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Characteristics and Ecological Risk of Soil Pollution in the Lower Reaches (Wutonggiao Section )of Minjiang
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Abstract : Soil pollution characterized by residual pesticides and heavy metal contamination is limiting the agricultural clean production and
still threatening the health and survival of human beings, as a consequence of which much attentions have been given to the pollution charac—
teristics and the ecological risks of residual pesticides and heavy metal in soils of different regions worldwide. As yet, little is known about the
characteristics of soil pollution and its ecological risk in the lower reaches of Minjiang River which plays an important and irreplaceable role
in agricultural production and aquatic environment safety since there is lack of the simultaneous study of soil residual pesticides and heavy
metals, which is difficult to make needs of agricultural clean production and environmental protection. The concentrations of residual pesti—
cides and heavy metals in 103 soil samples were therefore analyzed in order to obtain an understanding of the characteristics of soil pollution
and ecological risk in the lower reaches( Wutongqiao section )of Minjiang River. Benzene hexachloride (HCHs )concentration in all soil sam—
ples was in the range of the 2nd level of National Soil Environment Quality Standard (GB 15618—1995) (500 pg-kg™'). Simi-
larly , dichlorodiphenyltrichloroethane (DDTs )concentration in 96% soil samples accorded with the 2st level of National Soil Environ—
ment Quality Standard. Fenitrothion and bromohos were detected in 60.4% and 55.5% of all samples, which were both higher than those of
the rest of organophosphorus pesticides (OPPs). The geoaccumulation index of Cd reached 2.79. After OCPs had been forbidden for twenty
years, its degradation was still salient in the region. A great deal of OPPs residuals were found in the soil, because of the abuse of OPPs. The
sources of heavy metals were still also distinct. The potential ecological risk of pesticide residuals and heavy metals in soil was found in study
area.
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Figure 1 The sampling plots in the lower reaches of Minjing River

AR (0~20 em), DAL BRIR G FE 1 kgo FEM
KA, KA mshta sk, ptis 4 1, 1 100 H
i, T-18 C AR
1.2.2 FEELRTAE IR A AT

ARG B T E AR b A - CAE A HLE AR
24 (0CPs) 757575 (HCHs) | i % 3 (DDTs ), 8 Fh 475 7%
Iz A A HLEE AR 245 (OPPs ) Fll 7 Flviy WL 42 & 7
b i A 2 5% BE R A T A B A T kS
8 GB/T 14550—2003 F1 GB/T 14552—2003, Fir FHAY
84 Shimadzu GC-"C AN ETEL, A Z5hRiE S I F
AR IR AP BRI W T o [ R Y LA
90%~120%., OCPs 77K HFEH 0.09~0.21 pg kg™,
OPPs JriERu i RN 0.54~3.66 pg-kg™' o 4@ AT A
PR 7E 2 18 GB 15618—1995, A T 1M A i
5E Cd Cu.Zn Ni Cr ({X#F:TAS- 986 % 51 W U5
SR, S ALY R T II E Ph A As (4 -
WHG-102A2 B aliE G AW & A48 ), Inbs Eii
R 100%+10% , FATHE S KA X2 <15%

2 HR5iTie

2.1 TIERRGERBINESESE

FFE R (1), KAy 103 4~ 2 £ 1E(0~20
em) FEG X HCH St TREE (AR
#E) (GB 15618—1995) — 2 b5 ifE (500 pg-kg™'));
96% (1) X DDT & Ik T E K —Hbrife o XN 115
S HCH (P & R F X DDT, (HAR S 2500 /)
F X DDT, BEBAIX N DDTs 2Z4E [ 4R & 1 TP
HCHs 5 K8 AR SRR R A | R e
TR AR G L R ik 50% L L, TRBR i % BE
ik 1990.6 pg-kg™o FHHEE K REBEBE RS
N B RG H R h 33.7% .9.9% (14.9% 5.0% , A5
4.95%FRE i FPAS T TR, HAS TR RN T
12 pg-kg™o X P OPPs 5% B4 4, H 22 80K, X T BE
5 OPPs WYJCIFl AN SR REARFRIEA DG, 456
2 0L, T AT REAS T As Ph I Zn S35 5 g = 1 DY
JAA S S (55 2)09, Cu Ni Fl Cr SEE &R T
a1 sl A0 S T2 E T 5 E . Cd 8
BEEN 104 £, 4 FEE FAHM 8.0 £,

