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I. 	INTRODUCTION 

The Canadian Environmental Law Association (CELA) has long been committed 

to a reduction of lead in the environment. In the early 1970s, CELA 

represented residents living near a secondary lead smelter in downtown 

Toronto and became aware of the serious adverse health impacts of lead 

emissions. CELA has also represented a citizens' group in Eastern Ontario, 

again concerned about lead, as well as other toxic emissions from a scrap 

smelter. We have made various representations on behalf of our clients 

to the Ontario government over the years to lower the air-borne lead cri-

terion under the Environmental Protection Act. 

CELA supports the long overdue initiative taken by the Department of the 

Environment to reduce lead in gasoline, the major contributor of lead in 

the environment. 	It is clear by a comparison of our lead regulations 

with other industrialized nations that Canada has one of the most lenient 

standards. This is unacceptable in light of the mounting evidence of the 

adverse health effects of lead, especially on children, at smaller concen-

trations than formerly believed. 

In England, the Royal Commission on Environmental Protection in April 

1983, after a year-long study, recommended that all lead should be banned 

in gasoline.1 	Further, it has recommended that the British government 

press for a ban through the Common Market.2  Following quickly on the 

Commission's recommendations, the British government announced that all 

leaded gasoline will be banned by 1990.3  

It is our submission that Canada should also move quickly to ban leaded 

gasoline and that a lead-free standard should be put into effect as soon 

as possible. 

The discussion that follows deals with the existing statutory framework 

for the regulation of lead in gasoline in Canada, regulatory developments 

in the United States, recent evidence of adverse health impacts from 

lead and CELA's recommendations. 
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II. 	THE EXISTING REGULATORY SCHEME 

A. 	The Clean Air Act4  

Currently, section 22 of the Clean Air Act prohibits anyone from producing 

or importing any fuel that contains additives in excess of those prescribed 

by the regulations. 	Section 23 provides that the Governor-in-Council may 

make regulations prescribing the maximum concentration of any fuel addi-

tive if "in his opinion, if present in a greater concentration than that pre-

scribed would result in a significant contribution to air pollution on the 

combustion of the fuel under ordinary circumstances." 

Air pollution is also defined in the Act as 

"a condition of the ambient air, arising wholly or partly from the 
presence therein of one or more air contaminants, that endangers 
the health, safety or welfare of persons, that interferes with normal 
enjoyment of life or property, that endangers the health of animal 
life or that causes damage to plant life or to property."5  

It seems clear that the test in section 23 is precautionary in nature and 

does not require proof of actual harm before preventative regulations 

are issued. 

Indeed, the 1970 U.S. Clean Air Act6  also provided for control of fuel addi-

tives if the emission products "will endanger public health or welfare".7  

In 1973, the Environmental Protection Agency established a 0.5 gram per 

gallon (gpg) standard as the ultimate level of control to be reached. 	The 

standard was challenged by members of the refining and lead industries, 

but was upheld by the federal courts.8  

It is interesting to note that, in the court challenge, industry basically 

argued: 

1. that in order for EPA to regulate lead, it had to, in effect, show 
dead bodies; and 

2. that EPA had to demonstrate that public danger came from lead-in-
gas emissions "in and of itself" and not the cumulative impacts of 
lead additives on all other sources of human exposure to lead.9 
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The Court rejected both these arguments. First, it emphasized the pre-

cautionary nature of the relevant section of the Clean Air Act and stated 

that proof of actual harm was not needed. The court held: 

"We believe that the precautionary language of the Act indicates 
quite plainly Congress' intent that regulation should precede any 
threatened albeit unprecedented disaster. 	Ethyl [the industry peti- 
tioner] is correct that we have not had the opportunity to learn 
from the consequences of an environmental overdose of lead emis- 
sions; 	Congress, however, sought to spare us that communal expe- 
rience by enacting section 21I(c)(1)(A )11.10 

The court also affirmed that taking into consideration the cumulative impact 

of lead was a central part of the EPA mission. "Lead enters the human 

body in multiple sources," said the court, "so that the effect of any one 

source is meaningful only in cumulative terms".11  

The Court reached its conclusion that EPA could regulate on the basis 

of less than certain adverse health effects by a general analysis of the 

nature of environmental regulation: 

"Questions involving the environment are particularly prone to uncer-
tainty. Technological man has altered his world in ways never before 
experienced or anticipated... [Hence] speculation, conflicts in evi-
dence, and theoretical extrapolation typify [a regulation's] every 
action. How else can they act, given a mandate to protect the 
public health but only a slight or non-existent data base upon which 
to draw?"12  

Amendments to the U.S. Clean Air Act in 1977 strengthened the conclusions 

reached by the court in the Ethyl Corp. case. 	"Will endanger" in section 

211(c)(1)(A) was replaced with "causes, or contributes, to air pollution which 

may reasonably be anticipated to endanger".13  

It is our submission that the Canadian test is very similar to that in the 

U.S. Clean Air Act which successfully withstood the Ethyl court challenge 

and that similar industry arguments should be defeated by the same rationale. 
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In July 1974, Environment Canada promulgated the leaded gasoline regu-

lations providing for a maximum concentration of 3.5 grams per imperial 

gallon (g/gal.) or 0.77 grams per litre (g/L). Reporting requirements were 

also set out in this regulation. Lead-free gasoline regulations were also 

promulgated which provided for a maximum level of elemental lead in gaso-

line represented as lead-free to be 0.06 g/gal. 

