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PEAT T VRBIE , SR FH 2 ER AR B OM (3% - AL T AR AG I 2% ( SE-GC-ECD ) 3 % H5 e - 3w 757578 (HCH ) A7 43 M. &5 3R 3¢
B TR SREE ST SN/ 4 PSRRI R 100% . 0 ~20 em )2 TR 99 BE A1 BA B s, Mok
Bi( > HCH ) I 7E0. 034 3 ~19. 560 8 mg-kg ™" ; BiiJF Bt H0 O ~ 80 em T fif -3 FP1 757 7 vk FEE i - 908 B 1434 ot 52 3 552
HEBNE N BRI (D HCH ) JEFIFEO. 0313 ~0.294 7 mg-kg ™. 3 3o %75 e ) (K9 LA BT & B, 4 b S A P 25
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Residual Characteristics of HCHs in Soils of a Former Lindane Production

Enterprise

PAN Fengl , WANG Li-Ii' , ZHAO Hao’ , YOU Qi—zhongl , LIU Lin'

(1. Key Laboratory for Yellow River and Huaihe River Water Environmental and Pollution Control, Ministry of Education, School of
Environment, Henan Normal University, Xinxiang 453007, China; 2. College of Environment, Nanjing University of Technology,
Nanjing 210009, China)

Abstract: In order to study the soil pollution status of the fields left by organochlorine pesticide manufacturing enterprises, soils from a
former lindane production enterprise of Xinxiang were investigated in November, 2010. A soxhlet extraction-gas chromatography-

electron capture detector (SE-GC-ECD) method was used to detect the HCH residues in the contaminated soil samples. Results showed
that the detection rate of the four HCHs isomers in each sampling site was 100% . In the 0-20 cm topsoil, concentrations of HCH

residues ( Z HCH ) changed with volatility, ranging from 0. 034 3 to 19.560 8 mg-kg™'. In the soil layer at 0-80 cm depth and

around the center point, concentrations of HCH residues ( Z HCH ) first increased and then reduced while the soil depth increased,

varying from 0. 031 3 to 0.294 7 mg-kg™". Analysis of HCH composition showed that concentrations of the four isomers were in the
order of B-HCH >8-HCH >y-HCH > a-HCH. The average percentage of B-HCH isomer was approximately 50% , which was obviously
higher than those of the other isomers, indicating that there was no recent input of HCH. The results showed that over the recent
decades, the HCH level in most of the soil samples (67.9% ) were below the residue criterion of 0.5 mg-kg™" of the China Soil
Environmental Quality Standard ( GB 15618-1995) , indicating that they were safe. However, soil samples in western and eastern parts
of backyard near the production plant were still seriously contaminated, the HCH concentrations in which were 1.5-20 times higher
than the residue criterion of 1.0 mg-kg™" of the China Soil Environmental Quality Standard, causing great potential safety hazard to
human and environment.

Key words:HCH ; contaminated soil ; residue characteristics; composition analysis; risk assessment
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CL 228 FHG 30 4 (B 7E HHEAREE TP A |12 1 3%
BRI IR AE A WL A P A st B8 3 b A - g
A LA 24 1 B B VR T

PATE LT, 2 EAPUEARZY R . S/
AN ESE RURE) 5 YA BoE A g
o TRk 2y R )Z LAY HCH Al DDT 75 4%
ARTE , R 2B A P W e 3 iy =2 A DG A R ofe, D
25t 20 ZAFR MR, ) IX 0TS YR AR Ak ™
L AR SRR T HCH AR 7R Ak £ s b
HCH 3%%, > HCH {H& KW 271.72 mg-kg ™', iz
o T P AR . X RIR AR BT T 2442 7= DDT
fR Al ) X PN B JE BBl 38 DDT B)23 i) o A LA, 45
SR =) DX Yo o, A 2 R A R )2+
HErp DDT S E5 1410 000 mg-kg ™' LA b {HAFXF Ak
FHAE Al st B 3+ 38 rh 7S 7575 5k B ARRAE 1 4GE
e HARE M 1990 4ETF Uk AR T XA FH BR 1
FERHE O T AT T Y B R AE B L
PE ARG X BEAR PR A 77 A i A 35t B 3 b i
1Y 4R R RO Z T - A TR b 2, 2
GC-ECD 24l , T % 5 M 7S 7S 75 10 5% B8 0 A
FEAE S m Ge ki, FF%F e b 3% B 757575 (HCH)
EFT IR PEA), RAS oA 26 75 Y 37 i 174 S 1+ 158
B2 S AR .

