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Vertical Distribution and Source Analysis of Organochlorine Pesticides in Sewage

Irrigation Area, Taiyuan City
LIAO Xiao-ping, ZHANG Cai-xiang, ZHAO Xu, XIANG Qing-qing, LI Jia-le
(State Laboratory of Biogeology and Environmental Geology, China University of Geoscience, Wuhan 430074, China)

Abstract: Nine profile soil samples were collected from Xiaodian sewage irrigation area in Taiyuan city, and the concentrations of
organochlorine pesticides (OCPs) were determined by gas chromatography coupled with electron capture detector (GC-ECD) to analyze
the vertical distribution. The results showed that the OCPs were mainly accumulated in the surface soil layer (0-30 cm) with the
maximum concentration of 98.56 ng-g™', and HCHs, DDTs, endosulfans and methoxychlor were the predominant contaminants
compared with other pesticides in the surface soil, which accounted for 85. 1% in total OCPs. The concentrations of OCPs were clearly
decreased with the increasing of the depth to the top layer in the most profile soils. B-HCH and DDE (sum of o,p’-DDE and p,p’-
DDE) were the main contaminants in HCH pesticides and DDT pesticides, respectively. Composition analysis indicated that new DDT
sources might be introduced into the groundwater irrigation and swamp area recently, and the main source of HCHs and DDTs was the

residual of history use in other areas. Most profile soils were defined silt loam in study area. The correlations between the concentration
of z OCPs and the total organic carbon (TOC) were positively significant in sewage irrigation area and groundwater irrigation area,
but they were not significantly correlated in swamp area and background area.

Key words :sewage irrigation area; profile soil; organochlorine pesticides; vertical distribution; source

TESERIE N A HLAA 25 (OCPs ) ¥ )32 fi
FH 0 RS S T 4 K 2 BOR PL SR 25 B4 1k 1f
FT B T HAERREE h HA Ak | A E g
PRI B T B A RRAE T | 2 A7 1 A 45 b+ 3
HATI A KGR B A LA G BRI ok 1 Rl
TE—5E ZF T 3] AR 5 QIR 5 Y ) ot
R IR rh ) TR S 30 SR B 267 1 —
SR, P, T A A LA 24 AR O A
A Hs T A Al D,

R /N DA R 5 4 4l v A T IR
P, ARl A 7 O T X e T R O L
TAZH X T oK BT ™ ik = X, 95 K T
NG S S A K A ke, 245 EH 30 a
P, S EGZ L XA RS g, ARk R

P — 6 3 S i b X 4 b T 4 B R £ 36 0 IR
SEMOETE YR L B AT K R R A TR
R R Dl 1 W IXOIR 2 - v A LR 20 G
HORTISE T

PRI AR AT 5% LA D ot /0N I 5 0 X 1 Sk %o 42
PR RPN TR T/ NE X 4 5850 h OCPs 5% B ¥k
JE K B S ARFRAE TR B 0 B T K I %o ) 1o = v
OCPs 73 Afi 5 ).

WimE A 2012-02-13; EITHHA: 2012-04-09
EETE . FHRARBEIAETH (40972156) 5 H I @ FEARHF
&3 a2
YEHE B : BUNT-(1986 ~ ) 53 WL 058 A, R BWHIT 10 A AL
5P EEE 2, E-mail ; Liaoxiao_p@ yahoo. cn
# JHIHIKFR A , E-mail ; Caixiangzhang@ yahoo. com



4264 678

i

B 33 %

1 #RE5FE

L1 BEACREE

AR A O T T /0N I X TR A 1 0 98 T U 4 A
1L, F 2010 4 8 H 7EMFSE XS AL B 9 51 g %
RS (). Kb 24 3 405 KRS, 40
N ARTE | JETGE KRR AR K. 9 AN+
FE SCR 4 B TR] IX s, H i HE X (GS-6) i T/ ik
X ZRTAT, >R D T /K BEBE ; 18X (GS-5) i F i
R, 2 UK MR s 15 5 5 (GS-9) L T/ ik
fe LM DX SR FH RR K E ; HE e ) T 3 T
X. +FEREST N 8 NENL0 ~10, 10 ~20, 20 ~
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Fig. 1 Map of sampling sites and the study area