It is now proposed that these regulations be tightened, although at this 

stage Environment Canada has not taken a position on how stringent they 

should be. It is our understanding that a socio-economic impact analysis 

(SEIA) is still to be prepared prior to the issuance of the final regulations. 

B. 	Socio-Economic Impact Analysis 

CELA would anticipate that the SEIA (or summary) will be published 

in the Canada Gazette, along with the draft regulations, and that the public 

will be given at least 60 days to comment on the proposed regulations. 

CELA has generally analysed the limitations of the SEIA process on the 

control of toxic chemicals elsewhere,14  but would like to make some com- 

ments about the cost-benefit approach. 	On March 3, 1983, in his speech 

to the Petroleum Association for Conservation of the Environment (PACE), 

Mr. Roberts stated that: 

"Pm well aware of the cost-benefit approach which argues for a 
burden of proof to be satisfied before any action is justified. 	When 
the health of children is so much at stake, the onus of proof lies 
heavily on those who argue against action."15  

While we agree in principle with the latter sentence, it is our submission 

that cost-benefit analysis is a rudimentary tool that has no statutory basis 

in Canada for the regulation of toxic chemicals. Further, the SEIA non-

statutory policy itself does not require that regulations be adopted only 

if their benefits exceed their costs. 



5. 

In addition, the Special Committee on Regulatory Reform, while recommend-

ing that all proposed regulations be subjected to "an impact assessment" 

performed by the "sponsoring department or agency", gave no explicit sup-

port to the notion that regulations only be adopted if their benefits exceed 

their costs. The Committee noted that, 

"[a] greater appreciation of the use of cost-effectiveness analysis 
rather than cost-benefit analysis in situations in which a benefit 
cannot be assessed in dollar terms needs to be developed."16  

We maintain that in the regulation of toxic chemicals such as lead, the 

cost-benefit analysis should not be seen as determinative. 	It is submitted 

that even the limited quantifiable benefit/cost ratio developed by Environ-

ment Canada for option 4 and 5 show significant environmental benefits. 

Figures now emerging from International Lead/Zinc Research Organization 

show an estimated cost of $8.2 billion to remove all lead from gas ap-

pears highly inflated and point up clearly the dangers of relying on cost- 

benef it analysis.17 	Further, it has been well documented that industry 

generally tends to overestimate the costs of complying with environmental 

regulation.18  

III. 	THE U.S. SITUATION 

A. 	Recent Regulatory Action 

Environment Canada's Control Options document poses as its option 2, a 

standard of 1.3 gigal. (or 0.29 g/L) which is equivalent to the current U.S. 

standard. It is CELA's submission that this standard is not stringent 

enough and should not be the control option adopted by Environment Canada. 

The background to the recent U.S. regulatory action in 1982 sheds important 

light on the Reagan administration's attitude toward environmental protec-

tion legislation. It appears the current standards came about not at the 

administration's initiative to protect health, but rather due to the continu-

ous political and public pressure to keep an adequate lead regulation on 

the books. 
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Briefly, on February 22, 1983, EPA announced that it was considering 

rescinding or modifying its regulations (promulaged in 1973) requiring re-

fineries to meet a 0.50 gpg standard for the average lead content of 

gasoline.19 As a result of public outcry and political pressure, U.S. EPA 

backed down and on August 27, 1982 announced that it would not relax 

or rescind the overall standard of 0.50 gpg. Instead, it proposed the "es-

tablishment of new standards regulating the lead content of leaded gaso-

line which are intended to be equivalent to levels of lead under the exist-

ing standards for lead content of all gasoline, and which are intended in 

the future, to result in lower lead levels than the current standards".20  

Over 1100 written comments and oral submissions by more than 110 wit-

nesses were received by EPA in response to both the February and August 

proposed rule-making.21  On October 29, 1982, EPA published its final rule 

in the Federal Register replacing the present 0.50 gpg standard for the 

average lead content of all gasoline with a standard for the lead content 

of leaded gasoline only. Effective November 1, 1982, large refineries were 

required to meet a standard of 1.10 gpg (this is equivalent to 0.29 g/L). 

Certain smaller refiners were to be subjected to a 1.90 gpg standard until 

July 1, 1983, at which time they would also be subject to the 1.10 gpg stan-

dard.22  

These regulations were challenged by several refiners in court and with 

one exception were upheld as being within EPA's statutory authority. 

The exception was the interim 1.90 gpg standard for small refineries which 

was vacated by the U.S. Court of Appeals in January 1983. 	As a result 

of the decision, on February 8, 1983 EPA reinstated the lead standard pre- 

viously applicable to the effected refineries. 	However, July 1, 1983 is still 

the date by which all refineries are to be subject to the 1.10 gpg standard.23  

Generally, it is unclear whether the regulations passed in November 1982 

and the change to a lead in leaded gas standard will be more stringent 

than the lead phase-down program in place before February 1982 when 

the Reagan Administration embarked on their attempt to deregulate lead 
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in gas. 	What is clear is that the public clearly indicated that they did 

not want any relaxation in leaded gasoline standards. 

