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Abstract: Sorption and vertical transportation of heavy metals and organochlorine pesticides in agricultural soils from Shenyang suburb were investigated in
this work. The results of adsorption experiments showed the sorbed amounts of Pb2* and Cd?* were greater than those of anionic Cr ( VI) and As (V),
and the amounts of Cr ( VI) sorbed by the soils were greater than that of organochlorine pesticides. Soil column leaching tests indicated that the
breakthrough speed of Cr (VI) and As (V) in agricultural soil was much higher than that of Pb, Cd, and due to low initial concentration of leaching
solution the migration speed of a-BHC was slower. In addition, the breakthrough speed of Cr ( VI) was greater than that of As (V). For heavy metals,
the proportion of exchangeable fraction with higher bioavailability and mobility were increased by 1.2% to5.4% after the leaching tests, which increased
the risk of Pb, Cd, Cr and As in the ecological system of the soils. Combining the results of sorption and vertical transport, anthropogenic Cr( VI) and As
(V) pose the greatest risk to groundwater among all the pollutants studied, while anthropogenic Pb and Cd pose the greatest risk to agricultural
production. However, organochlorine pesticides have been prohibited by the state and residual organochlorine pesticides in soils should be gradually,
degraded, which will reduce the risk of organochlorine pesticides to agricultural production and groundwater.

Keywords: agricultural soil; heavy metal; organcchlorine pesticide; sorption; transportation
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K,METUESEYHESFERY WAL BE
(Khan et al. , 2008 ; Sabour et al. , 1998) . % fff /£
HEGRYELEP IR MANEAEHEE (X
HF%E, 1996; Veeresh et al. , 2003) , B 40, L4
WIS ESETK PRI MERENTH#ALE
K 7T 7K T 1 A K AR5 B, B2 e AR ) A Y IE A
WES, FAEYERTEER.EREZRET
(Schipper et al. , 2008; B Hi#g %, 1985). HAj, B
REMNBEIGLY AR TAREPTHIRER, 25
MELR BRWREKEZFTEITRT — 5§
Y L5 (Xia et al. , 1985; Joris et al. ,
2004 ; &K E S, 2004) B K Z M HATERAS.
Pr B IB R ERERRNERTR, KR
AR BBRREX, B, 405 YERL
B BRI R EKE DT R U iR B A
L. FE, X SRR N RS RYER
ERME ARG EYAEIBIRE S HEERAILE
HIBEFE B2 /. B o, A SCEE X o I 2R b ok BE &8
KAH T 5 e IR, RAGS TR EHME
LR RESBRAAIARGELE L AW P
R REE TR, A RESBETBHNIES
AL, LA TS g - A & SR B B R AR
W, I A B S Y XL PP 4G Je B 42 3 i
HBI.

2 #B5 A% (Materials and methods)

2.1 HEXEELE

IR T ESHREUET T
B s Sk M R HH (B 123°29735” N 42°04700”) . 3k FH
40 0 i 3FE AR F (E 123°04735” )N 41°38705") , 43 51
SR AB REO~20 cm FEMN L ERES, HE
FHE G ERIG A M IT, 352K F i HIBR A B
Yiskik% B RF. BT ER S ERENNEE,
it 0.15 mm FLA2 MY JE 16 5 , i L 36 .
2.2 ZERWELE

W B S 36 A O ALB B AR 4. BT AL AR
FMEBRCHE - AIEKRA A&, o-BHC 8-BHC | v-
BHC .5-BHC 4 F 4> Bl 7 98.3% .97. 5% .98.5% .
98.5% ;0,p'-DDT.p, p’-DDT 4 i 43 5| K 98. 0% .
99.5% ; Pb(NO,),.Cd(NO,),-4H,0.K,Cr, 0,
Na,HAsO, 7TH,O4 43 #réli. L Kk k=&
F7K(dd H,0).

