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Bioavailability, Translocatmn A and Accumulatlon Characteristic of Heavy
Metals in a Soil-Crop System from a Typical Carbonate Rock Area in Guangxi,

China

MA Hong-hong'**, PENG Min' " | LIU Fei'*”’, GUO Fei'*’, TANG Shi-gi'*”*, LIU Xiu-jin'**, ZHOU
Ya-long'*?, YANG Ke'??, LI Kuo'*?, YANG Zheng'*’, CHENG Hang-xin'>"*"

(1. Institute of Geophysical & Geochemical Exploration, Chinese Academy of Geological Sciences, Langfang 065000, China;
2. Research Center of Geochemical Survey and Assessment on Land Quality, China Geological Survey, Langfang 065000, China;
3. Key Laboratory of Geochemical Cycling of Carbon and Mercury in the Earth’s Critical Zone, Chinese Academy of Geological
Sciences, Langfang 065000, China)

Abstract: This study uses 68 sets of paddy soil and rice grain samples collected from an area of carbonate rocks in Guangxi Province,
China, to explore the ecological risks of heavy metals (As, Cd, Cr, Cu, Hg, Pb, Ni, and Zn) in soils from a high background area.
We analyzed the concentrations of these heavy metals in soil and grain samples, and their chemical speciation in soil, and use these
data to assess the associated ecological risks by means of statistics, a geo-accumulation index, bioconcentration factors (BCF), and
correlation analysis. The arithmetic mean values of heavy metals concentrations in soil samples from the study area were (75.8 +
50.1), (1.91+£1.02), (467.0 £253.1), (48.5+9.8), (0.21 £0.08), (76.2 £28.1), (84.2 £25.0), and (258.0 =
122.6) mg-kg™' for As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn, respectively, which were remarkably higher than of those from other
regions within Guangxi Province and China. In comparison to China’s soil environmental quality standard risk screening values ( GB
15618-2018) , the over-standard rates of Cd, As, and Cr were 95. 6%, 86.8%, and 69. 1%, respectively. In comparison to risk
intervention values, the over-standard rates of Cd, As, and Cr were 27.9%, 17. 6%, and 5. 9%, respectively. Speciation analysis on
heavy metals indicated that As, Cr, Cu, Ni, Pb, and Zn were mainly found in a residual form, and accounted for >80% of the total
concentrations, and had a low bioavailability. The bioactive components (F, +F, + F,) of Cd accounted for 21%, and the bioactivity
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of Cd was higher than other elements. The potential bioavailable components (F, +F; + F,) of Hg accounted for 44%, with low total

concentrations, which are understood to have little potential ecological harm for crops. However, the over-standard rates of Pb, Cd,

and Cr in rice grains were only 23. 5%, 8.8%, and 2.9%, respectively. Correlation analysis showed that there was no significant

correlation between the concentrations of heavy metals in soils and the corresponding rice grains. The mean BCFs of each heavy metal

were <0.1, and the BCFs of Hg, Pb, As, Cr, and Ni were <0.05. Overall, we found relatively high concentrations, low activity,

and low ecological risks for heavy metals in the study area. For high geological background materials such as carbonate rocks, factors

such as metal speciation, biological activity, and crop over-standard rates should be taken into account along with the traditional use of

the total amount of heavy metals in a soil as the evaluation standard when formulating pollution control policies.

