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The Relationship Between Cd and Pb Forms and Their Availability

to Rape in Major Soils of Hebei Province
LIU Xia',LIU Shu-Qing”, TANG Zhao-Hong® (1. Cotlege of Life Sciences Agricultural University of
Hebei, Baoding 071000, China; 2. College of Resources and Environment, Agricultural University of Hebei, Baoding
071001, China; 3. Institute of Microbiology of Hebei Academy of Sciences, Baoding 071000, China). Acta Ecologica
Sinica2002,22(10) : 1688~ 1694.
Abstract: Today, the problem of environmental pollution is becoming more and more serious. Specially,
contamination of heavy metal has received increased attention with regard to their accumulation in soils and
their potential to permanently damage plants, animals, and microorganisms. The effect of heavy metals on
soil ecology is not controlled by their total amount; rather, it is determined by their chemical forms. Many
studies have showed that the main form of heavy metals in soil that can be taken up by plants is the
exchangeable form. Therefore, understanding the characteristics of heavy metals in soil is critical in order
to develop a pollution index that can be used to evaluate the extent of heavy metal pollution in soil. The
current study adopted the successive extraction method to investigate the characteristics of the chemical
forms of cadmium (Cd) and lead (Pb) in the major soil types of Hebei Province. Also studied were the
relationships between the forms of Cd and Pb forms and dry weight of the edible fraction of rape as well as
the extent of metal accumulation in rape. The goal of the study was to identify the form (s) of heavy
metals that can be closely related to their bioavailability as the more accurate index for the evaluation
heavy metal pollution in soil.
Two typical soil types (alluvial meadow soil, meadow cinnamon soil) of Hebei province were selected
for the potting experiments and rape was used as a representative crop. There were five treatments with

Pb concentrations of 0, 100, 300, 500, and 1000mg/kg, Cd treated concentration were 0, 1, 5, 10, and
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50mg/kg. Every treatment was replicated three times. Each pot was filled with 5kg of soil. Rape grew 50
days. Plant samples were digested with HNO;3;-HCLO,. Soil samples were fractionated into the following 5
forms: exchangeable, carbonate-bound, Fe-Mn oxide-bound, organic-bound and residual , according to the
modified extraction method of Zhu Wan-yan. All solution samples were analyzed for Cd and Pb using the
flame atomic absorption spectrophotometry and the results were rectified using Cd and pb standards of the
National Environmental Protection Bureau.

The study clearly established the distribution characteristics of the various Cd and Pb forms in two
soils investigated. We found that as the concentrations of added Cd and Pb increased, the exchangeable
and carbonate-bound forms increased while the organic and residual forms decreased. In soils that were
highly polluted with heavy metals, Cd mostly presented as exchangeable and carbonate-bound forms
whereas Pb existed mainly in the carbonate-and Fe-Me oxide-bound forms. However, in less polluted
soils, most of Cd was in the residual and the organic-bound forms while Pb were present in Fe-Mn oxide-
bound and residual forms.

This study also clarified the relationship between the chemical forms of Cd and Pb and their
availability to rape. We found that the concentration of total and all forms of Cd and Pb in both soils were
negatively correlated with the dry weight of the edible fraction of rape and the concentrations of the
exchangeable Cd and Pb had the maximum effect. Such a correlation was not significant between Pb
concentrations and the total rape dry weight. Both Cd and Pb were found to mainly accumulate in rape
roots and the accumulated capability was higher for Cd than for Pb. The accumulated rate in rape
decreased as the added Cd and Pb concentrations increased to certain levels in soil. The amount of Cd and
Pb uptake by rape was significantly (- ¢s=0. 878) or extremely significantly (.o =0.959) and positively
correlated with the concentration of the various forms of Cd and Pb. We found that the carbonate-and Fe-
Mn oxide-bound forms of Cd and Pb by rape were the most available for rape uptake.