B. 	Evidence of Adverse Health Impacts 

In April 1982, the Environment, Energy and Natural Resources Subcommittee 

of the U.S. House of Representatives Committee on Government Operations 

held hearings in regard to the Reagan Administration's move in February 

1982, as discussed above, to amend or abolish the lead phase-down regula-

tions. The Committee focused on the public health impacts of increased 

lead levels in gasoline.24  

Evidence given by a number of expert witnesses before the Committee 

and the studies cited therein provided an excellent review of the current 

literature on health impacts of lead. 	It should be noted that the Health 

and Welfare November 1982 report, "Human Exposure to Environmental 

Lead" does not refer to many of these important studies. Dr. Sergio Pio-

melli, M.D., Department of Pediatrics and Hematology-Oncology, Columbia 

School of Medicine, head of one of the largest childhood lead poisoning 

clinics in the United States testified that "lead has no physiological func-

tion and any amount in the human body reflects environmental pollution. 

Recent studies of ancient skeletons have shown negligible lead content, 

and even today, remote populations have been shown to have extremely 

low levels of blood lead."25  

Dr. Piomelli referred to a recent study undertaken by his group which looked 

at children with a blood lead level in the so-called normal range. 	The 

findings were that "the threshold blood level for an accumulation of excess 

protoporphyrin occurs between 15 and 18 micrograms of lead per deciliter 

of whole blood (ug/d1). These values are well below 30 ug/dl which is 

currently and erroneously called the upper limit of normal blood lead level."26  

Dr. Piomelli, in calling for a further reduction of environmental lead, noted 

that "Lead is a contaminant of the human body and a powerful toxin. 

The present 'normal blood level' reflects massive environmental pollution."27 
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He also states that "clear evidence of damage to a number of essential 

biochemical systems at the present levels of exposure can be demonstrated 

in children, before obvious clinical damage. Low level 	lead exposure da- 

mages children's neuro-psychological function."28  We have attached Dr. 

Piomelli's most recent study as reproduced in the Congressional Report, 

as well as his bibliography as Appendix A. 

Dr. Vernon Houk, Acting Director of the Center for Environmental Health, 

Centers for Disease Control, discussed the analysis of the association of 

mean blood levels found from February 1976 to February 1980, during the 

second National Health and Nutrition Examination Survey (NHANES II), 

and the amount of lead used in gasoline production during these same years. 

He again noted that lead has no known useful function in the body and 

exerts adverse effects on both adults and children.29 	He indicated that 

one significant result of the NHANES II study was a decrease over the 

years of the mean blood lead level from 15.8 ug/d1. to 10.0 ug/d1 (a 37% 

reduction). 	During the same period of time, there was a 50% reduction 

of the amount of lead in gasoline.30 	The study showed a "remarkable 

association between lead used in gasoline production and the average NHANES 

II blood lead levels. 	This clearly demonstrates that as we have removed 

lead from gasoline, we have also removed lead from ourselves and our chil-

dren."31  

Dr. Houk also noted that lead toxicity places a substantial economic burden 

on society. He cites a study by Provenzano that estimated that the cost 

for medical care and special education for pre-school age and school 

age children affected by lead at $971 million in 1978. 	These social costs 

"snowball" as these children grow older.32  

In addition, Dr. Herbert C. Needleman, from the University of Pittsburgh 

School of Medicine testified about his work on the relationship between 

lead in children and IQ scores. 	Dr. Needleman's studies looked at shed 

baby teeth (which are a good storage system for lead) from 30,000 first 

and second grade children near Boston. 	Lead levels in the teeth were 
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measured and children with the highest levels were given extensive psycho- 

logical testing. 	His study showed that having high tooth lead levels in- 

creases the risk of severe IQ deficit about fourfold.33  

Two other studies, one by William Yule in England and one by Gerhard 

Winneka in Germany, also showed changes in the brain function of children 

at low level lead exposure.34  

What is perhaps most disturbing is that the psychological deficits and be-

havioural disorders produced by low level lead exposure are not reversible.35  

In summary, it appears that 

(1) Even short term exposure to lead may result in irreversible health 

damage. 

(2) There is a link between the reduction in lead in gasoline and blood 

lead levels. 

(3) Lead has no physiological function. 

(4) There is no safe level of lead exposure. 

III. 	CONCLUSIONS 

The lead situation is an example where clear benefits to public health 

can be shown by decreasing lead in gasoline. 	It would therefore seem 

most appropriate to aim for the complete elimination of all lead additives 

in fuel. 

CELA would therefore recommend that Environment Canada enact a lead-

free standard to be put into effect as soon as possible. 
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ABSTRACT 	Although lead has no physiological function and 
is present in only negligible amounts in the blood of remote pop. 
Illations, it has 	 customary to accept the usual blood Pb 

(11Plol observed IP industrialized society as "norm.) 
interferes with many biochemical systems, among there the Sense 
hies0-titheti4  Pathway: this is reflected by an exponential increase 
in erythrocyte protoporphyrin concentration (EP) as Bre in-
creases. The present study estimated the threshold BPS or which 
an increase of El' oceinx in a population of urban children. to the 
1,004 chZeiren studied, BPbs ranged from 2 to 95 143,1cD. with 

• 1,8.52 hosing a BPS of <30 /cg/ell, a value presently considered 
normal. Preliminary analysis suggested that at exponential in-
crease in the concentration of EP occurred after a threshold BPb 
(apparently between 12. and 20 ig/d1. we: reached. Precise def-
inition of the threshold BPb for an increase or EP was next de. 
termined by two approaches: segmented line techniques and 
probit analysis Whether the entire population was analyzed or 
only the subset of samples with "normar BPb (<30 sag./d1), both 
methods yielded a threshold BPS of 1$-1S sie/c11 (average valoe, 
16.5). These studies indimte that the home synthetic pathwaj 
affected by Pb at a level of emosure commonly observed in urban 
children, which is well helowe the limit that is presently too easily 
accepted as oorrnal. 