1 #MR5EFZE

1.1 EZEUZRSEG

SR 5,35 A (7890A , Agilent ) , {43 4% 24 DB-
624 A1 % B 414 635 A (30 m x 0.25 mm x 1. 40
pwm) ; BEFEZE RN (RE-52, i 5 A0SR ) ;
BRI K B (HH-2, 4 35 BT AR A BR 2
Al B OHEENAE(10 mm i. d. x200 mm).

ANAN/SH 4 FRAR (a-HCH | B-HCH | y-HCH | 8-
HCH,10 wg-mL™" in Cyclohexane ) W4T H REFHH A
FRZy A5 1EC%¢ (HPLC 2%, J&K Chemical LTD) ; IE
CUBE (AT 4l [ 24 45 AL 25 R A BRZA D) 5 P
(B4l 3 P R A AR A /) 5 B e (bT
i, 25 AR BRA R 5 TOKBREREN (43T
afi, R AR R RACZEEGR) 5 fEM (24T
FHRH,200 ~300 H, & SEFLTT ).
1.2 FRELCRE

JIT BR80T G2 S P4 2B 7= Al i 35 FE
M, JFOMPHRY A P A T T IX AR LA MR A
P2 TRV 6 22 Hb T 35 FH /K e B 4k, Dol ) 7
W K et - IR G A . SRAE DX 3k 46 JpR

FRR A= 2R IR HT 5 BE 25 Hi (DL 1), R FH RS A
S TEM AR AR M A A, RS REE 0 ~20 em
122 13 JFERTE B b0 s QDZ2 | DZ2 Ab 53]
RERIZ 20 ~40 cm, 40 ~60 cm ., 60 ~80 cm 1 HE
FESL ICHE QDZ4 . QDZ6 . QDZ8 . DZ4 . DZ6 . DZ8;
Je BE PG H R BN I = AR R VE 2 | IR )Z
T4 0 ~20 em 2, 430l REEFE G ICHE X2Z21, X722,
X7Z3, FE R B B 325 R BT, Bl o 3 A7 B SR A A
IR 5. TR AERE (e AR SRR S A RS2
K. FERTEE N ARG, 25 IR R A, Bk 25
A1 VTR B AE SRR ST 2 BT, FH DU 43 4 B i
7,3t 200 H (0.071 mm) §ii 5, B AKE R4S, T
- 20°C VKA TPAFIL.
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Fig. 1 Map of the factory and sampling sites

1.3 FES T

HERRAREL 2. 000 g HIERESL, INA 2 ¢ TOKGRIR
B, TR AR BT R RIS IR AR E D mALE
CLBE-P A CARFREE 1: 1) BTR A7) 150 mL, ¥ A %L
A, T 60 CoKI I, H 45— R BRI LR I i, %
SR 24 h BRBURZS IR 78 R W45 2 1 mL, WA
10 mL IECLE i, B4 2 1 mL. W4d J5 1 42
WA EMHEL, FO k- 8 (AR 1:1) 1R
B 35 mL PRUE. WOAR DRI, e 78 e i & 1
mL, A 10 mL IEC KT, FRREA 2 1 mL, LR
SIRT, R aiE 2 bEE 2, FEIAE.

FN7STS A AT I RE SR Agilent 7890A S AH 4
A, BCAT w-ECD il 25, 5 2683 (> 99.999% )
ﬁﬁ%,ﬁ%ﬁﬁﬁﬁ 2.0 mL+min".

s S A HERE IR 250°C 5 A6 00 48 L B2
300°C. BIATRFE 120°C , L 10°C « min " 1 3 R TG
£ 220°C ,1%%% 10 min, L1 5°C ~min "' B R THE
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£ 250°C , PRHFF 25 min. R0 AR R T 20, AR
=R 1.0 plL.
1.4 FraiEl
1.4.1 FRiETAEMLZ

ARSI 053 2k AR TR B PR B R )
KE75757S IR G R i B W o B ) 1 — R BV

0.005, 0.01, 0.05, 0.2, 0.5 mg-L™ "W FruET
YR, LA i 1 AL (Y) SR (X)) AR 2R [l A )y
TR AFH SIS 4 Fh SRR AR T R et
FARFRZB R (WF1). 7£0.005 ~0.5 mg-L '
LN, 25 SRR AR I et G 3R AT, T IR it R vk FE )
FELRPEIE R Y, 45600 22K

