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Abstract: Polychlorinated biphenyls (PCBs) are a group of chlorinated hydrocarbons, which have strong biological toxic
effects. This study collected sanples from multi-media environment (air, soil, drinking water, food, etc.) from a manually
dismantling area and an incineration area of a typical e-waste recycling area in China and the levels of 15 PCB honmo—
logues were analyzed using principal component / factor method. The toxicity of PCBs homologues in two dismantling ar—
eas in environmental media was evaluated using toxic equivalency factors (TEFs) that were recommended by the World
Health Organization (WHO). Results showed that PCB honologues concentrations in the atmosphere, soil, drinking water,
crop and agricultural sanples of the study area were higher than those in the same media which were reported previously,
with the highest concentrations of PCB047 and PCBI71. The proportion of PCB)7, PCB171 in manual dismantling area
were 2% to 87% and in incineration area is 2% ~90% . The source analysis showed that the source of the PCBs was
similar except PCBI26 in manual dismantling area and PCB114 in incineration area. The toxic equivalent (TEQ) evaluation
results showed that the atmospheric ZTEQuq, was highest in the region. The X TEQ,,in the environmental media of the
incineration area were higher than those of manual dismantling area except the Dried Sweet Potato, and the toxicity equiv—
alents of TEQpgs and TEQpg Were the highest.

Keywords: e-waste dismantling venue; multi-media environment; PCBs; pollution levels; TEQ
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30 30 ), 0 ~20 cm , , 1 min
, ( . ) , 60 mL
, ( . . ) , ; o
( . ) , ( (PM,,)~ 1 mL , 4°C .
Yy L, 5 . . 30 ,
, . 50 A . 0.5
34, . 4 mL,
30, 182 o .
133 . 20 g,
. , , 250 mL /
; ( 1:1) 72 ho 75%
; 1 L, (GPC, 200 ~
, (QFFs, 203 cmx254 400 S-X3 )y , 115mL /
cm, Whatman) (polyurethane foam, 6.5 , 115 ~ 280 mL , 300
cmx 7.5 cm) (PM,,) mL o ,
, 03 ~0.5 n' *min”, 16 — o 70 mL
ho / ( 1:1) . ,
, , B CPCB208 N 2 mL
, , , 100 wL, 4
, 2 mm , 4C C o
. , 4% , 134 . 20 g
72 h , 40 d . , , , 250
, , mL /| 1:1) 72
, 20 C h. , 2~3
. , , 60 °C mL, / - o 70
12h ; QFFs mL ,
(20 C) . 2 mL ,
PUF (DCM) 72 h 100 pL, 4C .
, PUF 20 g QFFs PUFs ,
, “cpcBl4l "
(20 C) . CPCB209 , /
13 PCBs ( 1:1) 72 ho
13.1 20 g , 2mL
, " CPCBI4l " C- 100 L, 4 C
PCB209. 250 mL A 1:1) .
72 he , 14
2~3mL, / - PCBs (ED) —
o 70mL , (6890N-5975, Agilent, ) .
2 mL , ( 99.99% ) , 280 °C,1
100 wL, 4 °C pL , 230 °C,
o (SIM), o DB-
132 1L 5MS(60 mx 0.25 mm x 0.25 wm,J&W Scientific, USA),
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min~ . 1110 C 1 mn DL-PCBs » TEFs
10 °C *min™ 200 C, 1 °C *min” 250 C, TEF
8 °C *min" 290 °C, 10 min, 300 C (toxic equivalency, TEQ) o TEQ
10 min . N N N [13-6]
15 PCBs - PCDDs PSHs ,
(US EPA) :
, ° TEQs = 3.C, x TEF, @1
y ’ | ’ ; - TEQs . CGi  PCB i
’ ’ TEFi  PCB i  WHO-TEF.
’ ’ (WHO)2005 TEFs
PCBs (PCB-001 ~ PCB-005 PCB-029+ PCB-47+ PCB-77~ - |
PCB-098.PCB-05-PCB-14.PCB-423.PCB-H26-PCB-154- PCR ’
S °
PCBH67.PCBH69.PCB471.PCBH89)  (
) ) 2 ( Results)
; >099- 2.1 PCBs
" CPCBI4l P CPCB29 89% ~ PCBs
112% 3 (RSD) <5.0%, 20 PCBs
° 2o
o 5 1 WHO 2005 PCBs TEF
6 S, 3368 Table 1 TEF values of PCBs required by WHO 2005
(IDL)O ,PCBS 04 ~ 3 PCBs TEF
0 pg- , 6g 33'4AtetraCB (PCB 77) 0.0001
233'44"pentaCB(PCB 105) 0.00003
100 pL. PCBs 2344'5-pentaCB(PCB 114) 0.00003
10 ~765 pgeg™( )o 2344 5-pentaCB(PCB 123) 0.00003
16 PCBs 33'44' 5pentaCB (PCB 126) 0.1
’ . . 23'44'5 5 hexaCB(PCB 167) 0.00003
(Toxic Equivalency Factors, 33'44'5 5-hexaCB(PCB 169) 003
TEFS) PCBs » TEFs 1988 233'44'5,5-heptaCB(PCB 189) 0.00003
2 PCB

