby

** EMSL-LV-0539-17, March 1979. (EPA, 1976b)

Analytical Procedures
¢ “Standard Methods for the Exammauon of Water and Wastewater,” 17th edition, American Public Heal
Poliution Control Federation, 1989. (APHA, 1989).
ASTM Standards. Vol. 11.02, American Socle

for Testing and Materials, 1916 Race Street,
in Water and

uvial Sediments,” Book 5, 1989, Techniques of Water:
of Energy, "EML PROCEDURES MANUAL, 27th edibon. (DOE, 1990
Sciences | Research—New Y

eCenterfor

Interlaboratory Collaborauve Study EPA/600/2—87/082. March 1987. (EPA, 19876)

(2) Sample collection for radon,

scmnllabon. Environmental Momtonng and Support .
“The Determination of Radon In Drinking Water . 22. Two Test Proeedmes or Fladon ln Dnnkmg Water. .

emitters'undér this section shall be

for Measurement of Radioactivity in Drlnkmg Watar. EPA Environmental Monitoring and Support Laboratory CSncmnaﬂ. OH (EPA—SOOI

for Drinking Water,” EPA-600/4-75-008, March 1976. (EPA, 1976)
Procedures M: ”. EPA 520/5-84-006, August 1984 (EPA, 1984a).

6b). -
th Association, American Water Works Assoaauon. Water

, Pa 19103. (ASTM, 1889)
esources Investigations of the

‘ork Staf teDepmmentofHeanh.JanuarywsO

adnum 228 in Dnnkmg Watet " State of New Jersey-—Depanment of Envuronmenml Protection—Division of Envimnmemal Qualny—-Bureau
990. (NJ DEQ, 1990). - .

Laboratory, Las Vegas, NV. (EPA 1991q).

. . LR DU

. holding time procedures specxfied in the

radium-226, radium-228, adjusted gross  conducted using the sample table below -
alpha, uranium, and beta and photon preservation, container, and maximum . S TP
Sampling handling, preservation, hoiding times ‘ L s

Parameter Preservative ? . -
Cross alpha . Conc. HCI or HNO, to pH <24.... PorG -
Gross beta Conc. HCl or HNO; to pH <2'4- PorG
Radium-228 Conc. HCl or HNO, 1o pH <2~ PorG..
Radium-228 Conc. HCt or HNO; to pH- <2 ... Por G
Radon-222 * Cool 4°C. Glass with Teﬂon-lmed septum 4 days -
Uranium natural Conc. HC or HNOs to pH <2 PorG 6 months.
Radioactive Cesium Conc. HCl to pH <2 PorG 6 months.
Radioactive Strontium _.... emeernemsmnneenans] CONC. HC1 Of HNO; t0 pH <2 PorG 6 months. -
Radioactive lodine None ...z PorG 6 months.
Tritrum None G 6 months.
Photon emitters. Conc. HCl or HNO, to pH <2 PorG 6 months.

1 (All 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, it the sample must be shipped to a laboratory or storage area, acidification of the sample {in its original container} may be delayed for 8
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
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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 possibla.
4t HCl is used to acidity samples which are to be analyzed for gross alpha or gross beta activities, the acid salts must be converted to nitrate salts before

ansf‘er of the samples to planchets.

The procedure of a positive pressure collection in 60-ml glass bottles is to be followed. This procedure is described in appendix C, NIRS Sampling
istructions-—Radon, p. 26, Two Test Procedures For Radon In Drinking Water, interlaboratory Coliaborative Study, EPA/600/2-87/082, March 1987.

(3) Analysis under this section shall
nly be conducted by laboratories that
iave received approval by EPA or the
state. To receive approval to conduct
inalyses for radon, radium-226, radium-
128, adjusted gross alpha, uranium, and
seta and photon emitters the laboratory
nust:

(i} Analyze Performance Evaluation
samples which include those substances
rovided by EPA Environmental -
Vlonitoring and Support Laboratory or
equivalent samples provided by th
State. :

(ii) Achieve quantitative results on the
analyses that are within the following

acceptance limits:

Radium-226. +30% at >5 pCi/L.
Radium-228. | +50% at >5 pCi/L
Uranium «d +30% at >5pCi/t . .
Radon-222 * | £30% at >300 pCi/l.

