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Pollution Patterns and Health Risk Assessment for Polychlorinated Biphenyls in

Soils from a Capacitor Storage Site
ZHOU Ling-li', WU Guang-long®, XUE Nan-dong', YANG Bing', LI Fa-sheng', DING Qiong”, ZHOU Dan-
dan’, YAN Yun-zhong', LIU Bo', HAN Bao-lu'

(1. State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences,
Beijing 100012, China; 2. Foreigin Economic Cooperation Office, Ministry of Environmental, Beijing 100035, China; 3. Taizhou
Academy of Environmental Research and Design, Taizhou 318000, China)

Abstract: Concentration profiles of polychlorinated biphenyls (PCBs) and toxicity risks of dioxin-like PCBs were investigated in soils
collected from a capacitor-burial site. Based on the USEPA model of human health risk assessment, cancer and non-cancer risks for
these soils were also estimated when used for residential and industrial purposes. It was observed that the average concentrations of total

PCBs ( Z PCBs , 22 congeners) in the soils were 6. 23, 19.3, and 1540 mg-kg ™" at different depths of 0-30 c¢m, 30-100 cm, and

200-250 c¢m, respectively. Tri-CBs and Tetra-CBs were the largest contributors to the total concentrations in the soils, making up
75.7%-94.0% . The toxic equivalent concentration ( TEQs) of total PCBs was up to 457 pg-kg™", and PCB 126 had the highest
contribution. Health risk assessment showed that under residential land uses, children was the most sensitive receptor although
cumulative non-carcinogenic risks for both children and adults (0.927-1760) nearly exceeded the acceptable level, while under
industrial land uses except for the topsoil, the total non-carcinogenic risks for workers exceeded the acceptable level. Under residential
and industrial land uses, PCBs in the soils had high carcinogenic risks that were more than the acceptable level of carcinogenic risks
(107°-107°). Inhalation exposure was the major way subjected to the carcinogenic risk as well as to the non-carcinogenic risk,
regardless of children, adults, and workers involved.

Key words : polychlorinated biphenyl; capacitor; distribution profiles; toxicity risk; human health risk
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CIF RS SEE TR ZY o K SN i D O
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1.1 FEACRE

TR AT 5 M 5 T T T — AR H T,
FEHRLAER 100 25, BHAF AR K e 37 S T
PR T m, IGHE 2 m, 7 FLA 20T PR A, o 3 A a5
Jilih +HEFRZ (0 ~30 em) K )Z 13 (30 ~ 100 cm
F1100 ~300 cm) SRAE 58 4>, Xt +- 4 PCBs % F 43
VAT TS 2011 4F 11 A 16 B 7 ST S
FTAZ I R B TR 4 2R AR R  RE LI O
~30 em, )2 13 30 ~ 100 em ( /K Ve E A7 A FF T
2) MR JZ 3 200 ~ 250 em (KBEHFEAIRE),
RIZHIRELZ SIRA LR 2 4, 6 4~ 11
R PRAE T4 €035 BB P Gy 1] 50 56 25 V8 VR ORAT
( =20°C) Z=4#r.
1.2 FEAhETAE S o3 by

FRELHSERE 5 20 ¢ (T EE) A4, INA Y
PCB209 7EM BICRAE R, A 2 ¢ 81 F B,
A 10 g To/KBRER BN, AU E O be/ TN B (1: 1,
AR, 200 mL) 7 58°C R G 24 h, $2 UK
TEWERE R B W45 5] 4 ~5 mL, LLIE O e e is
RS 45 50 1 ~2 mL; FHEZHRE SRERE S
R, 2L S0 mLL I Gk Pk B Rk 45, 1 O
EARZE 1 mL FR.

