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1.1 WHEXHER

HREENM T HE KT T BRI =MW, b
AR AR R E113°317 ~ 114°157, N22°39" ~23°09", 1%
P 96 % I IAT It i AR VL 4k o v, oA T A K T
UK, R 1 249km’ i) K 88km , 78 45 ZE 85 P 1) £ /K
RN 673km’ K 64km, I ARV — R L. A5
TR T IRYIT 5% KRR R ise i, B s %X
SR, 32 DX Tl Al 43 A % 4R, Tl 2 7K HE i 2
Z 'SR — A LK Z B E S EIEY; FF
(2012 42 H) ¥ 7K Zn Cu Ni Fe Fll Mn [ ¥ i 55
WA 0.054 ~ 0.494 .0 ~ 0.093,0.03 ~ 0.151,
0.922 ~9.861 F1 0.236 ~0.749 mg L', [d i #1

K ARG T R R T B Min (1,549 mg L7Y) 1
R KK B, O K AR B A TR
A E T YA BT AR AT LLTE A I
KB, AE R TS Gy K - R K B K 38 AR S 8
T3 5 B 4 R 4 R S e AR IR B WIS Yy
T i 22 X IR A S5 3 B vk Y e O L Akl A
g A AR T R b R A5 R G A R
1.2 TEHRF

MNZRZETTHE N 1 A7 i LW R U, 78
R N ISR I N o SN TS R B S W
o, BT ST R Sa 3 #I T S2.Sb Al S3 Al
ST T £ A FH M, DA 8 3 R 5 T S4 T
AN SR bR AR R R IR S A 1, B
PRRALIRIE WL 1, 3R 4E 31 ALk, T A AL
WIS R SR

x1 ITEXERER
Table 1 Information of soil sampling sites
R . 55 8 BE B TR FAERBE HLR KA
RS WER SRR 4 ) S
Distance from Number of Sampling depth Groundwater
No. Reach Sampling site Coordinate
river course(m) samples (cm) table(cm)
S1 i@ ZBIX © N22°45'59. 1”,E114°03'57. 1" 1.5 5 30.60.90.,120,150 130
Sa i@ ZRIX @ N22°45'59. 1" E114°03'57. 1" 6 6 30.50.70 .90 120,150 142
S2 @ I ) 4 ® N22°49'1.5",E114°06'25. 8" 1.5 5 30.60.90,120 150 130
Sb i @ AL © N22°49'1. 5" E114°06'25. 8" 10 5 30.60.90.120 .150 138
s4 Ti® B S @ N23°02'39.5",E114°06'14. 9" 1.5 5 30.60.,90,120,150 120

W - XA LB Note; — indicates no data (D) Upstream, (2) Midstream, 3) Downstream , @ Suburb, ) Tangxia town, ©) Zhangmutou town,

(@D Qiaotou town

1.3 HRLESHSH

TR ST B R e IR L 20 HE e
i, FF 0 o >R H Malvern 2000 8 RL BE G @ + 18
WURLZH B, BE A /N T 63 um 1) 2H 73 O oKL . 3 ot
Hb i 0] 432k T A3 25 A i . pH R SR (EC)
B R A R (K £ =2.5:1) , R IEA LT &
ME LS W SCER[16] . 1 e fh M T 0L 3%
2, PREUAFIN A4 0. 5¢ THEIE S, iIn A 10ml £ K
(HCL: HNOy =3¢ 1)1 3k 47 vt HROH 3 A, 304 it 5 1
J&i 2% HNO, E V& 50ml, R 25 55 F 1K 5 7 K& 45
ik (ICP-AES) il 72 T 43 J& As,Cd,Cr,Cu,Fe,
Mn Ni Pb Fl Zn 9 & &, & T R 43 51 4 0.05,
0.005., 0.01, 0.01, 0.005, 0.005, 0.01,0.05 I

0.005mg L',
L4 RXBESHENERHZE

FRICRE I A+ 20g, 5 B S0ml 2585 F /K T #E B
AR S RS R IR 2h, I BV G 0. 45 pum JE
JEEI 7 o 4 i Wk B O A RO W A .+
4t K 2 O By A= W B PR R A LUMIStox 300 ] &
{CH LUMIStherm 8 35 A 36 F 00 22 , W 22 7 7k 2 M
BS EN ISO 11348(1999)""7" . A KEEVHT & 2%
R B AT 4 ASFAT NS . AR AR K AR 30min B (1)
KA (Z) KR 6 4 B #
(I<10% ) %7 (10% <1<30%) .7 (30% <
I1<50% ) . E# (50% <I1<70%) . @& (70 <I<
90% ) M EE (1 >90% ) .
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Table 2 Range and average of physical-chemical properties of soil samples

