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2 o e ReaRviE e aiss APRAYIE olgte] AAsFAH 2RAG A3
FAIAE F A FR(<03 km), AL3|FAEH #-o] gls AHGFU(>10km)e] Y =HE PCBs
o] B ol AAE EH skt HAl 87/0¢] DRAIR FollH PCBs®| Hatgi=ol tho] A4l AL PCBs
o] HAEFEe ZH2t 242.77 ng/g lipid, 8.83 TEQ pg/g lipid ©IATt. 5, 6, 7 G4 X§ F=A7F AA &
9] 80%01dS AXE e /M Be TR XS Hol= °]4™A)= PCBI153, PCB138, PCBIS0,
PCB187, PCB118°]|1tl. PCBse] Fxo} S B3l A o], AW, FA9F, <4, BMI (Body
Mass Index), 715717F 53 222 W9ke] {98 FAAAE 271908 SARA S 3 A volrlo]
gl ) PCBsE=9t AAA7F ATk E3H & PCBs %9 PCB153 F%(r=0.93, p<.0001), dioxin-
like PCBs$} PCB1189] 5% (r=0.98, p<.0001)= A4 7} vl-¢- E=9kth waha] o] T 7)o ol dA=
1A FHox zHzF PCBsE%= 9} dioxin-like PCBse] ¥ %9 2| %E 32 (indicator)o] 2 4 At}

Abstract : Blood serum concentrations of polychlorinated biphenyls (PCBs) were measured in employees who
worked at a municipal solid waste incinerator (MSWI), members of residential community who lived near the
MSWI (<0.3km) and members of residential community lived far from the MSWI (>10 km). Human blood
serum samples were analyzed for all PCB congeners using high-resolution gas chromatography/high-resolution
mass spectrometry (HRGC/HRMS). The mean levels of total PCBs and dioxin-like PCBs in 87 serum samples
were 242.77 ng/g lipid and 8.83 TEQ pg/g lipid, respectively. The PCB homologue profiles showed that penta-,
hexa-, hepta-chlorinated biphenyls contributed more than 80% of the total PCBs concentration. The most
abundant congeners were PCB153, PCB138, PCB180, PCB187, PCBI118. A statistical analysis was performed
to determine whether there were significant correlations between PCB concentrations and specific variables such
as age, gender, smoking habits, occupation, BMI (Body Mass Index) and time of residence. As a result, the

age was found to be strongly correlated with serum PCB concentrations. In addition, there were strong
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correlations between total PCBs and PCB153 (r=0.93, p<.0001), dioxin-like PCBs and PCBI118 (r=0.98,

p<.0001). So these two congeners are satisfactory indicators for total PCB concentrations and dioxin-like PCBs

in human blood respectively.

Key words : Human Blood, PCBs, HRGC/HRMS
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Z ] 4 s}ulo] ) E (polychlorinated biphenyls, PCBs)
2 196635 E T8 R4 S o dEAEN A
271 AN AP e 1 F PCBse] $H73 2HFFol gt
B Aok waurt B3 ok 348 PCB £FE
o] oy yetdlA AxEom At 5 o
2] Aol ARGE AT 1 H[E PCBsH<| A4t
AHE-2 FAEHAA T o} A 7tA] BE $H7F vl A o A
PCBs7} &A1 ghe}. gk &8l 7F A d o= »2a 1
A A AEZEH Ao o3| HolAleS Fal
AW 2] "o o= PCBsE AH thF&= sk
ol AFA T APAQ] =Wk of 2} Unk Al
EodAl LREARI =& 0] 7hsdlthE RS on gt

v =373 (US EPA)} Ayt B Fe] Hiro| ¢
31H PCBsHE 8] T8 QP =RE o) W
9T 0 A0 2 E PCBsE = o2 AR |
H71, F271, A718AAA 7= 9 W=, PCBs7F &
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Julx 0 Z PCBsH2] =& w2 A% 9es:
% PCBs®] T=2 Hrheth YW= o2 PCBsH <]
% BEE GC-ECDE AMg-3lo] #2418 3t} o] 33k
Wy ey Welsk dukEel 2ol ol
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R
Me o9 5949 BEE 49alA) o
=
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H7e gA 871 S8l 5245 71HA14%(Toxic Equivalent
Factors, TEFs) 7i'd o] == At MA XA 7]7-(WHO)
= 23,7,8-tetrachlorodibenzo-p-dioxin(2,3,7,8-TCDD)*]

E Ah(Aryl hydrocarbon) =& A9} A3HS sle] A
3lA 7= tho] 84l fAF PCBsH 12% 2 A3l
PCB o] AA ¢ 542 5485757 191 2,3,7,8-
TCDD® & SARSE RdHY 545
(Toxic Equivalent Quantities, TEQs)S SA57HIFE
o]-g3te] AE I EAFFS PCBsHo] 91318 %
7hell SR8 mifEelthd 2o e sl vt
o]l A} PCBsH(non-dioxin-like PCBs)oll t]&l Al
ZAA, Az g o2 A9 ot g Bt
=3 Aok ZEfA greF vtho] $Al {-AF PCBsE 7F
Z3hd pCBO] 9138S A% 7tE s o] AhS
T A o] A7 FEHE ALFE B zHzte]
PCB o]3ZAe] s s AU F238 o) FHAE
= Aolt}h, zbzbe] PCB ol A A e F23 <l R0
(F2Ae] g2} 91A)) Wil o w7 E 7=
2101 A EsA 977 71 PCBsFoll thslAl 4l
< 7HAT B7HH o2 AR PCBs =& 479
FEFS AL S8l Lzt FH AFAbe} 47t
o 2 HE e "ojxl AFAl Jekg vlwsisih.
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2.1. AFCHARL