Gross aipha emitters .......{ +50% at >15 pCi/L.
Gross beta emitters ... =30% at »>30 pCi/t. - .;
Radioactive Cesium........] +30% at > 10 pCi/L.
Radioactive 10dine w.......] +20% at >20 pCi/l.
+30% at >5 pCi/L

1 Acceptance fimits based on- 100 minute count.
*Radon acceptance limits based on 4 day
elapsed time from sample collection o analysis.
6. Section § 141.32is amended by
adding paragraphs (e)(77) through (82),

to read as follows:
§ 14132 Public notification.

e * & W A.
(77) Radon: The United States

sets drinking water standards and has
determined that radon is of health
concern at certain levels of exposure.-
Radon is a naturally occurring - -
radioactive contaminant that occurs in
ground water. It is a gas, and is released
from water into household air during . -
water use. Radon has been found in -
epidemiology studies to cause lung
cancer in humans at high exposure
levels; at lower exposure levels the risk
of lung canceris reduced. EPA has set
the drinking water standard for radon in
public water supplies at 300 picocuries
per liter (pCi/l) to protect against lung-
cancer risk. Drinking water that meets
the EPA standard is associated with
little of this risk and is considered safe
for radon.

{78) Radium 226: The United States
Environmental Protection Agency (EPA)
sets drinking water standards and has

+20% at >1200 pCi/L. -

determined that radium 226 is of health
concern at certain levels of exposure.
Radium 226 i3 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 228 at 20 picocuries per liter
(pCi/1) 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
2286. : '

(79) Radium 228: 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 i3 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)
sets drinking water standards and has

- - . determined that uranium is of health
Environmental Protection Agency (EPA) .

concern at certain levels of exposure.
Uranium is a naturally occurring -

. radioactive contaminant that occursin -

both ground and surface water. Uranium
is believed to cause bone cancer and
other cancers in humans at high
exposure levels; at lower exposure
levels the risk of cancer is reduced. EPA
also believes uranium can be toxic to
the kidneys. EPA has set the drinking
water standard for uranium at 20
micrograms per liter (ugl) to protect .
against both cancer risk and risk of
kidney damage. Drinking water that
meets the EPA standard is associated

- with little of this risk and is considered

safe for uranium. :

(81) Gross Alpha: The United States
Environmental Protection Agency (EPA)
sets drinking water standards and has
determined that alpha emitting
radionuclides may be of health concern
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
jonizing 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 cancer risk. Drinking
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 hag 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. Drinki

¢ water that meets the EPA standard is
- . associated with little of the risk and is.

considered safe for beta and photon
emitters... P -
* - * * *

7. A new section § 141.44 is added to
subpart E to read as follows: - )

- §141.44 Special monitoring for - -

radionuciides. ]

{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 -
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; ol make another sampling pointmore . . ° . Comdamimant. _ .  |.:’ MCE: '{13) Recards of all current momfonng
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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;

(i) Previous monitoring results; and

(iii) Use of water influenced by a
nuclear power facility or other potential
discharger.

5. A new § 142.65 is added to subpart
G to read as follows:

§ 142.65 Variances and Exemptions from
the maximum contaminant levels for the
radionuctide contaminants listed in
§141.64. . o

(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 leve!s for the radionuclides
listed in § 141.64, for the purpose of
issuing variances and exemptions.

BAT FOR RADIONUCUIDES LISTED IN

§141.64
Contaminant BAT
Radon 222 1.
Radium 226 23.4.
Radium 228 234.
Uranium (N) 2345,
Gross alpha particle emitters | 3.
Gross beta particle and photon | 3.6.
emitters.

Key to BATs in table:
1=Aeration: Packed Tower, spray, slat tray and
other forms.

2=lon exchange.
2 =ﬁeverss:ﬁ 0Smosis. =
=Lime ening; except for lems serving 500
or fewer connections. Syt 9
. 5=Coagulation/filtration; 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 public water system must develop
and put 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 outin .

"' 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. B

(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. o .

(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]
BILLING CODE 6560-50-M ‘
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