1.2 bRETAL B

HEBPRI A R KT AR (10 g £0.02 g) A
O @ W e hhdE T i ugairh, I m A D s T
{18 TC /K AL 2 M 0 T g 244 7 391 ( Dl 4 e) — FR 31
FIEA) 20 ng, Bl S AR KA &b, dhR &8
JEB I S el 120 mL FIE 2875 {4
U B Fld 24 b JFORIERE/NFAIEE 1 9% Al
PE5EIT A VFTCK R BRI R 258 W B A K 45
F A e ¥ 28 & AL (Fi + Buchi 2 #], Rotavapor
R-210) 7EfHIR /K ¥ (40°C) T JHIE C 6 5 e ik 4 &2

112°35"

3 mL, ¥R 2 F e HIE © be il Ak i rk i/ B AL 88 (1K
RN 2: 1) EHTH A, PR T — S e 5 1E
Cht (R 2: 3) IR AW, VEMR 4R 2 0.5
mL, I FIE C B8 AR g . LRI A
WAN (25 [, EFCG- 11155-DA) # 45 & 0.25 mL Z
J& A NERY) (RS, PCNB) 20 ng.

1.3 VA A 3 A

TOC % & LiquiTOC & A MURR 7 B X (18 [
Elementar) , FFERT7E 3 in A — %2 & HCI, 22F5
TCHUR , HEFF50 5 BLEESAT . 15230 4 H SOtk
FE4y M1 A% ( 35 [, Beckman Coulter ) ; OCPs & 1 .
Agilent HP6890 T AH IS (S H , Agilent) .

EEH A DB-5 A BAMEHE (30 m x0. 32 mm
x0.25 wm) ; FASEAL N, , FRIEE & AR 07
Kb RE 2 pl, HEFE T E 290°C, I 2%
300°C; JHiR AT M. 100°C £ FF 1 min, DL 4
°C +min "' FF & 200°C ,2°C -min "' FF & 230°C , L) 8
°C +min "' JF & 280°C , {#4%F 15 min.

TG S AL B AT LGSR 2GR HEY) T b 24 Fh
HHLEA K2 (a-HCH, B-HCH, y-HCH, 8-HCH,
o,p'-DDE | p,p'-DDE . o,p’-DDD . p,p’-DDD. o,p’-
DDT. p,p'-DDT,
endosufan-sulfate . trans-chlordan . cis-chlordan ., HCB .
dieldrin
epoxide . trans-nonchlor ., cis-nonchlor, methoxychlor)
HACATRAR ; [EIBCRIGRFI R 2,4,5,6-PU G ] —H
ZE (TCMX) Fil+H40 4 (PCB209) ; ARG T
SARFER (PCNB) 5 b 142 S i A 25 bk v X551 34 1)
H 3£ [# Ultra Scientific 2> A, fER (ST
ST HT ) WA SR 180°C 12 hy AL AR
(EZERA AR BRA R /et ) | 36 1k 4 1
H7:240°C |12 by JC/KBRERAR ( K H T R R AL 2K )
T b)) ,450°C HERS 4 by AU (BN AE USRS
59),99.99% ) ; @M LE, IEC ke, N (3 E
TEDIA A Al R5EG) .

1.4 JFrE il FE i (QA/QC)

TG 3k AR A i, TR A9 10
20,50, 100, 150, 200 pg-L'"#rdE R 5,6 &AL
IEZR kAT, Gt Rk LA A5 245 [ Ltk )y
LOHERB R YIKT 0.99. KIEIEME L (S/N)
3, OCP I R 36 7 0. 001 ~0. 005 ng-g~".
FE b H TCMX 1 PCB209 [0] i K 3 Bl 43 91
67% ~102% F1 65% ~ 112% . Tikb ¥ 15 4 #E
W f— A rik s A, Ut B SR

a-endosulfan,  B-endosulfan |

aldrin, endrin . heptachlor, heptachlor-
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15 g S5 RER M AR T 2 B R I B H AR LA
Yy XF Agilent (3% TAE S5 #E4T H AL IE, 40T A #L
AR APRIED) T (100 pg-L~") i A FE SR 4l
[ g 3R A T A A L I