) T 4 5 . HSH EC AL OM FokL bR A ki <63pm + 18 )5 Hh T A
No. P (mSem-1) (gkg-1) Clay (% ) Loam (% ) Sand (% ) (% ) Soil texture Soil type
s1 6. 84 17.9 12. 4be 1.24 29.6 46.3 58.0 b
Areri®

Sa 7.09 22.3 3.5a 1.05 30. 4 41.4 60. 83 b @ UIvAR: &
S2 6.96 34.0 26.9d 1.72 25.1 50.3 52.0 4@ AR X
Sh 7.02 61.3 18. 8¢ 3.08 33.7 31.0 69. 8 b EATAR: &
3 6.35 20.3 17.7¢ 3.60 29.3 37.8 63.2 WagE® e ®
S4 6.59 9.14 8. 6ab 2.40 35.4 35.7 67.8 W Pk

T [ B AS ] 2 BE 35 22 5 3 M (p < 0..05)
loam ;) Light sand; @) Lateritic red soil

1.5 i RREHE

Hi 2 A1 48 40 (Index of geo-accumulation, I, ) it
FAR

1, =log,C,/(K xB) (1)

X, C o+ E 4R i, mg kg3 B WY
Ho OB T 5 AT R, mg kg 'K O B R
FAE AT BE 51 T 55 0 B 3h imT B E W B K =
1.5, 3 R B 70 90 5 75 G FE B R 3 AR < T
W (1 <0) JB-rPET R (0 <1< 1) TP TS 3
(1<1,<2) "P-REEyG Y (2 <1, <3) GREE5 3¢
(3 <l <4) B-ARRETEH (4 <1, <5) FIBLE TS e
(5<1,,<10),
1.6 EcESHRMITME

4 JB A ME HLAL (Toxic Units, TUs ) PFf v & R
FH A 4 Jm % i S L AR Y ALV Y R (Severe
Effect Level, SEL) H AR 2 A1 4 18 U ARy 2 + 5 v i
Yyt A5 R GE A B AE B KON A
AT

Y, TU = C'/Cy, (2)
i=1

A, COREE i P E AR i mg kg5 Cly, B i B
A 7 A T RO A i, mg kg
L7 HESH

BAEGET 70 Hr R SPSS 16. 0 B 58 i,
7 5% 73 MoK Fl Duncan 2 8 CHE, AN [R] 48 b ] B 56 2
K Pearson #5170 47

Note ; Different letters in the same column indicate significant differences at 0. 05 level (D) Sandy

2 HiREiHe

2.1 +tESEERETHEKE
TIEFESR G RWOE3 PR, ELR As (Cr Al
Mn & &5 RE LHETRMEMY, Fe &2 B &M
T 5C(H P & & 59 S E /KA 2 BOm i, R
et 28R o 1 > 5 A ) Cu Ni Fl Zn 5 4
BRI S, Cd i5 Y i 5, T £ A Cd
SRS TER R R AR (13, & LR
T (e L 2R ERY 15.3 £% ~23 £, & T
I S, VAT NS TE Bl X DB Y g O B
AT —ERW
Hu SBFR BT D) A 4 T YR B E R
N2 B Y, ROE N R OR IR ZFIE Y, |
1 AT, 4% 4 AR I P i B ELR L 2 B
Wi, H,od it ERAKETFHMERGE, N
6. 06, J& T BEV5 44 s Ni . Cu Fl Zn BTG5 R E IR Z,
FiE-rhEETG YL s As (Cr Pb Fe Fl Mn [} 21 R %L
FEENT 0, BTG5, LIEE 4R IE 0 R
N ZBHEF R Cd(6.06) >Zn(1.16) >Cu(1.12) >
Ni(0.52) > Cr( -=0.55) >Mn( -—0.77) > As
(-0.89) >Ph( —1.03) >Fe( —1.32), fy . 0] 4
ZH X T E 4 )8 Cd Zn Cu Fl Ni & i 7% 2 H
AR TS Y BT B, T H6 40 A7 19 £ 3878 32 1] Pb  Cr Mn
Il As (1755
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Table 3 Total heavy metals in soil profiles along the Shima River and all kinds of standard content (mg kg™")