Table 2 Concentrations of various environmental media fellow PCB

/ / / / / / /

(mgeL)  (mgekg”)  (mgem?) (mg-kg™) (mgekg™)  (mgekg?)  (mgokg™)
PCBs Drink water/ Soil/ Air/ Candied sweet potato/ Rice/ Chicken/ Pork/
(mg'L")  (mg'kg”)  (mg'm®) (mg*kg™) (mgrkg”  (mgrkg?)  (mgrkg?)
PCB-001 Xts 024 +0.12 5469 +762 98071 132 241 £130 0.86 +0.61 51.65 +6.88 025+0.16
%
100 929 100 100 100 98.6 100
Detection rate/%
PCB-005 Xts 05+033 379+£952 620.16 +43.8 341 +103 324+095 3369 +5.13 037 £0.11
Manually o
dismantling ° 100 9333 100 54.8 100 100 100
Detection rate/%
area
PCB-429 X+s 048 £0.18 5863 +9.15 54196 +512 311112 303136 28.17 £4.10 0.15+0.11
%
100 86.79 100 100 65 100 100

Detection rate/%
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1)
/ / / / / / /
(mgeL™)  (mgrkg?)  (mgem®) (mg-kg™) (mgekg™)  (mgekg?)  (mgrkg™)
PCBs Drink water/ Soil/ Air/ Candied sweet potato/ Rice/ Chicken/ Pork/
(mgeL™)  (mgekg™)  (mgem®) (mg-kg™) (mgkg™ (mgkg™)  (mgkg™)
PCB-047 Xts 13.15+2.14 239701 £7266 47927 +563 31+132 974 £518 783 +£275 005 +0.13
%
100 96.55 100 788 54 100 100
Detection rate/%
PCB-77 X*S$ 0.15+0.17 879 £3.12 969 +14.12 129 £0.12 099 £0.14 1041 £142 012022
%
) 56.56 9% 100 100 214 100 100
Detection rate/
PCB-998 Xts 006 £0.13 7901 £1.13  168.77 £22.1 139 £1.12 1.57 £098 131092 004 £0.04
%
86.12 94 100 78 100 82 100
Detection rate/%
PCBH05 Xts 0.04 £001 3061 182  6252+283 024+0.13 146 £0.19 045+022 -
%
100 9 100 100 100 100 ND
Detection rate/%
PCBH14 Xts 005+0.12 497+212 10009 £11.6 121 £0.74 941 £2.14 153 £1.16 004 £0.12
%
) 78.68 97.63 892 100 100 100 100
Detection rate/%
PCBH23 Xts 0.15+0.18 711 £267 4832+ 124 503 +£3.12 143 £1.12 1687 +3.63 -
%
) 5236 100 100 100 100 100 ND
Detection rate/%
PCB-26 Xts - - - 217 +1.14 247+135 1185 +223 -
%
ND ND ND 65 100 100 ND
Detection rate/%
Manually
) " PCBH54 Xts 002 £0.12 10.13+189 3199 £5.16 023 £0.17 4.15 0672 035+0.11 0.02 £0.01
dismantling
%
area ° 100 100 86.79 100 100 98.62 4322
Detection rate/%
PCBH67 X*S 0.19 £0.09 266+098 13236 +12.1 0.83 £032 33+1.1 9.16 £ 131 0.1 £0.09
%
2.1 633 100 100 99.23 100 100
Detection rate/%
PCBH69 X*s 0.17 £0.08 143 +£3.11 7955 £12.12 048 £0.15 0.75+0.17 238 +098 0.03 £0.02
%
100 100 100 86.79 100 100 100
Detection rate/%
PCB471 Xts 1281 £3.12 852252 +103.1 8307.7+985 5893 +£9.15 37077 £11.12 9477 +152 098 +0.02
%
9333 100 548 100 100 100 100
Detection rate/%
PCB-89 Xts 007 £0.02 144 £033 30.79 5.1 03+0.08 - - 001 £0.02
%
100 86.79 100 100 ND ND 4322
Detection rate/%
> PCBs 28.08 11229.78 11681.11 84.13 413.18 27042 2.17
PCB-001 Xts 029 £0.12 56.04 £0.12 98046 x0.12 254 £0.12 0.73 £0.12 5191 £0.12 038 £0.12
%
100 100 973 100 100 100 86.32
Detection rate/%
PCB-005 XtS$ 06 +0.12 3655 +0.12 61978 £0.12 393 £0.12 339 +0.12 3473 £0.12 023 £0.12
%
100 98.62 100 4322 100 100 100