A3 A o] Q= A& Al AGS ATUEA
oz MY or XAXZHE A AEE AF
SHATH AL AL d 22 A} 259 (Worker), A
A3 FA A ZRE v 300 m ool 7] AFGE
o’hg A1 529 (Resident), AHL3] A4 o] B
AXE A9 F=7 109 (Resident By A7UIA=E
ARG o] Aol Fost RE tdAE HY9H
o7 e $dd 9% PCBsHFO thdk =Zo] itk
I 73T AP RSl Al A, o], A,
B, 253 5ol A HAERAE AAEeH
719t EFAE AT u) SASAT WIAES ¥
EAHE A aton o F&aAE WA
oFoitt, Zhzke] AEe ¥ Yo Bt g
JRES da® FERO g 43 w7l -20°C9]
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£ 1000 mL 872 7]
g3 BcpLe = ilﬁ-% non-ortho PCBs, mono-ortho
PCBsE Z}7} 1 ng, di-ortho PCBs 2 ng& WHE5E&E
A2 Yl 200 mLe] acetonhexane(2:1)2] F+&&
WE B3 AEs] EEA AQA/AAFES T T F

o] Bajg w7lA| x%x]/\]ﬁu]- whe] Fo7 o]

RIS ‘:V‘] "‘Bi o] ¥o] 100 mLe] aceton :
hexane(2:1) T%%UHE xH %o}c’ir/} A FE2H F
712L QoA B §7)=0) TEYUT. §=S thA
100 mL¢] —r%%uﬁe olg3ate] tA] F&& 3staL, F
33 7‘2%*1 F2S 3k 2ol 47158 F33)
of F3& Hﬁﬂoﬂ AR o} FEE
= ¥ ?%%LM SHANA FEHX HE A
Azt A %Zé% Q3 A=E
A7 & FA Azl flS o 744
AAZ A7) the TS SA A
AFE AEE At A B dEjgbdd, 45
v, HPLCE o83t &8 47lS H 8319t
et Z2HL 250 mmX4.6 mme] 2€gx ~g 2
Holl #dakA 42 FEAFTTI(L: 12)
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gt 24 gA 92 Eeo A E ol ¥
Aol AAE] A E AT ZHzEe] oS FEA
71 ¥, GC& vialoll &4 A2 55 33 PCp,
o2 X3lHE 348 EFEZS non-ortho, mono-
ortho PCBs+= 1 ng, di-ortho PCBs= 2 ng& 2%
Aol AMgE W REE Ed 9 358 15ade
Table 19 YERH T}

z}zko] e R A HEA] 7] (high resolution
mass spectrometer, HRMS, Micromass, Autospec
Ultima) 2 #2189t} GC Z4-& DB5 60m (80°C
(24)—150°C(8°C/E)—300°C(4°C/H, 2+8)), CP-Sil 5/
C18 50 m(75°C(2%)—150°C(15°C/&)—255°C (1.5°C/
£)—295°C(20°C/3, 2++)), CP-Sil 19 CB 60 m (100°C
(2+)—200°C(20°C/ ) —267.5°C(1.5°C/ &) —280°C
(12.5°C/AE, 2i)& AH&3FATE 3709 Z+l& ©]8-3t
o 22 A7 EEEHE o] BEAE AU L6t
em 737t AE Ag-de 834175 Mullin, ef
al®*Z} George Frame<] “Jt)-8-&A] ZHRRT, relative
retention time)S ©]-&-3lo] AAEISITh 2iss A
4712 10,000 ©]%e] #2lsS A8 EI 38
eV, °]23} &% 300°C, QI #o]& 2% 300°CE
AR stA . A8 o] &7 E(selected ion monitoring,
SIM)2lol] olaf 7t F=A oA MY, [M+2]", [M+4]
ol F VHE HYste] ARmEIRS AAL W

BEZEAS o83t AATAHT AZA 294
7 € Z10 2 HPLCE #&3to] a7fe] wfoz & EZEAS A3l 42 AT E A 83k
Table 1. Internal and recovery standard of PCBs
PCBs Internal standard Recovery standard

3C»-4,4'-CB(PCB15)
Ds-3,4,5-CB(PCB38)

13C,-2,2',4,5,5'-CB(PCB101)

Non-ortho 13C,-3,3',4,4-CB(PCB77)
13C),-3,3',4,4',5-CB(PCB126)
13C,,-3,3'4,4',5,5'-CB(PCB169)
13Cy,-2,4,4'-CB(PCB28) 13C»-2,2',4,5,5'-CB(PCB101)
13C1,-2,3',4,4,'5-CB(PCB118)
Mono-ortho

13C12-2,3,3",4,4' -CB(PCB105)
1301,-2,3,3",4,4",5-CB(PCB156)

13C1,-2,2',5,5'-CB(PCB52)

1C,-2,2',4,5,5'-CB(PCB101)
3C1»-2,2,3,3',4,4'-CB(PCB128)
BC1»-2,2'3,4,4,5,5'-CB(PCB180)

Di/tri/tetra-ortho

1C,,-2,3,3,5,5'-CB(PCBI11)

3C»-2,2',3,3',4,4',5,5'-CB(PCB194)

13C,,-2,2'3,3'4,5,.,6,6-CB(208)

13012-2,2'3,3'/4,4"5,5',6,6-CB(PCB209)
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BEFFAT 65%°] W3 FES B MDL
(minimum detection limit)H ]+ 0.04~0.10 pg/ge]ATh.

