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Abstract: Based on the study of topsoil of the central and southern plain in Hebei, the authors analyzed the morphology of seven
heavy metals in topsoil, evaluated the biological availability of the heavy metal elements, and studied the factors which might affect

the biological availability of heavy metal elements by means of correlation analysis. The results show that the content of element—
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available Cd is 36.83% in topsoil, the highest among all metal elements that have greater potential ecological harmfulness. The
content of element— available and carbonate Pb is respectively 13.37% and 12.38%, suggesting smaller harmfulness because of
neutral and alkaline soil in the study area. The total values of Cu, Hg, Cr, As, Zn that maintain stable state account for more than
90%, implying smaller harmfulness. The activity coefficients and migration coefficients of heavy metal elements in topsoil in the
study area are respectively arranged in order of Cd > Pb > Hg > Cu > Zn> As > Cr and Cd > Hg > As > Cu > Pb > Zn > Cr, with the
average of the Cd achieving respectively 0.330 and 0.160, implying a strong biological activity, instability and migration capability.
Other soil heavy metals show smaller activity coefficients (except Pb) and migration coefficients, indicating that their biological
activities are weak and it is difficult for them to transfer from soil to plants. The relationships between biological effectiveness and

influential factors of various heavy metals are not the same; nevertheless, the dominant factor is the total amount of soil heavy metal

elements, followed by pH, TOC, CEC, clay content and other factors. There exist complicated relations between them.
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Fig.1 Sampling locations of topsoil in the study area
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F1 KARELTEHESRTEZAREESRITSE(N=260, Bfi:mg kg')
Table 1 Statistical parameters of different forms of heavy metal elements in topsoil (N=260, 2.4 : mg- kg"')

TR S H KB BFRHA BIRREGE BHERAHS PR S MAHLEBE RS
As Fe] 0.004~0.821 0.004~0.375 0.05~1.683 0.2~621 0.212~5914 0.001~0.074 1.23~14.0
Wyfl 0.09 0.07 0.195 1.048 0.991 0.022 6.425
foife 2 0.0619 0.0317 0.1219 0.4819 0.4832 0.0156 1.8108
B RA 0.69 045 0.63 0.46 0.49 0.71 0.28
cd Bl 0.0004~0.025 0.001~1.4 0.0012~1.15 0.0042~0.25 0.003~0.13 0.0003~0.043 0.010~1.94
Wyfi 0.0022 0.033 0.033 0.028 0.028 0.016 0.045
T 22 0.0017 0.1134 0.0773 0.0186 0.0154 0.0077 0.1279
A R 0.77 3.44 234 0.66 0.55 0.48 2.84
Hg B 0.0002~0.0026  0.0006~0.0063  0.0001~0.0027  0.0014~0.0182  0.0004~0.0058  0.0015~0.066 0.005~0.282
it 0.0006 0.0009 0.0009 0.0058 0.0013 0.0076 0.0356
it e 0.0004 0.0005 0.0004 0.0022 0.0005 0.005 0.0298
B RRE 0.67 0.56 0.44 0.40 0.38 0.66 0.84
Cr T 0.012~0.061 0.12~0.33 0.16~0.63 0.68~4.94 0.21~5.84 0.35~9.51 38.8~80.7
Wfl 0.027 0.232 0.489 1.530 1315 2.049 7.6513
fife 2 0.0064 0.0344 0.0857 1.0139 04813 1.0323 0.14
A5 Z A 0.24 0.15 0.18 0.66 0.37 0.50 0.32
Cu FieAie 0.001-2.67 0.031-1.33 0.14-6.53 1.36-106.00 1.51-54.2 023-12.5 52-542
Wfi 0.112 0.202 0.878 4.942 4208 0.672 1332
IR 0.1775 0.1162 0.591 6.750 3.4085 0.8632 47171
AR 158 0.58 0.67 137 0.81 128 0.35
Pb i 0.014~0.10 0.035~0.57 0.19~15.80 0.028~40.80 0.008~69.80 0.12~1.07 7.59~25.60
KMl 0.036 0.187 2.766 1.768 4.408 0.576 1261
fife 22 0.0126 0.0828 1.7284 2.591 5.5427 0.1737 2.5257
A5 2 035 0.44 0.62 1.67 1.26 0.30 0.20
Zn Ju 0.034~3.21 0.12~2.74 0.26~20.30 1.43~100 1.25~484 0.78~32.00 22.50~162
Y 0.209 0.494 2204 5442 1047 2373 51.11
fife 2z 0.2029 0.2127 1.6921 7.4883 29.9991 2.1314 13356
A5 2 0.97 043 0.77 1.38 2.87 0.90 0.26
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Fig.2 Distribution of different forms of heavy metal elements in topsoil (average value)
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®2 IRRRRETERRPFEERAEFARALSSEE (B mg kg')