FH GC-MS ( Agilent 6890GC/5975MSD) 43 H7 #6:
W PCBs. 1L #8254 354 4 DB-5MS(30 m x 0. 25
mm [. D. x0.25 um) VA RNEAR. OGE R A

CJC e WA, IR 275°C, e 1 pl, AR &
1.0 mLemin ", %M 70°C £ ¥ 2 min, 285 LA 10C -
min "' FF £ 150°C , £ 8 2 min, L 2. 5C +min "' T
ZF275C R 10 min. %K 1F. B F1LHE 70 eV,
BRI (ELJR) 230°C, DUZRAFIRJE 150C ; &
PR AT LA 33 7 =8, FAREF m/z 235 ~500; &
HOMATIE R R D7 =, A DU A FEL AT 600 V.
1.3 s

22 Ff PCB 55 ¥4 {4 b #fE 5 ¥ 14 & Wellington
Laboratories, Guelph, Canada 23 ), 764 & 43 B 1o 72
IRE A RS AL RS AAER S
SEITOMAR , FE AR A TREFIRE S A TR LA A~
TR AR SRR AN A3 M i ) [T e 3e. bRk i
FSRIE T ZeiE A7 it MR AE 7R Y PCB209 [a11fi
RIET6% ~115% Z 18] ,RSD 7E 1.0% ~2.5% 2 [H],
AR FOMAR R ISR 76% ~86% .
1.4 fEFEXUS PN 512

FRAE € [ PR 855 4 47 3B ( USEPA ) 1Y 1k 22 ) i 3L
P EhRUE, PCBs BN I B, - AT REM BV K
P2 [ [ KB B 4 i fat B XU BF 4 < U 2B
TR R P B IXUBS: DA A58 R0 RIS Y 2 500, Xof V5
T 4Erh PCBs 1% 2 88 F 17 A R XU IE Al . DL
JZ 141 PCBs 1145 g 15 YL vk B R e ) 1) 22 R vk
JE IR A A | BRI AT A 3 Fhig Az,
FE AR Tl e =R T A& =R L
S FE PCBs Z& #2 T 19 JE 25098 AU (hazard
index , HI)%H@I%M ,\/T?(risk, R). B S KA 2 Hh
T =10 m, S HbJE RANEHHL T KAE SRR, B
icl i w73 - PG Y o N CIE -3 87 Y e )
Py G EIFERAMA (1) ~ (3) s, BRI
BHBUES % USEPA + Hefilt B XU 1740 5 k5
FeFk [ 37 b B0 55 OF A 5 g0 R0 SRR B 9T 45
OB BREUEINE | TR,

(1) &0 AE:
¢, x IR x CF x EF x ED

BW x AT
(2) Bk A,
¢, X CF x SA x AF x ABS x EF x ED

(1)

CDLygppn =

CDLy gy = BW x AT
(2)
(3) WPIGHE A,
¢, x IR x EF x ED
CDlygygn = (3)

PEF x BW x AT
XA, CDLy iy WA AR, mg- (kg-d) "5 ¢, H
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JZ 1 PCBs [ KWK BE 5 IR O H3EHR A&, BT R
B gis g i) LA & mg- (kg-d) ~'; CF Rk
%ﬁ, 10°° kg-mgfl; EF ﬂﬂ%ﬁ%ﬁ%,d'aq; ED N
FREE WM, a5 BW 25 6 W1 N NBE - K kg

CDygyppp N2 W 45 A KL, mg- (kg-d) ™' PEF
FIEAY HUN T5 CD g N 20 2 R fil 358 A
mg- (kg-d) =", SA k] 8 4% fish £ 3 % Bz K e AR
em’d ™'y AF A B2 R XT 4 38 00 W B R B, mg - om 7
ABS by Bz JR W W R

F1 BRREITENAGRESH

Table 1  Exposure factors of human for health risk assessment

e g " ) ) JaE A3 FH e

RS g Tl ) E T
IR (+EHEAR) mg-d ! 100 200 100
HR(Z=S|AR) m?.d ! 20 20 20
SA(Je A b i ) em? 3300 2 800 5700
AF (3857 RGBT ) mg-em 2 0.2 0.2 0.07
EF( BFEH) d-a”! 250 350 350
ED(#5H) a 25 6 24
PEF( L34 H 1) m’ kg ! 1.32 x10° 1.32 x10° 1.32 x10°
BW(fAH) kg 70 15 70
AT R TR ] AR S0% /808 ) d 9 125/25 550 2 190/25 550 8 760/25 550

