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ABSTRACT

We have determined non-ortho-substituted PCB levels as well as PCDD and PCDF levels in adipose tissue aud
serum collected in Georgia, USA. The U.S. levels are compared with reported levels in samples from Japan and
Sweden.
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INTRODUCTION

Polychlorinated biphenyls (PCBs) were produced in the United States under the trade name Aroclor. A variety
of Aroclor mixtures, which contain varying amounts of the 209 possible PCB congt were produced. Becanse
of the widespread use of these Aroclor mixtures, varying amounts of individnal PCB congeners have been
distributed throughout the environment and have subsequently bioaccumulated in the lipid stores in bomans. A
large part of Aroclor toxicity in animals has been associated with the non-ortho-chlorine-substituted biphenyls,
which are presemt m the mixtores in very small amounts. It has been reported (1-3) that 3,3°4,4’-
tetrachlorobiphenyl (PCB-77, TUPAC mmmber, adopted from reference 4), 3,3’ 4,4'5-pentachlorobiphenyl (PCB-
126), and 3,3’,4,4’,5,5"-hexachlorobiphenyl (P@-l@)pﬁumﬂwﬁﬂwmgm:mdbwlogaleﬁmm
animals: body weight loss, thymic atrophy, dennal di , hepatic damage, teratogenicity, reprodnctive toxicity,
immunotoxicity, high binding affinity to hepatic cytosolic receptor protein (Ah receptor) and high induction potency
of 3-methylcholanthrene type (3-MC-type) bepatic microsomal enzymes. A high level of induction of 3-MC-type
hepatic drug metabolizing enzymes in rats” hepatoma cell Iines (5) has also been attributed to mono-ortho-chlorine-
substimted PCBs 2,3,3°4,4-(PCB-105), 2,3°,4,4’,5-(PCB-118), and 2,3.3",4,4' 5(PCB-156). Recent stndies by
Tanabe et al. (6,10), Kannan et al. (11,12), Miyata et al. (13), and Kashimoto et al. (14) have fornd levels of PCB-
77, PCB-126, and PCB-169 up to scveral orders of magnitude higher than 2,3,7 8-tetrachlorodibenzo-p-dioxin
(B?STU)D)mhmmadlposeussuesmqﬂwﬁomJapmx Noren et al. (15) reported high levels of these

in pooled hers’ milk from Sweden and Patterson et al. (16) found them in pooled serum from the
USA. Weammedhmmad:poseuswsnﬂsuumwduummlhedmﬂ:mmoﬂhwePCBsmmgdr
vatious lipid stores of the buman body.

EXPERIMENTAL

The laboratary procedures we used to analyze polychlarinated dibenzo-p-dioxins (PFCDDs), dibenzofurans (PCDFs),
and PCBs in adipose tissue and serum have been previously described in detail (16-22) and only & brief description
will be given here.

Sample Cleansp and Quantification
We spiked the adipose tissse (17,18,21) or serum (16,19,20,22) samples with carbon-13 labeled PCDDs, PCDFs,
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and PCBs and extracted with organic solvents. The solvent extracts were then processed through a five-colomn
cleanup procedure developed by Smith, Stallings and Johnson (23) and modified and semiautomated (18,24) by
us for PCDD/PCDF/PCB amalyses. The final extracts werc quantified by high-resolution gas

mmwmmmmmmmfmﬁnmmmdmsmbyhgh-
gas chrom pe-dilation low fution mass spectrometry for the PCBs.

. Serum from more than 240 donors at the Centers for Disease Control (CDC)

bloodbmkmAﬂma,Georg;a,waspooledandahquomdnnolw-gsmplesmdstoredat—ﬁo"CmﬁImalysxs
Plasma collected from donors in Canada by Dr. J.J. Ryan (Departnent of Health and Welfare, Canada) was pooled
and aligootted into 100-g samples for analysis. Pooled human plasma from Sweden, which was analyzed for
PCDDs and PCDFs as part of the interlaboratory study sponsored by the World Health Organization-European
office, was analyzed for PCBs in 100-g aliquots.