Table 2 Concentrations of different forms of heavy metal elements in the representative samples of topsoil in the study area(mg- kg')

TTE RS KEE ETAidE BEREgiGS BHRAGS s meblaind e
As T1-1 0.0990 0.0520 0.2320 0.6820 0.5440 0.0320 5.750
T9-18  0.0440 0.0520 0.0960 1.4360 0.5840 0.0350 6.930
T9-27  0.0650 0.0570 0.1780 1.0800 0.5200 0.0240 6.290
T14-7  0.0870 0.0690 0.1830 0.8840 0.8850 0.0220 4.740
T16-7  0.8210 0.3750 1.6830 6.2100 5.9140 0.0370 10.30
Cd TI-1 0.003 0.04 0.0160 0.0260 0.0240 0.0270 0.0380
T9-18  0.0021 0.026 0.0300 0.0310 0.0160 0.0100 0.0380
T9-27  0.0029 0.026 0.0350 0.0360 0.0260 0.0120 0.0380
T14-7 0.025 1.21 1.150 0.0730 0.130 0.0250 0.7910
T16-7 0.004 1.4 0.500 0.250 0.0640 0.0160 1.9400
Hg T1-1 0.0005 0.0008 0.0004 0.0054 0.001 0.0059 0.025
T9-18  0.0003 0.0006 0.0011 0.0046 0.0012 0.014 0.042
T9-27  0.0008 0.0006 0.0008 0.0058 0.002 0.0089 0.036
T14-7  0.0002 0.0006 0.0016 0.005 0.002 0.0065 0.022
T16-7  0.0009 0.0026 0.0011 0.0126 0.0024 0.0164 0.12
Cr TI-1 0.029 0.27 0.510 1.100 1.540 2.450 66.00
T9-18 0.03 0.22 0.350 0.870 2.440 4.250 89.90
T9-27  0.048 0.22 0.350 1.030 1.240 2.840 43.90
T14-7  0.023 0.25 0.410 0.880 1.050 1.070 5220
T16-7 0.04 0.22 0.590 1.590 2.420 2.660 69.20
Cu T1-1 0.065 0.23 1.040 4.990 3.780 1.050 10.80
T9-18 0.06 02 1.250 6.660 3.290 0.550 15.20
T9-27 0.19 0.21 1.200 7.740 4.660 0.840 10.20
T14-7 0.12 02 0.360 3.870 3.520 0.440 10.40
T16-7 2.67 1.33 6.530 106 54.20 12.50 54.20
Pb T1-1 0.096 0.24 15.80 8.040 55.30 1.050 20.80
T9-18  0.031 0.11 8.810 2.400 10.90 0.810 11.40
T9-27  0.046 0.72 1.730 1.830 5.550 0.740 15.10
T14-7 0.04 0.23 1.980 3.400 9.550 0.330 17.00
T16-7 0.1 0.24 4.390 40.80 69.80 1.070 15.20
Zn TI-1 0.11 0.74 2.360 5.900 17.10 3.660 46.20
T9-18 02 0.46 2.030 7.310 18.60 4.450 59.70
T9-27 0.44 0.48 1.300 5.720 14.60 4.600 59.30
T14-7 321 0.88 20.30 72.30 484 32.00 93.20
T16-7 0.19 2.74 7.890 100.00 71.670 11.70 162.00
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Table 3 Bioavailability and mobility coefficients of different forms of heavy metal elements in topsoil

AT As Cd Hg Pb Cr Cu Zn
MF Gl 0013~0.114  0.102~0.701 ~ 0.008~0.2  0.017~0.418 0.007~0.019  0.015~0.150  0.009~0.112
Y 0.041 0.330 0.054 0.137 0.012 0.051 0.042
M G 0.005~0.047  0.023~0.402  0.004~0.170  0.003~0.032  0.002~0.007  0.003~0.027  0.005~0.021
Byf 0.018 0.160 0.034 0.010 0.004 0.013 0.010

FRARBRETHEPESREUSSEELERXS17 (N=260)

Table 4 Correlation analysis between effective content and total content of heavy metal elements in topsoil (N=260)

TCHRAME Cu Pb Zn Cr As Cd Hg
KA 0.939" 0.428" 0.846™ 0379 0.574™ 0.611" 0.058
WA 0.748" 0.106 0.363" -0.002 0.557"" 0.994™ 0.042
TR A 0.638" 0.332" 0.678" 0.004 0.470" 0.893" 0.023

TE R B F MK 0.01,
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e

HESE LM, ELE R AR A
PRI G R T I SRR IR 2 AR
J, G0 3% pH AL L CEC Kk & 25 302 B
FNE 4R TR L & OB S AR L,
e o 43 B JC R AR A e . BB AR S
B4R A NS pH. TOC .CEC Kk & A 56 56
AMAT THEFE (£ 5) , B ok A 3+ pH , TOC |
CEC Kbz & o % HA 250 15