Lead is a nonessential element to the human body. However, 
accumulation of excessive amounts in the human body is an 
unavoidable hazard of living in our present day environment 
(1). There is a gradient in the body burden or Pb (expressed by 
the blood Pb level, BPS) from the nearly negligible values ob-
served in remote populations (2. 3) to the highest levels ob- 
served in urban dwellers (4) Urban children., who are 	 
to high concentrations of Pb in dust from vehicular emission and 
often from Ph-containIng paint in deteriorated housing, tend 
to have the highest BPb among nonindustrially exposed pop-
ulations (4). High doses of Pb in children result in severe neu-
rological toxicity, leading to death in the most severe cases (5' 
exposure to lower doses results in more subtle damage (6). Be-
muse Pb is a poison of the SH groups and has affinity for several 
intracellular structures, it exerts its damage by interference 
with essential enzymes and cellular functions (7), Among the 
biochemical pathways that are &ringed by Pb, the process of 
heme synthesis stands prominent because of its physiologicol 
importance to all tissues. In view of our detailed knowledge of 
this pathway, of the availabffity of sensitive techniques for its 
study, and of the ease of sampling hirn,l, damage caused to it 
by Pb can be precisely quantitated. Fluorometric techniques 
allow precise measurements of the erythrocyte protoporphyrin 
concentration (EP) (6). TOO is the substrate of the last step of 
heme synthesis (i.e., the insertion of iron into the completed 
protoporphyrin molecule), which takes place in the mitochon. 

The publitotioe mars debts article were defrayed in part by page chases 
payment. Thu article must therefore be hereby marked "adoertier. 
went" in accordance with IOU. S C. 11734 solely to indicate this fact  

dria and is catalyzed by the enzyme ferrochelmase, located in 
the inner cristac. El' increases exponeatially with BPb (9), re. 
flecttng in the peripheral blood the inter{, 	Pb on ini• 
tochondrial function in the erythroid precursors in the boric 
1112:71uua and in all other tissues. 

Previous studies or the effect of Pb on EP have Focused on 
indivIduals both urban children (9-11) and adult Pb workers 
(12, 13). with BPb clearly increased above the usual range The 
present studj was directed to estimate the threshold BPb for 
ass income of EP in a population of urban children, of which 
the great majority had BPbs below the value which is currently 
called "normal" (14). 

MATERIAIS AND METHODS 

Population Sampled. The ceperimentil sample consisted of 
3,630 venous blood specimens obtained in 1976 from children 
at. variety or locations throughout New York Coy, collected 
in Pb-free heparinized tubes, and submitted for Pb analysis to 
the New York City Department of Health Bureau of Labora-
tories. Each sample was accompanied by a form that simphed 
the following inforumnuo. name, address, 616-th date, sex, ethnic 
group, and whether the child had hems pretested, hospitalized, 
or suspected of Pb poisoning or whether the sample .7.3 taken 
for the purpose of screening In addition, the computerized 
	s of the New York City Bureau of Lead Poisoning Coo- 
trol where every child found to have a BPI) of >40 gcg/dI has 
been listed since 1773, were analyzed. A review indicated that 
2,597 of these samples had been obtained exclusively for pri-
mary screening for Pb poisoning. The remaining 1.233 samples 
were excluded for one of the following reasons duplicate SLID 
ple, pretested child, suspicion or Pb poisoning, chelation ther-
apy, BPb >40 ig/d1 at any previous time, hospitalization for 
any reason, or incomplete data. The samples were next sorted 
by age, and an additional 593, obtained from children age <24 
months, were also excluded to minimize the frequency of EP 
increase secondary to iron deficiency (Fell), which is prevalent 
In this age group (15). The final study group consisted of 2,034 
blood samples from children ages 2-12 yr (mean age. 5.5 yr, 
median age 4.7 ye), obtained exclusively for primary screening 
for Pb poisoning from ambulatory children However, the rec-
ords of all discarded samples were kept in &separate file to verify 
whether their inclusion would significantly alter the later 
findings. 

13Pis and EP Measurements. BPb was measured by atomic 
absorption spectrophotornetry (16). EP was measured by ea- 

Abbreviations BM, blood lead knelt El', erythrocyte protoporphyrin 
asocentration Fel), Man defeeney,AmLe, 	 acid, df, 
degrees or froeloo. 
'Prison address Diviskc of Pediatric Hernotokies-Oscolotot Dept 
of Peclutms, Wombs. Univ. Colley of Pays:icon mod Surpass. 
New York, NY 10032. 
Present address. Dept. eifierath. ViestdsesterCowary, White Mini, 
NY 10601. 

0000 	 -14-01;;1177rut - 

traction and fluoromettY (6). Both BPS and EP were measured 
in sig/di of blood, hereafter, these units will be omitted. The 
laboratory that performed the analysis participates successfully 
Us the proficiency testing program of the Center for Disease 
Control and the New York State Department of Health for both 

tests. 

RESULTS 

BPb. In the 2,004 samples in the study group, BPb ranged 
between 2 and 98, with a distribution that approached lognor. 
mality. The geometric mean. I, was 17.3 (logo I 	1.233 

0.227). 
Correlation Between BPS and EP. EP increased exponen• 

holly (logo, EP sa 1.009 + 0.016 BPb, correlation coefficient, 

r = 0.509 degrees of freedom (dl; 3,002, P < 0.001). lea 

sample of this size, the existence of correlation, even at this level 
of significance, does not necessarily imply a relationship be-
tween the dependent variable (EP) and the independent one 
(Eno) that is constant throughout the entire range of the latter. 