=k

T 4 4 i) g 4 il A A g Total F £t
olal e
No. Total As Total Cd Total Cr Total Cu Total Ni Total Ph Total Zn ( N Total Mn
x 10
S1 7.30ab 5.60a 65. 0a 76. 0ab 31.3ab 15.2a 197. 8ab 14. 5a 223ab
Sa 4.90a 6.70a 48. 4a 17.6a 23.4a 35.7ab 93. 1a 15.3a 157a
2 8. 00ab 5.40a 56.9a 114. 8b 37.5ab 36. 8ab 279be 14. 4a 296be
Sh 6. 80ab 5.80a 53.0a 77. 3ab 30. 7ab 60. 0b 206ab 15. 1a 318be
S3 8. 80b 6.90a 71.3a 212¢ 47.8b 60. 8b 331c 15. 6a 343¢
S4 12. 8¢ 4.60a 45.9a 42.9a 36. 0ab 16. 8a 101a 13.3a 292be
I ZkpnED 2 30.0 0.30 250 50.0 40.0 250 200 — —
o> (2] 8. 90 0.056 50.5 17.0 14.4 36.0 47.3 24.2 279
LEL? (23] 6.00 0. 60 26.0 16.0 16.0 31.0 120 20.0 460
SELY (23] 33.0 10.0 110 110 75.0 250 820 40.0 1100

T B ] 7Bk e s 22 7 8 1 (p <0.05) Note; Different letters in the same column indicate significant differences at 0. 05 level 1) 4 3 ifi
HRUE(C I 2% . pH <6. 5) Soil quality standard (Class II at pH <6.5);2) " A4 + 3% 518 (A J2) Soil background value of Guangdong Province ( Layer
A)33) F fKE N 7K F The lowest effect level (LEL) ;4) ™ 8 % W 7K - The severe effect level ( SEL)

B

LIy

-5 1 1 1 1 1 1 1 1 !

As Cd Cr Cu Ni Pb Zn Fe Mn
48 Heavy metals

S = NN W kR N3 X
T

LE- VL
Geo-accumulation coefficients

BT b R AR R M
Fig. 1 Geo-accumulation coefficients of heavy metals

in the soil profiles

2.2 AErTEESEREERNER

#3018 + 12 & 4: )8 (As,Cu,Ni Pb .Zn Il Mn)
PR R E R (KR3) HC FETRE
PE2E S BESr M RGE TORSER L R T K
Wi FHACNE 45 Cd 78 3 rp ALK i LU 8 5% 1
B Cd T RESR R T AR Bh . I S1 ~ S4 R
HE B YA AT 0 - R (R 1), A B (ST) 2
NUE(S3) My A E AR A SRR R RS

BN (S4) BE TR, Hob i S3 19 As Cu Ni|
Zn 1 Mn 4 0 2% & Tl S1(p <0.05) , EE R
PRI T 3EORE (< 63 wm ) 4153 FIA ML 5 ek ¢
B o ORI Ay BAT B B0 b 2 T AR, R 4 R K
AR SOM X 4 8 B A AR TR B9 4% 4 g
71,4 Cd Cr,Cu,Ni Pb Hl Zn L2000 F i 3
BT S4 B TR 2R 3 Bl ST~ S3 i (K 2) ,{H ]
IS4 B 48 i (As BRAM) WAL, X2 i T
T S4 HAKH SOM & irsk. thk 4 W, ELm
GRS BOR 41 B IEAR G, H Cr Al Ni & it 5 L2
i IEA X (p <0.05) 51 Cr Cu Ni Zn Fl Mn % &
5 SOM & & &2 W 2 s W 2 1EAH ¢ (p <0.05 B}
p<0.01) , BEWIHTFE X 4 SOM 5 2t 45 fiok 20 43 4o
IR E LR R, N DI L= R
BB ITREE, W HAERNE —BRE, SRS
25 S B O AR E R