Key words : carbonate rocks; soil-crop system; speciation of heavy metals; bioavailability; bioconcentration factor
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Table 1  Instrumental methods and detection limits for soil and rice grain samples
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Table 2 Analysis steps to determine the chemical speciation of heavy metals
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FEXRIZ TP E SR 175 G AR DL
£3 RIS RIRR

Table 3 Classification criterions for the geo-accumulation index

b 2R [EES 25 i AR T
Loy <O PREES 3 <l <4 g
0<ly, <l Eigh-hgy (| 4<l,,<5" @ mi”zi"{ﬁ%’%
I<ly, <2 BTG R Iy >5 *&f’”i(&””
2<l,,<3 PG Y =
I | ; ‘;,-*."
L5 FEDE HEgnas | )~

TERFFHh I SPSS 1940, Fl Excel 2013 AT A
PEGET R M BT 4 Corel DRAW X7 LT
AbFH. ﬂiﬁﬁfﬁlﬁ g 5 11 Kolmogorov Smlrnove( K- S')
i As. LA Cr 85 8 Fh R G 8 A BT DS 40 A

KVAS 1A
#ZR5e

2.1 HIEESEEERE

Kolmogorov-Smirnove ( K-S ) 1F 2% 73 7 iz 5 45 R
BRBFFEIX R As| Cd, Cr, Cu, Hg, Ni, Pb,
Zn AL (OM) B9 & &5 pH AT & IES
i MR HITR & B AT HEE Gt 25, &
SHGTEE R 4.

P IX e 8 P & )8 7%
K,As. Cd, Cr, Cu. Hg, Ni, Pb 1 Zn &
{E50 59 4 (75.8 £50.1) . (1.91 £1.02) . (467.0 =
253.1), (48.5+9.8). (0.21 +0.08) . (76.2 +
28.1), (84.2+25.0) F1(258.0 £122.6) mg-kg '
Cr Al Zn &S ARX B, X 28 5 A L 5E i) =
o o X 4 pH {H7E 4.6 ~7.8 Z[0] (£ 5) ,F
KIME R 6.1 £0.9,30T 60% 1) +Hert 5 Ewtt (pH &
<6.5). THEAHLT(OM) & ETE2.5% ~10. 4% 2
], SEIME R 5. 5% +1.5% . B FREL(CV) BRI
Al DL TR AE B3 3 5 P AR St CV R/
T 15% NREA S, 15% ~35% AHELR S KT
35% N BEAR S22 200 B g XA T P R L X, S H
2 F BRI RBAZ 3L A WAL o 78 v B 4 AR X

25 L 4
i 199 24
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Table 4  Concentrations of heavy metals from study area/mg-kg~

1

WiH JLHE As cd Cr Cu Hg Ni Pb Zn
e/ ME 13.2 0.47 141. 8 26.5 0.08 27.2 33.8 71.3
A 242.1 5.15 1127.2 70.9 0.37 145.7 128. 4 566. 5
S 75.8 1.91 467.0 48.5 0.21 76.2 84.2 258.2
5T IX brifEZE 50. 1 1.02 253. 1 9.8 0.08 28.1 25.0 122.6
AR ZE % 66.2 53.4 54.2 20.3 38.3 36.9 29.7 47.5
Hi RFRFE AL 0.7 2.6 1.6 0.0 -0.5 0.6 1.2 0.9
R 1 1E/ % 86.8 95.6 69. 1 20.6 0 35.3 22.1 55.9
HEAE % 17.6 27.9 5.9 — 0 — 0 —
JUPE TR A A P 24.8 0.18 86.3 31.8 0.18 30.3 23.6 83.3
r”Pﬁ%%Fifﬁ% [14] SEHME 23.7 1. 046 112.9 29.3 0.225 37.7 42.4 110.5
SEER N - {E 12.1 0.23 68.5 27.1 0. 087 29.6 31.2 79.0
BN S L X (28 SEEE 21.7 0.28 202. 98 — 0.22 — 56. 19 —
AR X ) EHIME 61.4 0. 80 — 42.3 — 51.6 77.6 177
KB AL RX ] - {E — 9.16 344 33.2 — 93.9 54.9 193

RS5 TEBEAMRSERIE

Table 5 Physico-chemical properties of soil samples

WH O RBUME SRR P R LR AR %

pH {H 4.6 7.8 6.1 0.9 14.7

OM/ % 2.5 10. 4 5.5 15 /2.2
%%ﬂﬁﬁiﬂ#‘%l?ﬂ’]ﬁﬂm i%ﬁi%éﬁ r']”’“#ﬁ

utﬁmﬁﬁi ﬁﬂlﬂ Cu 1 Pb 1y cvx{‘éﬁf}s’% %
35% Z [, JHIPEAS R HiAx 6 ﬁ@éﬂ%‘ CV {ch?
359 A S 5.