The effect may occur only in the higher range, yet- when the 
entire group is analyzed as a whole, the predominance or sam-
ples in the higher range gives the impression of a significant 
correlation throughout. Therefore, we analysed two close, but 
nonconsecutive, subsets of samples--one with the lowest BPS 
(2-12) and the other with slightly higher levels (20-30). It be-
came apparent that, in the group with the lowest BPb, there 
was no correlation with EP (r -0.021; df an  313, P w 0.711. 
whereas, in the group with the higher BPS, there was as signif-
icant exponential correlation (log. EP an 0.423 + 0.021 BPS; 

r 	0.254; df 634. P 0.003). When all samples with BPbs 

or >20 were considerei, an essentially similar significant coo. 
relation persisted (logo, EP as 0.910 + 0.02.2 BPb, r = 0.603; 

df 

 
as 784;P < 0.0011. (It must be noted that both of these slopes 

of correlation are essentially the same LS in OUT original study, 
which had included 1.036 children, 647 of whom had BPbs of 
>30)9).)These findtngs suggested that the =poi:motto] incoase 
°CEP with BPb does not occur until the latter reaches a given 
value but thereafter contmues at a steady rate, without evidence 
of a plateau phenomenon, at least in the range of our sample 
Thus, a preliminary analysis indicated the existence of a thresh-
old BPb (presumably between 12 and 20), above which EP in-
creases at a constant exponential rate. The further detailed anal-
ysis was then directed to achieve a precise drSmition of this 
threshold BPb by appropriate techniques. 

Estimates of the Threshold BPS for EP from the Entire 
Population 11,004 Samples). Segmersted line techniques. The 
data were analyzed by the segmented curve-fitting technique 
of Hudson (17), which estimates the join point of two regression 
lines. This has been modified by Hasselbled it 01 (18) to de-
termine a "hockey stick" regression, specifically to measure 
threshold levels of biological effect. These two techniques use 
identical methods to estimate the join point (threshold level); 
the Hasselblad technique assumes a horizontal line (no effect) 
below the threshold level, an assumption probably more valid 
to biological situations. The join point was estimated at 17.7 
feionfidence limits 16.2 and 21.5) by the Hudson technique 
sad at13 1

.

.3(c:
eig 

 (confidence 
iA) 
	 20 limits ea 17.1 and .2) by the Hassel. 

head t,,aig  
Probit analysis. The increase in EP with BPb indicates a 

dose-effect response to exposure to Pb because a linear increase 
Is BPb reflects an exponential increase in Pb body burden (7). 
The dose-effect response can be measured best by the classical 
technique of probit analysis (19), requiring evaluation of the 
frequeocy of an event in groups or individuals exposed to pro-
gnmsively increasing doses. Thus, the data were subdivided into  
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Pic. 1. Determination of the threshold BPS for EP increase with 
the entire population sample. LA) By segmented line tediniques The 
threshold level was determined from the intersection of two expenen• 
tial regression tines or EP on BPS. By the metiod of Haden (17J, the 
threshold level of 17.7 was estimated from thejoin point of the two solid 
regression line. The method of Hasselblad et at. (13) assumes a biol.,  
bowel (no effect) line (shown as a dashed line), while intemets the 
regression lose of positive slope identical to that derived above, at • 
threshold level of 15.3. All 2,004 data pairs were mod in thine regres-
sion anaNue• For graphic repreeentabonehe data have been grouped 
ex the twos of BPb as folloarc •, 1-30110 pairs); and a, 31-40 (mean 
w 34.77.41-90 lmean an 44.8), and 51-96 Unsex 62.7) 'l'o. *amid 
hare from each point indicate one SD from tha troop mean_ CB) By 
probit analysis. The data were grouped into 13 eatereie mum basis 
sfEPhsis talker's, ts.11-30 (10 pairs); and 0, 2-10 boa. w 8.11,31-40 
Oxman - 34.71, and 41-88 thwan 51.11. Prom the louse. BPS group, 
a "cormar reference EP seas &termini:4 take 21.7 For web BPS cac. 

*gory, the probit of the ftesnency of individuals with EPe of >23 and 
>53 Idw gamnatie mum 2, plus 1 SD 0-1) and Use mean plus 200 
CF21 of the reference category, raispeetively) was plotted .gain the 
cormispontlingBPh.By iterative techinique,ta. ordinate C (represent. 
tog the 'nature' mourrence of the affet) was determined tube 10.7% 
for Fl and 2.4% for Fl By USillf only BPb 17438, the probit reprised. 
lines for Fl and F2 werederiwed.Tbe interce-Aof th444,46'...".9  boo 
with their respective C ordinates occurred at BPos or 16.4 and 16.4, 
reapectively. Times yobses indieme the threshold at shish mummer 
some& the "eaturor frequency. 

