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Vertical Migration Characteristics of Organochlorine Pesticides in Overlying Soil

in Karst Terranes and Its Impact on Groundwater

SUN Yu-chuan'”®, WANG Yong-qi*, LIANG Zuo-bing', YUAN Dao-xian'"
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Abstract ; Five soil profiles and four typical epikarst springs were selected in Nanchuan District, Chongqing Municipality as objects of
the study on vertical migration of organochlorine pesticides (OCPs) in the soils and its impact on groundwater. OCPs in soil and
epikarst spring water samples were quantitatively analyzed by gas chromatography. The results showed that HCHs and DDTs were
detected in all the 5 soil profiles, varying in the range of 0. 77-18.3 and 0. 34-226 ng-g~"', and averaging 5. 16 and 16 ng-g~' in
concentration, respectively. The highest concentrations of HCHs and DDTs were found in the subsoil (10-40 ¢m) in most sampling
sites. The detection ratios of HCHs and DDTs in four springs were 100% . The concentrations of HCHs and DDTs fluctuated greatly in
epikarst spring water during the one-year observation, and the concentration ranged from 2. 09 to 60. 1 and from N. D. t0 79. 8 ng-L™",
with a mean value of 12 and 9. 16 ng-L ™", respectively. The concentrations of HCHs and DDTs in Hougou, Baishuwan and Lanhuagou
spring in rainy season were all higher than those in dry season in these three epikarst springs. There were no good corresponding
relationship between HCHs and DDTs contents in spring water and those in corresponding spring catchment soil. TOC, soil water
content, clay content and pH all inhibited the vertical migration of OCPs in Hougou spring catchment, which led to the lowest content
of OCPs in spring water, although the OCPs content in Hougou spring catchment soils was the highest in the four spring catchments.
However, the four factors didn’t inhibit the vertical migration of OCPs in Shuifang spring catchment, which led to higher OCPs content
in spring water, although the OCPs content in spring catchment soils was the lowest in the four spring catchments.

Key words : organochlorine pesticides; epikarst spring; soil profile; vertical migration; groundwater
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Fig. 1 Locations of the study area and sampling sites
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Fig. 2 Vertical distribution of HCHs and DDTs in the soil profiles
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Fig. 3 Composition characteristics of HCHs in soil profiles
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Fig. 4 Isomer ratios of HCHs in different soil profiles
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5% ) p,p'-DDE, LA KX/INTF 0. 5% [¥p ,p’-DDD AL &
Wy . B S Al LH HTE 0 ~90 em +2 S
HG #|TH 1 DDTs AYZH A5 Tl DDTs /941 sl AH L,
JEHHE 6 AT, LH #1110 ~90 em T )25 HG #)
i1 DDT/(DDD + DDE) HAEH KT 0.5, 1% 5%
HH 22 6 95 SR 1 R M Mk s A 3 SR 3k stb o ] B AT
A Tl DDT fE4# . #& HG # i, p,p’-DDT
i DDTs 34K, B3 3d T 70% . 30 cm
LR 2 Hp,p’-DDTY H 5] S22 B A 2 iR i B AR 1
g [ p, p’-DDE Flp,p’-DDD ) Lo B 45 34 K 1)
B, R AE HG &) E T, BE 4 588w R,
p,p-DDTE A4 T R e, 2 T p, p’-DDE F
p,p’-DDD. IAMHIE 6 FIAL, BR 60 em + ) DDE/
DDD /NF 1 130 em 2 H 48 T 140, HAer+)2
1) DDE/DDD HAEYIKTF 1, RALE HG Hif 0 ~
50 em )2, p,p -DDT 3 B2 TE U F 5 T B it
4 p,p'-DDE , iX 1] G2 tH T J5 V4 SR 30 1+ )2 800, 78
B R BRI 75 50 em () )2 AL T4
AT 60 em - J2 rf NIAE DR AR 544 F 38 2o 3 5
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/NF 1, FRBITE LH #TE hp, p’-DDT EZAE R A
T4k hp,p’-DDD. WS A 7 BSW | LR il SF
HlE Y, DDTs A9 4L AR IE AT — 8 FOAR UM R 2 +
Herp RN 2 p  p'-DDT, N8 3 AYp,p’-DDT
EHE TR, BSW #HE 1,20 em LI L+ 2,
DDTs 41 i 7% fb 88 K, 20 em LR 9 + )2,
p,p'-DDD ¥ F B4 43,30 em LA R W) 2,
p.p/-DDTHI SR TR MR, tesh i & 6 AT %,
BSW 1 20 em DL F A9 £ 2, DDE/DDD H.{H
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Fig. 5 Composition characteristics of DDTs in soil profiles