23. 8H2N
2= PCBs HIo|EHE 71&3l7] 3] 7|E€EAE o
33T} A28 (limit of detection) ©]3+e] A3} 7k
AESA 12822 A=A 5 PCBsY
o} AB7te] BAE Lol y] S| ujoint
Aol 3]H A o] AMEEH AT t-testo} I YA
2] (one way analysis of variance, ANOVA)< A,

Ao, 4l B3 2L TFF WF WFE Bl

i o rlo oo
b
ML o

¢

Y

N
ot e

AXOZ {3t T o7t AEA dolrr] 94
AMEEIATE BE A £ SAS ver 82 |83}

3.1. PCBso| &of LY
311 E=x Bz

Resident B, Resident, Workerv= Z}Zt & 7Hdo] Qle
A FH, A7) e AY X, 247 224
Ae] FHEEE Uepdn. ol A IS BT 5
3 F2e g ol 7t flATE 6 H4 AF 5=
A (HxCBs)7F AA 9] 45%5 VepgH 79894 8 &
A (HpCBs)= 25%= 2HA 3= 5 56,7 G4 A2
&3 A (PeCBs, HXCBs, HpCBs)7F A A 2] 80% ©]

& A Hxoln) o3t e AW 4 7
3

JS Wk ste GubE Rl #a2olth PCBsY logKy,

>
2L 0% o o o

B Resident B
N Resident
50 0 Worker
AL

40

30 4 T

Percentage

20

o
DiCBs TrCBs TeCBs PeCBs HxCBs HpCEs OcCBs NoCBs DeCBs

Fig. 1. Homologue distribution of PCBs in Korean human
serum.
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& 4794 83 FEOR AFE AasTt ZHESE
23S Zke A3 Heltb E3] 56 94 XE F
FA = 6014 7AT019] logKo, whs 7HAIAL Slo1A] o]
EF oz A A7) 4ok webr 5, 6,7 &
2 A% FEHA ¥ go] AA EE 80% oL
Hol= 8F PCB £x+= AUl 524 AFAH o

o),

312 Ozl 2% =M

Z 20970¢] PCB oA £ 1 9a A 5=A)
= A 2% 20671 9] PCBS 24135 A3 238 i Al
At Atole] TR whE o FAAE oSt A
ol& gldth FEo| ZE AFFAH AT o)A
AA FEE e o]E o]4dA FollA IPUAC
PCBI12, PCB14, PCB21, PCB23, PCB36, PCB39,
PCB42, PCB50, PCB54, PCB62/65, PCB69, PCB75,
PCB104, PCB106, PCB107, PCB109, PCB116, PCB140,
PCB143, PCB145, PCB150, PCB160, PCBI16l,
PCB173, PCB182, PCB186, PCB192E= EE A Eo||A]
3T ASEHR Zdrh. g o) 7 o] B¥
3l= o] &A= PCBI153S. 2 AAL] ¢ 22%E 2}
3t9ith. PCB1533 ©lEo] PCBI38/163, PCBI180,
PCB187, PCB118 A 9] 56% °©]’d< AA|3aL ©]
el ZxE o2 Yk Azl fARsE Y g
ZFoA F2 BE3h= 10709] o4 =2AE & PCBs9
T FoA oF 70%E A g o5 TEA X
oA M & BES BHW 5, 6, 7 GaYAE 7K
ol dAAR 53], 714 ¥ PCBI38, PCBIS53,
PCBI180-& 4§ PCB EFE(Aroclor 1260)° 4]
10.8, 123, 102 mol%<] X E Hols 5 &
PCB mixture®] 44840t} o] 23t o] JAAEL
biphenyl ring®] W EK(meta-) == F}2k(para-) $1Xo &
SRS 7HA AL Qo] tlAbE oE - Al dA
ZZo] HAT}2 717} pCB ol AAE w77t
PCB153 A= 1244, PCB28L 1.4d 502 jo|7}
e FAE mixturel! A$- 2~ A7 FH !

kA A T F2 EAEte o|dFEAE 5,6, 7
A X3k o] gFA ol o] 9] & g8 544
A F2o] golshy Tgk vty 7t Ao, A A
el F2o] 5d odll 717+ A&H o7 FHH o A
A2 thZ o] AA M Hlal] fA EAEA EE
th. Fig. 2 o4 2A F AA F529 0.1%°0)4<S B
ol o] JHAT EAIBHY o] E oA HAA F

ol thEk H)&-S vERiT
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Fig. 2. Distribution of PCB congeners.
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Table 2. Arithmetic mean of PCB concentrations(ng/g lipid) by stratified age group

