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Table 1 Desriptive datigics of totd and bioavalable concentrations of il heavy metd's
Totd concentrations Bioavalable concentrations
Reas Fate Locd
He Mean Renge orelr Rae ove the beckgour Mean Renge Bio-a-/ail
et (rf] (kg ov o locd  courtry d (g (r_rg (g kg3 o Reason ahlft)./
kg™ Y o beckgo-  soond gD kg™ 1 able oeffici-
und( %)  dandard snples et ( %)
ples (%
G 02" 007 272 0.55 30 87.3 7.94 0.12 0.154 0.027 2.45 0.88 74 63.8
o 69.3° 30.7 163  0.28 8 48.4 0 65.7 0.352 0.125 1.74 0.61 38 0.52
285" 137 725 034 12 714 397 228 5.56 0.87 18.4 0.60 30 19.2
Ni 360" 194 743 0.18 4 9.5 19.1 29.1 1.53 0.59 7.42 0.48 2 4.32
Po 281" 121 8.9 039 15 76.2 0 20.4 3.83 0.42 187 0.67 43 13.5
Zn 103" 47.9 32 0.37 14 88.7 476  73.0 7.86 1.58 46.9 0.78 59 7.56
@ 123 6.5 163  0.14 2 46.0 - 13.0 0.78 0.21 247 0.42 17 6.18
Hg 0267 00l 092 0.5 27 833 27.0 0.16 9x10°* 3x10°% 4x10°* 079 60 0.37
Dok, xw (p<0.05; p<0.01) Note: *, **dow the sgnificant levd o difference between
the totd concertration and the loca background of a certain il heavy metd dement ( p<0.05; p<0.01)
2.1.2 O
( ) o4
, o [7.,14]
Cd CuNi Pb @ ,
(2 GddN P @ (Avalable () ()
concentration ,AC) , [7.14.15]
Cu , Po ( )
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2
Table 2 Avalade concentration (AC) and hioavailahility coefficient (BC) of il heavy metdsin Huangn oilsdf dfferent function zones
Item Function area cd (of Cu Ni Pb Zn @ Hg

(C12 0. 104a 0. 410b 5. 00a 1. 60a 3.36ab 5.82a 0. 695a 0.000 9a
AC (mg kg~ D) (FDP2) 0.101a 0. 325ab 5.23a 1.31a 4.08b 6. 14a 0. 745a 0.000 9a
(VP2 0. 109a 0. 262a 5.05a 1.53a 2. 66a 9.18b 0.633a 0. 000 8a
(2 0. 130a 0. 322ab 6.57b 1. 66a 4.30b 7.70ab 0. 764a 0.000 8a
(LB2) 0. 086a 0. 293ab 4.73a 1. 52a 3.16ab 7. 40ab 0. 685a 0. 000 8a

(C12 59. 80a 0.547a 20. 5ab 4.40b 12.3ab 5. 74a 5.44a 0.419a

BC (%) (PDP2) 64. 17a 0. 486a 19. 9ab 3.52a 14.6b 6.13a 6. 15a 0.407a

(VP2 64.43a 0.407a 18.5a 4.62b 10. 7a 9.64b 5.19a 0. 360a

(P2 65. 36a 0.511a 21.9b 4.76b 14.8b 7.62ab 6. 25a 0.371a

(LB2) 57.23a 0. 479 17.8a 4.43b 13.3ab 7.24ab 5.73a 0.416a

70 12, 16, 8 9 15, 5%

Note: A total of 70 il sarpleswere andlyzed , including 12 from the cherica indusry zone (Cl2) , 16 from the printing & dyeing and paper-making
2ne (PDPZ) , 18 from the vegetable production zone (VPZ) , 9 from the smdlting and plating zone (SPZ) , and 15 from livestock breeding zone (LBZ) . Lower
cae letters show differences & p<0.05 leve