2 HR5H®

2.1 RELPAHES RS A

1 H9 AR SHER (0 ~ 10 em) PAHLA
KB AT 4 P 24 FAT RS 2
B, F T EFIE 1< SR A A7 B S 2
RATHLA & B (24 Fi) 7 M08 th [ 13,49 ~
98. 56 ng'gil EE{E R 36.76 ng-gfl. H AN
(HCHSs) . 737 ( DDTs) | #it '} ( endosulfans ) F1H 4,
T T ( methoxychlor ) A5 LG A% 25 3 22 Bl

(DDTs &ty ), BiRY RS G A LR Z T
SrHCTEER 57. 4% ~96.4% FHEIE N 85. 1% . &
Yy AR RIS, Hor [ S FE (eis-chlordan) | &
A (175 heptachlor 1 heptachlor-epoxide ) . %k FG 7
(dieldrin) . 53K FC | (endrin) LA (36 trans-
nonachlor 1 cis-nonachlor) 7 EIE AL 1 ng-g -
T LA [ I DXt 35 A AL S R, T
VEE DX R VE X HCHs A DDTs 25 i A 22 0 i 1
SO R RGN Z X ER 1 OCPs 43
A —E RN, TEHEIX (GS-6) #3k LA HLAK
253253 (HCHs , DDTs , i A0 i o ) 7 o
fo TG RE DRy F T b AT A Y 1R
Y, AT RESE T X AR YA R o 3 B
APLEAR LR

R1 I RESATHRIPENELE" /ng-g™

Table 1 Concentration of organochlorine pesticides in the surface soil of the nine sampling sites/ng-g ™"
APLERZ GS-1° GS-2° GS-3° GS-4° GS-5" GS-6° GS-7° GS-8* GS-9° FIME
HCHs? 3.06 2.03 4.47 6. 65 1.81 4.59 7.99 11. 64 1.76 4.89
DDTs® 6. 16 2.97 4.33 77.93 28.91 11.12 9.57 6.94 2.70 16. 74
endosulfans®) 11.92 0.55 0.24 1.23 4.57 0.71 0.36 1.00 1.88 2.50
trans-chlordan 1.39 2.35 1.67 0.42 1. 46 1.70 1. 66 0.24 1. 60 1.39
cis-chlordan 0. 06 0.07 0.09 0.19 0.05 0.28 0.22 0.19 0.01 0.13
HCB 0.73 0.51 1.23 0.85 1.88 4.42 0.59 1.55 0.28 1.34
aldrin 0.17 2.37 1.24 1.53 0.26 0.36 2.93 3.17 1.61 1.52
heptachlor 0.55 0.54 0.32 0.20 0.84 0.41 1.04 0.03 0.16 0.45
heptachlor-epoxide 0.07 0.08 0.01 0. 05 0.13 nd 0.02 0.01 0.07 0. 06
trans-nonachlor 0.08 0.17 0.24 0.11 0.13 0.02 0.05 0.55 0.22 0.17
cis-nonachlor 0.59 0.10 0.09 0.14 0.48 0.43 0.28 0.05 0.15 0.26
dieldrin 0.25 0.05 0.01 0.01 0.04 0.03 0.05 0.03 0.01 0.05
endrin 0.35 0.10 0.02 0. 06 0. 08 0.05 0. 05 0.07 0.03 0. 09
methoxychlor 6.12 2.80 4.48 9.19 7.14 10.75 5.49 15. 61 2.99 7.17
Z OCPs 31.49 14.89 18.43 98. 56 47.78 34.88 30.29 41.07 13.49 36.76

D) a: V5HER (V5/KHEME) 5 b VBEX (R 5 o0 TR (MU F/KHERE) 5 d: ¥ SR (FZKHERE) 5 2) HCHs = a-HCH +B-HCH +y-HCH +8-HCH;;
3)DDTs =o0,p’-DDE +p,p'-DDE +0,p"-DDD +p,p’-DDD +0,p’-DDT + p,p’-DDT}; 4) endosulfans = a-endosulfan + B-endosulfan + endosufan-sulfate