21-30 years(n=14) 31-40 years(n=20) 41-50 years(n=32) >50 years(n=21) Total(n=87)
Dioxin-like PCBs 8.29 12.27 19.51 31.03 18.57
DiCBs 1.43 1.78 1.99 1.49 1.73
TrCBs 5.30 5.71 8.45 6.59 6.86
TeCBs 7.94 8.51 14.95 20.68 13.72
PeCBs 14.71 19.10 26.71 35.72 25.20
HxCBs 49.20 69.83 109.97 193.46 111.12
HpCBs 24.19 34.69 60.36 121.06 63.29
OcCBs 6.08 8.42 16.12 35.81 17.48
NoCBs 0.63 1.23 2.17 4.50 227
DeCBs 0.45 0.70 1.08 1.89 1.09
Total PCBs 109.93 149.97 241.80 421.20 242.77
32. PCBs 5% 3 Dioxinike PCBsQ| &=
ESE PCBFEE BR AT 2 FTL 20
vtk o] Wie] Jek 7 vlwE 98 vEE 54 o 5085 po0t :
AFer 24E st Yehlx & A7lM= &
=8 AYge TS ool Aol A Hw 2
o] BE= BAIA A7t I F2 EAdh= 5= =
A 9 oA AN FH ARE JENEL Tble
20 AHE=Z PCBs2| H% % dioxin-like PCBs<] g
o

FEE A
PCBs<]

M2 Fohee Aol

242.77 ng/g lipid ©] 3L

%9} dioxin-like PCBse] 5=+
O]_J_ PCBS«]
dioxin-like PCBs2] #éﬂ‘

A

18.57 ng/g lipid ©] 1t} Dioxin-like PCBs®] &
¥ PCBII1S, PCB156°] 12%9] dioxin-like PCBs
01]}"1 ok 70%= ;(].;(] §)\z] o} E/H
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Fig. 3. Scatterplot for human blood PCBs concentrations as
a function of age. Regression curve, Spearman rank
correlation coefficient and p value are shown.
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Table 3. Mean concentrations in lipid-adjusted serum levels and significance of the correlation

Total PCBs Dioxin-like PCBs
Levels
Mean(ng/g lipid) p-value Mean(ng/g lipid) p-value

Gender female(n=40) 188.12 17.35

male(n=47) 289.28 0.0127 19.61 03817
Smoking Habit smoker(n=22) 216.94 14.6

non-smoker(n=65) 251.52 0.4648 19.92 0.0706
Occupation TW3(n=25) 214.87 15.59

IR"(n=52) 280.96 0.0253 21.71 0.0039

BR(n=10) 113.92 9.72
Status? normal(n=56) 261.76 19.55

overweight(n=27) 219.15 0.3336 12.66 0.4528

obesity(n=4) 136.47 17.42
a: incinerator worker, b: resident nearby incinerator, c: resident apart from(10 km>) incinerator
d: it means outcomes of BMI test.(underweight<18.5, normal weight < 24.9, overweight <29.9 obesity > 30)
PCBI126°] % TEQ&E%Y 54%c°]4S YTl ol  Fig 39 VeI T} Dioxin-like PCBse] 5% A Y

mono-ortho ©]43 @A) Xt} non-ortho ©]43 A A 2] TEF
el 1008 X =7] wiEoltk & AFUdAEY]
H# TEQEEE 8.83 TEQ pe/g lipid2 o]v] W g
Fhtoll A dF tho]SA3 PCBs TEQ =%t H
éé‘}r/}l}’z“ 9Jte] 7918209} nwah Aoz vk

S AT E F 3H‘;"'3}E]' w2 AT oAk
E9] g9 F PCBs ¥ WiARE S50l It
o & 5 gl

33. SAEY

331 PCBs =& &% C°IX}
B AFAME PCBse] Txof 93-S F+= 89
S A6 AFNIAEZRE T2 S

71%2 st A, vo], BMI(Body Mass Index),
PBF(Percentage Body Fat), &A%, A, &7+4
FH AF7IE T QAR she] FAEA 9 A
BAE Sk voloh 22 v F vl A

ﬁ,m

S|
A4S HFY M Ao EEAE o] &3t
=3

FAEH R 2T v 59 A 4 (Spearman
rank correlation coefficient)E ©]-8-3} % t}. 1o, BMI,
PBF, &7t ¥ AF 77k a5 PCBs 52
A= Yol & ALt o2 HeyE AAAAVE 8l
o} Yol (r=0.65, p<0.01)2} PCBsE =] #Al= o
of F2 EA|5H= PCBs9| o] ™A & A7 A
WA o] ZE Al wizt7|7F o] vol 7k Frhel wh
o} F7keke A Bk ole 959 o)d Aot
FUS A0 1}o)e} PCBsTEL AEAA EEE

32 A

o9} 4 (r,=0.72, p<0.01)°] 1oH %‘i@} %—ﬂfﬂ

TE, 8 Fol| Bo] TAske A4 455 Yol
o] A= 71 1 & AU

WEY HEE 719] B 22 93] ttest 2 %’L'Er’ﬁ.
s PCBSS‘J % 2 dioxin-like PCBs & =2 Y59
X AA AT Table 39 JEHAT. 53 F4
Zkot Wl E Z} Atole] BAZ o7 F2]35k xpo] 7t QL
ATt BMI 35 AR st AAF, A7, A

HuOhl

HFto 2 57/ A & A+ Jd YA & 1240
2] 3k 2po]7} QI9UTE. o]+ BMIZto] PCBsE y
.:,]—o] AL O]E 7FA 3L E‘Eg 3 Az od;\] PCBs

oo 9]
e = MM

Z] ] o] /\1—‘ PCBss &% ¥ dloxm like PCBs 5% &
frelgk zpo] 7k ATt Azt oA 9] PCBs 443
| &3 237} AS7) W’ A e 224,
A3 A W 300 molW ol AL Qe F=H1
o —/;\—7—}';8'94 oﬂsk_o_ w= zh;]-oi 7].X-L§_ 3]. 131—73
10 kmo| o] R3] FA o] gle A FRES &7t
o] dFS A de Jdolg /S k. ol &
A F ol Joko] N2 thEA] golr7] 93
] & o5 ¥) 2 (multiple comparison)Z 3} T
4 A717F A& t27] ) Fol Scheffe's test

%3. Duncan testZ Q1S 3 th 344
kel Al A3 g Juog F

Aol gle AGFRS O Jde
F7F ST olgst A= 1dst 5F5A Y &
Folel €Jgk Aol oyt Fig 19+ 5
FAE Abole] EEAFO|7F QI wHeF A7) o
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Fig. 4. Scatterplots for (a) PCBs versus PCB 153, (b)dioxin-like PCBs versus PCB 118. Regression curve, regression equation
and R? value are shown.