2.1.3 3 ,
( ) B , , GCGoQ@m =
3
Table 3 Available concertration (AC) and bioavalahility codficient (BC) of il heavy metdsin differernt parent materids
Item Parent meterid Cd (03 Cu Ni Pb Zn @ Hg
(ALS 0. 105a 0.393ab 6. 47ab 1.68b 3.99 6.67a 0.873a 0. 000 6a
AC (mgkg™Y) (LAY 0. 085a 0. 311ab 4.07a 1. 50ab 3. 26a 5. 90a 0.970a 0. 000 9ab
(RS 0. 250b 0. 462b 9.34b 1.72b 6. 65b 13.5b 0. 676a 0.001 1b
LS 0.074a  0.205a 3.6la 1.15a 2.69a 4.12a 0. 749 0.000 7a
(ALY 62. 34b 0. 635b 22.6b 4.79% 15. 8bc 7.30ab 7. 26a 0.281a
BC (%) (LAY 59.67b 0.514ab  15.5a 4.44a 12. 7ab 6. 08a 7.71a 0.402a
(RS 84. 14c 0. 596b 24.7b 4.9%a 18.0c 10.6b 5.45a 0. 445a
Ls 40. 80a 0. 28% 13.2a 3.27a 10. 8a 4. 36a 5.27a 0. 388a
F 3.131 1. 500 4.838 1.578 4.540 6. 302 1.011 3.305
Fvdued AC
p 0.038 0.235 0. 007 0.213 0.009 0. 002 0. 400 0. 042
p vdued AC
F 6.875 2.697 7.183 1. 270 4.122 3.315 1.211 1.690
Fvdue o BC
p 0.001 0. 061 0. 001 0. 300 0.013 0.038 0.313 0.188
p vdue o BC
38 , 1, 12 8 7, 5%

Note: A totd of 38 il sanpleswere andyzed , including 11 sanplesd the dlwid lacudrine ssdiment (ALY , 12 of lacugrine dlwid sdiment (LAY , 8 o
the flwid and marine sediment (AMIS) , 7 o lacudrine sediment (LS. Lower cae letters show differencesat p <0. 05 level
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Table 4 Availabe concertration (AC) and bioavalahility codficient (BC) of heavy metdsin dfferent il types
Item il type Cd (o3 Cu Ni Pb Zn @ Hg
Huangni soil 0. 088a 0. 286a 4.55a 1.59a 3.16a 6.93a 0.781a 0.000 8a
AC (mg kg~ D) Wushan il 0. 180b 0. 420a 7.40b 1. 36a 5.14b 8. 56a 0. 838a 0. 000 8a
Qingni il 0. 099a 0.351a 5.57ab 1. 63a 4.19ab 6. 23a 0. 985a 0. 000 8a
Huangni soil 56. 42a 0. 461a 18. 02a 4. 7% 13.23a 6.83a 6. 24a 0.411a
BC (%) Wushan il 67.3% 0.573a 19.45a 3. 74a 15. 59 7.28a 6.57a 0.334a
Qingni il 65. 42a 0.584a 19. 26a 4.97a 14.55a 7.16a 7.82a 0. 384a
F 1. 980 1.052 2.103 0.879 2.311 0.508 0.171 0.633
Fvaue o AC
p 0.154 0. 360 0.137 0.424 0.114 0. 606 0.843 0.537
p vdued AC
F 0.998 0.781 0.364 1.415 0.850 0.038 0. 665 0.707
Fvaue o BC
p 0.379 0. 466 0.698 0.213 0.436 0.963 0.521 0.500
p vdue o BC
38 17, 14 7, 5% Note: A totd of 38 il sanples

were andlyzed , including 17 of huangni il , 14 of wushan il , 7 of gingni il. Lower case letters sow differencesat p <0.05 leve
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5
Table5 Average available concentration (AC) and hioavalahility codficient (BC) of il heavy metdsin different depths o il prcfiles
Item . Ccd o Cu Ni Po Zn @ Hg
Profile depth(cm)
0 20 0.137b 0.363b 5.04b 1. 30a 4.19b 5. 68a 0. 676a 0. 000 6a
AC(mg kg~ 1) 20 40 0.125b 0. 292ab 4. 65b 1.11a 3. 80ab 5.03a 0. 648a 0. 000 6a
> 40 0. 049a 0. 235a 2.77a 0.91a 2.35a 4.24a 0.721a 0. 000 5a
0 20 69. 30b 0. 39%a 18.6b 3.31b 9.43b 5. 9%6a 5.73a 0.179a
BC( %) 20 40 68.91b 0. 33% 14. 4b 2.57ab 8. 62ab 5.08a 4. 96a 0.192a
> 40 26. 69a 0.272a 9. 45a 2.11a 6. 19a 4.78a 5. 56a 0. 550a
2.2 Zn , 0.3, Cd,
n 2 0.155, Zn Cd
) 20 % ) 1
4 11 33% , z** Zn(OH) *
71 % ( o6, Zn,
OH Q- i =
G) L
6 [14]
6
Table 6 Qoncentration of heavy metds in rgpeseed and its biologca enrichment coeficient
Mean SD. mex. mn. . -
Hement oV (%) Enrichment codficient
(Mo kg™ 1)
0.031 0.022 0. 09%6 0. 009 70.97 0.155
(03 1. 300 0. 808 3.732 0. 450 62.15 0.021
1.957 0.652 3.633 1.014 33.32 0.073
Ni 1.197 0. 546 2.133 0. 290 45.61 0.034
Po 0. 267 0.153 0.829 0.134 57.30 0. 009
n 41. 67 7.649 59. 65 31.47 18. 36 0.370
@ 0.052 0.022 0.095 0.023 42.31 0.004
2.3
2.3.1 , ,
(p<0.01) , Cd
: 0.9, Cu
Po, 0.01
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7
Table 7 Qorrddion reaionship of bicavailahility of heavy metds with concentration of available and totd heavy metds in the il