Detection rate/%
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( 1)
/ / / / / / /
(mgeL?)  (mgekg?)  (mgem®) (mgkg™) (mgekg?)  (mgrkg?)  (mgekg™)
PCBs Drink water/ Soil/ Air/ Candied sweet potato/ Rice/ Chicken/ Pork/
(mgeL?)  (mgekg”)  (mgem®) (mg-kg™) (mg kg™ (mgekg™)  (mgkg™)
PCB-029 Xts 064 +£0.13 60.13 £9.18  541.81 +32.12 337+0.75 314097 28.69 +4.14 004 £0.02
%
) 100 9923 100 100 335 100 100
Detection rate/%
PCB-047 Xts 1335+1.12 241051 £210.1 47922 +322 343 £098 1002 +245 849203 0.06 +0.03
%
) 100 9733 100 92 33 100 100
Detection rate/%
PCB-77 Xts 028 £0.12 10.14 £234 9727126 243 £0.76 302074 1169 +£1.16 0.16 £0.09
%
6326 100 100 98 39.1 100 100
Detection rate/%
PCB-098 Xts 0.17 £0.13 8036 £7.65 168.74+20.13 159 £0.72 174 +£084 171 £084 005 £0.03
%
100 86.55 100 78 100 70 100
Detection rate/%
PCBH05 Xts 038 £0.16 3196 £383 6256 +7.12 037 £0.15 1.59 £0.54 071 £034 001 £001
%
100 89.88 100 98 100 100 100
Detection rate/%
PCBH14 Xts 025+0.13 532+1.14 - 1.73 £0.65 989 +1.07 157 £0.76 005 £0.02
%
91 91.89 ND 91 100 100 100
Detection rate/%
PCBH23 Xts 126 £0.72 846 092 493 +5.16 529 +£098 06+021 1739 +121 -
Manually %
) ) ) 49.88 100 100 100 98.26 100 ND
dismantling Detection rate/%
area PCBH26 Xts 068 £0.13 466 +1.12 913203 - 409 +087 1231 +1.14 -
%
) 25 61 452 ND 100 100 ND
Detection rate/%
PCB-54 Xts 003 £0.02 1148 +1.12 3197 +3.08 041 £0.14 523 £098 057 £033 007 £0.03
%
) 100 100 99.23 100 93.33 100 54.8
Detection rate/%
PCBH67 Xts - - 13248 +13.14 1.16 £0.76 3.53 £0.56 9.82+0.83 0.17 £0.07
%
ND ND 100 86.79 100 100 100
Detection rate/%
PCBH69 X*Ss 043 £0.18 1605+2.16 7961 £7.12 091 £022 1.15+0.55 324 £062 003 £0.02
%
100 100 100 99.23 100 100 100
Detection rate/%
PCBH71 X*s 3187 342 8523.87 £9742 830795 +87.12 59.76 £9.15 37062 +46.12 9644 £9.83 1.12+0.76
%
98.62 100 4322 100 100 100 100
Detection rate/%
PCBH89 Xts 221 £0.54 229 £0.76 3091 £232 063 £032 636 +1.54 046 +0.52 0.02 £0.01
%
100 9923 100 873 9333 65.1 548
Detection rate/%
> PCBs 5243 11257.83 1167335 87.56 4251 279.73 239
' ND .