RS g W) 5 B B AT F AT R M S B, LU

0.01 mol-L ™ 'CaCl, ¥ M. MES LY + 18
B R fE E B BT BB MR BE A - SN B B AR
(GB15618-1995 =% ) HERM LR P HELEDY
Bk BTG E ¥R 0.05 ~10.00 mg-L™', BHC ,DDT
PR ETEE R 1 ~50 pg- L ARER BN K L
PR M SR B 45 2R, B Pb.Cd TR KB YK Lt
200:1(mL-g™") ;Cr( VI) (As( V) I 4 HL S A 25 R Bt
LEAK LR 20:1 (mL-g™") . EEBRM LRI
R HAT; ANEARA R CREREREOHE
PR GHET. AR IS R T R T A
M. B 240 5, BL,NE LERPESRE
MAEVERLWEE. FH AAT00 BT RIS 68 B
KM B (AAT00, % [E PerkinElmer 43 &) ) ] 18 45 15
W Pb.Cd & & Z Rk Mot B
(WFJ7200, | ¥ Jt Je X8 BR 2 6] ) € Cr(VI)
SE;MIERAMRE R FRES T E
(AA700 Fi FIASI00 HishiFE H S K AEXKE, XH
PerkinElmer 24 7] ) M2 As(V) # & & BMHFRG,
FIHA A @3 (GC2010, H 745 Shimadzu 23 7] ) Ml &
AHERAWEHE.
2.3 THKBEZRE

THKBELRFAESR LB A LHNRERN
BEREAYHI% 3.5 cm F 30 cm. f 0.01 mol-L~'CaCl,
M RBTANELESA Pb.Cd . Cr(VI) (As (V) fI
a-BHC AW, MIER N FLR P+ EN BT
Y B 1 O o BE 0 RS Y 0 AE 3R 4E o T BB AR AE Y 5K
PRy B, B & Wk WK Pb. Cd #) 85 ¥k BE 8 2 100
mg-L™",Cr(VI) \As(V) ¥IEEEH N 10 mg-L7',
o-BHC HJ 4R BE K7 50 pg- L' A\ % T i A
WA RFS M EHERNRKEEESY AN 4 ecm-d ™,
AT WS . B — & i A, 78 AR i BURE O
B VR, 9 SR R B ) L O OA BRI RR L i R A
A LI T B 45d.

X Tessier 1% £E ZE B ik ( Tessier et al. , 1979)
43 7 B R U + A 5 9 138 Pb.Cd . Cr,As
ML, BT RS (F1) BREBRER S S A (F2) (84
EUMEEE (F3) AIE AR (F4) IREDS
(F5). ZBF(ZHAE Cr Ml As WAHRER, % Cr fI
As REHURE W Tessier KB E B 88 — 34T T 8GH,
BISK A 1mol-L ™" KCl + 0.1 mol-L~" KH,PO, % ¥
(20 mL)ZE B T34 5 1 h(Barlett et al. , 1996) ,
FELHESCHMAsHER BHESRESNS
BT AT AT R B AT
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3 4R (Results)

3.1 +RBAUFRAT LY ELN
THABREAYBEMAENT . ESRERAN
FARBGVEBITRILBRIALUEL BT 1
AR SREHSMT L B LIS, By L
HEFRZRFAAKR. 5L LB TRYE RME (R
%, 1989) X L & B, Wi F R H 82 13 7 Pb.Cd A
AsHEBHE T (5 (Pb 21.60 mg-kg™'.Cd
0.112 mg-kg ' As 9.22 mg-kg™') , B+ B
TP CdSRUBEHETHRMAE tEAPCHE

BB 15 88 (53.40 mg-kg'). BHC il DDT
WILF E R R MR EA A KW, PR 1 BHC
B & (2BHCs = ¢-BHC + B-BHC + 4-BHC + &-
BHC) i £ 1 &, + 3 B 1 BHC & (105. 96
pg-kg ) KR T A(16.47 ng-kg ') K6 £F, H
B+ R (50 pg-kg )4 1 45, WXt F DDT
SEB(3DDTs = p,p’'-DDE + p,p’-DDD + o,p’-DDT
+ p,p-DDT), + # A % DDT % & (80. 98
pg-kg )R+ B(25.99 pg-kg T WI3EE, BB
H R H (50. 01pg-kg™')30.97 pg-kg ™.