Fol Itk 271 WiE7het T EFeIH FE olste] JUAAE Teiste] Heolet W] Lol B

BESE AGS FHA S40] Qojok AT A o] mFAHY o) F Aole] Feld Aol gl
B AGS FEAV =2 H 540] 917 PCBsSt b 202 uehdrh 7 gaEe] Birvholst 84414
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TEAE 384, 3FAIA Zlﬁ T 484, 3|5 A
o] gl vl A9 FE 28HZ o] IGE A}
ol FAIA ztol& voldl &gt ApoldS & F 3
AT}

Aol A= dioxin-like PCBs9] FEoA+= 79
3l z}o] 7} gig»} PCBs®] F&x9 A= fogt
zFol7t AALE ol& JA A5 FHFAEY T& A
ool o8 Azke] felgt AolE HATH W, He
it Yole 747} 444, 4342 2 o)} gl &
Ak g JeelA PCBse Hx27F B AR
W H#%5(242.77 ng/g lipid) Bt X 2 1000 ng/g
lipid & Hol= 30| QUSlth ol v+ Lt
w9l PCBsE AAbshe slehad i FRIES]
FTEFTEGE" AT ojgg ol g dut 5
S e 3 ARges 2o HEZARA
Eo] AFa §-dell 93 PCBs =Z°] UUEA]

FE FAAT 3 RS AYstE F
7ke] frel gk 2ol 7t gl Tk

_q

o B d

r:l mfi

332 PCBs & A|ESZ

PCB 153& A Zo|A] 714 o] X 3t= oA
AAo|t}, & °41‘L°ﬂ*1b AA =9 22.7% A8t
=5 224455 A dart 2 8E o] At
HA logKow ol oJs)] AW F2 o] == o)
AR Y-S 18T PCBs 20970] o427} &)
St 1 FolA Y Foll 2 BEEE oA =
10017] A Eo|th, & AFd A= PCBsE &5 &
FEA 7S o] 83t o] JFAER BAE 3L o]
JAA 9] =9} & PCBsE x99 AAAAE go}
gt PCB1539] 739 &A1 471 =0.93(p<.0001)2
2 =7 Jebsth =3 PCB118S dioxin-like PCBs
9] Fobe] AJAA 7} =0.98(p<.000)E EFSTE
Fig. 4= PCBI1539} % PCBs ®=9te #A4 2
PCB118% dioxin-like PCBs®] H%9t9] #AS )
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Table Congener specific analysis of serum samples
Mean Max 95° percentile
% Detection  Rank
ratio ng/g lipid ratio ng/g lipid ratio ng/g lipid
DiCB-4 0.11% 0.203 0.53% 2.145 0.36% 0.506 78.16% 82
DiCB-5 0.05% 0.089 0.34% 0.738 0.20% 0.403 42.53% 107
DiCB-6 0.04% 0.082 0.58% 0.984 0.20% 0.579 29.89% 109
DiCB-7 0.02% 0.039 0.29% 0.492 0.10% 0.290 19.54% 134
DiCB-8 0.27% 0.464 1.77% 3.863 1.13% 1.983 43.68% 52
DiCB-9 0.09% 0.155 0.88% 1.932 0.52% 0.845 25.29% 90
DiCB-10 0.00% 0.000 0.02% 0.014 0.00% 0.000 1.15% 171
DiCB-11 0.24% 0.388 1.32% 1.144 0.54% 0.860 98.85% 61
DiCB-13 0.03% 0.055 0.19% 0.290 0.10% 0.151 89.66% 120
DiCB-15 0.26% 0.429 1.43% 1.921 0.82% 1.180 97.70% 55
TrCB-16 0.19% 0.338 0.87% 2.855 0.50% 0.873 91.95% 69
TrCB-17 0.14% 0.255 0.67% 2.099 0.40% 0.672 86.21% 78
TrCB-18 0.33% 0.581 1.37% 5.010 0.87% 1.447 93.10% 46
TrCB-19 0.03% 0.055 0.20% 0.672 0.12% 0.175 59.77% 119
TrCB-20 0.03% 0.064 0.26% 1.606 0.07% 0.099 97.70% 113
TrCB-22 0.19% 0.412 1.83% 11.375 0.46% 0.770 94.25% 57
TrCB-24 0.00% 0.005 0.03% 0.055 0.01% 0.018 43.68% 153
TrCB-25 0.03% 0.059 0.16% 0.987 0.10% 0.139 75.86% 115
TrCB-26 0.06% 0.117 0.25% 1.583 0.19% 0.253 88.51% 95
TrCB-27 0.02% 0.047 0.16% 0.559 0.09% 0.158 56.32% 126
TrCB-28 1.20% 2.462 4.17% 20.677 2.27% 5.085 98.85% 15
TrCB-29 0.00% 0.002 0.01% 0.048 0.01% 0.010 14.94% 159
TrCB-30 0.00% 0.007 0.08% 0.100 0.03% 0.048 13.79% 151
TrCB-31 0.43% 0.859 2.39% 14.884 1.14% 1.777 96.55% 39
TrCB-32 0.16% 0.292 0.75% 2.464 0.44% 0.754 94.25% 74
TrCB-33 0.31% 0.657 2.64% 16.473 0.78% 1.058 97.70% 43
TrCB-34 0.00% 0.000 0.01% 0.006 0.00% 0.000 1.15% 174
TrCB-35 0.01% 0.025 0.09% 0.549 0.03% 0.047 73.56% 137
TrCB-37 0.24% 0.624 3.30% 15.232 0.65% 0.769 98.85% 45
TrCB-38 0.00% 0.001 0.01% 0.017 0.00% 0.007 11.49% 166
TeCB-40 0.05% 0.133 0.64% 3.467 0.13% 0.228 74.711% 94
TeCB-41 0.15% 0.370 1.62% 10.102 0.37% 0.633 93.10% 63
TeCB-43/49 0.20% 0.462 1.88% 11.708 0.46% 0.795 96.55% 53
TeCB-44 0.34% 0.790 3.35% 20.865 0.73% 1.469 98.85% 41
TeCB-45 0.04% 0.090 0.43% 2.705 0.12% 0.187 70.11% 106
TeCB-46 0.02% 0.039 0.24% 1.500 0.06% 0.101 42.53% 133
TeCB-47 0.20% 0.403 0.80% 4.968 0.44% 0.915 96.55% 58
TeCB-48 0.03% 0.055 0.11% 0.682 0.06% 0.110 96.55% 117
TeCB-51 0.01% 0.021 0.10% 0.635 0.04% 0.057 41.38% 141
TeCB-52/73 0.51% 1.061 2.86% 17.828 1.16% 2.466 98.85% 33
TeCB-53 0.04% 0.076 0.28% 1.767 0.12% 0.182 71.26% 111
TeCB-55 0.01% 0.022 0.26% 1.184 0.02% 0.015 18.39% 140
TeCB-56 0.10% 0.275 1.72% 7.955 0.22% 0.397 97.70% 76
TeCB-57 0.00% 0.001 0.02% 0.108 0.00% 0.000 4.60% 163

