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K- SIS HAE FOR IR, 45 5 W, T B2 HIERER R D PCNs IO 4N 0. 062 ~2.92 ngeg ™", F-44{H N 0. 630 ng-g ™'
LR A tetra-CNs Fl penta-CNs 2 f5 25 5 I [R5 AA, 2031015 18. 4% ~ 88. 8% (SF-Y{E K 46. 7% ) 1 8. 40% ~53.1% (“F-¥{E
4930, 7% ) , HKJE: tri-CNs, BN 0 ~47. 3% , FHI{E ] 10. 6% . BZEHr BB =Y 00 £ 80, R FE 5 5 3852 Halowax
1014 1 Halowax 1013 TG54, PCBs Tl & oF L 2 Mkt vl BEXTS YA sumik. 5 B AR BEIF5EAH L, IFFE X 3k £
Herh PCNs {5 ik T 557K

KRB TFEY,; 14 2628, S 0 okIE

FESES: X131.3 XHEFRIZE. A XEHS: 0250-3301(2012)01-0247-06

Level, Distribution, and Source Identification of Polychlorinated Naphthalenes

in Surface Agricultural Soils from an Electronic Waste Recycling Area

WANG Xue-tong', JIA Jin-pan', LI Yuan-cheng', SUN Yang-zhao’, WU Ming-hong' , SHENG Guo-ying'”*, FU
Jia-mo'”

(1. Institute of Environmental Pollution and Health, School of Environmental and Chemical Engineering, Shanghai University,
Shanghai 200444, China; 2. Ministry of Environmental Protection of the People’s Republic of China, Beijing 100035, China; 3. State
Key Laboratory of Organic Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640,
China)

Abstract; The concentration of 46 polychlorinated naphthalenes ( PCNs) in the agricultural soils from Lugiao was analyzed by GC-NCI-

MS. The objectives of this study were to investigate the contents, spatial distribution and sources of PCNs. The total concentrations of
PCNs ( Z PCNs ) in soil samples were in the range of 0. 062 to 2.92 ng-g~', with a mean of 0. 630 ng-g~". Tetra-CNs and penta-

CNs were the predominant homologues in most of the samples, accounting for 18.4% - 88.8% and 8.40% - 53. 1% , with average
values of 46. 7% and 30. 7% , respectively, followed by tri-CNs, accounting for O - 47. 3% , with a mean of 10. 6% . Cluster analysis
and combustion marker analysis showed that the sampling sites were mainly polluted by Halowax 1014 and Halowax 1013, also possibly
polluted by PCBs mixtures and e-waste combustion process. Compared to other studies, the PCNs concentration in this study was at a
medium level.

Key words ; electronic waste; soils; polychlorinated naphthalenes (PCNs) ; contents; distribution; source
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1.1 FERIRE S &

2007 4F- 3 F SR N TTEEAR X 41 4> R0ll +- 4
FER (20 ~10 em) (A0 1), BASFE S FE 100
m x 100 m FITEREIN B3 ~5 & REZ 1Y
TRATAL. 5 R O A e 5l I S2 30
WA G 2 60 H i, ke AR iR h s &,
IR RS CARAE A5,

E1 tEXRBESSETE
Fig. 1 Map of sampling sites

1.2 trifEY S AR

PRI — 5 H e | OE O e S S e (3SR A
afi, i E 2R, R 2B SR R 5 Ik 7E1R,
@B T T ), WIR(@igal); fEk
(100 ~200 H,130°C Fifift 16 h 2 H G FRILAL B,
SR RIAE R, A B T, T 24
h); FPPESALE (100 ~200 H ,130°C Fififk 16 h 5
AN 6% WRB 4K T5 Ak, 7o 0¥k B4 %
BORE R TR P8 24 h) 5 BEFZE K AL R-215
(#5+ BUCHI) ; Milli-Q #4i7K AL ( 3& FE Millipore 2
A]) ; ENVI™-Carb BEAHZEHCH: (250 mg, 3 mL) 5 &
AR B (32 Supelco A A]).