MFE ST LA 1, 13 pH  TOC . CEC Kb 7%
HEXELECERAMESTEZ MMM RZE
K, T HEpH HKIEASE 4R ICHR As.Cd . Hg
RIEAHG, SR 58 E LR ITER Cr 2 1EM
XK, HAHRME— i, TP TOCH & &Y Cut R
M)A S R B EMIICK R, HKEEP BT
ARSI Zn BRTR RS 1) As i B35 IEAH G, T4
CEC HEEJRITRM/KIES B EMCLRKL, 5
KA Cu Pb.Cr As R FIEA G, SEAEITER
MBS A A AR R £ A AH O 22 N HoAA
MM, HHERR & B 5 E LR TR IKIE S I
ERC RS, 5K Cu Cr As &2 1 3 1EAH
K, HEEE TR E AR Cu 2 3 EM
X, HHELEITRRIREESAEA WM,

ML E B 5B a] A, 38 pH AT HLIT LCEC

Rk i 5 R E 4R A SCS M E FRR,
FUA + 358 rh pH AL CEC SR & S o0 B 4
JE& A RS B AR — s . (B X 1 4
HESEAIES SRS pH A LR (CEC Ak & &
(A A AN U5 4 39 4 (R AH DG P4, X i B
FEIZ M X5 - e 4 R T R AR A e R
WEETEESE T 2, K pH AL .
CEC Kt & w45 & .

4 4 ik

()b R AR R 2 7 M 4R
TCER A RS OKIEES BT S R R #h8) &
L Cd 5, 34 36.83%, KA S AN T35 s 2 il
K5 19.01% , BRIRER A5 3K E] 17.82%, iBH Cd TR K
WA R RS TE A B fa FEEOR P It R A
OUKIES (B TS MR ER ) & 135 13.37%,
HOK S B FAc 25 2 Fik 5] 0.99% , B SRR R
AR H 12.38% , (H 1 F 5T X 3Rk
P Bt 58, Pb ik FRER A& AN 5 e AL AT 22
HeAS PR P, 75 Pb IC K IE R RE 1855 , %F
IBEH B EEAE 3 A K Cu Hg .Cr As . Zn 43
JRITR HF R URE S (BHRE; &8 B A
A RAIEEE FREE) WM& BAEE, 2 IHE
90%Lh |, RIS TEfEF TR N

(2) 5% X 1498 71 45 70 28 A T 14k R B/ NIt
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®5 REXETEPESREANES pH. TOC.CEC. #HIHE X 54 (N=260)
Table 5 Correlation analysis between effective content and pH, TOC, CEC and clay of heavy metal elements in topsoil (N=260)

FAPSES TEA Cu Pb Zn Cr As Cd Hg

pH KA 0.046 0.089 0.097 0.062 0.137" 0.130" 0.126"
B ds -0.084 -0.056 -0.044 0.060 0.109 0.040 0.061

TRIR EhA -0.070 -0.120 0.021 0.122" 0.064 0.007 0.119

TOC KA 0225 0166  -0.034 0.159" 0.067 -0.006 -.045
BFR 0.212" 0.076 0.197" 0.109 0.121 0.030 0.005

WE R 0.183"  -0.015 -0.004 01317 0.172" 0.049 -0.063

CEC K A& 0.198"  0.176"  -0.009 0402 0171  -0.010 0.046
o 0.117 0.005 0.125" -0.063 0.109 0.016 0.127"

T h -0.007 0.005 -0.100 -0.018 0.056 -0.008 0.032

RiRL KA 0.169" 0.113 -0.001 03577 0205  -0.050 0.045
BRI 0.164™ 0.014 0.054 -0.129" 0.117 0.051 0.023

R A 0.048 0.094 -0.046 -0.026 0.077 -0.018 0.118

TR B E KT 0.01, * 3R B KP4 0,05,

¥4 :Cd>Pb>Hg>Cu>Zn>As>Cr, H: {1 Cd Y
T R BCEIERF) 0.330, JR B 458 1Y A W s vk
FURFRE P, HoR A Po, HoAth 85 4 @ e = 7F L1 rh
TP RBUEIN, AR S, 7 IR R UE A
TE. WHEIX T3 6 8 Ou R i iE R RECNIF
47 :Cd>Hg>As>Cu>Pb>Zn>Cr, H:/f Cd #JiL
FREGRF]0.160, B B 1T AL R ), ot
EIEICHREWITH R BN, th b m A ) T
FRETI55

(3) 500 1 4 8 43 JR U R A A SR R R AR
Z EAMRARXEFERNRELEES B TRS
i, Ok pH AL \CEC AR & i A &
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