Analytical Science & Technology



Yo F PCBs o|/d A AE 2ol A =E ot 83
Table Congener specific analysis of serum samples
95° percentile
% Detection ~ Rank
ratio ng/g lipid ratio ng/g lipid ratio ng/g lipid

TeCB-58 0.00% 0.001 0.02% 0.053 0.00% 0.002 6.90% 165
TeCB-59 0.14% 0.336 1.53% 9.519 0.35% 0.535 93.10% 70
TeCB-60 0.31% 0.849 5.33% 24.598 0.46% 0.915 98.85% 40
TeCB-61 0.50% 1.126 2.35% 5.179 1.04% 3.266 98.85% 31
TeCB-63 0.03% 0.067 0.20% 0.916 0.07% 0.149 82.76% 112
TeCB-64 0.25% 0.635 2.78% 17.310 0.63% 1.085 94.25% 44
TeCB-66 0.67% 1.661 7.64% 35.271 1.25% 3.158 98.85% 22
TeCB-67 0.01% 0.028 0.25% 1.161 0.02% 0.019 34.48% 136
TeCB-68 0.05% 0.102 0.58% 1.294 0.15% 0.250 82.76% 102
TeCB-70 0.26% 0.750 5.63% 25.993 0.63% 1.302 97.70% 42
TeCB-71 0.03% 0.077 0.34% 2.096 0.08% 0.131 88.51% 110
TeCB-72 0.00% 0.003 0.08% 0.060 0.01% 0.024 13.79% 157
TeCB-74 1.66% 3.687 6.63% 14.761 3.33% 10.390 98.85% 11
TeCB-76 0.10% 0.288 2.16% 9.986 0.24% 0.520 96.55% 75
TeCB-77 0.04% 0.105 0.82% 3.787 0.11% 0.122 93.10% 101
TeCB-78 0.00% 0.000 0.00% 0.013 0.00% 0.000 1.15% 172
TeCB-79 0.00% 0.000 0.00% 0.011 0.00% 0.000 2.30% 173
TeCB-80 0.12% 0.201 0.75% 1.057 0.45% 0.637 85.06% 84
TeCB-81 0.00% 0.008 0.05% 0.218 0.01% 0.015 70.11% 150
PeCB-82 0.03% 0.097 0.48% 2.457 0.26% 0.302 19.54% 103
PeCB-83 0.05% 0.108 0.69% 1.792 0.27% 0.522 39.08% 100
PeCB-84 0.02% 0.048 0.08% 0.384 0.06% 0.137 86.21% 124
PeCB-85 0.14% 0.325 0.68% 3.737 0.49% 1.114 94.25% 72
PeCB-86 0.05% 0.146 0.56% 3.176 0.38% 0.484 64.37% 91
PeCB-87 0.22% 0.534 1.15% 6.753 0.81% 1.194 86.21% 48
PeCB-88 0.02% 0.047 0.11% 0.291 0.07% 0.129 51.72% 125
PeCB-89 0.08% 0.205 0.89% 5.516 0.49% 0.683 52.87% 81
PeCB-90 0.17% 0.388 0.81% 4.833 0.50% 0.890 100.00% 62
PeCB-91 0.03% 0.083 0.33% 2.075 0.15% 0.283 51.72% 108
PeCB-92 0.18% 0.399 0.56% 3.200 0.45% 1.142 93.10% 59
PeCB-93 0.00% 0.011 0.14% 0.658 0.00% 0.000 4.60% 145
PeCB-9%4 0.00% 0.001 0.01% 0.077 0.00% 0.000 2.30% 164
PeCB-95 0.40% 0.907 2.67% 16.652 1.15% 1.868 97.70% 38
PeCB-96 0.00% 0.003 0.03% 0.184 0.00% 0.000 3.45% 158
PeCB-97 0.04% 0.112 0.43% 2.433 0.29% 0.371 65.52% 99
PeCB-98 0.00% 0.001 0.01% 0.027 0.00% 0.005 8.05% 168
PeCB-99 2.63% 5.758 4.24% 17.411 3.89% 13.241 100.00% 8
PeCB-100 0.00% 0.001 0.01% 0.038 0.00% 0.000 2.30% 169
PeCB-101 0.64% 1.450 3.04% 18.059 1.86% 3.099 100.00% 27
PeCB-102 0.00% 0.011 0.14% 0.658 0.00% 0.000 4.60% 145
PeCB-103 0.00% 0.002 0.01% 0.068 0.00% 0.006 10.34% 162
PeCB-105 0.97% 2.150 2.33% 6.514 1.60% 4.831 98.85% 19
PeCB-108 0.18% 0.417 0.47% 1.487 0.36% 1.012 95.40% 56
PeCB-110 0.40% 0.991 3.22% 17.147 1.95% 2.491 98.85% 34
PeCB-111 0.01% 0.019 0.07% 0.150 0.03% 0.075 35.63% 143
PeCB-112 0.00% 0.001 0.01% 0.051 0.00% 0.000 1.15% 170
PeCB-113 0.00% 0.002 0.01% 0.044 0.01% 0.010 6.90% 161
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Table Congener specific analysis of serum samples