,—ﬂﬁ%% T%ﬁr(lw)ﬁmﬁfﬁﬁ’ﬁﬁ%ﬁﬁiﬁﬂﬁm
YIS, AR Sk [24 ] b C (IR
i%%fn%‘iﬁﬁ AR AR R S, E AR O,
KANF R Cd(2.6) >Cr(1.6) >Pb(1.2) >
Zn(0.9) > As (0.7) > Ni (0.6) > Cu (0) >
Hg( -0.5).Cd, Cr, As Fl Zn 0 1, >2 (P REI5 G
PLE) BIRES 23 9 75, 0%, 41. 2%, 8. 8% F1 1. 5%
M Cd w1, >3O G E) ARG E T
44.1% ;Pb FINi (9 1 <1, <2(PEETS YY) (RE R 4)
S i 67. 6% F136. 8% ; A FE kL Cu H1 Hg 1Y 1,
YPINF 1 AT A B DL R 5 Y K. Al DL X 1 4
AN 4R 175 YL B A 22 80K, Cd 175 Y fe ™
i, DA R E S Y DL O 3 G Cr, A TS
‘”“%73‘5 Cu 1 Hg {975 Yo i AIX. 4% pH {E X & 4

P BUR 5 3CHR[ 20 ] HroK RS TS g RURS: i 1
{%ﬁﬁ E, B He &b, HoAb 4 8 ¥ 77 7675 G KU, 3
o Cd 175 G AU B 5, AR IR B T 95. 6% ; As
W, HFRZE N 86. 8% 3 Pb Fll Cu FHEFR ALK, 43
SR 22. 1% F120. 6%, RV 58 X 1 S ] REAFAE TS
Yo XU 57K H A TS G AU A R (AR B, Cd . As Fl
Cr FEAERBARTE O, BEAR 35300 R 27. 9%, 17. 6% Fil
5.9%.

kR %E%Eﬁ?ﬁm%ﬂﬂ%LﬁTﬂ’]Aﬁi
AR RN A R S X 0 T 4 R T SRR
AR 4 Y P B, fﬁ%?iﬁ%ﬁi
Eﬁ%@%%ﬁ@%ﬁ*¥k§®m REN
HE As, (A Cpl Cu, Hg, Niy Pb il Znﬁéﬁwu
méél%%}:'j:i;%ﬁ@m 8/3.6.8, 1.8, 2.4, 26
2.7 3.3 fis, ﬁﬁ%‘%?i%ﬂm Y 18 4 1
1.7.0.942. g‘ 20 02, 3 4. A WBRFT R L A
B S AR R, FErP Cd | As I Cr B M5 0
JEE B EEI R ER 8 M (T, X)) BT
WS4 A XY R Cd BF 9T K IR, W M R IX 4 0
W Cd B o 2 T AR R TR X TR DX
A — e BE LIRE T Cd SRS
1%, NHIE S MR L/, Chen 251 (R RIFGY 45 5L 6] A
FW TR E VIR A 0 )2 4 A A A
DX el i, 5 b RS A O, s A X 5
SRR L O [FBE BT (5) KB i) R H 4 R &
HESR LM, RIRTE A RO KA LB 5
Cd, Cr il As 1Y & S, X 5 A SCHY I FE 45 R A
1. {HJEB% Hg Ah, AWFFEIX Cd, As, Cr Al Pb [
AT H R, cd R 6.8 fiF (£
4). SR G XV A X e A Jm g gl
JEAHEL , ABIEE X BR Cd 25 2 1 5l i DA AD (AR 551X
RIZHHE Cd F R VAR 2.4 £5) , HAhoo
A EMERNK AU ER, RIREE AR A T 1
FHEf Cd, As Bl Cr S 4@ & B i S IR ER 5
A R E AR A A, A
R MR L BRIR Y A & B R
W AFTE Cd, As Il Cr FHEE B & EWHEL, (HE
T XU B R A 8 25 R S R TR] TR — 2 42 Jd %
BAFTER K 22 5.
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VPO R R0 2R DX S R R 2 T REE X
R AR T oM Cd FEE BN EE, 5X)
BEEP O ERKBOARX +HE SR SRR
GERAALL, BEE R X 1 Cd W& ‘AR X
M9 4. 8 A T ULAS [] 1) B 38 B 57y T4 B 2H 1 A
], % A A 4 v o 4 R % 1 2 AR