®1 SRUENHZEER, ZEFERR

Table 1 Linear range, linear equation and R? of each isomer

¥ieai] LRV /mg- L LI R
a-HCH 0.005 ~0.5 Y =76 554X -378. 59 0.9995
B-HCH 0.005 ~0.5 Y =42 538X -135. 89 0.9995
v-HCH 0.005 ~0.5 Y =95 459X -340. 48 0.998 9
6-HCH 0.005 ~0.5 Y =96 041X -534. 59 0.999 5

1.4.2 sk R

HULERE MR L (S/N) S 3 B I AR A it VA B AR
TSI HERE (0. 85 wg- L") KEHAC I 8 IMZH Y
brke, R DME 8 U, AR 2 &, I35 8
TN & 1Y b oE D 22 (S), A& K 1 BR (IDL) =
3.008. AN/ 4 FhRA R - HCH , B-HCH | y-
HCH, 8-HCH Mt BRI R 0. 3 pg L', FEBR
RS TSNS/ SR BER R DL L A5 B IR 1 i
(ARSI 7 v 2K
1.4.3 FAEEE

XF75 75 75 TAE il 42 9 s A4 9 vk B2 {E 0. 005
mg-L™' 0.5 mg-L™' IR & bR FE 43 514700 2 6
WK, Fe W T AR T S X AR T IR 22, RSD 17 4% L),

T, BA RIS B AT G 2R, s Frid #i
BEALIE ABRERE 5, £5 16 br 35 52 50 B 25 S 1 AH X iR
ZEVINTREEOR W IR 22 K.
1.4.4  JinpsEeER

WER AR IR — L3RS 6 17, 0 BUImA — & &
PR AW (a-HCH | B-HCH | y-HCH | 6-HCH 2}
1000 mg-L ™" (YA FRAEE ) ,3 AWK (B
KT 1.5 pgeg™ s WIAKET 2.5 pg-g™';
IAKSEI 15 wg-g™") , BRI 2 4,4 1.3
T XSRS AT A3 0 R, T TS R A R
FRUE(m 22 , 25 0 W3 2. FE R i 2 bR i T,
2 SRR TS0 T4 7 85% ~ 120% 2 1], #H
SRR AR 22 Y9 7E 20% VLR 4540 T K

F2 EBERMEHMIREKZEEE RSD
Table 2 Spiked recovery and RSD of each isomer

i Bl % S R % RSD/%
I I} I
a-HCH 89.74 71.46 93.83 85. 01 14.01
B-HCH 112. 56 112.3 85.25 103. 37 12.4
y-HCH 125. 84 116. 05 84. 54 108. 81 16. 19
5-HCH 125 143.8 98. 45 122. 42 18. 61

2 HR5iITE

2.1 RIZHEEPISISISHIRE A REIE

HCH FEARPT A 7= A b AT 35t B 2 R
22 NEESL, EHTAR S R GC-ECD 40 Hrilll |
HAE RT3 3.

H 2 3 AT, IIr A R s 7SS 7S 1Y 4 Fh Al
N =S NIE P o 4 & T AV AWAWAN B 585 e
(> HCH ) Ju[7E0. 034 3 ~19.560 8 mg-kg ' ,4
P SFFYIK o-HCH |, B-HCH , y-HCH | §-HCH )%
BB 100% . KA X P, NSO Bk B o

