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SUBJECT: PCB Levels in a Community with Exceptional Exposurs te DDT,
Triana, Alabams

SUMMARY

The geometric mean serum level of polychlorinated biphenyls
{PCB) of 458 persons in s communitywide study was 17,2 parts
per billion, with 80XZ-90X having levels within the rangs found
in other community groups. PCB levels were found to be
directly related to age-—the older the sge group, the higher
the PCB level--even when controlled for other variables
positively sssociated with PCB level; wmale sex, fish
consumption, serum cholesterol level, and alcohol consumption.
No mejor point source of PCB contsmination was found, snd fiah
taken in the dreinege of a major population center had mean PCB
levels below the current enforceable Food and Drug
Administration tolerance of 5 parts per million. Serum PCB
levels were positively associated with measured blood pressure,
with gamme-glutamyl transpeptidase level {a liver function
test), and with serum cholesterol level, all independent of
major confounding varisbles. These findings, slong with the
unknown remote consequences of PCB accumulation in the body,
support our recommendation for Triana residents to avoid eating
fish taken from contaminated areas.

INTRODUCTION

Polychlorinated biphenyls (PCB) are complex mixtures of fat-soluble aromstic
hydrocarbons that were manufactured in the United States from 1929 until 1977. Their
thermel end electrical ineulating properties led to widespread use in transformers and
capacitors. They were also used in plasticisers, inks, adhegives, pesticide
extenders, and carbonless dupliceting psper. PCBs are novw widely distributed in the
environment. Like DDT reeidues, PCBs sre accumulsted and concentrated by fish.
Nonoccupational human exposure to PCBs occurs primsrily vis the diet. The Food and
Drug Adminiatretion (FDA) reduced the tolerance for PCB residues in fish from 5 to 2
parts per million (ppm), but this reduction is stayed pending further hesrings. Once
ingested, PCB residues concentrate in adipose tissue, snd humsn metabolites of these
comwpounds have not been studied. Concern for human accumulation of these persistent
compounds is based on their hepatic carcinogenicity in rodents and reproductive
effects snd immune response chsnges in scveral species. Humsn health effects
aseociated with heavy PCB exposure include chloracne, liver function abnormalities,
and serum lipid concentration sabnormslities,
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BACKGROUND

In May 1979 & communitywide study wss conducted in Trisna, Alsbams, where the
population has had exceptional exposure to DDT residues a5 & result of eating locslly
caught fish. During laborstory anslyses of serum specimens for DDT residues, }
interferenca from PCBs was encountered. A pilot effort suggested that come Triana
reasidents had PCB levels above the rsnge found in the genersl population snd thet s
strong correlation existed between serum PC3 and DDT levels. The background, methods,
and results of thias cross-sectionsl study sre described in EPI-79-44-3 (dated January
31, 1980). To confirm these findings snd to explore the possible relation of PCB
levels to heslth parameters, we snalyzed sera frozsn ar ~60 C in the Msy study for PCs
levela.

In the meantime, the U.S. Environmental Protection Agency (EPA) conducted exten-
sive environmental sampling for PCBs in sediments, wster, soil, sewage, and fish.
Thesge efforts were complemented by the Department of Army and the National Aeronaytics
and Space Administration on Redstone Arsenal and by the Tennessee Valley Authority.
Low levels of PCBs were found in a variety of semples, but no major point source of
PCB contamination was discovered, Iadian Creek, which receives drainage from Redstone
Arsenal snd from Huntsville (populstion 138,000), enters the Tennessee River at
Trians. Fish taken froe Indian Craek snd Cataco Creek, the embayment on the opposite
bank of the Tennessee, had PCB levels many times those found in fish taken in other
embayments or in the Tennessee River (Appendix 1). A composite sample from 6 Indisn
Creek catfish averaged 3.64 ppm (range = 0.35 - 7.57 ppm), and from 4 Cataco Creek
catfish 4.3 ppm (range = 2.04 - 6.28 ppm). Catfish from 13 other sites in ths river
system sveraged 0.59 ppm (range = 0.05 - 4.9 ppn; N = 73). The EPA findings
corroborate those reported by COC for 12 Indian Creek fish that had PCB levels ranging
from 0.36 = 3.32 ppm with a mean of 1.08 ppu.