Mean Max 95° percentile
% Detection ~ Rank
ratio ng/g lipid ratio ng/g lipid ratio ng/g lipid
PeCB-114 0.23% 0.501 0.50% 1.620 0.36% 1.094 98.85% 51
PeCB-115 0.14% 0.340 0.74% 4.301 0.52% 0.761 82.76% 68
PeCB-117 0.02% 0.055 0.18% 0.610 0.14% 0.296 22.99% 118
PeCB-118 4.45% 9.567 13.58% 31.459 8.37% 20.144 98.85% 5
PeCB-119 0.02% 0.061 0.11% 0.584 0.09% 0.271 49.43% 114
PeCB-120 0.02% 0.054 0.20% 0.272 0.05% 0.172 68.97% 121
PeCB-121 0.00% 0.001 0.01% 0.076 0.00% 0.000 1.15% 167
PeCB-122 0.00% 0.005 0.06% 0.147 0.02% 0.013 6.90% 152
PeCB-123 0.08% 0.172 0.32% 0.889 0.17% 0.431 90.80% 87
PeCB-124 0.01% 0.024 0.11% 0.458 0.08% 0.086 31.03% 138
PeCB-125 0.05% 0.116 0.34% 0.950 0.28% 0.598 26.44% 96
PeCB-126 0.02% 0.048 0.06% 0.198 0.05% 0.117 86.21% 123
PeCB-127 0.03% 0.044 0.33% 0.410 0.09% 0.117 80.46% 128
HxCB-128 0.23% 0.503 0.83% 3.252 0.56% 1.568 97.70% 50
HxCB-129 0.03% 0.114 0.19% 0.771 0.07% 0.498 64.37% 97
HxCB-130 0.99% 2.350 1.86% 14.931 1.42% 6.032 98.85% 17
HxCB-131 0.00% 0.010 0.18% 0.358 0.01% 0.061 6.90% 147
HxCB-132 0.09% 0.224 0.22% 1.469 0.13% 0.718 96.55% 80
HxCB-133 0.08% 0.143 0.45% 1.323 0.33% 0.812 31.03% 92
HxCB-134 0.02% 0.048 0.20% 0.831 0.06% 0.175 37.93% 122
HxCB-135 0.12% 0.296 0.48% 3.021 0.28% 0.891 87.36% 73
HxCB-136 0.07% 0.201 0.81% 5.023 0.40% 0.681 66.67% 83
HxCB-137 0.68% 1.631 1.07% 9.501 1.00% 4.173 98.85% 23
HxCB-138/163  14.20% 34.004 18.06% 166.618 16.60% 85.284 100.00% 2
HxCB-139 0.00% 0.011 0.05% 0.139 0.03% 0.068 17.24% 144
HxCB-141 0.15% 0.358 0.71% 3.025 0.32% 1.136 94.25% 66
HxCB-142 0.00% 0.010 0.18% 0.358 0.01% 0.061 6.90% 147
HxCB-144 0.04% 0.096 0.16% 0.985 0.11% 0.378 83.91% 104
HxCB-146 2.76% 6.932 5.59% 52.306 3.76% 20.655 100.00% 7
HxCB-147 0.07% 0.169 0.23% 1.367 0.14% 0.407 90.80% 88
HxCB-148 0.00% 0.004 0.10% 0.181 0.00% 0.011 8.05% 154
HxCB-149 0.52% 1.226 2.88% 17.978 1.52% 3.361 98.85% 30
HxCB-151 0.26% 0.509 0.95% 2.650 0.67% 1.614 75.86% 49
HxCB-152 0.11% 0.357 1.16% 7.219 0.56% 1.798 22.99% 67
HxCB-153 21.57% 54.904 33.53% 360.531 28.92% 176.139 100.00% 1
HxCB-154 0.02% 0.039 0.09% 0.248 0.05% 0.135 55.17% 132
HxCB-155 0.01% 0.020 0.12% 0.283 0.05% 0.102 33.33% 142
HxCB-156 1.38% 3.224 2.57% 12.264 2.22% 8.092 98.85% 13
HxCB-157 0.45% 0.988 2.19% 5.348 0.71% 2.566 97.70% 35
HxCB-158 0.26% 0.567 0.50% 2.043 0.46% 1.510 98.85% 47
HxCB-159 0.00% 0.003 0.05% 0.047 0.01% 0.022 13.79% 156
HxCB-162 0.02% 0.057 0.09% 0.321 0.07% 0.147 67.82% 116
HxCB-164 0.08% 0.196 0.18% 0.962 0.12% 0.492 97.70% 85
HxCB-165 0.00% 0.004 0.03% 0.144 0.00% 0.000 4.60% 155
HxCB-166 0.05% 0.139 0.12% 0.586 0.09% 0.385 81.61% 93
HxCB-167 0.60% 1.375 1.04% 4.409 0.93% 3.157 98.85% 28
HxCB-168 0.15% 0.363 0.96% 3.881 0.35% 1.103 88.51% 64
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Table Congener specific analysis of serum samples
Mean Max 95° percentile
% Detection ~ Rank
ratio ng/g lipid ratio ng/g lipid ratio ng/g lipid

