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FROM: Donald R. Lynam, Ph. D.

SUBJECT: EPA/CDC Smelter Study - Final Version

Enclosed is a final version of the paper entitled "A National Survey of
Heavy Metal Absorption in Children Living near Primary Copper, Lead

and Zinc Smelters'". Evidently, this paper is being submitted to the
American Journmal of Epidemiology for publication. While there has

been considerable improvement in the paper since the initial version,
there are still some wild speculations and misleading statements, for
example, the speculation in the last paragrph that chronic exposure to

persons living near smelters may be causing undetected, latent disease
that will become manifest in the future.

Sincerely,

<%Ezfcvu¢u/ r?, §Z;u-

Donald R. Lynam, Ph. D.

Manager, Envirpnmental Health W ) /7/“(
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INTRODUCTION

Increcased absarption of lead and arsenic by chitldren living near cercaln
nonferrous metal sﬁelters in the United States (1-4) and abroad (5-10) has
been documented. Inhalation and ingcétibn of metallic particulates emitted
by the smelters appear to have aceounted for‘the increased absorption. Dis-
ruption in heme bilosynthesis (2,11) and fatal lead encephalopathy (12) have
been the rcpoftedbboﬁééﬁﬁcncés; subclinical'damage cé‘thé.hentrai'and peri-
phefél nervous systems has been noted in two studies (2,ll)Aﬁﬁd nct observed
ir one investigation (13) of children evposed to lead. smelter emissions. In
view of these findings, the Lenter for Disease Control (CDC) and the Environ-
rmental Protection Agency (EPA) undertook in 1975 to survey thz extent and
sevaerity of heavy metal absoppifon in children living wear piimary nonferrous

snelters throughout the United States. This report summarize- the results

-

of the survey.

METHODS

Study desian. The 19 smelters selected for study reprzsent all the primary

lead, zinc, and copper smelters in the United Statas where community exposure
to metallic emissiouns had not previously been studied. Previously studied
primary nonferrous smelters are located in El Paso, Teras; Kellogg, Idahoj
Tacoma, Washington; and East Helena, Montana. Only those smelters were sur-

veved (Table 1) which were in operation May 1, 1975, or which 1f closed on

'

that date, resumed production within the following six months, and which were
located wichin five milas of a residential area. Theve were no homes within
five miles of the copper smclter in Garfield, Utah. Studies in the vicinity

of cach srmelter ware restricted to children one to five years (12-71 months)

-

TN

s
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of age, the age-group previously shown (1,2,14) to be at highest risk of
heavy mctal absorption from environmental exposure. Althouph arsenic is,
strictly spcaking, not a mctal but a metalloid, we will, for the sake of
simplicity, refer to all the clements discussed in this rcport as heavy
metals. The survey area around each smciter (with exceptions aS'SOCQdAgé£OW)
was a circle four miles in diameter with the main smelter scaﬁk at the center.
We estimated ﬁhat to obtain SCatiscicélly a&eqﬁate data on the prevalence of

heavy metal absorpt101 would roquire in each area a samp’e of 60 lOO children.

We chose the Eirst house in eacH area at raﬂdow aﬂd the rest of the sample
Qsing a sampliné frequency that: varicdifrom every house to every tenth hoﬁsez
dupending upon population density. All child;cn one to five yecars old in a
scléﬁted hoﬁsc wére aligible to participate. There wérc wo  subgtitutions
a}lowcd for families thuat refusad co participate or could not ve reached.
Two cities contained two smelter stacks; childrcn living within t<o miles of
either smelter constituted the population sampled. One smelﬁer was located
near the U.S.-Mexican border; a scparate sample was drawn from children in
Mexico living within two miles of the smelter, and resu}ts ofAtcsting in
Mexico wirl be reported separately. In two sparsely populated locations

(Bixby and Glover, Missouri) children living within five miles of the smelter

made up the study population.

Three comparison towns without smeltors were saelected In MNew Mexico, Missourd,
and Arizona, aveas of the nation with the most smelters. Twvo of these compari-

soun conmunities were rural and one was urban so as to approxlmate the rural-

urban distribution of swelter communitlies. Children were selected from thene

DR 3403093
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owns in a manner similar to that described above for smueiter towns.