13 categories the first category included Mos 2-10, the next 
10 categories spanned the BPbs between 11 and 33(2 sagfel) 

each), and the final groups included BPlas 31-40 and 41-95, re- 
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spectiyely NVithin each category. EP distributions approached 
log-normality,  , =westing that any progressive increase with 
Bro is due to an effect on the entire population and not just on 
a fese snore sensitive individuals. In view of the known effect 
of Pb on EP, also shown by the data, it is difficult to establish 
a normal reference group because, in New York Coy, children 
with BPb in the range ,..aps.y.ted in humans living in an men. 
ter:seated environment 12,3) are extremely rare. Therefore, the 
lowest BPb category (2-10).1.5 chosen as the most appropriate 
reference group. This consisted of 131 samples with a geometric 
mean EP of 21.7 (logio  w 1.336 en 0.192,. For each of the 13 
BPb categories, the frequency of individuals with EPs of >33 
and >53 (the mean plus 1 SD and plus 2 SD, ropectivels. or 
the reference category) were measured and were called Fl and 
Fl, ivssextively. When the values were transformed into pro-
visional probits and plotted, it became obvious that, at low 
the frequencies were rather low but constant and then increased 
at higher BPb in a linear fashion. These findings suggested a 
plateau of no response followed by a dose-effect response. In 
this situeson the intercept of the slope of the probit regression 
line on the plateau represents the threshold of the dose-effect 
response Probe. 1.111,ySIS 1DOWS 1 precise estimate of the pla-
teau, the ordinate C, which corresponds to the natural occur-
rence of the effect in the population. (In this ease. C reflects 
the frequency of EP elevation due to non-Pb-related causes, 
such as FeD or other minor chronic diseases.] The values or C 
were determined by iterative probit analysis (19) with all 13 BPb 
categories These were 10.7% for Fl and 2.4% for Fl Next, 
probit regression lines were computed by using C set at 0 and 
only the highest BPb categories. A series of such ivpi i-ssion lines 
we computed by utilizing initially only the seven BPb groups 
front 40-90 down to 21-22 and then adding into the compu-
tation the next lower group; the intercept of each line with the 

• C ordinate was then computed As progressively lower BPb 
groups were added, there was no significant decrease in de 
values of the intercept until the BPb group 15-16 we included. 
Thus, the lines derived with the nine BPb groups between 17 
and DS were taken to provide the most correct intercept values. 
Both these probit regression lines intercepted the C ordinate 
near the abscissa of 16.5(16.4 and 16.6, ii.arey-tively, Fig. 1B) 
For both lines, the observed and expected frequencies were not 
signiferintly different (X2 w 3.337, clf w 7. F> 06, and X2 
w 3.539. dr w 7, F> 0.8, 1.-.1....cti•rely) The intercept values 
Indicate the dose level at which the response starts to exceed 
the natural frequency (threshold level oldie effect). Thus, these 
data indicate that when the BPb exceeds the value of 16, the 
frequency of individuals with elevated EP increases with a dose. 
effect relationship. 

Estimates of the Threshold BPb for EP from the Normal 
Population of Children 11,852/2,094 Samples). Because a BPb 
O(30 is the currently amepted upper limit of normal (14), fur-
ther analysis was then limited to the 1,852 pairs clvalues from 
children with Blabs of <30. Confining the analysis only to this 
group provides a more accimate estimate of the threshold BPb 
at which an increase of EP starts in children who would not 
require medical attention under current standards of care. Ad. 
daimon'', removing from the analysis children with BPb: 
clearly in the abnormal range avoids any possibility that a more 
pronounced effect of Pb in the higher range may result in de-
viation from the linearity tithe regression line, which, in turn, 
army influence the estimation of the join point. 

Segmented line techniques. By using the techniques of seg-
mented line analysis, the join point was estimated at 15.4 (co. 
&dente limits w 12.9 and 12,2) by the Hudson method and at 
16.5 (confidence limits w 14.3 and 18.5) by the Hasselblad 
method. 
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Peobit 0u:1y:is Both probit regression lines intercepted the 
C ordinate near the abscissa of 16(15.8 and 16 4. respectively). 
Again, for both prohit regression lines, the observed and ex-
pected frequencies were not significantly different (X2 w 2.360, 

> 0.7, df te 5: X2 w 2.046, P > 0.8, df w 
The threshold estimates obtained by utilizing only the data 

from children with BPbs in the range presently considered nor-
mal appear to be in close agreement with those obtained by 
using the entire group. Therefore, the previous estimates can-
not be ascribed to an artifact. 

DISCUSSION 
The clinically adverse effectsOf exposure to large Pb doses are 
well established (4). It appears logical that there should be a 
progression from negligible effects at minimal dose, through 
mild effects at moderate dose, to serious clinical effects at very 
large dose. However, mild effects are often diffrult to docu-
ment in singe individuals Because Pb is a nonessential element 
and an extremely toxic one, Patterson postulated in 1965, on 
the basis of purely geophysical considerations, that the Pb con-
tent of the natural man (i.e., man unexposed to the environ-
mental redistribution of Pb caused by human m-bvities) should 
be negligible (I). Recent studies have clearly shown that, at 
extremely low exposure, the body Pb content is negligible. 
Ancient human skeletons have a Pb content several orders of 
magnitude lower than that in modern bones 120, II) Even to-
day. the BPbs of remote populations (both -acculturated-  (3) 
and aulocrulturated-  12)] are much lower than those of popu-
lations living in the industrialized world, with values approach-
ing the low levels predicted by Patterson (1). These studies re-
affirm the concept that the Pb body content observed in 
populations from industrialized countries reflects environmen-
tal pollution, therefore, their BPbs as currently observed cannot 
be considered normal because they are so much higher than in 
the natural man. 