2.2 SRIKHA LR 2 1 53 A R S e R 2R
2.2.1 RIZFEWEIRAKPAEPEAR G 5 G G
TR

1R A ANRZHE R PAVLEAR 8RR
HONHRTAL, JK B AR L R T SRR 22 AR IR
HCHs H1 DDTs ¥4 # i, J5 8 % % p,p’-DDE 4
SRR T R BR S, oAt . Hrh o-HCH |
y-HCH, 8-HCH 7E 4 NRIZ A H RK A A Bk
RS K T B-HCH B4 H ¥ K. 7E—4E 1
S E] SR 7K o HCHs . DDTs & 828 b8k, J5 18

SR AR SR | 22 AEVA SR RIK B SR h HCHs 1Y =
JEFE R 2.19 ~17.9, 2.09 ~33.3, 3.18 ~
32.5 Ml 4.65 ~ 60.1 ng-L~", HE ) {H 4 5 K.
9.18,11.7.9.95 F118.5 ng-L~", DDTs H & &l
BlZrJ&: N.D ~43.1,1.09 ~79.8, 0.31 ~22.1
FIN. D ~14.8 ng-L™", HoP ¥ ME 55 . 7.52,
16.5,7.46 f14.57 ng-L™". DI &R FHEE A
WRIK A LA AR 2575 Yo A7 7. R 1l
HUFE 1 a UL A [a] RV SR (%) OCPs ¥ BE 1Y
MBS R, R Z IR K D AR, S VA SR RN 22 AR SR T Y
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Table 1~ Composition of OCPs and their concentrations in epikarst spring/ng+L ™!
e JETH R RO SR AEH R KPR
" 11 H{H 11 H{H 11 H{H 11 ] ¥H

a-HCH 0.46 ~8.87 3.36 0.50 ~3.77 1.55 0.42~3.78 1.46 0.52~11.3 3.70

B-HCH 0.15~7.34 2.91 N.D ~7.06 2.65 N.D~21.4 4.29 N.D~17.8 5.19

y-HCH 0.41 ~5.01 1.63 0.50 ~27.2 5.12 0.23 ~9.69 2.81 0.49 ~17 4.21

6-HCH 0.38 ~4.59 1.27 0.53 ~9.85 2.35 0.51 ~3.36 1.38 0.66 ~33.4 5.38

o,p'-DDE N.D ~4.16 0.85 N.D ~30.4 4. 64 N.D~7.52 2.00 N.D~2.15 0. 54

p,p'-DDE N.D N.D N.D~57.4 5.37 N.D~0.52 0.15 N.D~1.14 0.27

o,p'-DDD N.D~1.46 0.21 N.D~2.49 0.25 N.D~0.12 0.01 N.D~0.13 0.03

p,p'-DDD N.D ~2.50 0.36 N.D ~4.10 0.40 N.D~0.72 0.12 N.D~0.70 0.11

o,p'-DDT N.D ~2.73 0.26 N.D ~1.86 0.72 N.D~1.21 0.20 N.D ~0. 84 0.13

p,p'-DDT N.D~35.7 5.84 N.D~12.4 5.10 N.D~18.4 4.98 N.D~14.5 3.49

HCHs 2.19~17.9 9.18 2.09~33.3 11.7 3.18~32.5 9.95 4.65 ~60. 1 18.5

DDTs N.D~43.1 7.52 1.09 ~79.8 16.5 0.31~22.1 7.46 N.D~14.8 4.57
)N D: RTH R
OCPs WP FIIEANL. 7RISR R B RO, AR, I AR FE RS B i 5/l T G R Ok