MOBFREE S 1 Lk B (B 2), BF5¢ XA 8 i
415 () FIEAFAERFIRR B AT Y, 24 1/3 1) -3 ] et
Z RN LGHR N 4R A TE YL
22 RHGHRE ERBREST

AT R (£ 2),p,p-DDD V45 H 5 (8.0



258 faj

RO VLR I (CFOEATR BE) 1375 YR AE B A= SIS A

2009 4£2 H

pg- kg™ ) FIRS H F(55.4% ) EREAK .t T DDT 7E474A
S R REFAR AL DDE, JUAASE T BEAR B DDD, B X
N DDTs AR 32 2R 0 S B g7, o—HCH il B-
HCH ¥ & &4 58 6.7 pe ke A1102.4 pe kg™,
oa—HCH 5 y-HCH 9 LU {Efig s ik HCHs AR AR AR 1 .
AT A AT «-HCH/y-HCH (- 34{H N 4.5,
U] HCHs #2520 2240k, FERF9% X N e R
B, OPPs 7E PR rh AL 25 ) B ™ (R A B 55 v
OPPs [ HH A i BOR, BRI IX Y OPPs 3% FA
FORIR T AL Bt & TCF AR E A

FORZRME T, e 2RI TR FIsk vk
A= I, IR C R A U e , (H i T
BT, L s & i e, it
FEIX LI Cu Ni I Cr B-F-2 5 & 5 00 1| L8 4
JE R SR E AT, UL X N LA B 2
I T A Ph S A B RE AT £ B AT 7SS
W EN B, P Ph YRR AT BRI TR
AP, Cd -4 2 5 015 50 10.4 4%, Cd
I Zn K EEBOR BORE G F E A TEUR VI P 7, T
X LR R R Cd A Zn WHER FLIRTT.. As A H

xR TERYG ESRRBEERITHIEE

Table 1 The statistical feature of residual pesticides and heavy metals in soils

iES IR P iR/ ME HRME brifE 22 P W AERRE DARES
Pesticides and heavy metals ~ Types ~ Mean/pg-kg” Min/pg kg’ Max/pg kg™ S.D. Skewness  Kurtosis CJ/% Detection rate/%

a-HCH IgN 6.7 n.d” 38.6 4.4 -0.2 3.0 65.6 96.4
B-HCH 1gN 1024 n.d 268.7 254 -0.1 1.6 24.8 99.1
y- HCH IEA 20.2 n.d 101.3 72.8 0.6 22 360.2 99.1
- HCH IgN 11.3 n.d 71.5 13.1 -0.9 2.6 115.6 85.7
p,p~DDE IgN 324 n.d 461.6 73.6 -0.3 2.3 227.1 81.3
p p-DDD" IgN 8.0 n.d 86.4 14.9 0.3 1.6 186.9 554
p,p=DDT IgN 61.6 n.d 940.5 290.5 -0.4 33 471.6 90.2
> HCH A 132.9 44 394.1 91.3 0.7 2.6 69.0 100.0
> DDT IgN 1133 n.d 940.7 297.5 -0.5 34 262.7 97.0
Al IgN 28.8 n.d 232.5 25.1 0.7 1.6 87.1 33.7
R XL (RS 0.5 nd 112 0.7 4.0 17.9 1413 4.9
AR IgN 126.1 n.d 23632 109.1 0.2 1.9 86.5 60.4
TR 1gN 271.1 n.d 1 .990.6 1144 0.3 1.4 422 55.5
KRB it 4.5 n.d 2564 6.5 9.2 88.8 1442 9.9
FEER M2 69.6 n.d 25773 135.2 7.2 59.4 194.2 14.9
I P2 10.8 n.d 486.9 18.8 6.5 449 173.7 5.0
Pb 1eN 31 600.0 12 400.0 89 900.0 15.2 0.5 3.0 438 100.0