Perason FHICHE 5 B0 S WL > 78 1 4R PEAH G

FEEE M GETT i, B R o W A W) 42 s 5 it 22 ()
LRMEA AR PE O Pearson WUAE AR G A 45 SR
WIR(F6) ,WRIX 1HES Fidi 4:Ja , bR As Fl Hg 1)
AHE R BN, ANFETE D 3 AR OC SN ot 4 s 2
A7 IEAR KR (P <0.01) , X R IARFIT X +
HedE 4 Jm ok A AR, B 4 )R & E A2 4 B
(BRTRER 77 ) R FE ).

#6 THEESLESE Pearson HX R

Table 6  Pearson correlation coefficients of heavy metals in soil samples

As Cd Cr Cu Hg Ni Pb Zn
As 1
Cd 0.478 ** 1
Cr 0.575*" 0. 809 ** 1
Cu 0.521* 0.753 " 0.744 1
Hg 0.170 0. 635 0.444 0.719 ™ 1
Ni 0. 408 ** 0.912* 0.803 ™ 0.877*" 0.739 " 1
Pb 0.765*" 0.717** 0.745 ™ 0.857 " 0.599 ** 0752 ™ 1 ==}
Zn 0.517 ™ 0.943 " 0. 865 ™" 0. 680 " 0.970 ** 18

0.893 ™

1) # % FIRTE 0. 01 AF (CRU) |- 5k 35 A4H

2.2 HHES RIS (i
T AL A5 B T R S
GAETR A AL AT A AR T TS
S TR ST VB AL SR AW, PB4
7 FIRAEL S, ok v s (F)) | BRAS IS (F,)
TR L2 B 25 (G, ) BN S22 kALl JoT e

HEAI RN A R 3 (P, ) | BRI 5 s

(Fs ) RIBRA LS £ 75 (F, ) BOA N FE T 76 28 .
G55, FE R B A R AT B A TR i A () R
FRMFER  AAET0 W Ak v X LR O BE AR
PR W5 IX 68 1F 38 b 4 B A LA B 2
H R I E S L UL 2 Fi 7.

gER IR WA IX 138 As | Cr, Cu., Ni Ml Zn
FEAAETRIES T, F, 200 5 B R 92.32% +
3.80%. 94.14% =+ 2.2%. 83.00% =+ 4.91%.
89.39% +8.36% F193.36% +2.19%, NREHL A=)
SR 2H 53 T o5 B BiR T X e i 4 R AR A
B (F +F, + Fy) i BT 5% . i
N Z G AY 4RIk A L e Y X i 5
X 3 4 JE nl AE ROk E TR 1Y B R bt
FE. Pb M 5% 1 25 B o B B B W 5 (81.40% =
4.07% ) ,SEMARBESH ST As Cr il Cu S5
GE, AR T RERNS5.70% £3.13%. 5 Ph
FHE, Cd #1 Hg B9 F, 5 AR, 435100 58. 11% =
13.25% F154. 05% +8.36% . Hg FILE WA R0 40 7355
% AL BB 1.91% 0. 70%, TS TEA: YA 304
r(F, + Fs + Fo) BHMT R, S8R
44.04% +8.23%,3X 5 Zhang %55 %t pU £y mige H -+