HCHs (P34 5 i i THE 3 M RIZAT R

F Y AR 9 PR K T AR BR EP X HCHs Al
DDTs Jir 75 B B #i %€ 43 %1 245 000 ng-L~" F11 000
ng-L~" A T 212 % y-HCH #1 DDTs 1 1K
FERLEHI N2 000 ng-L~". XL AT, 4 AN FR)Z A
SRARK A ML 2540 3 Y i A
BAA LI AR T AR SRR o, 3 2% B T F 5% 19
4 AFRIZEVE R IRIK T A LA 2 5% BE AR A

A LA LRI ST LB, I B BT R AL s
PP EAK — B, AW 5T L REHLI XS H— T A
[l D R K P A LSRR 2 & . XL 1 FISR
2 AR, AR ST IS B 3R 2 55 T SOk A AL
255 B I T R W VR Al DX HB R K FTED BE Unnao
W oK PR HE S TR = MMM ok K
FHAR TR 5 B 7K FIF AR SE Pampa 3R 7K A4
PLEARZ 5.

x2 AREBRBTRPENERAGREXTLE /ng- L'

Table 2 Comparison of organochlorine pesticides contents in groundwater in different areas/ng-L '

A OCPs Fli 2 T SCHR
BRI = F i K 14 0.68 ~81.76 [25]
A BH AR 3 K 9 0.12~21.2 [26]
T B I AR X T 7k 14 0.4 ~1370 [27]
PR 4E Pampa i F 7K 15 3.2~10.3 [28]
EIJE Unnao M1 F /K 21 3.30 ~2976.2 [29]
BIZHU R 10 2.19 ~112.5 LN
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2.2.2 Rk HCHs fil DDTs & A8 L4 AR
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%, FARTS SR 22 A6 SR Y HCHs 1 DDTs 5 48 1k
TR N ER T RGN, 7E—4F 5 UL
], JE VA SR AR IR LAV SR AR 5 AR, SRk
HCHs 2 Z= & it BI{E 43 1 . 4.84, 6.88, 8.36 Fll
13.9 ng-L™" =& B H 5. 1.4, 10.6,
11.6 F122.2 ng-L~". /K DDTs R 2= EI{E )
A 5.1, 8.88, 6.99 fil6.18 ng-L~" T Z= & i H
4350 . 8,42 18.2,7.67 F13.76 ng-L~".
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Fig. 7 Dynamic variations of HCHs and DDTs concentrations in spring water
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DDTs & it S HL PR T I RAEN (2R R K
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" HCHs, DDTs & i JF A AR AF X I G &R, B

FZE Rk T HCHs . DDTs &2 KA SR S I A
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SREH DDTs &85 TOC 2 B IEME X Z M
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pH {E I A7 2 B — 5 IO AR G, A BE5E &
W M BLTUR S0 A HL AR 253 R 1 B
BNERZ—, O b b i SR o | J AR R A 1
PRAFE I T T | AU B A S e iR B S )
LA XA HLEA 2 0 1 b A5 B B T B
FE A LAY LS E W), NN Wi 5 A LA 2y
T Sy B VR A BIL A e A S R 2 R
Yy BE F15i , ELA BILSRAR 245 HAT AR K 1 R s 1
BEZ K, WA AL 2R 5 W A BILE
7350 pH KA BUR I A LS I A4 2 R A — RE WY
AL X R SRR S5, 2R e 5]
HOXHA WA 2 (W Bk, Wenzel 452 (5T 2
- pH (RS 8 1 AT LT A4 45 F 5 ) L 3
LA 5 B 43 A1, 3K R, AR T K B 2 R
ST J Y R AR R SR 22 AR TR R A
WA 245 5 Dy i B A e P T AN B 7% 3 3R 2= 20K
XM RZ RO R A MLGEA 2 & i B R T
UEH.