PrqnmwﬂuwmuﬁnganmwaspﬂfmedmmoBechnmb&SOulnwmmmgsmebyu&ngGOﬁ
rotors. Lipoprotein fractions (very low density lipoproteins (VLDL), d=1.006 g/ml; low density lipoproteins
(LDL), d=1006~1063gfml.,mdh1¢h-dmnyhpopmm(l-mL),d=1063l.zlymL)wuesepamedseqnumally
by preparstive oltracentrifugation (25). Chylomi D d from VLDLs by centrifugation of the
ﬁmswnhthmySXOOGg/anlOOOOimmmmmu. Density fractions were recovered by tube slicing
mdd.'maspmou. Isopycnic density was adjusted by adding solid KBr to lipoprotein solutions. The mass of
serum proteins was recovered in the fraction with a density > 1.21 g/ml. We cosured near
qummvemovsybythmm;hlywuhmgandsuapmgmbesmoa d amount of i ic saline solution.
Vol of lipop fr were d from each ultracentrifugal run. Purity of the isolated
hpopmmmhuommemﬂ:mdbymndommdmnopqmy(zﬂbefmcmemhummpoded
into common fractions. The total volum oftheu bined lipx in fractions and the fractions with a
density > 1.21 g/mL after of ifagal prep waswnhmZ%ufﬂnesumngvolume

Collection of Adipose Tiamees. Wem@dad:powusmumopsyﬁmmalesmfemahmordmgma
specific protocol designed to ensure a lack of cross-contamination or lab Y C jon of the samples. We
collected adipose tissue from arcond the beart, kidney, omentum, abdominal wall, buttock, and (in females) breast.

RESULTS AND DISCUSSION
The levels for PCB-77, PCB-126, PCB-169, mono-ortho and di-ortho-PCBs, and 2378-TCDD in pooled human
serum and in adipose tssues collected in Atlanta, Georgis, are given in Tables I and 2.

Table 1. Measured Levels* of 2378-TCDD, Non—Orﬂao, Mono-Ortho, and Di-Ortho PCBs in Pooled

Human Serum.
Serum Pool 1" Serum Pool 2

o' Mean 1 SD cv | o Mesn = SD (4
2376-TCDD 101 0.199 + 0.0241 151 84 0.016S5  0.0027 16.7
33'44°(T7) 3 0.481 £ 0.0762 15.8 2 0.234 -
33°44°5(126) 3 0.183 + 0.0203 111 2 0.186 -
33'44'55°(169) 3 0.151 £ 00103 &8 ri 0.140 -
233°44'(105) 4 [332213 54 |- NM -
23'44°5(118) 4 366 £ 19.2 53 - NM -
233'44'5(136) - NM - - NM -
22'344'5°(138) 4 583 £ 33.0 57 - NM -
22'44°35°(153) 4 690 + 60.4 8.7 - NM -
22'344'55°(180) 4 466 + 24.0 52 - NM -
Tota! PCBs 4 3.100 £ 270 8.7 - NM -
mmpponn AM'WEMMNM 240 donors. This

pool bes been spiked 10 a higher level with 2378-TCDD (see Table 3 for levels on a Hpid adjusted basis). "nmpooluof
vaspiked nomsl buman seram from more: than 200 dooors. * The wamber of repeat anatyses on the same pool. * NM = not
measared.
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Table 22 Measared Levels* of 2378-TCDD and Non-Ortho PCBs in Human Adipose Tissoe Collected in 1985.

n? Memn + SD 1y Mean + SD
2378-TCDD 6 90104 47 3 85103 34
3344(TT) 2 96 - 4 ND -
33744°5(126) 4 139+ 16 115 4 103+ 16 15.7
33°44°'S5°(169) 4 445+23 52 4 154 +52 34
TOTAL PCB-77,126,165° - 193 - - 257 -

* Levels in ppt on a lipid-sdjusted basis. ® Female (white), age 35 years. © Male (white), age 69 years. * The number of repeat
analyses on the same sample. * The sum of means.

