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ABSTRACT 

We have detemiined non-CHtiio-substimted PCS levels as weO as PCDD and PCDF levels in adipose tissoe and 
sennn collected m (jeorgia, USA. The U.S. levels are compared with r^KXted levels in samples fiom Japan and 
Sweden. 

KEYWORDS 

Cofdanar PCBs; Non-Ctabo-PCBs; PCDDs; PCDFs; Adipose Tissne; Semm; Toxic Eqnivaiciits 

INTRODUCniON 

Polychlorinated bqibenyls (PCBs) weie pnxbced in the United States under tbe trade name Aiodor. A variety 
of Anx:loT mixtures, which amain varying amoants ofthe 209 possible PCB congeners, were pmdaced. Because 
of tbe widespread use of these Aioclor miztmes, vaiying aimwals of iodividaal PCB cougeners have been 
distribnted tfarooghont the aivuoument and have subseciaeittly bioacciimnlated in the Iqik! stores in bmnans. A 
laige pait of Aiodcff toxicity in animab has been asscxdated widi the non-onfao-cfaloiine-substitiited bipbci^ls, 
wfaiidi are picsem in the mixtmes in veiy small amouius. It has been tepcxted (1-3) that 33'4,4'-
tetradilorobqdmyl (PCB-77, lUPAC nunber. adopted from lefereiKe 4), 33',4,4'5-peiitaddcffobqilmyl (PCB-
126), and 33'.4,4',S3'-bexacfalombqibenyI (PCB-169) produce (he fbllowing toxic and biological effects in 
animals: bcxly weight loss, Ifaymk anopfay, deimal disorder, hepatic damage, teratogenicity, leprodnctive toxicity, 
immniKWixiciiy, high binding affinity to bqaticcyloscterecqitcgprrteiD (Ah receptor) aiid high indncrinnpciteocy 
of 3-methylcJxdaiilhrene type (3-MC-type> hepatic microsooal enzymes. A high level of induction of 3-MC:-type 
hepatic drug metabcdizing enzymes in r a s ' hepatoma ceQ lines (5) has also t>etii attribotnd to mooo-cutbo-cfalaiiine-
substimted PCBs 233',4,4'-(PCB-105), 23',4,4'3-(PCB-118), and 233',4,4',5<PCB-156). Reccrt smdies by 
Tanabe et al. (6,10X Kannan et aL (11,12), Miyata et al. (13), and Kasbimoto et al. (14) bave foond levds of PCB-
77, PCB-126, and PCB-169 tq> to several orders of magnimde higher dun 23.7,8-(etracfalofodibeazo-p-diaxta 
(2378-T(DD) in bnman adipose tissue sanqdes fiom Japan. Noien et al. (IS) repoaed high levds of these 
congeneis in pooled mothers' milk from Sweden and Patteison et al (16) foond them in pooled sennn from die 
USA. We f^amiiwjl human adqiose tissues and serum to detemine the distribntioo of these PCBs among tiie 
various lipid stores of die baman body. 

EXPERIMENTAL 

The labmatoiy pixxedmes we osed to analyze polycfalorinaied dibenzop-dioxins (PCDDs), dibenzofiuans (FCJJFs), 
and PCBs in adipose tissne and senun have been previoasty descril>ed in detail (16-22) and only a Inief desci^Kicxi 
will be givcD here. 

Saaqile (Hcaiap and Qaaatit icatiu 
We spiked die adqxne tissue (17,18.21) or semm (16,19,20,22) samples with ca(boa-13 labeled PCCOs, PCDFs, 
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and PCBs and extracted wilfa OTgaoic scUvcaas. Hie sfdvcnt extracts were tben piocessed duoogh a five-cofaimn 
clearaq> procedure developed by Smith, Stallings and Jcdmson (23) aod modified and semiantomated (18^) by 
ns for PCDD/PCDFyPCB analyses. The fmal extiacts wen qoandfied by hi^iesohition gas 
cfanmutogcq)trr^sorape-dilmtoa hig^resf^mifni mass q)cctrometiy for the PCDDs and PCDFs and by hi{^-
resobitian gas cfaromatogrtyhy^gotope-dilntion low-resolotion mass qwctrometry for the PCBs. 