( > HCH )WRES T 1.0 mg-kg ' W94 18% A 47,
B TR S e DA RS SR AR IX R 5 3 4 30 D A 7 4 ) )
PSR . TS G R o VR B ¥ e DXl (5 3 X
AR IR/ N— 5, 52 15 Ye g AR 45 vh. 2 R
I AR A PSR TR A R A SRR AR R
AT, D47 tbAHE f A 32 F9 KPR SR K 22 R RR 48411
B A AR A 38 X L S 2 R 23
METRCAE A 7= 2R PG 3 ) 25 b sl SR T ) B HE . BT
FL B B AT TR A B IR 2 e o e 2, 2B 114 Al
P, R A 2518 A 48 3 U™ Y Bk B RTTS
e, J3H0 T IR 2 A 7 R e it Rt v P AR
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Table 3 HCH contents in top soils of the study site/mg'kg’l
PRI a-HCH B-HCH y-HCH 8-HCH > HCH
DBI 0.007 9 0.0302 0.008 7 0.014 1 0.060 9
DB2 0.0126 0.054 4 0.0219 0.024 8 0.1137
DB3 0.008 1 0.023 8 0.013 1 0.0145 0.059 5
DZ1 0.029 3 0.046 8 0.064 6 0.0326 0.1732
D72 0.0119 0.034 7 0.0120 0.018 4 0.0770
DZ3 0.0173 0.0729 0.0919 0.042 8 0.2249
DNI1 0.008 5 0.0754 0.0137 0.0169 0.1145
DN2 2.0774 1.2607 0.4829 12.1457 15. 966 8
DN3 0. 066 3 0.1697 0.0153 0.0619 0.3132
XB 1.560 0 15.924 9 0.7848 1.2911 19.560 8
X7Z1 0. 066 7 0.1575 0.0544 1.2593 1.5379
X72 0.150 3 2.047 4 0.2129 0.2170 2.6276
XZ73 0.2301 2.156 0 0.0720 0.3375 2.7956
QDBI 0.009 5 0.070 6 0.0837 0.0156 0.1794
QDB2 0.006 5 0.049 6 0.009 3 0.0133 0.078 7
QDB3 0.006 8 0.074 4 0.008 9 0.0135 0.1037
QDZ1 0.0109 0. 040 2 0.0072 0.0117 0.070 0
QDZ2 0.006 5 0.048 8 0.006 9 0.0117 0.073 8
QDZ3 0.005 8 0.0376 0.0055 0.0109 0.0599
QDNI 0. 006 2 0.017 3 0.006 5 0.013 4 0.043 3
QDN2 0.0050 0.016 1 0.004 5 0.008 7 0.034 3
QDN3 0.007 1 0.024 8 0.0050 0.008 7 0.0457
1) F P BRFR K FE Y GB 15618-1995 - HEFR5E it = Yibpific
VTR BN OBV DL T, DK £ o3s00 ———
T+ AT L. 03000 b —O— BHCH
RN S N —4— ¥HCH
P2 SIS IS W BE AR B U sk, 02500 | —x— ;HCH
i —X— > HCH
o ( ZHCH)%L’H 1.0 mg-kg ™" 1Y 55 A 43 il J2 2 02000
&
DN2 . XB, XZI (&M Z) , XZ2 (HIK)Z) , X723 (£)Z 2 o1s00f
+38) , Hodh XB Ak ¥ 551419, 560 8 mg-kg ™', DN2 0.1000 |
?&rg j‘j 15 9668 mg'kgfl, XZI m J_g y‘j 15379 0.0500
mg-kg_l,XZZ W E ~2.6276 mg-kg_l,XZ?) EHET g 75 : ‘ bY
T . _ : s v v A 0~20 20~40 40~60 60~80
HEW P R2. 795 6 mg-kg ™' PEHE AN BN NN B ,
+ 2 E/em

AT AL, AT RE R f ToAUHR AR I %, 7R R Rk
FARPH A ) 0, A Iy A AR 2 i sl . b R) A
A R R 43, 5 H e BORE O & 4 o A
I, A filHL rp RS i 5 B T 7N 7N S R il AT A
(LR Bt - 40 4 ol 532 i %) 55 o ol 6 T o,
HA AT 24 15 1A R 3+ A7 AR 7=
B B ok P AR
2.2 RJZLIEISIS/S B R A REE

WA 15 G by b i J 6 0 b TR 2 B HERE A
SRR S R T 2 ~3.

R 2 ~3 7] 51,0 ~ 80 em I i) 3 h 7S/ N
() 5% P B (D> HCH) S 7£0.0313 ~0.2947

mg-kg ™' 4 FSEA A A K. 7SOSOSTE IR B IX

2 EREEAARNEMSHEE
Fig. 2 Vertical distribution features of HCH in soils of the backyard

9 T [ 9 R S PR i S5 B A W N
.0 ~60 cm FEBHHEN,60 ~80 em FE AT
B, 7E 40 ~60 cm PR32 & f . Aj ke 35
vavavae AN EARASE R PR VN R N = e
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