F A TR R B, BB D K % A
J& (Cu.Zn Fe Mn Fil Ni) {5 4%, & 4 J& 8 i ] 7K -Hb
TAKZLBEAEMESKZHER EEH . Mt
HE) T Sa AN Sb M 2 1A Bk , 52 K S e W Y
MR/, H T 48 (Cr.Cu Ni fll Zn) & 452
F T S1 RN S2 i, {5 Ph & w5 i S1OfnS2 H
BT T SE, TR X NI S3 Ml Sh 5
O\ B EAR , Ph B R (60. 8 A1 60. Omg kg ™') 3 7
T A S A, T Bai 45 B BESE 4G R R L R 4
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J& Pb 1y F BRI R A2 75 Y, BIF LW A~ 55 47 1 Pb
AT HER [ AT 55 0 N 6 5 e VR . 3 O % b I S )
JE Bt Ab (FRITAT Sa A Sh) AT 4k (510 S1 A0 S2)

o T G i, Al — 2 U ) AT T 1) Y
e o 4 J ek B R S A4 I K -3 R K 22 EAE
£ D 555 T AR AT

*4 EGREEESTEBAMROMEXE

Table 4 Correlations relationship between heavy metals and soil properties

As cd Cr Cu Ni Pb Zn Fe Mn
T HEMORE <63pum  0.311 0.134 0.398"* 0.241 0.368 " 0.033 0.274 0. 121 0. 302
HHLFE OM 0. 094 0. 050 0.427* 0.638"" 0.602"" 0.235 0.805"* 0. 066 0.681""
pH -0.393" -0.194 -0.302 -0.485"" -0.550"" -0.127 -0.335 -0.148 -0.452*
EC -0.264 0. 080 0.118 0.115 0. 084 0.366 " 0.300 0.115 0.338

o Fll# % FIR p<0.05 il p<0.01 BEMF K Note: * and * * represent significant correlation at 0. 05 and 0. 01 level, respectively

A A S AR K] 2 s, M T4
T 5 E BB T E T Sa AT Sb 32 K G G
SO 5, 4 8 R (I Sa 1y Cd R Ab) 78 & T
T AR A FE A K. EI T ST ~ 83 rhidth R DLTR 120
o 150cm 4b g Cr Ni Cu Fil Zn % & B K&, X &
R LLIR 120 ~ 150em 4b i) 7K -4~ 7K 58 B AE
Asik ¥

20

40 |

IRJ¥ Depth (cm)

140

160 *

60 1

80

100 ¢

120

As concentration (mg kg™)

0

Cd k&

Cd concentration (mg kg™)

FH 5 ZU A DX 38 DL K 358 R 1 SOML 5 2t R BOR: 2 43
Jr ;I TE S4 %) Cd Cr Ni Cu Fl Zn 7 &5t bifi 1) [ 7%
JEE P 2 iy R A , 35 Ok SOM B RN R 4 4
T MR T REEE G R, Hrp N & &A1 b
g LA R 4 W, 32 R NI X o g i g
WO S5 0 T 85 2%, A8 5 T ke 8 0k BT IR AT

Cr ik

Cr concentration (mg kg™)

I7 1.4 2.1 2.8 3.5 20 0 7 1'4 2|l 2|8 3‘5 20 0 3'0 6'0 9.0 12.0 lSIO 20 0
|
|40 40 | 40
|
| 60 60 60
|
I 80 80 | 80
| A N
100 100 | 100
|
120 120 f 120
|
: 140 140 140
160 - 160 - 160 “
Ni ¥k & Pb ¥k & Zn ¥
Ni concentration (mg kg™) Pb concentration (mg kg™') Zn concentration (mg kg™")
20 40 60 80 0 75 150 225 300 0 180 360 540 720 900
20 T T T v 20 T T T 1 0 T T T T |
| | |
40 I I 40 I
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| | |
~ 60 | | 60 I
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: : | |
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Fig. 2 Distribution patterns of heavy metals content along the soil profiles
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2.3 tBEEEEHNESE

T G S R e RO (lowest effect
level, LEL) B{ ™ B % i/ ( severe effect level, SEL) [
(B (36 3) I 2 0 A2 285 FR G0 77 A A [) 8 2 110 B 35 XL
MBEMERON . a5 R AR Y AR S RO
B (B AT LY & B E T Sa (9 Cd L FI T ST #Y9 Cr 1 T
S1~S3 i Cu il T SEL, HAE & & § &Mk
it SEL,H K535 4 J& (Mn Fl Fe R AL, & R
) ¥l LEL, Pt iR Bl &R & e X
LKA S R GG A MR AR A% ] T
AFJER L H 48 & &5 SEL (1 e E Rmit 5
3 E SR AL (X TU) (K3) 548 X TU
o 3 4 898 ) T #E MR Y 0 S3(5.51) >82(3.96) >Sh
(3.54) >S1(3.35) >S4(2.92) >Sa(2.51); K,
29.03% I HHE X TU s 1 4, )8 Frh k' ¥ %) £
BYTU STk A 3 e s i E 4 8 2 Cu(19.23% ) |