Sample Procareuieiit 

Pooled Haman Scrum and Pfamna. Senmi fiom moze than 240 donois at the Centers foi Disease Centred (CDC) 
blood bank in Atlanta, Georgia, was pooled and aliqaotted imo 100-g samples and stored at -60 °C nntil analysis. 
Plasma collected from dooors in Canada by Dr. J J. Ryan (Dq>aitment of Health and Wdfare, Canada) was pooled 
and iliquuued imo lOO-g samples for analysis. Pooled human plasma from Sweden, which was analyzed for 
PCDDs md PCDFs as part of the intexlabotatoiy stady qxHisored by the Worid Health Organjzation-European 
office, was analyzed for PCBs in 100-g aliquots. 

Preparation 'rf ^%?P'-?fr''< *nd Protem S<nno Fractions. 
Prqnrative nltracqiuifugaUon was performed in two Beckman L-S-80 ultracentrifnges at 4^ C by using 60 Ti 
rotors. Lipoprotein fractioas (very low density lipopiocems (VLDL). d=:l.006 gtoU low density lipoproteins 
(LDL), d=1.006-1.063 gAnL; and high-density lipt^wotein (HDL), 4=1.063-1^1 g^iL) were separated sequentially 
by ptqmitive altracentcifugatioa (25). ChylomicrDos were separated firom VLDLs by centrifugation of the 
fractiflns widi a densiiy ^ 1.006 g/mL at 10,000 for 20 mmntes. Density fractions were recovered by tube slicing 
and dien aspiraiiou. Isc^cnic density was adjusted by adding solid KBr to l^mprocein solutions. The mass of 
nonlycprotein semm picteins was xecovcxed in the fraction widi a density > 1.21 g/noL. We ensured near 
qoantitative recoveiy by dxnooi^xly wadiing and scraping tubes mto a measured amonut of isotonic saline solution. 
Volumes of lipopmtftfn-mnt^hig fractions were meastired from each ukracentrifbgal IUTL Parity of thc isolated 
lipoprotein solntioos was establiafaed by cellulose acetate chromatogr^diy (26) before tbe solutions were pooled 
into common fractions. The total volume of the combined Iqxiprotein fractions and the fractions with a 
density > IJZl g^nL after nltracomifugal prtparatioD was w^hin 2% of tiie starting volume. 

Cottecfioo of Adhtot Tlaaw. We collected appose tissues at autopsy from males and females according to a 
specific pnxoctd ^ifig"*^ to eosore a lack of cross-coittaniination or laboratory contamination of the saoqiles. We 
coQected adqwse tissne from around tbe heart, kkioey, omentum, abdommtl wall, buttock, and (in femid«) breast 

RESULTS AND DISCUSSION 
Tbe level* for PC3-T7, PCB-126« PCB-169, mono-ortho aod di-ortbo-PCBs» and 2378-TCDD in pooled human 
senmi and in adqxne tissoes ccdlec^ in .^lanti, Georgia, are given in Tables 1 and 2. 

Tablei . Measured Levels* of 2378-TCDD. Non-Ortho, Mooo-Ortbo, and Di-Ortho PCBs in Pooled 

2378-TCI» 

33"44'C77) 
33-44'3(126) 
33 '44 '53 ' ( l») 

233'44'(105) 
23-44-S(118) 
233'44'5(156) 

a-344'3-(13S) 
22'44'33-(133) 
22'344'33'(180) 

Total PCBf 

Leveli m net oo • WiW 

Serum Pool I ' 

tf 

101 

3 
3 
3 

4 
4 

4 
4 
4 

4 

le-weiilv 

Mean±SD 

0.139^0.0241 

0.481 ±0X1762 
a i « 3 ± 0.0203 
0.151 ±0.0103 

33.2 ± 1.3 
366 ±19.2 

NM-

5»3 ± 33.0 
690 ±60.4 
466 ±24.0 

3.100 ±270 

CV 

15.1 

13.8 
l l . l 
6.8 

3.4 
5.3 

5.7 
8.7 
3.2 

8.7 

senm< 

SennuPooi r | 

tl" 