A strong positive correlation existed between log PCB and log DDT levels in &7
individual catfish taken from the Tenncssee River system (Pearson correlation coef-
ficient 0.697; p<10”5)- This correlation resulted frow correlstion coefficients
sbove 0.9 in catfish taken from Indian Creek, from Tennessee River mile 320 (the point
at which Indian Creek enters the Tennessee River), and from Tennessee River wile 275
{downstreas at Wheeler Dam). Catfish taken at other sites in the Tennessee River
systam hsd no aignificent correlstion between log PCB and log DDT levels. Agsin,
these EPA datas corroborate the CDC findings of & high log PCB-log DDT correlation in
12 fish taken in Indian Creek (total DDT range = 1.2 - 498.4 ppa; r ™ 0.67).

AT (Cn, Y0,

METHODS .

Study design, clinical chemistry, and laboratory analyses are described in
EPI-79-44-3, and only supplementary information is given here. Single readings of
systolic and diastolic blood pressure were taken on sested participants 12 years and
older, according to procedures used by the Health and Nutrition Examination Survey
{1). Mormal blood presaure was defined as s systolic messurement leas than 140 m Hg
snd & dlastolic weasurement less than 90 mm Hg. Borderline hypertension was defined
as & syatolic messurement of 140-i{5% wm Hg or a diastolic measurement of 30-94 om Hg.
Definita hypertension waa defined as a systolic measurement of 160 mm Hg or grester or
s diastolic weasurement of 95 mm Hg or greater. A body mass index for obesity wsa
cslculated from weight/nheight®, where R = 2 for males, 1.5 for females. Social
class was measured by Hollingshead Index (2).

Anslysia of sera for PCBs as Aroclor* 1260 was performed at CDC. After protein
denaturation with | ml of methanel, 0,5 - 2.0 ml serum was extracted with 3 ml hexane
)} times. The combined extracts were concentrated to s volume of 1 wl, snd DDT
residues were adsorbad onto a silver nitrate/silica column (Needham LL, Smrek AL, Head
SL, Burse Vi, Liddle JA, Column chromatography separation of PCBs from DDT and
wetsbolites, Manuscript submitted for publication). After hexane elution and

*Use of trade names ia for identification only and doea not constitute endorsement by
the Public Health Service or the U.S. Department of Health and Human Services.
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concentration, the sample was analyzed on an electron capture gss chromatograph, with
a 31 SE 30 column. Injector, column, and detector temperaturas were 250, 195, gnd 330
C, respectively. Quantificstion was wade by adaptation of the Webb-McCall method (3)
to the Sigma I data system, with Aroclor 1260 usad as the calibrstion standard. The
limit of detection was 3 parts per billion (ppb). - Quality control over time was
sssured with 2 pools of bovine serum spiked in vitro with Aroclor 1260, 1 pool of
unspiked bovine serum, and 1 human pool consiating of sere from Trians residents; the
last pool wss introduced into the daily run as 8 "blind” sampla. Recovery was 94.5%
when PCB~free bovine serum was apiked with 41 ppb Aroclor 1260,

RESULTS

PCB Levels

Of the 500 peraons giving blood apecimena in the study, 458 gave sufficient serum
for PCB (Aroclor 1260) anaiyeia. Those persons without sufficient serum for PC3
analysia were younger (mean age 19.1 vs 32.2 yrs), were more often male (57,1 va
42.5%) and had a lower geometricC wean total DDT level (52.5 va 79.6 ppb). For
individusls with PCB messurements, the geometric mean PCB level was 17,2 ppb with a
atandard devistion of 20.8 {(arithmetic mean 22.2 ppb; §.D. 22.3; range = 3.2 - 157.9
ppb). Ninety-eight peraons {21.4X) had PCB levela greater thsn 30 ppb, 60 (13,1%) hed
levels 240 ppb, 41 (9.0%) had levels >50 ppb, and 7 (1.5%) had levela >100 ppb.