Cd IgN 840.0 430.0 1930.0 0.3 0.3 3.2 29.0 100.0

Cu IgN 27 440.0 15 550.0 89 530.0 13.1 1.4 6.9 429 100.0

Zn IgN 108 760.0 46 790.0 245 000.0 322 -0.9 5.3 28.7 100.0

Ni R 32 260.0 18 290.0 52 680.0 7.1 0.4 3.7 219 100.0

Cr ER 71 830.0 30 250.0 115 530.0 19.0 0.4 5.1 26.3 100.0

As 1eN 11 650.0 5 040.0 25 400.0 3.9 -0.1 3.0 32,6 100.0

#:(1)p,p=DDD 4 p,p=DDD Fil o,p ~=DDD 5 Z .,
p,p —DDD is the sum of p ,p =DDD and o,p =DDD.
(2. dAARAG T GE T i A 2B B /IS R B —21 Al B I B A 80 E 5 i D B R RE . R T

n.d. represents not detectable, it was statistically analyzed as half of LOD (limits of detection )value,skewness and kurtosis were changed by 1gN.

The same as below.

x2 E2RBERME(peke)
Table 2 The background of heavy metals(pg-kg™)
T4 BN Heavy metals cd As Cu Ni Zn Cr
U135 5418 Background of Sichuan 75.0 9 300.0 29 700.0 32 600.0 28 900.0 82 100.0 79 000.0
4> [#75 518 Background of China 97.0 11 200.0 22 600.0 26 900.0 26 000.0 74 200.0 61 000.0
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Figure 2 The structure of over standard soil samples
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Table 4 Correlation coefficient matrix of OPPs in soils

LT e T
T I
FAEEXT i 0.400% 1
RS -0.054 -0.026 1
TR 0.860%% 0.269*% -0.046 1
KRR -0.033 -0.040 0.164 -0.004 1
FEERC -0.128 -0.055 0.269*% -0.117 -0.011 1
M -0.114 -0.048 0.009 -0.113 -0.027 -0.038 1

RS TEESREXRHIER

Table 5 Correlation coefficient matrix of heavy metals in soils

Pb Cd Cu Zn Ni Cr As
Pb 1
Cd  0.617** 1
Cu  0.264* 0.205 1

Zn  0.598%*% 0.699** (0.254* 1

Ni 0.255% 0.361%* 0.488** (.292%%* 1
Cr  0.380%* 0.477** 0.389%* 0.397** 0.490%** 1
As 0.045 -0.066 0.208* 0.004 0.049 0.092 1

F 6 11 OCPs-OPPs-BE L BAX RHER
Table 6 Correlation coefficient matrix of OCPs—OPPs—heavy

metals in soils

B-HCH  HFEWE LBk Ph Cd
B-HCH 1
ki -0.217* 1
W -0231%  0.860%* 1
Pb 0.049 0.245% 0.152 1
Cd 0.005 0.246* 0.227%  0.617%* 1

RFEE 3), YEEE(D)/NT 2 i, K 4 8 oA
PIN 4 4H.Cd . As,Cu Ni.Pb,Zn F1 Cr, Cd F1 As £ &

R 3 18 OCPs XBHEXREIEE

Table 3 Correlation coefficient matrix of OCPs in soils

a-HCH B-HCH y-HCH

a—-HCH 1

B-HCH 0.173 1

vy-HCH 0.478* 0.413% 1

3-HCH 0.3 14 0.042 0.156
p,p-DDE 0.032 -0.189 -0.082
p,p-DDD -0.122 -0.161 -0.252%*
p,p-=DDT 0.348* -0.073 0.041