84 

2 
2 
2 

-

~ 

" 
tool lit 

M e n ± SD 

0.0165 ±0X)027 

0J34 
0.186 
a i 4 0 

NM 
NM 
NM 

NM 
NM 
NM 

NM 

CV 

16.7 

-

-

-

-
moRtbai 

pool bM beea qnknl lo a talfber level wiib 2378-10)0 (ice Table 3 for leveli cn t UpU adjuned bail). ' Ttaii pool is of 
nmplfrM nocaul binnsi Kxum firam moce Outi 200 dcccn. * Ttae uombcr of repeat uilyMS oo the mne pool. ' NM > not 

134 Organohalogen Compounds 4 

1990



Table 2. Meaured Levels' cf 2378-TCDD and Nop-OrtfaD PC3« in H n n m Adipoje Tinne CMIeaed in 1985. 

2378-TCDD 

33'44'(T7) 
33-44-3(126) 
33'44'Sr(169) 

1 lUlAL PCB-77,126,169' 

ADIPOSE TISSOtf 

u ' 

6 

2 
4 
4 

Meau±SD 

9.0 ±0 .4 

9.6 
139 ± 1 6 

4 « ± 2 J 
193 

CV 

4.7 

5.2 

ADIPOSE TTSSire? | 

u' 

3 

4 
4 
4 

1Aaa± SD 

SJS±0.3 

ND 
103 ± 1 6 
154 ±5 .2 

237 

CV 

3.4 

15.7 
3.4 

' Levels in ppt on a lipid-adiasted basis. ̂  Female (white), age 35 yeaiB. " Male (wliite), age 69 years. ' 'The nmnber of repeal 
analyses on tbe same sample. ' Tbe sum of means. 

The only homan levels reported in the literatmc with wfiicfa we can compare diese results are given in TaUe 3. 
In general, the levels of die non-ortbo-sntetituted PCBs in the U.S. samples appeai to be lower tlian in the Japanese 
samples. The levels shoald be compared with caution, however, because the U.S. and Japanese samples were not 
collected to rqwescnt a certain population groop but were obtained ftom volxmteer donors (TaWe 3). Tbc 
observation of Tanabe &. aL (6) that in the Japanese samples die concentration of die PCBs vary in the order 
di-ortlw > mono-ortlio > non-ortho congeners is also tmc in the pooled semm from the United States (TaHe 1). 
In tiie 53 samples from Japan (6-14), tfie noiMUtho-suhstitiited PCBs were op to several orders of magrntode iii^KT 
in concentration tlian 237g-TCDD (Table 3). The non-ortiio-substitutcd PCB levels were only 15 times higher dian 
2378-TCDD in die U.S. sanqAes. 

Table 3. Reported Levels' cf PCDDs, PCDFi, and PCBs in Human Adipoce Tissue, Modieis' NGIk, and Semm. 

2378-TCDDS 

Total PtXiDs 

Total PCDFl 

33'44-(77) 

33'44-3(l26) 

33'44'S5-CI69) 

Tottl PCB-
77.126,169 

ToUlPCTi' 

Tinrt)e(9) 
K iuua i , a2 ) 
Adipofe 
Tissue" 
W«-WL 

9.5 
(6L4 -18) 

424 
(160-1,400) 

65.6 
(7-120) 

350 
(94-860) 

330 
(120-730) 

91 
(36-200) 

768 
(268-1.790) 

1.02 
(0.43-1.82) 

Miyata (13) 

AdipOM 

We«-WL 

1.2 
(0.8,1.7) 

970 
(440, IJOO 

84J 
«S9, IOO) 

39 
(21,57) 

250 
(160, 340) 

132 
(74, 190) 