As with DDT, age was the moat powerful predictor of the log PCB level (Pearson
corrslation coefficient = 0.56) (Table 1), Males had a higher geowetric mean PCB
level than fewalea (23.5 va. 13.7 pb; p <.0001), a diffsrence present in each group
(Figure 1). Race had no independent effect in multiple regression snalysia.

Fish consumption before publicity sbout DDT contsmination correlated positively
with log PCB levels independent of ege (Figure 2). The commercial fishermen and their
adult fawily mewbers had a higher geometric wean PCB leval than the other study
participants sged 219 yeara (32,4 vs. 20.2 ppb, p ™ .0003), Years of residence,
proximity to cotton fielda, farm wvork, and social class wers not sasocisted with PCB
levels indepandent of age, sex, and fiah consumption. In contrest to our finding with
DDT, breast-fed children did not have significantly higher PCB lavels than bottle-fed
children.

Table |
Relative Weight of Significant Correlated of Log PCB
in Serum, Triana, Alabama, May 1979

StandardizedB
Varisble Coefficient F RZ Change
Age .531 116.1 .310
Sex . .22} 23.8 ..128
Fish conemmption .210 30.0 .042
Body maee index -.162 10,7 015
Cholesterol 147 11.9 .015
Alcohol consumption L1117 8.5 012

T,.5123

MONS 211217



'i

L e * * .

- — i — e

Frg./ PCB LEVELS IN SERUM SPECIMENS, BY AGE GROUP AND
SEX, TRIANA, ALABAMA, MAY 1979

50,
FEMALES ()
- 454 )
by ¥ MALES (22} \
-
2 9010 () NUMBER OF PERSONS 129) S§§
] {15
g 25 R
2 X
2 30 (29 \ us
W o
; 25 (19) 2o
: 29
o = {23)
(2]
= |5-J N \
= 34) (40)
2
o
s
N
T i &

2r0 0!

30-39 | ' 40-49 ' 30-89 '
AGE GROUP (YEARS)

Alcohel consumption was positively associsted with log PCB levels when controlled
for sge, aex, fiah consumption, and serum cholestarol level. Cigsrette smoking was
not associsted. The 10 adults who had taken enzyme-inducing medicstions in the
preceding yeer had s lower geometric mean PCB level than the rest of the adult study
population (13.7 va. 21.7 ppb, p = .05),

Serum cholesterol was positively associated with log PCB level independent of the
other variableg includad in Table 1. Serus triglyceride or high density lipoprotein
cholesterol (HDLC) made no additional independent contribution. Obeaity had a
significant negstive correlation with log PCB. Weight loas, zamma-glut smyl
transpeptidase (GT), and creastinine were insignificant when included in multiple
regression.

Health Effects

None of the following health indices were asssociated with log PCS independent of
age group: prevalence of {llness or weight loss in the preceding year, use of
medication, uvee of madical care, history of heart diasease, or percentsge of
pregnanciee ending in miscarriags, stillbirth, or infant death.

Retee of wmessured borderline #nd definite hypartension among study psrticipants
were JOX higher than expected on the basia of national rstas for a population of the
ssme age, race, and aex composition (1). During the atudy, 3 persons were referred to
cmergency medical services for extreme hypertengion, and sers for PCB levels were not
obtained. Log PCB did maka s aignificant contribution to explaining the varisbility
of log systolic and log disatolic blood pressure in wmultiple regreasion analyses
(Tables 2,3). OUbeaity and aex were stronger predictors of blood pressure than log
PCB. Age waa the strongest predictor for the systolic measurement. The PCB effect on
blood presaure was indapendent of socisl clags. For ayatolic blood preasure, addition
of serum cholesterol or triglyceride to the list of independent variables rendered the
PCB contribution insignificant; sddition of smoking habit or race made no additionsl
contribution. For diastolic blood pressure, however, addition of serum cholesterol,
triglyceride, smoking habit, or race made no asdditional contribution snd did not
nullify the PCB effect. -
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Table 2
Relative weight of Significant Corralates of Log Systolic Blood
Pressure, Triana, Algbama, May 197%