FEBUE A K (HQ) 2 B i3 45 2 py & H
BANRTE A (CDI) 51822 Fl & (RID) 1Y 1
{8 ; U KBS (R) & CDI 5 AEAPR A T (SF) By
B 5 51 2% & PCBs A — 2 8 34 12 1 250 2401 AR
RN, AU AR WL (4) B (5) . 2475 17
LTI RERE (L0, BRI A ) B, 175
ety SRR AR B0 KU Sk T R 58 1 A8 1 XU 1B
Z A

HI = > HQ, = Z(CDI’) (4)

RID,

R, = D R, = > (CDI, xSF,) (5)
Kb HI A Z R EiEA 0 RRAESURE AR HQ, A
S — R EIREAEBURARE ; RID, 15 Qe — 2
TERRNEESHE R E, mg (kg-d) ™', R, WEH
TRy BB ; R, AT 5 — R R iR
PIBUE KR ; SF R BURRIRFE T, R MR RE T
— 7 ) 5 T G A B0 KON 1) Fe R HE R
(kg+d) *mg ™' ,PCBs ¥ 3 PR EE IR 12 RID AN
0.000 02 mg- (kg-d) ~'; PCBs & B 348 A k4
filh SF YJHUE H 2 (kg-d) -mg ™", PRI 5 A Y SF HL
{8 40. 002 18 (kg-d) -mg ™',

2 #ER5itie

2.1 B 3 PCBs AU E KF
SRS AR B S AR R 13 22 F PCBs
M e (> PCBs ) HNF 1 7. MR TA] - eV i o

%, B SIRJZ (200 ~250 em) H 3T > PCBs #e

JE A1 540 mg-kg ', b E 2 S B R R PTG e 15
HIFRUE(GB 13015-91) H1 56 F 7= dh fL & i ' PCBs
W (<50 mg-kg_l ) 1 30 %, it TR R s TH
LA A% 7 I b R b S R PCBs B R k(59
mg-kg ™) T E P R R R S A A
(1300 mg-kg ™" )" {EAR T 55 o 25 28 B 77 5 R
X -3 PCBs i (4 500 mg-kg ™) "7 WA T4
HL T 57 W 1F ff o b+ 388 vh PCBs ¥ B2 (11 160
mg-kg ") " EFE S 30 ~ 100 em 3 PCBs -1
WeEE R 19.3 mg-kg ™', B T EAF SR 1 (8.3
mg-kg ™) 1. BT A R W BHAE R 2 30 ~ 100
em JEHETG YY) PCBs () EEREX D X KA
SY PSR K e B A A AN HL 2 45 © 22 AR
HZ)E T 3EZ 3] PCBs 1542, BAE M EZE 1 (0 ~
30 cm) PCBs ¥ 6. 23 mg-kg ™", 5 T RS 4 25 £
A2 0 ~30 em 5 PCBs ¥R B (2.2
mg-kg™") S TR B R R i
K PCBs ¥ (5.79 mg-kg ") Fifi 2= 3B E
FrEh BB AR PR AR E (1 mg-kg ™)™ T T LI
Wi+ 4 b 74 b PCBs B (232 ~ 11325
mg-kg ' SEUEES 057 mg-kg ') ) He i E 4
+ 38 51 Ff PCBs M (5. 15 mg-kg ™) "V 10°
5, B TAMETTUUR Y FH A 9 90 Fl PCBs A9 B i
(0.83 ~125 pg-kg ™)', R4 HL 25 4% PCBs
T 5 1R 1975 G I T AR 238 Ak
2.2 +Erh PCBs B4 AR HE