421 
(407, 435) 

1.16 
(0.93. 1.4) 

Nonn (15) 
Poolert 
Molhen-
Mffl:* Lipid 
Bans 

-

-

-

30 

100 

50 

180 

-

Kashimoto 
(14) 
Adipoie 
Tissne^ 
Lipid Basis 

5 J 
(0.8-13.8) 

1,486 
(129-5,036) 

693 
(12.7-158.2) 

-

-

-

1,529 
C18(M,873) 

0.775 
(0.14-lJl) 

Pattenoir 
Adipose 
Tissue^ 
Lipid Basis 

8.8 
(8.5, 9.0) 

-

-

4.8 
(ND.9.6) 

121 
(103. 139) 

99 
(44 J , 154) 

225 
(193,257) 

Pooled 
Sennn' 
Lqiid Basil 

-

-

-

104 

39.5 

32.6 

176 

0.67 

' Levels in pa ts per tiillioiL ' Tissues coQected in 1985 fitm 12 cancer patieats in Matsuyama, Jipoi. ' Tissnes 
collected in 1986 fiom two acddenlal deaOi victims in Osaka (3ty, I ^ W L ' MSSk collected in I988-I989 ftom SlocUnlm, 
Sweden. * Tissues collected m 1986-19S7 fim 39 acddoml dead) victims in Osaka, Nan, n d Oidoawa pre£ecaues in 
JapaiL ' Data fiom tbe pceaem study. • Tissues coUecled in 1985 fitm two arriiVntal deitli victims in Atlanta. Georgia.. 
(see Table 2). ' Semm collected in 1988-1989 fiom Adanta, GetxpR. (see Table 1) . ' Levels in parts per mOlioo. 

Tanabe (9) aod Kannan (12) tutve calculated 237i-'TCDD cazyme induction ec^valenls (based on AHH and EROD 
iiKbictkMi potencies in rat hepatoma cell lines) for tbe 12 ad^iose tissiK samples tiiat tliey examined fttxa Japta 
using d a u hum Sawyer and Safe (27). By using tbe same data, we compared the eqnivalems for tbe U.S. and 
Japanese s a n q t e ( J M e 4). Tbe noo-oitho-snbstitiited FCB-126 shows much higJKi enzyme indoction ecpivalaits 
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than 2378-TC3X> (10-25 times higber for the Ji^xmese and 3-4 times higher fiir die US. samples). 

TaUe 4. 2378-TCIX> Eozyme Indictiuu Equivaleuts' In Ibman Aifipose Tissne for Non-Onbo-Sobstitnted PCBs 
aad 2378-TCDD. 

2378-Ta«> 

33'44'(77) 
33'44'3026) 
33'44-55'a69) 

VS 
ADIPOSE TISSUE' 

0.031 

0.00007 
a i3 
000014 

EROC 

0.031 

O.00007 
0J3 
ODOIO 

US 
ADIPOSB TISSUE' 

0.03 

0.095 
0.00052 

ERC» 

0.03 

0.24 
0.0034 

JAPANESE 
ADIPOSE TBSUE* 

ODS 

0.0025 
03 

0.0003 

0.03 

0.0025 
0.76 
0.002 

l^SnSSmBy^^Sr^S^aTSS^lSSt^^^DS^fSeT^St t foomote (b) 
ia TUle 2. ' See foofiiote (c) in TaUe 2. ' Mean of 12 tissnes repcned by Kanmn et aL (12). 

We have also examined non-oitbo-snbstiiiitcd PCB and PCDD and PCDF levds in vanous suMcactiotis of serum 
(HDL, LDL, VLDL, proceinX semm finxn Canada and Sweden, and adqx)se tissues &om vaiions bnman anatomical 
sites. These data cannot be innliMled in this diort abstract tan win be disctfssed in tbe toiifeiem.c presentation. 

Use of trade names is fbr ideniificatian only md does not uimiiluie endoisemem by tbe Pnblic Heahfa Service or 
the VS. Department of Heahfa and Human Service. 
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