Note: "'and ND indicates not detected.
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PCBs 123 PCB-047-PCB-001,
1o (1C1.2C1\3C1.4C1  5Q)) .
©Cl  7CI) . PCBs
, (1C1.2C1- 3C1 4C1) 1. PCBs
214% ~100% o PCB-H05.PCB-14. , N . N
PCB423  PCBH26 , PCBs ©ec 7y o, PCB-
25% ~ 100% ; PCB-67 47 47% , PCB471  46%;
, . . . . . PCB471
42.1% ~100%; R 76% ~71% ~ 70% ~90% ~ 35% ~45% ,
PCB-89 PCB-047. PCB-001 . PCB-H23. PCB-047-
, 43, PCB-001+ PCB-005, 21% ~ 8% ~ 6% -
22% ~100% ° 2% ~19% ~17% - N N N
7 . PCBs (o I/ ) .
( NN . . . (1C1.2C1.3C1.4C1  5Q1)
) 15 PCBs . , . . . . .
> PCBs 1.00 ~ 1.87 PCBH71 . 76% ~71% ~ 70% ~
o PCBs 90% ~35% ~45% ~47% , PCB-047.PCB-47-
PCBH71 R 13.15 mg'L4 \31. PCB-001.PCB-23+ PCB-047 PCB-001 - PCB-001,
87 mg‘L*, PCB+47, 12.81 rng‘U N 25% ~21% ~8% ~6% 2% ~19% ~16% o
1335 mg*L"- . . . .22 PCBs
5 PCBs PCBH71 SPSS PCBs
, 852252 mgkg™ +8307.70 mg , 3 3
*m°.5893 mg kg™ 370.77 mg-kg® \94.77 mgkg”, ~ 4

PCB-047- PCB-001 PCB-



140 9

3 PCBs Person

Table 1 Person of the correlation matrix between PCBs

PCBs  PCB-001 PCB+05 PCB-29 PCB-047 PCB<77 PCB-98 PCB-05 PCB-14 PCB423 PCBH26 PCB-% PCB-67 PCB-69 PCBH7I
PCB-005  1.000™ 1
PCB-029 0999 0999™ 1
PCB-947 0076 0079 0127 1
PCB77  0998™ 0999 0998"  0.096 1
PCBH05 0905 0907 0926 0490 0910 1.000" 1
PCB-414 0994™ 0994 0992 0057 0990 0903 0896 1

Manually  PCB-23  0958™ 0958™ 0957 0081 0971" 0867* 0858* 0935™ 1

dismantling PCBH26 206 0206 6221 -6291 0164 90337 0341 6242 0063 1
PCBH54 0958™ 0959 0970 0321 0959™ 0980 0978" 0963 0900 -0313 1
PCBH67 0999 0999 0995 0031 0997 089%™ 0885 0995 0959 -0.182 0948" 1
PCBH69 0991 0992 0997 0203 0991 0958™ 0953 0985™ 094™ -0261 0984™ 0984" 1
PCBH71 0666 0669 0704 0793* 0679 0912 0920 0653 0636 0368 0830 0632 0757 1
PCBH89 0999 0999 0997 0075 0994 0914~ 0906~ 099" 0942"" 0254 0960 0997 0991 0667
PCB-005 1.000"" 1
PCB-029 0999 0999™ 1
PCB-047 0076 0076 0129 1
PCB7 0998™ 0998" 0998™  0.100 1
PCB-998 0911 09117 0932 0478 0917 1
PCBH05 0.898™ 0898 0920 0505 0905 0999 1

.. PCBHI4 9317 9314 9298 0257 9295 9162 9139 1

Incineration . . . * * *
PCBH23  0956™ 0957"" 0956 0104 0971 0873° 0860° 9343 1

area PCBH26 0996™ 0996™ 0993 0044 0998™ 0892" 0878 0297 0969 1

PCB-454 0944™ 0945 0959 0352 0948 0980 0977 075 0887 0933™ 1
PCBH67 0997 0997 0992 0008 0995 0880 0866* -0316 0955 0997 0925 1
PCBH69 0989 098" 0996~ 0219 0990 0961 0952 0262 0946™ 0980 0978" 0977 1
PCBH71 0667 0667 0706 0792* 0683 0915 09277 0028 0651 0640 0846* 0615 0.768* 1
PCBH89 09777 0977 0974 0042 09717 0882 0871* 9.154 08977 0973 0947 0978 0965 0636

area

1.0 ° 1.0 °
PCB047 pcB171 = PCB11 PCB047 P§B1?‘|
=] -
0.57 PCB098 8 %7 R PCB10
5‘-':‘ PCB“)SPCB?ﬁg & E_ PCB154PCB098%
= 0.0 PCETTIPCEBUUS Z E 00 l'uD'lBS’ucm?-
H 2 PCB029PCB7 H e PCB189PCB126
: PCB126 PCBOO1 = PCB123
-0.57 o =-0.57 PCB167
- 1.0 - 1.0+
T T T T T T T T
-1.0 -0.5 0.0 0.5 1.0 -1.0 -(.5 0.0 0.5 1.0
Ry 1 R 1
Main component | Main eomponent |
3 PCBs 4 PCBs
Fig.3 The monomer load schematic diagram of Fig. 4 The monomer load schematic diagram
PCBs in manually dismantling area of PCBs in incineration area
3 R 10 ,
, PCBH26 , ’
PCB14 81.71% ~12.31% - 94.02% ,
, : 3. (PCB-001+ PCB-
(PCBH54- PCBH67 PCB-H69 PCBH71) 005+ PCB-029. PCB-47. PCB-77- PCB-098. PCB-05+
R o PCBH14 PCBH23) (PCBH54+ PCB-