JATA COLLECTION
‘e conducted door~to-door intervicws at selected houschoids. After cbtaining
signed parental permission, we took from children samples of venous blood,

:rine, and full-length hair, storing them in trace-mctal-free contgincrs.

dJata collected included the age and sex of tested childrer, length of resi- -
lence at current and previous addresses,- history.of pica, and ﬁiscory of

axposure to pottery usced f£or culinary purposes..

lasoratorv_analyses. At each of the three lead smelters, bloed samples were

enalyzed for lead, cadmium, and erythrocyte protoporphyrin (EP) concentration,

and hair samples for lead and cadninm. All analyses except certain 'split'

sample analyses were performed by Stewart Lzboratories, Inc., Knowville, Tennessca.

At each of the 11 copper smelters, blood samples were analyned fevr copper, lead,

~uine, and EP. concentration,’urine samples for arsenic concentration, dnd hair

e’

samples were analyzed for zinc, lead, cadmium, and EP concentration; hair samples
were analyzed for lead and cadmium concentration. At each of the comparison
towns, blood samples were analyzed for lead, zinc, cadmium;‘coppcr and EP con-
centrations, urine samples for arsenic concentration, and hair samples for lead,

cadmium, and arsenic concentration.

The minimunm sample size required by the contract laboratcry was L ml of blood,
0.2g of hatr, and 25 wl of urine. Detection limits were these sizce samples weve:

L ppb for arseniec, 10 ppb for copper, 10 ppb for ziue, 1C ppb for lead using

conventional atomic absorption (AA) or 0.5 ppb using flaroless AA, and

DR 3403094
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1 ppb for cadmium using conventlonal AA or 0.02 ppb using flamcless AA. !

¥
Certain samples of less than the required size were pracessed by a separate i

laboratory using a scparate methodology; these results were not used for

statistical comparision but were reported to parents.

The coutract laboratory conducted an internal quality control program and par-

ticipated in a program of external controls. The interrmal program encompassed

blind split-sample analyscs for hair, blood, and urine; blind randem analyses
of standard reference samples, vecovery and precision studies vom two large,
composite samples (blood and hair), and the pnalysis of standard»sample splics
with two refercnce laboratories. DTesults of this program have been published
previously (15). Studies by the contract laboratory vevcaled 997, 65%, and 977
recovery oi copprer, zinc, and lead,'respcc:ively, from wihwole blecd samples.

The vrincipul externzl control on blood lead analysis consisted of CRC's sub-
mitting to the concractvlaboratory 39 bovinc blood specimens, the lead content
of whiéh had been thorbughly documented through.CDé's Proficiency Testing Pro-
grams. The degree of corvrelation between the CDC results and those of this :

contract laboratory was high (r = 0.96); the contract laboratory values were,

on the average, 4% higher than the CDC values.

Analvtical methodoloy ‘

Blood: Erythrocyte protoporphyrin (EP) was assayed by the techuique of

Cranick et al (16). V¥Folluwing EP determinacion, biood samples were acid-dipested
and analyzed for copper and zinc by conventional atomic absorption technique (17),
and for lead by direct flameless AA spectrophotometry (with use of a graphite

furnace with nultilinear temperature programming and simultancous background

correctiony (18). Cadinlum analysis was performed ‘on a 250l sample of the
origlnal undigested Llood gpecimen with (lameleus AN in a pyrolyviic praphite

tube (18).
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Urine: Sample preparation of urine samples consilsted of ashing with a mixture
of nitric, perchloric, and sulfuric acids. The ash was treated with ammonium

oxalate to remove HNO3 (19). Samples wverc then analyzed by hydride evolution

AA teéhnique (19).

Hdir: Samples were agitated for 30 minutes in a non-ionic detergent and
thoroughly rinsed with distilled deionized water. After drying, the samples

were acid-digested as described above for blood samples.

Lead and cadmium determinations were made with conventiznal A\ spectrophoto-
metry (17). Arsenic concentration was determined by the hydvide evolution-

AA techniquz.

Sctatistical metheds. Meon values of the concentrations of metels in biolegic
samyles were calculataed for 2ach town; sample determinations below the datection
limit were estimated by substituting onc-half the detection limit value for all
"less than' values. Median and 95 percentile values were also determined.
Arithmetic means were used for all calculations except those on urine arseunic,
which were logarithmically transformed to make a positively skoewed distribution
more normal (no claim is made here for log normality). Data from the three
comparison communities were pooled to form a single 258-member control group;

the procedure is justified .on the grounds that there were only minor differences
armong, the three coutrol towns in the mean concencration of heavy matals in hair,
blood, and urine of residents. -Althouph varlances were often not homoyenous,
t-statistics weve uscd to compare mean values for each smelter town with the
pooled means from the control communities. The t-values are shown In the o

tables along with the sample sizes, weans, varlance, and ranges. No pavtleular
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