8-HCH p,p -DDE p,p —=DDD p,p=-DDT
1

-0.040 1

0.3327%* 0.154 1

0.240%* -0.017 0.133 1

T o FORA O 135 (P<0.01) ,* FnMl e 3% (P<0.05)., T,

##* Correlation is significant at the 0.01 level, * correlation is significant at the 0.05 level.The same as below.
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Figure 3 Cluster analysis of heavy metals
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Tabl 7 Residual pesticide concentration in soils
in different areas of China(pg-kg™)

HCHs DDTs
Dichlorodiphenyl
trichoroethane

52 DX Ik

Different areas

Benzene .
References

hexachloride

Z bR 500([H% —4%) 500( F% %) [15]

R HIX 45.80 56.01 [27-28]
WALE BTKE 0.50 4.42 [5]
O X A - 1 4.01 11.16 [29]
T XAl A 13.60 64.10 [30]
Je i L4 1.47 77.18 [31]
LM X A 45 1.05 20.89 [32]
Pu )12 e 43 n.d~57 n.d~11 [33]
BN KR - - 4.7~42.6 [34]

LN 132.98 113.27

& 8 LiRd OPPs HyiG H B H

Table 8 The mean and detection rate of OPPs in soil

REFZE  Fifipg ke PRE/ g ke Kt 2/%
Pesticides standard Mean Detection rate
H Pk n.d 28.8 33.6

FH B X B <12 0.5 49
ARG n.d 126.1 60.4
TR n.d 271.1 55.4

K e n.d 45 9.9
GRS n.d 69.6 14.8

XIYESFI5 Y, OPPs 7 -3 v (1 5% A B[ F XS
BRSNS 12 pg-keg™), HARIKIAGHAG TP, hk 8
AL, WFFEIX S R A5 OPPs B B B bR s o
[RI  2 OPPs fE3R S5 45 5 o0 e, I HATHAE ) 2 fi

FH, X 3k ) OPPs 5% B3 X4 7= il 28 42 A 7= R AR
(R HEAFFEVEAE U o

W AR BHE RO B PEM DR h R 4 R TS e A
JE AR e B V5 e A b g0, ¢ 9 ml I, 7
FhEE 4 b 1A Cd bR 28 50K T 2, Hp 4/
F 0, BXULEA X P 5805 Y R, A5 e )
BT DAFRIE 1995 ARANAR 1 IR T bR i)
(GB 15618 —1995) — 245 brfE R 250175 Y M i P-4
FRUEE Y, iz B R A FH - R 5T W 1 AR R )
XPREMZE RS TIEM, fh3& 10 af WL, X N FEAEh 4%
PN EES B, BREGYR Cd Arhis sk,
HAH %4, KN Cd {5 Y™ &, B X A i e Fy
LR

R EERERENMRREY
Table 9 The background and index of geoaccumulation

for heavy metals

Heavy metals
A ZHRE (D)1 5)
Index geoaccumulation 2.79 -0.26 -0.70 -0.60 —0.50 -0.26 -0.72
(Sichuan)

HBURIEE (A2 [ 5
Index geoaccumulation 2.42 -0.53 -0.30 -0.33 -0.35 -0.12 -0.35
(China)

Cd As Cu Ni Pb Zn Cr

R 10 LREERIFEY
Table 10 The soil pollution index of heavy metals in the soil

SR E
Colligation

G

Heavy metals

Cd Cu 7Zn Ni Cr

pollution index

1Y REL

Pollution  0.107 2.73  0.286 0.432 0.653 0.362 2.007
index

TS YRR ) V5L > 3 e . NS

L T S O Y P N S e

Pollution Midpoint Midpoint

Safety . Safety Safety Safety Safety .

grade pollution pollution
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