il avallable heavy metd's

Qorrdation relationship cd o Cu Ni [=%) Zn fe)) Hg

) ) 0.9 " 0.24"" 0.78" 0.39" 071" 037" 0.29™ 0.25"

Qoncentration of il totd heavy metd's
o . 0.36 " 0.86 071" 0.80 0.68" 0.8 " 094" 0.58 "
Bioavallable coefficient
2.3.2 2.3.3
8 , Cd O Po

(7 Zn CdC Po2n ,

,Cd Cu N @ o,

IQJ H) )

8
Table 8 Qorrdation rdaionship o heavy metds concentration in rgpeseed with available and totd heavy metds in the il

Heavy metd s concentration in rapeseed

Qorreation relationship cd o Cu Ni Pb Zn @
) ) 0.48" 0.48" 0.24 0.19 0.51° 0.44° 0.32
Qoncentration of il tota heavy metd's
_ o 0.48" -0.46" 0.48" 0.44" 073" 0.48" 0.48"
Qoncentration of il available heavy metds
(7 ,
( 8) 1 1
3 1
, Hg 83.3% |, 2002
27.0%
Cd , \ Hg .
- 1 . . : )
0.000 9 mg kg™ - , , [1] C
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BIOAVAILABILITY OF SOIL HEAVY METALS IN THE YANGTZE RIVERDHE.TA
—A CASE STUDY OF KUNSHAN CITY IN JIANGSU PROVINCE

Zrong Xiaolan™?®  Zhou Shengu#! Li Jiangao®  Zheo Qigwo®  Liao Qilin®
(1 Cdlege d Iformatics, South China Agricultural University , Guangzhou 510642, China)
(2 Sschod d Geographic and Oceangraphic Sdences, Narjing University , Nanjing 210093, China)
(3 Indtitute d Sail Sdence, Chinese Academy d Sdences, Narjing 210008, China)

(4 Gedogical Survey o Jiangsu Province, Narjing 210018, China)

Abgract Bioavailahility of il heavy metds refers to the degree of aborption and accumulation of il heavy metds by
organisms and toxicity to organisms. Kunshan Gty , typicd of the Yangtze River Delta, was chosen as case for gudy on bioavail-
ability of s0il heavy metadls A totd of 126 il sanrples were oollected and andlyzed. Results show that availalle Cd ranked fird
in concentration , and its bioavailahility reached up to 63. 75 %. Sgnificant differences were observed in hioavailahility of heavy
metd s between different function zones, Cd, Cu, Ni , Pb and G were the highes in the smdting and plating indugtry zone, O
in the chemicd indugry zone and Zn in the vegetable production zone. Differencesin bioavailahility of Cd, O, Cu, Pb and Zn
were a9 found between il types, which were in a decreasing order of Wushan il > Qingni il > Huangni il , aswedl as
between ils o different parent meterid s which were lined in an order of fluvid and marine sediment > lacugtrine sediment. It
was a 9 found that the dfect of il forming parent meteria swas greater than that of il type on the bioavail ahility , and thet the
bioavailability and contents of available heavy metd's declined with the depth in il prdfile. Marked postive corrdation exised
between concentrations o heavy meta sin rgpeseed and concentrations of hioavailable heavy metdsin the il. Zn and Cd showed
the highes enrichment codficient , posng the highes potertid risk. Andyds of totd concentrations & hbioavailability of soil
heavy metals and their total concertration in plant reveded that Cd was the dominant poll utant thet threatens séfety of agriculturd
production and groundweter.

Key words The Yangze River Ddta; Sl heavy metds; Bioavailahility ; Function zones; Hant