PCNs #rEE: Halowax1013, 1014 Fl1 1051 ( & #%
HW1013 . 1014 F1 1051, 3% [E Accustandard 23 H] ) ,
KR N FR" C,-PCNs (°C,,-PCN27 ., 42, 52, 67,
73 #1175, K CIL W), #FFENPR PCB209 ([
Accustandard 2N 7)) .

1.3 FEShTTAL I

HERRIFRI 10 ¢ H3ERE, 5 10 ¢ TOKBRRENIE
BHE) A —E 7 B N AR (P C,,-PCNs ) J&, H
150 mL N/ IECBER G (1: 1, R L) 2 IREREL
24 h, S HUTTE PR BEI AIAH B 15 A4 R $2 5K
W2 78 R AU 4, 5 R0 e 4 Ry T O e vk I
PEPOR HRER/ AR ZE A 4H(30 cm x 1 em i d)
Ak, BER BRI, FH 50 mL 1E O ke e, R Rk
4% 1 mL. SRS B A U (/VE RSB YO 20
mL N 20 mL H2EH 20 mL 1E 2 BEibkvk) | BE i
AR HIE C et 525 FEH RN, VI
Wk FEE R G A SERE N AR PCB209 , 52
ERZE0.2 mL,Ff GC-MS M E.
1.4 BT

A T B A 2S A Agilent 6890N A AH 1,33
5975 JEiEER AN (E 1 Agilent). A3k 554 . w1 4R R
BE75°C, £ 4% 1.5 min, L) 10°C « min ' 3 F T} 2
180°C , f44% 5 min, LA 3°C +min "' E T} 2 210°C , F
PL2°C «min ™S ETFF 246°C , F )5 LA 5°C +min 7'
¥ TF 2 280°C 4545 5 min. JRIE S BTy
fh2F L B (NCL) 5 322 TR 280°C, B 1 IR IR &
250°C , DUBRATHRLEE 150°C , SO S0 i be s Bdi R 46
SRR AR (SIM ) . SR AR B B 1) A0 % 92
FENE, WFRIEE .
L5 B fiE s e i

PAPC o -PCNs AE 2 I3 YR, PCB209 1 it
FEWPR. BAREE PR 5 BUmAR BICR H 61. 5% ~
108% (n=5). %8 12 MEEMIEIN 1 NS E 25 LR
1 AEATRE . SEATRE S A XS R HER 25 < 15% . L)
AR A R 3 OAE A MR L AR S O ik Y R T RR
(LODs), LODs 4 0.002 ~0.005 ng-g~". £ & [[]
WA A FR" Co-PCNs IR KT 80% . 43 Hr 4k
KRG BCRKIE , A 2551 8 T E RN,

2 ZR5iTie

2.1 PCNs 754K B oA R ik

JITA R il R T RGN 2] PCNs , 1H4% [R] 24 146
R Bk 22 5. PCN14/21/24 , 23, 37/33/34 .
47 . 28/43 . 48/35 . 38/40 . 52/60, 57. 62, 53/55,
59,56, 66/67 . 64/68 . 71/72 F165 45 29 Fa]2y)
RS R K T 70% , PCN36., 27/30, 32, 46, 41,
63, 73 Tl 74 55 9 FP R LW B9K: thRAK T 50% . i
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2.92 ng-g ™! AN 0.63 ng-g™'; 7,29 12 5
BSR4y R 2,92 2,73 #12.19 ngeg '
HIRIE 18, 1419 FI21 SRS, W BE 433 R 2. 06,
1.23,1.20 1 1.13 ng-g~'; H A RE & vk 2 A%
(<1 ng-g™"). NZSIE G0 L T G i i SRAE A5
TEFEHT I X LA R B X (] 2) |, FER BN AR TS
Yy HA X IR S 1 PCNs 7 1383k 54K