0.792. &

—

LRSS 55 M ok 2 1h - 8 Hg 1 e
A RCEZE i BV Y 62. 3% +45. 0%, AR
YAMUI 1 669 +0.98%A 3 7). BANTITYIX £
th Hg IVAE A A S0 4 o Lot s TR g
i Hg A B 2R 2B 22 27 L U Cd
AT S St DA BE RS | 20.99% +7.24%, K
B TR 5 16.33% +6.52%, LAk, Cd HIVEAE
AP RS A et AE X R, O 20..90% +
8. 10%, 1% 5 % 7 35 45 (g i 5% &5 5L A AL, 78 75 Pl
AR IX, Cd BRI AN FRAR BUS Z Fn (A4
FHRNEL ) i 27.62% +6.40%, % 5 T HAth oo
. E BED L1 od FIRER LI m A
ARSI T 44. 44%, B35 T HA & 4
J& , AT X Cd A=A BES L5 95 2 %, t
BERT UL, Cd B A= 93 P — e A e 3
SHARAR R R R X H R E S RS AR
FRIEAR L, A S X 4 39 T 4 A 3 0 2 o A B A
T L S A v R A S 4 A W RS A 4y R
FEAE A RS A 0 o B Y 8 A i il F
FEIX L3 As| Cu, Hg, Ni 1 Pb B95R#E A L &
(B 4 b B S v T 0 2 i 3 (Cu A 2
28. 0%, Ni JeRAHZE 15.2% ) (£ 7) , % Heg HITE
BRHAEA S T AT A, HahE 48 kY
B RS L5r FEAE A W 5S4 53 7 BRI T DY
2T 5T IX As, Cd, Cu, Hg, Pb 1 Zn 5%
S AR B s T e e R AL s (Ph B
FiAH2E 42.95%, Hg e ARAH 2% 3. 09% ) , Bk Cu 1YZE
YA RS AL b R T e B B AN oAb R 4 R Ak
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Fig. 2 Chemical fractions of heavy metals in the soil samples . o -"'.:. s
21 i
r | ._‘_:}-"" S 0
®71 ERESESAIRESB/ % | -
Table 7 Mass fraction ofedifferent chemical species of hgavylﬂrr-ngtals/ %oy, ‘.--"J At
— - W
Wi H TLE As cd Cr cf ¥ oHel B P’ ﬂfr Znd A
s £ , | ._,-' J 1 o I’ ),,.l
T iz 20.99 0.17 4. 10 A.91 0. 80 5.70 g (11T
BFFEIX. SRS 4 16,56 | 20.9055 560 12/907% 4404 Vo8I 12.90 5471)
F 297 /,» }8/11 94.14 83 00 “54. 05" )y 9.3 81.40 93.36'__.--"‘;;
- o [ +F, +F, A (T A — 5.9° . l166 . 10.8 13.31 - &
i T ¥ i i i P . 7
PR AT ['F, +F5 +F, foafsly’ 4 — 3973 f, 62.3 %\ 15.0 33.3 —
| I'f e I o £ o
il F, 740 - — 54.8° 1 B6.04 | 742 53.4 &
- I ) 4 " -
§ o i [ | J
[ & U] “OF +F, + T, Lis Faaaa) N — 1.60 2.71 4 6.93 2.45
?ﬁﬁ'ﬂt\"ﬁ%ﬂ‘gl[%t A | A +F 46.25 44 33T — 30.25 46.33 — 54.62 21.38
LY s L) 62.57 0222 — 68. 15 50. 96 — 38.45 76. 17

YA RS L5 RS AE AR A B 4 43 5 EE IR
HEE A SRS I RX HEESEZ L,
FEE WA R 5) 7 FEARXT 3G, AR 2R Y
R (B R T 4 1A WA AR AR
2.3 JKAEAFSLE SR A IR