Patterson also predicted that adverse biological effects of Pb 
would become obvious, when searched for with appropriate 
techniques. This hypothesis also is supported by recent ex-
perimental evidence. In 1970, Hernberg and coworkers dem-
onstrated that the activity of the enzyme d-amino levulinic acid 
(AmLev) dehydrater is inversely proportional to BPb (22). The 
rate of inhibition is exponential without any apparent threshold; 
50% inhibition occurs at a BPii as low as 16.7 (a value typical 
for most urban dwellers and well within the range presently 
called normal), and inhibition or 90% occurs at a BPb of 55.5, 
above which overt clinical symptoms become frequent in chil-
dren (4). &novel of Pb from the enzyme by means oiSH-group 
reagents results to its complete reactivation (23). The exponen-
tial decrease in AmLev dehydratase with ei increase in BPb is 
reflected by an expcmential increase in urinary excretion of 
AmLev (24) The accumulation of EP in severe Pit poisoning 
has been known for decades (45). The introduction cf sensitive 
fluorornetric techniques by our laboratory led to the demon-
stration that the EP increases exponentially with a linear in-
crease in BPb (9, 9). These observations were confirmed both 
In children (10, 11) and in adult Pb workers (15, 13). Most of 
these studies have utilized populations with excessive exposure 
to Pb, including our initial report that was based on :large num-
ber of children, the majority of whom had BPbs of >30(9). It 
generally kris been assumed that no threshold BPb exists. Re-
cently Roel and coworkers compared two small groups of rural 
-children with different BPbs because only one lived in the pro, 
lenity of • smelter, and they suggested a lack of correlation with 
the EP in the group with the lowest BPb (25). However, because 
there was no overlap in BPI:is between the two popelabons in 
their studies, an estimate of the threshold level is not possffile  
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6-or' their data The population of children screened in Ne., 
loci. City offered, on the other hand, an unusual opportunit- 

ks, this  type of evaluation because it included. an adequately 
liege number of individuals, the majority of whom had Brns 

within the -normal-  range, and its overall BPb distribution we 
lognormal as expected (4]. The analysis of the relationship be- 
tween BPb and EP confirmed the exponential correlation 
However, s preliminary analysis suggested that this may not be 
present throughout the entire range. The data were then ana- 
lyzed with techniques appropriate to measure threshold level, 
10 the segmented line techniques, which estimate the threshold 

as tin- join point or two regression lines, and (ii the probit anal-
yso. which yields a threshold at the intersection between the 
slope of the dose-effect relationship and the line of natural fry. 
etoency of the dose-unrelated effect. The analysis we first per-
formed with all data, including 1,852 samples with BPbs or 
c..10 iwithin the so-called normal range) and 15: with BPbs or 
>30. The segmented line techniques estimated the threshold 
at 17.7 by the method of Hudson and at 16.3 by. the Hasselblad 
modification: the probit analysis estimated the threshold at 16 4 
and 16.6. Next, the analysis vas repeated with only those 1,852/ 
2.004 samples with BPbs of <30. The restriction of the analysis 
to this group was motivated by the desire to rums the threshold 
level in that segrnent of the population that had BPbs certainly. 
within the -normal-  range. The segmented line techniques es-
timated the threshold at 15.4 by the method of Hudson and at 
16 5 by the Hasselblad modification. The probit analysis esti-
matcd the thresholds at 15.9 and 16.4. Regardless of the tech-
nique used and of the inclusion or exclusion or samples from 
children with abnormal BPb, all of these estimates are, in the 
worst case, within 3 ig/di of each other (range, 15.4-18.3). 
These findings clearly indicate that the threshold BPb for an 
Increase or EP in urban children occurs between 15and 18, with 
an average estimated value of 16.5. (A value of 16 may' be the 
most valid beouse a range of 15.4-16.5 was obtained when the 
analysis was restricted only to those samples with -normal-
15Pbs.) 

Probit analysis also estimates the dose at winch 50% of the 
population responds. The natural mew 	of EP increase in 
children due to non-Pbeelated causes (C) can be removed by 
ming the Abbott formula (27) to compute the Bro at which 50%. 
of 	children show an effect exclusively from Pb exposure. By 
lasing this technique, the data were lexi-41uated. The BPbs at 
which 50% of the children had increased EP exclusively from 
Pb exposure were computed to be 29.9 and 35.2 for values that 
were >1 and >2 SDs above the mean of the reference group. 
ICorresponding values without the Abbott correction are SIT-
lar-28.6 and 35.6, respectively.) An EP of >50 in a child with 
a BP1a or >30 is presently considered an indicator of excessive 
exposure to Pb requiring further medical attention (14). Our 
study indicates that, at a BPb of 30, 27% of the delciren will have 
as EP of >53 (exceeding by 2 SD the mean tithe reference 
poop). Thus, even at the cutoff point of normal BPb, • sub-
stantial percentage of the population exhibits evidence of Pb-