HxCB-169 0.02% 0.044 0.05% 0.204 0.03% 0.104 91.95% 129
HpCB-170 2.90% 7.007 6.53% 32.237 4.40% 18.381 100.00% 6
HpCB-171 0.39% 0.975 0.66% 4.595 0.53% 2.850 97.70% 36
HpCB-172 0.70% 1.807 1.18% 9.974 0.96% 5.903 98.85% 20
HpCB-174 0.15% 0.335 0.67% 2.726 0.40% 0.841 100.00% 71
HpCB-175 0.07% 0.163 0.12% 1.035 0.10% 0.454 86.21% 89
HpCB-176 0.01% 0.040 0.16% 0.934 0.07% 0.162 35.63% 131
HpCB-177 0.99% 2.392 1.72% 13.072 1.32% 6.397 100.00% 16
HpCB-178 0.88% 2.224 1.44% 10.785 1.23% 6.348 100.00% 18
HpCB-179 0.08% 0.182 0.41% 2.304 0.21% 0.502 88.51% 86
HpCB-180 11.15% 28.424 21.69% 182.659 16.15% 83.757 100.00% 3
HpCB-181 0.02% 0.043 0.09% 0.349 0.05% 0.108 94.25% 130
HpCB-183 1.36% 3.413 2.19% 18.471 1.72% 9.337 100.00% 12
HpCB-184 0.02% 0.033 0.08% 0.268 0.07% 0.101 52.87% 135
HpCB-185 0.01% 0.024 0.11% 0.450 0.06% 0.125 26.44% 139
HpCB-187 4.84% 12.324 7.93% 62.070 6.61% 39.592 100.00% 4
HpCB-188 0.00% 0.000 0.00% 0.003 0.00% 0.000 1.15% 175
HpCB-189 0.16% 0.390 0.34% 1.827 0.27% 1.118 88.51% 60
HpCB-190 0.66% 1.603 1.36% 7.374 1.07% 4215 100.00% 24
HpCB-191 0.15% 0.361 0.26% 1.447 0.24% 0.899 95.40% 65
HpCB-193 0.62% 1.550 1.22% 10.304 0.87% 4.066 100.00% 26
OcCB-194 1.98% 5.209 5.16% 43.426 3.34% 15.374 100.00% 9
OcCB-195 0.34% 0.936 1.15% 9.717 0.58% 2.688 95.40% 37
OcCB-196 0.69% 1.764 1.48% 12.577 1.16% 4.398 100.00% 21
OcCB-197 0.02% 0.046 0.09% 0.374 0.05% 0.131 66.67% 127
OcCB-198 0.04% 0.112 0.10% 0.824 0.09% 0.311 77.01% 98
OcCB-199 0.00% 0.010 0.08% 0.172 0.02% 0.048 21.84% 149
OcCB-200 0.11% 0.270 0.28% 2.076 0.22% 0.781 87.36% 77
OcCB-201 1.88% 5.023 4.65% 39.194 3.45% 14.044 100.00% 10
OcCB-202 0.50% 1.309 1.27% 9.431 0.92% 3.762 96.55% 29
OcCB-203 1.05% 2.711 2.28% 19.328 1.78% 6.758 100.00% 14
OcCB-204 0.00% 0.002 0.06% 0.142 0.00% 0.000 2.30% 160
OcCB-205 0.04% 0.091 0.10% 0.683 0.09% 0.274 72.41% 105
NoCB-206 0.63% 1.586 2.15% 11.838 1.20% 4.496 97.70% 25
NoCB-207 0.10% 0.238 0.22% 1.016 0.17% 0.584 90.80% 79
NoCB-208 0.19% 0.446 0.41% 2.406 0.34% 1.123 96.55% 54
DeCB-209 0.49% 1.086 1.79% 4.536 0.78% 2.554 100.00% 32
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