StandsrdizedB

Variable Loefficient _F_ RZ Change

Age 427 52,9 L3585

Sex 177 13.0 .020

Body Mass lndax .158 9.0 .0l11

Hollingshead Index +123 7 015

Log PCB LAl 4.2 007
408

Table 3

Relative Weight of Significant Correlatea of Log Disstolic Blood
Pressure, Triana, Alabams, May 1979

Standardized?
Variable Coefficient F RZ Chaenge
Body Mase Index .258 18.8 .068
Sex 198 12,8 .083
Log PCB 176 : 8.2 063
Age .151 5.2 .015
Hollingshead Index . 109 5.3 011

L2401

Bince many factors--age, sex, obesity, end social class——influence blood pressure,
simpla correlation of blood pressure messurement and PCB level ahows a wide scatter,
Many persons with hypertenaion have comparatively low sarum PCB levela, and conversely
some persons with PCB levela of 100 ppb or graater are normotensive. The trend of
persona with hypertanaion to have higher PCB levels is present in both young and old
adult age groups (Pigure 3).

The correlation between log PCB and log DDT serum levels was very high (Pearson
corralation cosfficient = 0.83, Figure 4). Despite this, no DDT effect on blood
presaurs wad svident vhen log PCB and log DDT were both included in regressions
controlled for age or obeaity,

Log OT wvas poaitively correlated with log PCB (Figure 5) independent of slcohol
consunmption and age (Table 4), The other liver function tests (total bilirubin and
serum glutamic pyruvic transaminase) were not a0 affected, Addition of log DDT ss5 »
third indepsndent verisble to log PCB and age made no significsnt contribution to log
CT. Ths relativa contributions to log GT of alcohol consumption, log PCB, and log DOT
are unknown since the collinearity of the latter 2 results in no significant
contribution when these 3 independent variablea are used to predict log GT.

As mentioned above, serum cholesterol--but not triglyceride level--was »

"significant independent predictor of serum PCB level in multiple regression anslyeis,

We then usad log PCB as an independent variable to predict serum lipid levels,
Although a weak correlation existed betwean log PCB and log triglyceride (Pesrson

- 3
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Fig.5 CORRELATION BETWEEN LOG PCB AND LOG GAMMA-GLUTAMYL
TRANSPEPTIDASE LEVELS IN SERUM SPECIMENS, TRIANA
ALABAMA, MAY 979 '
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Tabla &
Relativa Waight of Significant Correlates of Log Gamma-Glutamyl
Tranapeptidass in Serum, Triana, Alabama, May 1979
Standardized®
Variabla Coefficiant ‘€ R2 Change
Alcohol consumption L2462 2%.8 .101
Age .200 12.6 .082
Log PCB . 169 8.5 .0l9

.201

correlation coefficient = 0.298, p = 8.3 X 10°%), no sasociation was found between
tham independent of log choleaterol and log GT, both better predictora of log
triglycerida laval. There was no corralation batwaen log PCB and HDLC.

In contrast, log PCB aa an independent variable was weakly asssociastad with
choleaterol (Figure 6); thia sssociation existed independent of log triglycaride and
age (Table 5), Whan log DDT was added ea a fourth independent variable in predicting
. log choleatarol, ites contribution and that of log PCB became insignificant. Thus, the

relative contribution of log PCB and log DDT to pradicting serum cholestarol ia
unknown because of their collinearity.