WF9E XK ARG FFSE P 4 8 S AP IE WL £ 8. 5
SCHR[ 21 ] H A28 T 4 A 15 e (AR L, KA R o
Cd Fl Cr BY#EFRE N 8. 8% F1 2. 9%, W] AKX T+ 4
HHH I ERR R (95. 6% 11 69. 1% ) , -3 h iR R
LI As(86. 8% ) FE/KFEAT S rh JCHEFRAF A5 H LA
FEAETTLAE Y, BRI T X B A JE A b
BRI (HR IR AR S AR SRR, R AR 2 LI

rh G J 0 e AR T G KU IX AT G A IX
S I M BRI R B N LR S R s
& B TRAFIE A5 LA B AR %) 2 4 s 0 W AT e R A 1O
WFFE XK AT 2 Ph 09 RS 8 d 51, hy 23. 5%, B
TR Ph AR (22.1% ), WIET 3. X AT fE
5 Pb BRIEA K, CABIFER A P BR 1Ok
H AR RIS, KA MR T AE 2 2 Y ok
S -

Pearson #1562 E0 7w , T3 MUK FEAE 5L [R] —
P 4 Jm B i R RN 03 (A G, A AR AT S

G Al e B T G Al e P TORI L e

A

®8 ABHFLELRAEBME mg-kg™'

Table 8 Concentrations of heavy metals in rice grains/mg-kg ™!

JLHR As cd Cr Cu Hg Ni Pb Zn
F/MA 0.10 0.01 0.04 0.50 0. 002 0.09 0.03 9.96
IEONEN 0.32 0.41 1.93 11.15 0. 006 1.72 2.98 19. 44
A 0.16 0.07 0.29 2. 64 0. 003 0. 40 0.19 14.82
V5 Y 5 (g 21 0.5 0.2 1.0 — 0.02 — 0.2 —
R/ % 0 8.8 2.9 — 0 — 23.5 —




456 EZN

i

oo 41 %

100 J&EY BCF AHZEH /N, 5 Lu L1005k T8 i L K Rk
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Fig. 3 Comparison of heavy metals concentrations in soil 10 TE TR, A G wkE e i s £ g IX
and rice grain samples HEE 4@ IRAFTE & 0 BT 45 R UESE T 31X — W5 A
TIERESRALEY T TIREE R A E T X LT As Cr, Cu, Ni, Pb fl Zn FRIESH 5

ETYPHE P T 2 ) — S i ) EﬁnEﬂ(?’Fa 349 > 80%, W1 .75 T Zhang % X 4% pu 27 il 5
FEST A R 02 B RS R R (BOF) T 0 KR HE MR- 18 M s 5 D W A (e
Hoh 8 A A BCF T RIE/N T 0.1, 30 7). Cd I/ Ml M X 5, WF 51X T Cd 40
As. Cr, Ni Fll Pb 9 BCF /NT-0.01 KERFSERE AR5 20.99%, 10t IR Filtarla B ¢
S IR ETAERE 1AM, HLrP Zn ACd B BCF AR B Cd IR PIAT B A5 (44, 44% 31T SRR
XHEERS S0 04079 A1 0. 076, BIDKAAF S5k e MG 2 USRS e 1, 2 0 R PR PEILG
P C M Zn 3K S HTARITT S AE R /w A RS AR S R AT R, A
i 1 Pearsorl HOCHE T R B KRS zn il gd AKX ], Cd 5 €a %ki;ﬁﬁﬂ%ﬁ%ﬁé ed
150 01 K FECBU) § ﬁﬁ%é’ﬁﬁa&r&(m;}r&% #Mr%am%qn & W Rasis 4710, R 5 Bk
HCH 0.384) |, BBz A1 Cd 7 Tﬁéﬁﬁmﬂﬁﬂcma@ [N G :
%,’% .37”%_%% O sy LA L BRSO M R I R 4 R MR 9
L BRI GE K OK R SR A X, TR R R AE Cd | As Al Cr S5 4R (R
BCF jvJ N(F9). SREGEES MITIERK AR SRSk AR, 7E L KRR S A B
FSh 48 BCF BIJCAS M L, B ARBT S IX S B B IR T I, ARl RFEAR  BAT B
LRI FR 1T 5 (BRI ER ) I A — T4 AR5 YN