2.2 HlE AP S BT
2.2.1 Hf - OCPs & &4 5 - e A i

2 s X R HLEAR 2 (D> 0CPs ) &
FAE 9 AN 7 (0 ~ 110 em) 3 143 A5 F4E, 7]
DLE 4 KER ol b (BR T GS-5 1 GS-6) , B
HUIERIEIN, > OCPs W JE W T M, Rata T
FE. AHLA S A i i ZUER AL FEE AL T 0 ~ 50
em 12 AT RER i AR ABHETT N AR KB R
TSR GS-5 Hm b > 0CPs fr ARk i
82 5%, AT RES1Z S A T Ul i, KA S B E AR
B K32 B K TR BT

K13 Aol £ HoRLEE AT TOC & =0, +
B E AW B FET U VR IX (GS-5) b B
WK (67.3% ) ; GS-4. GS-6 F1 GS-9 #| i+, #

WRLIT 5 H B0 5 K 74. 9% | 72.2% F171.4% . R
7 S5 w8174 s M W e 11 s KNG 14 e
Okt & 3 ATLIE H, GS-4 F GS-9
[0 BB R BEHAN, TOC & =B Wis /b 1 GS-
5 F1 GS-6 Hii +-H, TOC & AR LA X R 4. 15
HEX (CS-4) EJZ (0 ~10 em) F1 TOC & & %
o T Fe o 2.26% , AT RE S HE RIS K A K
AHLTA K, FE & BZ)2 T D 0CPs & Rk F)
K, &k 98. 56 ng-g_l. B ORZ WA Rk IR ]
HEIX (GS-4) FIEHEX (GS-6) #H - > 0CPs 5
TOC 2% 3 #5519 IE A0 5GP (r = 0.984, P =
0.0004; r=0.857, P =0.029), MiyAFX (GS-5)
S E5(GS-9) 1 > 0CPs Frits TOC M HEAR
UAETN
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Fig. 2 Distribution of total OCPs in profile soils versus depth
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Fig. 4 Vertical distribution of HCH isomers in the profile soils of the sampling sites
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HCH + y-HCH +8-HCH) & B i 5 IR FE B hin , 28 Ak 4
PR, TSHER PR HCHs £ D T3k
2 B E R SRR B W B 2 G TR
S THHEIX (GS-6) Fh HCHs & 728k 553 X i 2
AR FR B Ry S K 2> ERUE , £E 20 ~ 30
em J2 AL IR B B KAE (7.31 ngeg™' )y HEKX
(GS-5) 1 HCHs % 2 Bifi 5 VR B2 R AR AN T 388 i, 7T
AES % AL T 9090 2 300, 7K 28 B FH A5 3 3
SRR S R

Wik 4 Fias, 0 49 HCHs & ARk 84
HF 0 ~40 em J200L, 0T RE-S5 45 A AR BT 0 Al ] R
B L 4 PSR S RITFAKR h B-HCH
>a-HCH > y-HCH > 6-HCH, 1% 4% 5 5 52 pp 3R 455 v
HCH 53 4 {4 JIit 58 % ##% 18 % (y-HCH > o-HCH > §-
HCH >B-HCH) 9 3EA—5""), Hrp g-HCH 5 &

FAR K St R0 B e i O

Bl 5 Sl £ DDT A< 24 3 B 40 A FRAE. 5
&1, D DDTs ¥ J3E it 2 V8 S it 22wl (0 ~
30 em) , e THRUE. EAFHH LA, DDT &2
KA =4 (DDD F1 DDE ) % 5 25 5 4 K, R 7E [7]
— i1+ (GS-6) AR SE DDD #l DDE &5 &l
FERZE. 1SHEX T DDTs KRG &R
HCHs —3; 7EWEX (GS-6) 7 DDTs & &2k X
5 HCHs 7] (r =0.829, P =0.011) , [FFE7E 20 ~
30 cm JE7Ab HBEBH i g g,