- MONS 211221
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Table 5
Relative Weight of Significant Correlates of Log Cholesterol
in Serum, Trisna, Alabama, May 1979

StandardizedB
Variable Coefficient F RZ Change
Log triglyceride .355 60.6 L2
Age .09 3.6 131
Log PCB 127 5.7 011

—

.362

Fig 6 CORRELATION BETWEEN LOG PCB AND CHOLESTEROL LEVELS IN
SERUM SPECIMENS, TRIANA, ALABAMA, MAY 1979
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Mo comparable publiashed data exist on aerum PCB lavels in the general population
of the United States. The only study with a large number of community volunteers (4),
aampled in 1968, ia difficult to interpret becausse mo limit of detection wns specified
and no quality ssaurance in PCB mesaurement was described. Hesns for subgroups with
messurable residueg (43% of the atudy population) ranged from 1,50 - 20,6 ppb, with »
maximum individual mesaurement of 29.0 ppb, One hundred ten persons in Bloomington,
lndisna (1977), without occupational PCB expoaure (aludge~users and controls), had a
mean gerum PCB level of 18,8 ppb (5.D. = 10,8) with a range of 6 ~ 79 ppdb (5, plus per
aonal coomunication from Metthew M, Zack). The CDC Toxicology Laboratory has unpublishe
‘dats on 2 other community groups: In Billings, Montana (1979), L7 residents had e
mesn PCB level of 7.5 ppb with a range of 2 ~ 30 ppb; in Michigan (1978-79), 370
reaidents had a wmean of 8,0 ppb (5.D, = 7.2) with a range of 1 ~ 61 ppb. Unpublished

8
MONS 211222



dats from the Michigan Depacrtment of Public Heslth on 16 non-fisheaters ssmpled in
1973-74 show a wesn serum PCH level of L7 ppb with s range of 7 - 42 ppb (6). The
serum PCB levels of most Triana residents fall within the rsngs seen in other
communitiss in the United Ststes. Since PCB residues sppear to accumulate with age
and are higher in malea, only age- end sex~gtandardized comparisons are appropriate.

The 10%-20% of Triana participants with PCB levels somewhat sbove those found in
other investigations tended to eat fish more frequently. The only major dietary
source of PCBa in the United States is fish (7). Moat fish contain PCB levels well
below | ppm in the edible portion, although freshwater fish from polluted waterways,
such es the Hudeon River or Laks Michigan, may have much higher levels, The Hichigan
Depscrtment of Public Health (E) inveatigated 71 sport fishermen who consumed >24
pounds per year of fish taken from Lske Michigen (21 fish meal/wk), Their mean serum
PCD level wes 77 ppb with a range of 25 - 366 ppb, The maan PCB leveis in whole raw
fish in Lake Michigan for the 3 years 1972-1974 were 13, 19, and 23 ppm for trout snd
11, 12, and 10 r~;m for coho aalmon, PCB levels in cooked fish collected from the
Michigan fishermen ware much lower: 1,03 - 4.67 ppm for cooked trout and 0,48 - 5,38
ppn for cooked salmon. Thus the level of fish contamination by PC8s in Leske Michigan
is higher than that in Indian Creek; the mean and range of human PCB levels in
Michigsn fishermen sre higher than the mean and rsnge of PCB levels in Trisns
residents eating comparsble amounts of fish. Nonetheless, the higher than expected
nunber of Triana residenta with high FCB serum values is probably explained by the
consumption of fish that at present have a mean PCB level very close to the stayed FDA
tolersnce of 2 ppm.

The FDA tolerance for PCha is bssed on s 200~mg total dose safety limit, the
lowest PCB dose thought to have caused overt Yusho disease in the 1968 Jspanese
episode of rice oil contaminstion (7). However, Yusho disesse resulted from a mixed
exposure to PCBs, chlorinated quaterphenyls, and chlorinated dibenzofurans, the laat
of which sre more toxic than PCBa. The FDA recommendation for maximum allowable
ingestion of PCBa over a protracted period ia 1 ug/kg/day. The only study of a
population exposed to dietary PCBa of this magnitude is that in Michigan (mean dsily
dose = 1.7 pg/kg/day; range ® 0.49 - 3.94), wvhich identified no sdverse heslth
effects. However, blood pressurs mesdsurements, serum lipids, and gemma-glutamyl
transpeptidase testa were not done.