The only human levels reported in the literature with which we can compare these results are given in Table 3.
In general, the levels of the non-ortho-sobstituted PCBs in the U.S. samples appear to be lower than in the Japanese
samples. The levels shonld be compared with caution, however, becanse the U.S. and Japanese samples were not
collected 1o represent a certain population group but were obtained from volmteer donors (Table 3). The
observation of Tanabe et al. (6) that in the Jap ples the conc: ion of the PCBs vary in the order
di-ortho > mono-ortho > non-ortho congeners is also troe in the pooled serum from the United States (Tabie 1).
In the 53 samples from Japan (6-14), the non-ortho-substituted PCBs were up to several orders of magnitnde higher
in concentration than 2378-TCDD (Table 3). The non-ortho-substitated PCB levels were ouly 15 times higher than
2378-TCDD in the U.S. samples.

Table 3. Reported Levels" of PCDDs, PCDFs, and PCBs in Human Adipose Tissoe, Mothers® Milk, end Serum.

Tanabe (9) Miyata (13) Noren (15) | Kashi P d P f
Kannen, (12) Pooied (14) Adipose Pooled
Adipose Adipose Mothers’ Adipose Tissue* Serum®
Wet-We. Wet-Wt. Basis Lipid Basis

23783-TCDDS 9.5 12 - 55 83 -
(6.4 -18) 08,17 {0.8-13.8) {8.5,9.0)

Total PCDDs 424 970 - 1486 - -
(160-1,400) {440, 1,500 (129-5,036)

Total PCDFs 65.6 845 - 6998 - -
(7-120% (69, 100) (12.7-158.2)

33'44°(T 350 39 30 - 48 104
(94-860) (21, 57) (ND, 9.6)

33'44°5(126) 330 250 100 - 121 395
(120-730) (160, 340) (103, 139)

33'44°55°(169) 91 132 50 - 9 326
{36-200) (74, 190) (445, 154)

Total PCB- 768 421 180 1529 225 176

77.126,169 (268-1.790) (407, 435) (180-4,873) (193,257)

Total PCBY' 1.02 116 - 0.775 - 0.67
(043-1.82) (083, 1.4) (0.14-1.51)

* Levels in parts per willion. * Tissnes collected in 1985 from 12 cancer patients in Matsuyama, Japen. © Tissues
collected in 1986 from two accidental death victims in Osaka City, Japan. ¥ Milk collected in 1983-1989 from Stockholm,
Sweden. * Tissues collected in 1986-1987 from 39 accidental death victims i Osaka, Nara, and Okinaws prefectures in
Japan. ' Data from the present stody. * Tissoes collected in 1985 from two accidental death victims in Atlanta, Georgia. .
(see Table 2). * Serum coflected in 1988-1989 from Atlanta, Georgia. (sec Table 1). ' Levels in parts per million.

Tmbe(D)demm(lZ)hnveenlaﬂatedB7&TCDD yme induction equivalents (based on AHH and EROD
ies in rat hep cell lines) for the 12 adipose tissoe pics that they examined from Japan

nsmsdmﬁmmSm'yu'mdSafe(‘n) By using the same data, we compared the equivalents for the U.S. and
Japancse samples (Table 4). The non-ortho-substituted PCB-126 shows much higher enzyme indoction equivalents
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than 2378-TCDD (10-25 times higher for the Japanese and 3-4 times higher for the U.S. samples).

Table 4. 2378-TCDD Induction Equi * in Humsn Adipose Tissoe for Non-Ortho-Substitated PCBs
and 2378-TCDD.
uUs us JAPANESE

ADIPOSE TISSUE® ADIPOSE TISSUE® ADIPOSE TISSUE*

AH | EROD" AHH EROD AHH EROD
2378-TCDD 0.031 0.031 0.03 0.03 0.03 0.03
33°44°(7T) 000007 | 0.00007 - - 0.0025 | 0.0025
33'44°5(126) 0.13
33°44°55'(169) 000014

See Tootnote (b}

in Table 2. * Seefootnoe(c)deﬂez. ‘Mdizmwwmanaz)

‘We have also examined non-ortho-sbstituted PCB and PCDD and PCDF levels in various subfractions of sesam
(HDL, LDL, VLDL, protein), serum from Canada and Sweden, and adipose tissues from various human anatomical
sites. These dats cannot be incloded in this short abstract but will be discissed in the conference presentation.

Use of trade names iy for identification only and does not constitute endorsement by the Public Health Service or
the U.S. Department of Health and Human Service.
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