Koyl + b, % 42 (0 ~30 em) DDE &
S TR L EZE N DDD, AT REEH T L2
THEE AR, R Y BB AT A H R, S5
DDT 554k >} DDE , 6 35 % B2 38, 38 <01 32
F#AI, DDT = Z RS DDD >

RS, EEUR M T HARR LA RO 2.2.3  Hll A PLECRTE ST
WelEngg! e fiE/ng-g! WelEngg!
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Table 2 Concentration of HCH isomers and the ratios of a-HCH/y-HCH in profile soils/ng-g "
TR oz—HCI:Il B—HCI:I] y—HCI:I] c‘)‘—HCIiIl Z HCHs a-HCH/y-HCH

/ng-g /ng-g /ng-g /ng-g /ng-g”!
GS-1 0.17 ~1.05 0.02 ~1.87 0.11 ~0.49 0.03 ~0.19 0.39 ~3.21 1.35~2.47
GS-2 0.25 ~0.69 0.06 ~0. 80 0.12 ~0.41 0.03 ~0.32 0.52~2.03 1.65 ~2.09
GS-3 0.23 ~7.91 0.08 ~3.49 0.13 ~1.66 0.08 ~0.22 0.54 ~9.92 0.78 ~4.76
GS-4 0.15~1.07 0.07 ~5.91 0.10 ~0.78 0.03 ~0.41 0.39 ~8.17 1.18 ~1.70
GS-5 0.45~1.33 0.67 ~1.38 0.22 ~0.30 0.07 ~0.62 1.61 ~3.64 2.07 ~4.54
GS-6 0.16 ~1.55 0.01 ~4.31 0.16 ~1.42 0.05 ~0.42 0.39 ~7.31 0.77 ~2.41
GS-7 0.20 ~1.07 0.01 ~4.91 0.18 ~1.58 0.07 ~0.44 0.53 ~7.99 0.67 ~1.40
GS-8 0.28 ~0.90 0.02 ~9.41 0.17 ~0.71 0.10 ~0. 61 0.6~11.64 0.79 ~2.04
GS-9 0.27 ~0. 54 0.10 ~0. 67 0.14 ~0.42 0.02 ~0.25 0.57 ~1.76 1.00 ~1. 88

3 #HWELs DDT REKGYSERZASLLH

Table 3 Concentration of metabolites for DDT pesticides and the compositional ratios

DDE(o,p'-DDE + DDD(o,p'-DDD +

DDT(o,p'-DDT +

> DDTs

RHE popDDE) p.p'-DDD) pp DT (DDEXDDD4DDT)  (pptppp) 0 DD/ ppDDT
/ng-g /ng-g /ng g /ng-g”!
GS-1 0.05~2.39 0.31~2.19 0.06 ~1.58 0.42 ~6.16 0.18 ~0.34 0.11 ~0.55
GS-2 0.05~1.02 0.13~0.72 0.05~1.22 0.23~2.97 0.20 ~0.70 0.08 ~1.07
GS-3 0.07 ~1.93 0.19~1.18 0.06 ~1.23 0.40 ~4.33 0.17 ~0.41 0.09 ~4.47
GS-4 0.08 ~58.88 0.15~5.77 0.06 ~13.29 0.31 ~77.93 0.21 ~0.35 0.27 ~1.23
GS-5 2.23 ~5.18 14.50 ~36. 14 0.62 ~46.46 18.19 ~87.78 0.04 ~1.12 0.03 ~0.75
GS-6 0.07 ~14.65 0.19 ~4.51 0.06 ~46.03 0.32~65.19 0.22 ~2.40 0.02 ~1.86
GS-7 0.04 ~3.88 0.14 ~4.94 0.05 ~2.38 0.28 ~9.57 0.22 ~0.43 0.23~1.77
GS-8 0.03 ~4.70 0.30 ~1.30 0.07 ~0.9%4 0.40 ~6.94 0.16 ~0.42 0.14 ~0.62
GS-9 0.07 ~1.91 0.25~1.06 0.08 ~0.37 0.59 ~2.70 0.11 ~0.23 0.29 ~0.79
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