PCBs 167-PCB-169  PCBH71) 1 0.
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785 ~0.992.
¢ 3) (
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2 -0.039 ~ 0916, PCB-047 PCB-71
, ) PCB-047
PCB-71

o

81.18% +12.86% ,

94.04% ,
4. PCBs 1 0.235 ~ 0.999,
PCB-47 PCB-14 ,
0.778 ~0.999, PCBs PCB-047 PCBH14
, - PCB14
1 -0.253,
o PCBs 2 0.
015~0.93, PCBH47.PCBH14 PCBH71
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PCB471 ,
23 PCBs
7
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I
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%é 04 }
ZEE-EE 02 |
= & M
é
Water
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77-PCB405.PCBH14.PCBH23  PCB-26)-
8 PCBs Y
TEQpw 5.2Ing<L’. YTEQ 5.19 ng*
L, TEQ pepie 5.19 ng*L", 2
TEQ 0.02 ng*L"; > TEQpcs,
8145 ng-L", YTEQ 13.05 ng*L”,
YTEQ 6840 ng*L”, TEQ pepin 68.32
ng*L*.
8 PCBs X TEQpg 43137
ngekg”, STEQ 42921 ngekg”, Y
TEQ 216 ng-kg™; S TEQp  %99ng*
kg™, YTEQ 48165 ng*kg”, 2 TEQ
46834 ng-kg”, TEQ ;5169
42908 48158 ng-kg”-
8 PCBs Y TEQpu
240745 ng°m’, STEQ 239143 ngem’
TEQ pepaeo 2 386.54 ng*m”, Y TEQ
16.02 ng*m’; > TEQpes 11 53573 ng
‘m’, Y TEQ 2 393.05 ng *m’, 3
TEQ 914268 ng*m>,  TEQ pepi 9 129.60
ng'm3 0
3 ( Discussion)
(- .
N N ) PCBs o
PCB-05 , 21.4% ~
100% , PCBH67
, 21.4% ~100%

Seheln | F 045 | Sbels
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Fig. 5 PCBs congeners TEQ proportion of eight environmental medium in dismantling area

Note: M and I represent manually dismantling area and incineration area.
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° 2 PCBs ° 2 TEQpcp-160
, PCB-047  PCBH71 o 50.69% , 97.53% ~99.47% o
PCBs N N N N
o PCB-47 , . TEQ pepins Y TEQpcs,
PCBH71 . , 79.14% ~ 94.17% . WHO
PCBH71 . PCB426  PCB-169 ,
PCBs PCB-426  PCB-69 , .
, N N PCBs N , o
, PCB-26  PCB-69 L62¥ Fukuza—
PCBs 21 wa PCB-26 ,
. ’ [30]
, , PCB-26 ,
PCBs o PCB-047 PCB-71 ; Zhang T Y PY PCB-
, 169 ,
. , - WHO
, , 03 0.0l
PCBs B3 pPCBs  5~6 usasa Y TEQjcs, ,
24) ,
PCB-47 PCBH7I o > TEQpcs, )
PCBs ° P 2 TEQPCBS
, 2 . , o
. PCB-047  PCB-71 , PCBs
o PCB-26 , . hX
PCBH 14 TEQ ) o
. > TEQ , >
2. TEQpcp 0.91 ~  TEQpepux , PCB-126  PCB-69
1258.7 ng*kg™+0.95 ~ 1330.33 ng-kg” - - WHO o
YTEQ 0.9~71.74 ng*kg",
2740 ng-kg”, STEQ 0.0l ~1 (BeF—), . s ,
: © 3

186.96 ng*kg", 412.99 ng+kg™ -

YTEQ 0.94 ~97.57 ng*kg”,
40.15 ngkg”, YTEQ 0.01 ~ 1232.
76 ngkg”, 410.66 ng*kg” -
2TEQPCB426 ] 1
18535 ng kg1 231.0 ng-kg™ -
PCBS TEQ P}
. PCBs TEQ
[25]
5 , PCB-69
PCBH26  PCBs ,
» TEQ PCB-69 ZTEQPCBS
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