The high correlation between total DDT and PCB residues in serum specimens is
explained by their common dietary source in fish and similar sccumulation in the body
once ingested, We have laboratory data to demonstrate that carryover of DDT residues
into the PCB measurement did not occur. Whether DDT residues affect the toxicity or
metaboliam of PCBa is unknown. For another pair of chlorinated hydrocsrbons, kepons
exposure is known to increase the excretion of lindane in rata (8). Both DDT end sone
PCB congenars induce cytochrome P450-type mixed function oxidsses, and some PCB
congeners induce cytochrome P44B-type enzymes ae well (9-11},

No other studies have been conducted to determina whether PCBs affect blood
preasure, The contribution of PCBs to the systolic measurement was emall end of
bordarline significence; however, the PCB contribution to the diastolic measurement
was unequivocslly sigaificant, We think that the exceas prevalence of messured
hypertension smong Trisns reaidents is not explained by their PCB levels. The
hypertensiom excess could be due to the environment in which they were messured, s
noisy gymnseium, whereae tha netional prevalence data used for comparison were
generated in medical vane. The sbeence of a control group with blood pressure
measuremsnte does not wesken our observation of the trend of persgons with higher serum
PCB levels to have higher blood pressure resdings, We con think of no resson why
participents with higher PCB levels would react to the blood presaure messurement in a
different fashion, end indead neither participsnts nor measurers had knowledge of PCB
leveles at the time of the study.

Our study confirmes many others (12-13) that PCB exposure is associated with liver
function tsst changes. In this popu stion, CT was more sensitive than the other liver
function tests. The large study population allowed demonstration of a small PCE-GT
association independent of alcohol consumption, & stronger predictor of T level.

Despits relatively low PCB levels in most Triana residents, we were sble to
confira aspects of other human studies which show an sssociation between PCB exposure
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ond lipid levels (5, 12 - 19). In our snslyses, PCB level (as » dependent and
independent varisble) wes positively sssociated with serum cholesterol level
independent of other major confounding variables. Discrepancies between our results
snd those of others finding & PCB-~triglyceride associstion (3, 14'~ 19) may be due to
this control of confounding, ot to the lower PCB burdens of Tthe Trians population, or
to differing wixed exposures, We were unable to econfirm the esuggestion (19) of an.
inverse association between HDLC and PCH. -

The long-term implications for human heslth of the associations between PCB level
snd blood pressure, liver function, and serum cholesterol are unknown. A recent stud
of the couses of death in s cohort of 2,567 PCB workers showed no excess of nervous oi
circulatory eystem causes of death (Brown DP, Jones ¥, Mortality and industrial
hygiene study of workers expoaed to polychlorinated biphenyls. Unpublished
menuscript, Netionsl Inatitute for Occupstional Ssfety snd Heslth), A preliminary
report (32) of an incresas in mslignent melsnoms and psncrestic cencer smong
PCB-exposed workers haa not been substantiated by this cohort mortality study, which
showed slight exceases of mortality due to rectsl and liver coancer and due to
cirrhosis of the liver, none of which wae statiatically aignificent. Since BOX-90% ot
the Triana atudy population hes PCB levels in the range probably found in the general
population, we would not expect to be able to detect differences between casuses of
desth in Trisns snd causes in the general population sasocisted with PCB exposure,

Qur preliminary finding of sssocistiona betwesn serum PCB level and blood
pressure, liver function, snd cholesterol concentration merits further medical
study--eapecislly aince the sssociationa sre found in & population with PCH levels
overlapping those found in othar communitiea. Trians remains unique in the degree of
DUT wmetabolite burden of its citizens, the source of both PCB and DDT being the
consumption of contaminasted fiah, Given the uncertsin remote conscquences that theae
? compounds may have on human health, eapecislly since they both sccumulste in the
body, we recommend that Trians reaidents avoid eating fish taken from contsminsted
aress.
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