Mixed biochemical damage. 
Increase of EP indicates an impairment of the completion of 

abe synthesis of heme, a process that culminates with the in-
s:soon of iron at the center of the protoporphyrin molecule. 
bacreased EP may result not only from Pb intoxication but also 
from a variety or other causes, such as chronic infections, certain 
hemolytic anemias, and FeD. The latter is the most frequent 
in children. FeD aggravates Pb intoxication both by increasing 
It absorption (25) and by enhancing the effects of Pb on heme 
synthesis. On the other hand, Pb intoxication leads to FeD by. 
noincing iron absorption (29). These interreactices are, at least 
in part, mediated by the existence of a common carrier in the  
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intestinal mucosa for both metals (30). In urban children, both 
FeD and Pb intoxication tend to occur with the greatest fre-
quency in the same low socioeconomic class that is afflicted by 
both inferior nutrition and inferior housing. It can be hypoth-
esized that, among urban children, those with FeD-and  an 
inherent increase of EP-may haves tendency to absorb more 
Pb and, thus, to have BPb in the higher range of the -norm - 
In this case, the association of elevated EP and BPb observed 
within the normal BPb range would be spurious, in reality re-
flecting only FeD. However, several arguments make this hy-
pothesis implausible. First, EP is dearly correlated with BPb, 
with an exponential increase that continues at the same rate 
even when these reach extremely increased values. This rela-
tionship has been clearly documented not only in children 
(9-11), among whom PeD may occur frequently, but also in 
adult males (12, 13), among whom FeD is quite rare. Second, 
in the children studied by Roe] and coworkers (25), the mean 
age was 10 ye (an age when FeD is rare), age and socioeconomic 
class of both groups were the same, and the only difference was 
in the proximity toe smelter, with the resulting increee in fin. 
Third because FeD is by far the most common cause of son-Ph-
related increase of EP in children, its frequency is essentially 
identical to the value of C computed by probit analysis. At 2 
SD. this was 24% in the present study (a value comparable to 
that observed in surveys of urban children of comparable 
age)-a frequency too low to influence the estimate or EP 
threshold in any signifinnt manner. Fourth, in the present 
study. samples from 593 children age <2 yr were excluded to 
minimize the incidence of FeD, which is at its highest value 
In this age group. When the relationship between BPb and EP 
was analyzed, either in this group separately or by adding these 
samples to the rest of the data, the estimates of threshold re-
mained essentially unchanged . Yet, the incidence of FeD in this 
poop of children was substantially higher because the probit 
technique at 2.510s yielded a C value of4.5%. It appears, there-
fore, that the increase of EP is a direct effect of the increase in 
BPb. EP increases exponentially with a linear increase in BPb. 
A linear increase in BPb, in turn, reflects an exponential in. 
crease in body burden of Pb (7). Thus, the exponential increase 
in EP reflects 122 exponential increase in the clase or Pb. 

Our study demonstrates a threshold BPb above which the 
frequency of an increase of EP is greater, which is well within 
the range of BPb currently called normal. Our observations, 
together with the reports of inhibition of ArnLev dehydratase 
eg, confirm the hypothesis or Patterson that, even at the low 
level of exposure of the general population, adverse biological 
effects of Pb can be demonstrated it searched for with adequate 
techniques. 

The clinical relevance of AmLev dehydratase inhibition is not 
limited to its effect on home synthesis. The secondary accu-
mulation of its substrate, AmLm, can affect the neurological 
system in • enanner similar to the action of porphobilinogen 131. 
32). The clinical symptomatology of Pb poisoning is close to that 
of acute intermittent porphyria, a disorder with accumulation 
of both AmLev and porphobilinogen (32). The accumulation of 
AmLev is reflected by its increased excretion in the urine, 
which is exponentially dorrelated with BPb (24). Selander arid 
Cramer reported that urinary AmLev excretion accelerated at 
BPb >40, • value at the time accepted as the upper limit of 
normalcy (24).  Because it is well established that AmLev de-
hydratase is significantly inhibited at BPb <40122), the failure 
to acknowledge any accumulation of AmLev at low doses of Pb 
made it necessary to postulate a reserve capacity of the enzyme 
(7). Yet it Is apparent that the exponential increase in urinary 
AmLev starts in reality at BPb well below 40, once this e priori 
restriction is removed. 
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The effect of Pb on EP reflects its interference with the last 
step of the heme biosynthetic pathway, at the level of the mi-
tochondria in the erythrocyte precursors in the bone marrow. 
Thus, the elevation of EP has the same biological meaning as 
increased urinary ArnLev, that is, damage to a biochemical step 
beyond any hypothetical reserve capacity. The evidence of dam-
age to a mitochondrial function is obvious in the erythrocyte 
because blood is the easiest tissue to sample. However, the 
affinity of Pb is not limited to the mitochondria in the bone 
marrow but also to those in other tissues (9). Inhibition of heme 
synthesis affects all body tissues in which heme is the prosthetic 
group of the cytochrome system. Accumulation of metallopor. 
phyrins further inhibits mitochondria] function (34). The effect 
of Pb on protoporphyrin has been shown to occur in neural tis-
sue cultures, where its increase is most obvious in the glial 
cells..1  Damage to glial cells is a common autopsy finding in 
childhood neuroencephalopathy (35). 

The biochemical damage underlying certain clinical symp-
toms of Pb toxicity has been clarified recently such as the in-
hibition of guanine sminohydrolase in saturnine gout (36) or the 
inhibition of adenylcyclase in neuroconductive disturbance 
(37)1. Biochemical damage to the heme synthetic pathway, 
which is reflected by inhibition of Am Lev dehydratase and el-
evation of EP and has the potential of mediating neurological 
toxicity, cannot be discounted solely because it is already ap-
parent at "normal-  BPI., and it is not easily associated with din- 
ically 	symptoms. It is now clear that the BPI> levels 
currently accepted as normal reflect instead a high level of en-
vironmental pollution (1-3). Irs fact, subtle signs of neuropsy. 
ehological disturbance have been recently demonstrated at lev-
els of tap:sure to Pb in the usual range in apparently normal 
suburban children by use of well-controlled experimental de-
sign (6).1  
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