B2 S AN IR R B - 4 h PCBs B (935 4L oK
S Horb 7 R RS> S MR PCB28 . PCB52 . PCBI01 .
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Fig. 1 PCBs concentrations in various layers of

soils from a capacitor storage site

PCB118, PCB138 ., PCB153 . PCB180 #{i\ b &4 ¥
TR 8 /R PE PCBs. AT I 3X 7 Ff PCBs 7
HAFA A K, F T D PCB, WE N
3.15 mg-kg ™', B T WL EE MR B TR X R £ op
> PCB, ¥ ¥ (2.50 mg-kg™' )™, JK 2 e p
z PCB, ¥ ik %] 856 mg-kg ', & Tang %S 2
() L ) /IME S i S - 8B D PCB, B
WRERY 2.5 %, ik kA, PCB28 7E 0 ~30 cm
30 ~100 em & 200 ~250 em )2 K H HER 2 i
=, S 3k B 4 il ik #) 1,30, 6.13 il 626
mg-kg™', 2l i > PCBs 9 20.9% . 31.8% Al
40. 7% . T PCB28 J& 7 Fi#g /"1 PCBs 2 — , A5
RN, AN TR + )2 3 P e i AR itk
A 28 XU A 0 S - LA AR

PCBs TEFREE th DA Z Fh A IR B XA 7 S 4
209 i PCBs ARy 4h#e) | BRAGHE AL, (H A5 =
PR BEPE 22 AR K, Herp 41 07 B A U5 B R i 3t
I PCBs #EPERR K, JUH LIRS 57 2 T 2 Al
PSR PCBs B M5 A, Forp 12 A5 g -
T Z5 A AR DL A 2 e 22 G ( DL-PCBs ) #IA
R EMN PCBs' S " INE 2 BRI BT S
K 6 Fl DL-PCBs, £ 45 4 4~ J4B 4 PCBs( PCB77 .
PCB126 , PCB105. PCB169) F1 2 4~ B 4L {ii PCBs
(PCBI118, PCB156). #1785 £ > DL-PCBs 7£

0.83 ~54.3 mg-kg ™' Z [A], T 15 T I [ 4 E 4 4 it
Y+ HE b 12 Fh DL-PCBs (9 5 ¥ B (0.02
mg-kg )" B TR E IS X K £ 12 i DL-
PCBs FEIKEE (0.2 ~31. 8 mg-kg ™', FIHHF 5.4
mg-kg ™) FH X AN B AF 5 Y DL-PCBs 5 4
V. BHAF A R > DL-PCBs i > PCB K
3.53% ~13.3%. 6 Fh DL-PCBs # i} & f 5 0 =2 0
AR ) PCB77 , HVR FEAE 0. 32 ~23. 8 mg-kg ™' Z[H],
i > DL-PCBs [ 38.4% ~43.9% , H.UCZ B4R
() PCB118. L8815 41 of [ 4 5 0 H% it X 9 DIL-
PCBs 7EA= 1R N & TR A7 B, DL-PCBs % %) il
TR IEAEY) RIS R TS,
It DL-PCBs 1 ¥k B V5 4 + 1Ry b B 7 2% 1)
KPE.

650
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Fig. 2 PCBs congener concentrations in various layers

of soils in a capacitor storage site
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~30 c¢m, 30 ~100 c¢m ., 200 ~250 em +3EJZ2 13-
PCBs Fl 4-% PCBs W (5§ PCBs S i1 75.7% .
81. 1% #1 94.0% . 5-5 PCBs ( PCB105 . PCB118 #iI
PCB126) #1 6-% PCBs ( PCB138, PCB149 Fil
PCB153) [y H SR (16. 7% ~83.3% ), {HHk
FERAR, Hofh i SUBER (7 ~9 &) [ R W A6 H AR
o AKX 5 Shen 45707 A A9 B ZF SR VR R 1
Hu -3 PCBs (14 35 4L A H B . [Ty Jp 45
Yo FE PN L 25 4 T PCBs B 98 o % B . F. [ AR R 4%
T RS 3-%0F 4-50 PCBs b3, 7-%
Ko 7-G 0N A EAREIR & s A . BRI ] LA DR
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