f1 tRWEENBAERRINESR. . BHIAREH SR

Table 1 Physical and chemical properties and concentrations of heavy metals and organochlorine pesticides in soils
W ol ToC (f; = N (:Efef_/,) B Pk it (mmiﬁié o,
A 7.07 7.30% 1.35 28 1.78% 2.52% 157
7.02 10.74% 1.53 105 1.87% 3.49% 135
Pb/ cds Cr/ As/
S e e e (mgks™)  (mgkg)  (mekg™)  (merksh)
A 18% 58% 24% 2.97 34.52 0.39 179.27 17.67
23% 51% 26% 2.87 360. 90 22.52 29.97 20.29
. a-BHC/ B-BHC/ v-BHC/ 5-BHC/ 0,p’-DDT/ p,p'-DDT/ p.p'-DDE/ p.p'-DDD/
(necke™)  (ngkg™) (ne'kg™") (ng-ke ') (mgks™')  (pskg™") (ng-kg™") (nekg™")
A 0.59 6.57 7.39 1.92 46.41 3.09 24.37 7.11
B 10.43 51.04 25.21 19.28 3.29 ND 6.43 16.27

B :TOC R B A VLMK ; CEC RTAE FXBAR; pH, FRTHAK; ND Rk M.

3.2 tEAMELBRAMAMNARGHRH

| Langmuir 7 #1-4 Pb.Cd.As( VI) W& Bt %k
¥, RS BUE Cr(VI) B PLE R R M
7 BIRMEBL(F D MEUESH(K2). B
FBE1PELRBESASHENYEBRELURR2 &

HI TP R B R W] 40, 7E 3230 WK ¥ 7l 4, Langmuir
TR RAF IR £ XS Pb Cd|As(VI) 89 IR B,
LA B AT AR s Rl R X Cr(VI) A HLER
25 it

%2 FA Langmuir 582 4& Pb.Cd 1 As( V) REMF RS Cr(VI) . BNRRABHBEBINANESH

Table 2 Langmuir parameters for sorption of Pb,Cd, As(V) and linear parameters for sorption of Cr( VI) and organochlorine pesticides in the two soils

e 1 K Lo/ wam £ K R
(L-mg™") (mg-kg™") (Lemg™")

Pb A 0.23 12902 0.9776 B-BHC A 16.64 x 10 ~° 0.9626
B 0.17 10806 0.9548 B 15.61 x10°° 0. 9460
Cd A 0.11 3290 0.9079 ~y-BHC A 0.89 x10°° 0.9940
B 0.08 4158 0.9916 B 0.84 x10°° 0.9975
As(V) A 0.07 688 0.9980 3-BHC A 1.90 x 10 °* 0.9145
B 0.07 689 0.9980 B 0.61 x10°° 0.9869
Cr( VI) A 11.67 0.9300 0,p’-DDT A 4.94x10"° 0.9982
B 10.87 0.9122 B 3.18 x107* 0.9990
a-BHC A 1.79 x10 "3 0.9894 p,p'-DDT A 4,99 x10°3 0.9999
B 0.94 x10°° 0.9657 B 4.33x107° 0.9995
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IR BE S (R 2). RMEF RS, LIS Y Py % B
ERRDERSERER K, Z2R KRB —EKLE
HEPEERT, RN SRR 5K P53
YIu B 0 BOAEL, K, B0 AR 3% 1 X 35 e 0y Ay R Y
JIB5R. AR 2 i KAETT LUE ), £3X Cr(VI)
£ IR 6 B O B K X A ML R 25 0 TR R RE g et
TEMERYNS AR LENREEIZRA
K, X 5F M a0 BA M R AEA €.
3.3 E4BEMBHCAHELETHIH

AWK B 15 B A XTI E C/C 2k
b, Wk EEaTE ¢ B ARYER, 3 3] Yoon-Nelson i

" Pb
1.00

400 600
W& /A

800

4] i | 1 | 1 |

20 40
O/

[ a-BHC

200 400 600

FIEE /M

800

VSR (Yoon et al. , 1984) 5B WKE 2 . A
2 ATAL FEMIE LT 45d P9, Cr(VI) #l As(V) 73 Bl 4E
12h 86h H BT SFE R, FFIREB T R BAM AL,
HC(VDWEBBEERT As(V) B HEE. T
Pb.Cd fl «-BHC B A B & . B RS AT
G, 13Xt Pb Cd HIRMBRMBE S, Bk, BR
ERBEBVIHREERR, BRAUAFER BT
o-BHC I ¥ 00 16 Y& B 8K, 35t R B A %
B, BT UL B B 8, Sc R AT 936h A A
FiE.