Cd (17.35% ) F1 Cr (14.58% ), & 1% # & Pb
(4.05% ) o WRAE ALK, W) T S2 F1 S3 y fif
T SR AL T, + 5 3 TU #55, Cu X LY
TU 9 51 8k A 70 b & m, 20 0l o 25.96% F
33.99% . R E FF A B 0F 9T 45 R R W, 5%
Cu 11 8 P 0w 1 f5c B0, 1T X Zn (P Al Cd B B —
B T ROV AN B AR Wi R B Cd /Y S AL T AT g
FPRAF M A K MfEE &R & & B ErmT
(Cu: Zn: Pb: Cd =30:50:50: 5mg kg ') % [ 3% 4=
K74 T 11.6% Wy 4l 3, 2 B 0y [R] 25 4 2%
B AR S2 M S3 M EES R G R
(£ 2) W] BE 2 XF HE W) A= A 7 A2 B R B . Notten
2O AE T A T A S 3 a1 A A A
SN ERERTREESE . % EE T4 SR EM
N 0y - 8 o 4 T 1 e AT AR X AR A T T KU
HAH AR A A 3 .

R AL R B S DA
S1 Toxic units ( Y TU ) Sa Toxic units ( YTU ) S2 Toxic units ( YTU )
01 2 3 4 5 6 7 8 01 2 3 4 5 6 7 8 01 2 3 4 5 6 7 8
30 AR Bl
[ 71 Cd C
£ o0 7N mcr 50 PN
= I _ 0 Cu 70 AN
& 90 [HIEN] 8 Ni .
A [ & Pb 90 [FANHE
%:é 120 [ ZMMIEEN] @ 70 151 o
i B Fe L
7 =N
150 [ZIIERY] o

O D
(=] (=]
T T

Y% Depth (cm)
o
(=}

150

P32 A AL O A

Fig. 3 Distribution patterns of toxic units along the soil profiles

K 4R O A 4 R ik B AN X R B B AR
WP 45 A S T %, B BOR X R O T
PE I R R T 20% , O CE SRS, (H T
FTA Sb(S3 A1 S4 i 4 IRV BRI HR T AR o e
() Zn, A BIRE S B Zn e 8 6 28 M T X RO Y
PR RS (ECy, =0.70mg L") P 42 % Y

03 R 10 B P2 BB I KR 4> Zn RNEEB AW B
AR, 32 28 2 TR Ok B IOV P A e B ) R A R
BT NE TS <0 Tpm) GBS S
(0.1 ~0.45um) *' J5 % Br & 1 Ak H AR RE 7