A 5T R 4 © 0 A XT3 M I (relative
potencies, REPs) V& RE B PCNs B R PE Y
U (TEQs ). TEQs & Fl (L T HEit, FH) 78
1.10 x 107" ~ 1.05 pg-g ' Z 8], FH{E N 1.35 x
10 ' pgrg ™", B TEMEHLIX THERTS B 1 x 107 ~
8 x10 *pg-g~ "', PCN66/67 ., 64/68 . 69 F1 63 J&
TEQs 1Y 3= 2 5T #k %, 72 5 TEQs 1) 87.0%. 5
> PCNs Al AR, 19 SHER 9 TEQs fE K,
HYCH 14 21 5, FERF XL S 1 66/67 %
B E, H 66/67 (9 REP %5k, 66/67 Xt ik 4%#E
it TEQs TTBRE ST 91H 97. 8% . 96. 2% H193. 8% .
2.2 PCNs [AlJGARI 4 AR IE

PCNs T 43 9 Halowax1031, 1000, 1001 .
1099 . 1013, 1014 F1 1051 % 7 25" PCBs Tl i
Aroclor1016 | 1232, 1248 | 1254 , 1260 1 1262 ( f&i#x
Arl016 . 1232, 1248, 1254 1260 #11262) hL &4
/D) PCNs , {H 1 PCBs Toll &t 4 FH BB PCNs
R PCNs Tolk S B 19 V107 s 7= g 1
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H MU BEHAREA A u o
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z BAOHEAAA BB AE
EO GO RAG B ED A
MK E P ~B-R- e 4 7
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vy
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HAWBEHNHA £ A ¥ 2| e
A H HE 1 AR EARAM
O My
g ’ 4 [
i B H b
5 7

S JODCN

IR

A AR R RS

LIS

Az pE AE ARAT R AL A T BE 1 B
PR PCNs. FE i H 45 Fh PCNs [a] iR Y B 43 25 5 4
Fl 3. Al DUA A % AR N tetra-CNs Fl1
penta-CNs, 73 %] /5 18.4% ~ 88.8% (¥ ¥J{H N
47.4% ) F7.2% ~53.1% (FII{EH R 30.3% ). 14
HEA T tetra-CNs AHXT 51 >50% , Horp 4 M
(18,39, 40 F141 FHf) 1 tetra-CNs AXT & & >
80% ; 12 M FEfh h penta-CNs AYAI X & & > 50% ;
HYN wi-CNs, JEFEILE 0 ~47. 3% Z 18] (SEH4{E N
10.5% ). Hexa ~ octa-CNs [¥ & & X} Z PCNs 1k
BN, 50 0 ~36.0% (SFXIMEN 9.3%) ., 0 ~
5.0% (CFE{EH} 0.4% ) 10 ~24.5% (FH{E N
2.1%).

E2 +ifEd > PCNs ZEZ
Fig.2  Contour map of Z PCNs in soils
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AN - o o o

SRR OO 2ttt

A OO 1
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A AR AR R AR R AR R R R RN

B3 LM PCNs FEREHENESE
Fig.3 Percentage of PCNs homologues in soils
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BIEFERE -5 Tll it i PCNs [R] (A 2 By 5
A, MR ST PCNs 1] BERR VB, AWFITXF 41 S FE
fi . 7 2% PCNs Tl i1 6 2% PCBs Tl fhiff AT T Q-