[ Cd

200 400 600

FAE /M

800 1000

[ As(V)

Obnee® 1+ 44

200 400 600 800 1000

A EHE/R

eesfiitioen ah GRa a®ad o |

1000

2 K€K Pb.Cd.Cr(VI) As(V) HANKRE o-BHC EHELMR I HE LR

Fig. 2 The experimental data and predicted breakthrough curves obtained according to the Yoon-Nelson model for Pb, Cd, Cr(VI)

a-BHC leaching tests

3.4 KAWNELIEFTELBHALERLA
K Tessier B BEX KB RIE L EFF
SRNGEERSET T AWM, SR AEK3. NE3 T

, As(V) and

DER,FtPRESESROHEN TRAME,
FHE Crfl As HRBSHNTREZKT 80%.
REESRETRIHEEL R, —REER
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REEMN LSRN, 2 EPRBLELBH
EZAETET Y URABESHE XL (Omella
et al. , 2002).

MT4MeRME KELRE, AEREEY
MHARMIBEN T RASHESRAN S &
WINT 1.2% ~ 5.4% , ;X B W #E Pb.Cd.Cr #l As

MWASRGEWEHBEREWE XK. WIELKR5,Pb.Cd,
Crfl As EFRE B WA & &4 510 65. 87% .
63.32% .58.0% #1 61.14% ,TiJE+H 4 M ESLE
B M 3T o B 4y Bl 31.23% 44, 40% . 20. 43% F
35.90%.

3 WBWEIRTESHMELESHENSR

Table 3 Proportions of each fraction of the four heavy metals in the soils before and after column tests

FELEPES BN SR HERELRPESRAN SR
TeRm F1 ¥2 F3 F4 F5 F1 F2 F3 F4 FS

Pb 0.97% 1.66% 10.45% 34.18% 52.93% 4.12% 43.87% 14.00% 13.35% 24.86%

Cd 1.40% 5.60% 21.95% 19.69% 51.53% 3.70% 13.25% 22.97% 25.60% 34.67%

Cr 0.40% 1.16% 0.49% 15.01% 82.94% 10.50% 25.66% 17.21% 24.69% 22.34%

As 0.33% 0.55% 3.39% 1.39% 94.34% 2.34% 17.67% 18.63% 28.31% 33.22%

AT : W Pb i K (B K TRM Cd ) K 8, RITHEXE T Cd
4 1% ( Discussion)

5 , Pb 78 8K B ¥k 78 Bl 9 8K 7T LAk 21 4R

4.1 tRFPELEMANERGNEGE 1, B & AT Cd

MREREH, LBAFELRE CrI5R™H, +
BBELRBECABHR™E. XEENARESAMNT
— 4~ 30 x 10*t 245 A 4% 15 HE 29 200m &b, T R AE A
S5 EBEH BT K E RN 20m £, -
BZABER LB RE R, B, A RESHE
TP CrEEBRS. M B REAMTHRREX,
BZHEXH 0 ZEMGEGE , BRARECLE LTS
HEABIIEZTESBRELAEECER™E,
JLHE Cd {53 (M55, 2006). REFHIERAD
LRSI FEAH,(H 5% A ML B+ BHC
DDT ¥A &K H, BB H 3 RME.

4.2 +THEAELBEFMANEARGWAIE S

BF5T X + 8t BH 25 F Pb 1 Cd A W B LL BH
BFCOC(VDMAS(V)H 1 ~2 1M BEBR, XEHT
T3 A FI+ 3 B pH 281K 2.97 #12.87 {5
ZERE G A, BT LA, X BB T AR B EE
BOK, TR B 7 B % B BE B/, Pb 1 Cd B R
FRKBER. B TFLEENEALFEH SR
(Allen et al. , 1995) XS T RAFRE T +
Xt Pb #1 Cd BIWR M7 76 5 25 5. A o e AR vt B i
MAIERYHHEFRHNHAIEERE. A&
HF AR B EE R, TR R EE
K, MBS LR K, %H 8 4/ Pb #1 Cd 1
P o FEL A L SR{EL 43 5 R 166.7V F1110.8V, H Pb
H M 442 F/NF Cd(Dong et al. , 2003) , H 1l , 76 4H
F4&MH T, LEX Pb (R MBE N ERT Cd. 1R

Cr(VI) A MLAR G B R F XU TR,
MR 2 A KA PT LUAING, X Cr( V) f e a8
HRTFHEIRR LRI EE S N K EE AT LA
Wt , R # + 3% % BHC (o-BHC, B-BHC,y-BHC #1 8-
BHC) 1 DDT (o, p'-DDT #i p,p'-DDT) ) % Mt 6E J1
EFIFRK.