AW BOR] AT X O B R T AR T R

http : //pedologica. issas. ac. cn



544 R - 51 %
R5 TEARBRENESBIREMIEZE
Table 5 Heavy metal concentration and luminescent bacterium inhibition rate of extract relative to soil profiles
) T g Cd Cr Cu Fe Mn Ni Pb Zn o) %
No. (mg L") Inhibition rate( % )
S1 n. d n. d n.d~0.05 n.d~0.08 n.d~0.04 n.d~0.02 n. d 0.04 ~0. 14 7.42 ~13.2
Sa n. d n. d n.d~0.02 n. d n.d~0.01 n. d n. d 0.02 ~0.07 6.43 ~12. 1
S2 n. d n. d 0.03 ~0.07 nd~0.13 0.01~0.09 0.01 ~.02 n. d 0.04 ~0.09 2.45 ~13.1
Sh n. d n. d n. d ~0.09 nd~0.09 0.02~1.00 n.d~0.16 n. d 0.02 ~0.71 6.15~16.5
S3 n. d n. d 0.05~0.09 n.d~0.17 0.02~0.08 0.02~0.13 n. d 0.07 ~1.11 9.99 ~12.8
S4 n.d~0.01 n.d~0.16 n.d~0.19 n.d~13.2 n. d ~0.47 n.d~0.23 n.d~0.06 0.01~0.37 2.63 ~13.3
Hon d FRMETHKMR  Note:n. d indicates undetected
%Fﬁ’f’t? ;Fﬂ H % ?IEIQ )F/% -LElZ 'fﬁ + ﬁg E/‘J H /j\v_? % '@ s ™ Yucheng City, Shandong Province (In Chinese ). Journal of Agro-
ﬁﬁ/fﬂz /m\ Qﬂ:% . -féﬂ %:Z % %ﬂz 4 E Ve g% E/J + ig 1=t Environmental Science,2009,28 (11) :2270—2276
i 5 N =
s . . [ 3] LeeCS,Li X,Shi W,et al. Metal contamination in urban,subur-
A B A B R L X TU PR Ry 2R ,
2 e - - ban,and country park soils of Hong Kong: A study based on GIS
A J] y - B Q H. N S ~
oS B ﬁ’n%j‘j,ﬁ‘ﬁﬁ EZ‘ EF‘ B ﬁﬁ :tg% /':E 7J( %EEX@XT& and multivariate statistics. Science of the Total Environment,
e BP0 SN A AR B B TE R, X TU ¥4 i 7P 2006356 (123 ) :45—61
&i@ﬁﬂ( %\Ellz EX 7& E(J P]Z Hf, + i% 7J( j:/iEé H:X i& E':J ﬁ ‘l‘i ‘ZD-IIJ [ 4] Chabkdhara M,Nema A K. Assessment of heavy metal contamina-
iﬁéﬁ%%ﬁéﬁ Q I/ %'H“TE&Z\E ( E‘l‘i}ﬁ‘j‘ﬁ ) Mj: tion in Hindon River sediments: A chemometric and geochemical
e N s » o 2 h. Ch here,2012,87(8) :945—953
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HEAVY METAL POLLUTION OF SOILS ALONGSIDE SHIMA RIVER,
DONGGUAN AND ITS ECOTOXICITY

;

Gao Lei' Chen Jianyao'" Wang Jiang' Ke Zhiting' Yang Xueyun' Shimizu Yuta’® Zhu Aiping'

(1 Geography and Planning School ,Sun Yai-Sen University , Guangzhou 510275, China)

(2 National Agricultural Research Center for Western Region ,National Agriculture and Food Research Organization ,Hiroshima 7218514, Japan)

Abstract To investigate effects of the interactions between river water and groundwater on soil environment along
river banks, thirty-one soil samples were collected from 6 soil profiles, different in distance from the river,located along the
Shima River in Dongguan City in China of and analyzed for heavy metals ( As,Cd,Cr,Cu,Fe,Mn,Ni,Pb and Zn) by ICP-
AES,and luminescent bacterium ( Vibrio fischeri, LUMIStox 300 ) inhibition rate of soil extracted with deionized wa-
ter. Results show that the concentration of Cd,Cu,Ni,and Zn was 2.8 ~11.2mg kg ™' ,9.7 ~298mg kg ™' ,11.4 ~69. Tmg
kg 'and 40. 4 ~465mg kg ', respectively. Cd reached 6. 06 in geo-accumulation (1,,) ,and the level of extremely severe
pollution. In terms of [, = the heavy metals followed the sequence of Cd > Zn > Cu > Ni > Cr > Mn > As > Pb >
Fe. Differences between the soils in concentrations of the heavy metals were related to their soil organic matter ( SOM)
content and fraction of micro particles ( < 63 wm,CSP). Cr,Cu,Ni,Zn and Mn concentration was significantly and posi-
tively related (p <0.05 or p <0.01) to SOM content and Cr and Ni concentration was to the fraction of micro particles. In
terms of toxic unit ( Y, TU,mean of the whole profile) ,the six soil profiles followed an order of S3 >S2 >Sbh > S1 >S4 >
Sa. Profile S3 was the highest in Y, TU (5.51) ,belonging to the moderate toxic level. And the luminescent bacterium inhi-
bition rates of their soil extracts varied in the range from 2.45% to 16. 5% ,indicating that the heavy metal pollutions in
these soils could be sorted into the category of low or non toxicity. Bio-toxicity test could be used to better represent and
characterize the eco-toxicity of polluted soils as some speciation of heavy metals in soil may be not bio-available.

Key words Shima River; Soil; Heavy metals; Eco-toxicity; Luminescent bacteria
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