T IRETH 2R K o AE S P RS B IR A 2
DL &y Tty SN TR A S NS )
AE I B , AL SEAR 25 K o3 1] R AL A% L3k
/N DT AE 38 1 2% v 1 s B8 Al RS A .
23 LA SV Y DDTs & i 5 vk & i 5 B
TR, MAEIK D7 2 R R TS R el 22

FETA RIS A, R AL AR S S
RORLE IR BOA MG SC A, X R W] DDTs 785 18 5%
S SRR A A BRZIROK . KR A
HLSAR 25 7 B A 52 ) 32 2 DO AR R 01, R
HLSRA G A7 A5 52 4 W BE T, 2 W R IR AR i 20
Wi, S AR SR T 22 Bk o TR L W R B
ISR A PR AL S 1T
TR R 0 M o | 55 L S 2 5 4 T o7
KT M % BLAS TAHLSEAZ 10 R
TR p 3 3 A, S T S L i HCHS
DDTs & -5 ISk 5 0 3% TUNSCSC R | e A
P SR 22 AR TR SRR A K B 2 R 38, HCHSs | DDTs
S HREEKEIF A HRCR | X SRR,
JE A SRR, K o R, A LR 2 it
SEIARI IS, A H T A LA AR TR

i b, TOC, 3K & Bk & | pH
IR LR I A = e H B, P e IR i
SR X 4 D PRRBXTA LR T TR
FELE THAMHIVE AT, 28 2 5 2UR 18 SR e AT L
HALY TR BIRAE 4 IR P i, TR )2 )OK
(& AR AY &5 2R e K s R AR, X 4 NI
FM A LA TR WA KIS, I, B4R
KB SRR A ML 2 B IR, ROk
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Table 3 Correlation coefficient between OCPs contents in soil profiles and soil physicochemical indicators

S SF LR LH HG BSW
HCHs DDTs HCHs DDTs DDTs HCHs DDTs HCHs DDTs
TOC 0.213 -0.041 0.614* 0.703 * 0.774 " * 0.700 * 0.888* * 0. 161 0.667*
FkL 0.132 0.115 0. 463 0.284 0.231 -0.518 -0.745" -0.274 0. 207
pH -0.295 0.046 -0.823** -0.618" -0.613* -0.868"* -0.633* -0.807** -0.538  -0.616"
+ 4k 0.114 —-0.009  0.461 0.163 -0.073 0. 098 -0.662* -0.808** 0.128 0. 446

1) = FREEKF0.05, « + TR EEKF0.01

3 g

(1) W58 X+ 4350 5 5, HCHs 1 DDTs #4164 %
. HEHITE A HCHs F0 DDTs W K £ e
+ 3Ry )2, BSW, LR 1 SF #| 1 b, HCHs #
DDTs A4 A 43 A7 — € B9 AR AL, 4300 BA y-HCH
Ml p,p’-DDD >N ¥, HG 1 LH #| 1, HCHs 1 DDTs
2H AR 2.

(2) 76 1 a MY I I A, 27K o A9 HCHs Al
DDTs YAkl . FIRL SR A g OCPs ¥k B 1 F-34(E
e, IRZARIK D7 3, J 18 SR RN 22 4618 S TP 9 OCPs
W B2 BB AR . FE TSR K s SR R K,

HCHs /¥ & B 2he s T HE 3 AN RIZHBE R
JEVE SR AR R 2246 SR Y HCHs A1 DDTs %
TR K B S HCHs A B i 2w T 5
&SI

(3)TOC, +HEF K&, Bk &, pH XA
PUEA G (0 T BT A% 7= A B R W), 7 S5 78 SR 3+
Heh ik 4 AR B ML AR 25 1) TR BT RS A
THEIVER, S8UR i R - b A LR 2 o
BIRTE 4 A3l fe iy, T 382 SR K P ) R ) i
TRAEE R, FE7K o IR SRR, X 4 MR E XA LR
R YRR PR, BLAR K B S SR sk 4= 4
AHLEARL E E AR, (HIRK R A HLE AR 2510 &
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