FIRAHT (K 4) . i 4 T T A SR RE SR Tl
AT AR 4 RIS — 2 dE 18 AMFR S Tl
HW1013 F1 Arl016, ¥ B 1% 28 ok A A % %2
HW1013 fy75 Y%, Arl016 7] fEXTI5 YL 47 TRk, &
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25 }| | % (H Ak > PCN,, ), MM > PCN,,/
H= i S PCNs T Tl HhG H A LA ket sk
5 |
55 ! B, ATRIER LKA R F R R U
o[ | SIHT: 41 BT P 585 — S HE S U 2 A B
4 |
HW1013 i > PCN,./ > PCNs K T HWI013 ' iy [t {H
sH | (0.21) , F WA TR/, F 2 T AL T5 5
3 1 i =23 AMRER A 19 T HWI014 1
L2h i > PCN,,,.,/ > PCNs (0. 13) , FH1H K 0. 29, 354
iviop ] | o 4 iy T BRI TN 2K T A PONs 15 3
HW1000 | O ek LK
20 M u
s i 2.4 5T HISK B LB PONs 15 5 K B
2 H l Hed
- I
10 | AR %5 R 5B BIATEE (F 1), )
i ! %1 ALt BRI B PONs 1935 2k
| " P TR LR S P9I AL A
’ 2= Tall X A2 R T IX Y N A
I ! PR (R T T - A TR
7 i WA HcHl ) SE R I 5 gk
uiz4e [ ! R Tl M X 975 Ok P (A1 560
26 ! peeg” VAL, £ M B BF 10 B T B WAl 2 e B
o i 5 BN ey PCNs 15 %K FJ6 AR, 7T A
T | R T 24 MBI B SR IR, 42 T P T R
i ! X 214 B 555 5
HWI1051 |
Ar1260 3—‘ | mk 3 B
Arizss I "

4 +IEHSS PCNs 71 PCBs Tl @Ry RIS
Fig.4 Dendrogram for soil samples, PCNs and PCBs

technical formulations

TR Tl S HW1031 . 1000, 1099, 1001 Fi1 29
SRER, UL 29 SRR A B B Z KSR PCNs 195
M s 55 = AR 22 SRR Tl & HW1014 Al
Arl1248 1232, UiB HW1014 XF F ik 22 ML S 52
R, Arl1248 Fl 1232 3 1] BE X G 28 #F 5 1) PCNs
TS YL AT BTMk; AR PUZE Sk PCNs Tl i HWI1051 .
PCBs Tl /it Ar1254 | 1260 Fil 1262, 3% 26 Tl 5
F 5 E AR PCNs, JORE 5 H4E AR .
TEMF T X 35k N B8 A7 7E Ko 19 L 1 R 0 B i AR

(1) Fr A 1 58K & b 34 6 &6 U 2] PCNs,
> PCNs fr i 7E 0. 062 ~2.92 ng-g ' Z [, V- ¥
S 0.630 ng-g ™" FTE YL ek 3 B BT PU R R, EL
FERI A ST G

(2) ABF5Y X 38, £ 3 1 i) PCNs DA tetra-CNs Fl1
penta-CNs [F] AN 3, HRKJ& tri-CNs [R] 544, hexa
~octa-CNs Xf > PCNs [ THkEL /.

(3) W B FIR be 48 7= W) o B &4 R R B,
X K A A2 HW1014 5 4%, PCBs
Tl &% Ar1248 . 1232 F1 1254 A] EXF 2 RE 5 1Y
PCNs V5 Q4 A 5Tk, H R R R A 3R e i
IR AR EEZ HWI1013 154, Arlo16 A
Al BEAE RZ .
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#£1 EMSMLESR D PCNsHEE(TE) /pgrg’

Table 1  Concentration of Z PCNs in soils all over the world (dw) /pg-g~!

TR P S PONs ik
R ELRR 1 PIYNESR: 12.9 ~28.9 [15]
W= A 1 SR Tl X 4 350 ~1 100 [8]
+ B H: Hatay Al Iskenderun Jt3 Tk X +- 4 280 [21]

32 ~ 180 [10]
PG BEF Tarragona 45 AT X ST AR A ) 13 17 ~ 142 [22]

39.4 ~152.8 (23]
81 Bayreuth il e Wi A TR b e <100~15 400 [24]

1% [% Brunswick 17
Y2 [¥] Broadbalk 1 Luddington Al 56 H

A MR IX

SR BRI Y 0

TS 5 oA FH 75 8 4
AR X AN 4

AHF: <100 ~820
1 790 000 [25]

Broadbalk ; 320 ~ 16 000
Luddington; 420 ~6 000

62.0 ~2 920

(4) 5 E ANSMARHE T L, AW 5T 4 3

PCNs 155 Ab TS5 0F B S i A 53R B 2L 32
BT IR ARG SR .
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