R KBHLELELEWEEZE(BCF)

Table 9 Bioconcentration factor (BCF) of heavy metals in rice grain samples

i H TTE As Cd Cr Cu Hg Ni Pb Zn
e/ME 0. 001 0.003 <0. 001 0. 008 0. 005 0.001 <0.001 0.026
5T IX KM 0.013 0.735 0. 003 0.227 0. 065 0. 020 0.029 0.242
FEH 0.003 0.076 0. 001 0. 056 0.019 0. 006 0. 002 0.079
JUPE AR M 0. 004 0. 083 — 0.071 — 0. 008 0. 001 0. 131
W Eg L 0] -4 {H 0. 006 0.742 — — 0. 030 — 0. 001 —
Y T 3 [X 40 S 0.03 0.81 0. 009 0.28 0.04 0. 064 0.003 0.34

2.4 FELBETIEAEYRGTBRELEES M 0.24,0.66 F10. 57, 7] WE 48 0 E YA SIS H 52
G XHEYI M 4 SR A 2 I R P AR . Hofth 4 Fh
BERBAEWABAS (F, +F, + F) SRR 2B B G YA RESA s & b 5 H BCF 217
HAEMEE A T R YRR £HEhE AHSCHESR, Cu Ni A Ph X5 TEA G (H ARG AR,
GBS SRR A A SRR BB ERXE 4R BCF RUSZIECR.
X 4 S A 4R R B BCF) YOG R UL 4. 7] AR IR A AE Y o] RS v
DI, As, Cd, Hg Al Zn WAEWARCSH NS YIAHDC. B 8 48 0B WA OGS 44y o i
H BCF 2 & 3 IE A OCHE A C R 5 r 23 31K 0.65 9 53 AN R IEAS 7041, 3% BLR H Spearman AH G
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%) B 453 A DA A v i A 1S ok (g AR AR SR T A 67 P AT
PN B A Jm W B ), DT 1 0 B 43 e B35 3
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Fig. 4 Relationships between available forms and bioconcentration factor of heavy metals
#10 1 pH H OM 5ESBENHYSAS WEXHEY
Table 10 Relationships between available forms of heavy metals and physicochemical properties
iH As-a Cd-a Cr-a Cu-a Hg-a Ni-a Pb-a Zn-a
pH & -0.104 -0.077 -0.338" -0.694 -0.403 ™ -0.393™ -0.352" -0.223
oM 0. 106 0.225 -0.020 -0. 191 —-0.488 ™ -0.078 0.291" -0.134

1) # # FIRTE 0. 01 K OO ) b W3FARNE ; + KIRTE 0. 05 AKCF (OU) b RFH ; As-a KR As WA RS AL di At BT 23 1L, DA

et

3 &g

(1) BRIREL A FER & & I L3 Cd, As F Cr
FESMRESE MRXLEC, G As 1,
>2(H BTG YL L ) MR A3 ) 75, 0%, 41.2%
8. 8%. 3 Cd. As Fl Cr 83 4 JH s (/K [T )

T3 Y XU 5 36 8 (%) L 5 43 31 R 95. 6%, 86. 8% Fil
69. 1%, e 32k 175 Gl IR 4542 i 9 L A5 53 301 A 27. 9%
17.6% F15.9% .

(2) W58 X 3 h 1 4 J8 22 LISRIE AP T, As
Cr., Cu, Ni, Pb F1 Zn 80% VI FAFHE THRES T, 4
YA AR Cd AEA RS (F, +F, +F,)
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