4.3 E4BF o«-BHC ELE T HTHEA

ES RS E B IR B KT
Cr(VI) > As(V) > Cd =~Pb, XEWNNEERE
TP R T EBOR T X E SR R MR
N EBENESREARMENBK, ESRHTH
E JBE B/ (Joris et al. , 2004) ,3X 5 IR fif SE 5 (9 45 R
VG, LEERE SRR, R R R E R
R H&MT, £EEX o-BHC /R M 34 % Bl F0,
FUREH#ZE L EPH IR EERE. FFREY
(RSB, 2004) , BEHYE LE P RTHEAT
BRERN GREZHERILRAERNSER, BiE
WBRREA 2 A B, BB B I B B S R AR A
BB EE - BREAMEYRRLD, RRIERR
55, MERBEES KB EEEAREDE
R DA S 484 i, B A 4 P O o 3R B R, TR MREAE
FIZ 8 V4. IE 2 i T W% M F0 ol 88 47 75 19 [ R A
M, 18 o-BHC ZE L P EB HERIE.

AFLRENERYNEERIK AERYT
BEEES, Hi, 2+ EPELWE KR LM
15 YLy, TR B ARl e A T R, IR LR
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MIGRYNBER N BRI BEERK,
W T K25 R i AT RE P S 3 K. SRS R B IR RS
LWERFTLUEN, B 59+ ,Pb A1 Cd XF 4K
M A= 7= g S K, Cr(VI) i As (V) X 38 7F 7K 9 B i
BR,MLEFREHBIENARGE T LEN
W B A, {68 5 L X AR ol A 7 B R B 2 T B /D
Xt b T K 4 B A B o e AR D
4.4 ELBEELETIBHAEHNSNEL
FAH+ELBFEUREBES(FE >51.5%)
BREE, MKBELRE, BAER&EY T H A E
MEBUNAIXBESESBRIMHANSEYHEMT.
XEHTFEUBBLERANEANFEREBET
BELRS5IENERANEEENES B, M EE
SR TG BB BT el N A L EE
VAP ERRES, EHENESESERSEML
—BERBSLSIG 4 HIESHIERES,
FRESESRNEBERRTRAAEERI®EN
HELBMESBGFEMRS, 1995), M A NBAES
ITEPEBRBSESENTEYE M. Hik, Pb,
Cd.Cr 1 As JERE S A & B MM MEF T HX
T RARAEFEHEERE.

5 it (Conclusions)

RIS E L EXFESE R Pb.Cd Cr(VI) F
As(V) FI HLE K% BHC (a-BHC.B-BHC . y-BHC,
8-BHC) #1 DDT(o,p'-DDT .p,p’-DDT) i W B . #k 2§
WREY, LENHEF Pb A1 Cd MR M & K FXF
FHESF Cr(VI) 1 As (V) B W Bff & ; Cr(VI) Fl As
(V) ZEE# 2 L i E 83 B KT Pb #1 Cd WiE
BEE, B C(VD)EBRHEERT As(V) WEBE
B HTRMMERYILEIER, #18 o-BHC £+
BRI REEEE. AR AKE LRGSR
A, Cr(VI) 1 As(V) X3 36 F 7K i B 82K, Pb 01
CdXfRAAEFRBER, AIERA B TRHE
FA A5 H % ARk A 7= B BB & B T /N, X b R
KB B ERRD ELBRHESSITEY,
ARBAER L REPFEARTEY T H AEMT
BN RSESBOMEX RN,

WIEEER S EAN95T), F, &%, #L L3,
FEAFREFLS5EHCERTEARN S FNHR.

E-mail; dmdong@ mail. jlu. edu. cn.
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