Key words :alluvial meadow soil ; cinnamon soil; cadmium; lead; form; rape

:1000-0933(2002)10-1688-07 :S152,S154. 4,X171. 5 :A
b o A
’ Y ’
1.2]
o b
[3,4]
9 b ’
N b s o b
[6.7
b b b
8] “ ”
b o
o *
“ ”» [9]
s o s Cd.Pb



1690 22

0,100,300,500,1000mg kg ; Cd 0.,1,5,10,50 mg/kg, 20X 20cm? 3mm
s 5kg, Cd.Pb  Cd(AC), « 2H,O,Pb(AC), * 3H,O , .
“ ? o 1 s 10 / .50d .
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Table 1 Some physical and chemical properties of sample soil for test in pot experiment

N N P
O.M.  Total N Available N, P pH* Mechanical composition( %) Texture Content of heavy metal
Soil type (%) (%) (mg/kg) (mg/kg) @O @ G W G (® Pb  Cd(mg/kg)
@11 0.035 51. 06 2.67 8.30 0.49 15.89 51.58 6.27 7.10 18.67 RN 30. 54 0.839
@ 1.09 0. 060 68. 04 1. 40 8.18 0.85 16.24 44.07 9.79 8.57 20.48 33.59 0.692

(1) >0.25mm; (2) 0. 25~0. 05mm; (3) 0. 05~0. 0lmm; (4)0. 01 ~0. 005mm3; (5) 0. 005~0. 00lmm; (6) <<
0. 00lmm; * water : soil = 2.5 : 1;(7)Alluvial meadow soil ; (8§)Meadow cinnamon soil ; (9)Medium soil

1.2
(D Cd.Pb HNO,-HCIO, . Lol Cd.Pb
(2) ",
(3) O 1989 Tessier o, MgCl,
) NaCl . HOAc , HNO;, H,0, s
1.3
(D s :y=a + bx.
() ( SAS )iy = byt bz (=1 ,2,3,4,5),
T Y . 5l o
2
2.1 Cd.Pb
2.1.1 Cd 2 ) . Cd
, . ) . Cd
,Cd : . . ,

N s . Cd <1 mg/kg,
<5mg/kg > > > > . Cd
>1mg/kg, >5mg/kg > > > > .
2.1.2 Pb 3 . . Pb

. . Pb . Ph . Pb . .
, 40%~80% , . . Pb <300 mg/kg
> ; >300 mg/kg > .
2.2 Cd.Pb .
2.2.1 4 . Cd.Pb ,
. Cd Smg/kg , 50mg/kg
37%~41%. Pb 500 mg/kg , 1000mg/kg

14%~25%. ,Cd Pb, Cd.
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Table 2 Distribution of each Cd form in alluvial meadow soils and meadow cinnamon soils

1) (1) () (V) V)

Added content . Exchangeable form Carbonate form Fe-Mn oxide form Organic form Residual form
(mg/kg) Soil type (mg/kg) (%) (mg/kg) (%) (mg/kg) %) (mg/kg) (%) (mg/kg) (%)
0 — — 0.06 7.60 — — 0.16 19.17 0.62 73.23
1 0.12 9.15 0.25 18.19 0. 05 3.32 0. 26 19. 33 0.68  50.02
5 Meadow 1.11 19.77 1.32 23.61 0.83 14. 87 0. 34 6.05 2.00  35.69
10 cinnamon 3.59 34. 04 3.58 33.96 2.03 19. 27 0. 44 4.17 1.34  12.72
50 soils 17.83 35.39 14.5 28.83 10. 65 21. 14 0.74 1.48 6.64 13.17
0 0.02 2.52 0. 06 8.24 — — 0. 14 17.54 0.56  71.70
1 0.19 13.24 0.22 15. 44 0.02 1.54 0.19 14. 81 0.79  54.98
5 Alluvial 1. 89 35. 66 1. 20 22.71 0.76 14. 30 0.29 5.43 1.16  21.90
10 meadow 4.51 42.71 3.00 28.38 1. 89 17.88 0. 36 3.45 0. 80 7.59
50 soils 23.69 47.05 13.80 27.42 9.01 17.89 0.71 1.40 3.15 6.25

3
Table 3 Distribution of each Pb form in alluvial meadow soils and meadow cinnamon soils

QD) (@) () (V) V)

Added content Soil type Exchangeable form Carbonate form Fe-Mn oxide form Organic form Residual form
(mg/kg) (mg/kg) (%) (mg/kg) (%) (mg/ky) (%) (mg/kg) (%) (mg/kg) (%)
0 2. 06 7.96 9.02 34. 89 3. 89 15.02 10.90  42.11
100 0.26 0.22 35.06 29. 64 55. 30 46. 47 7.12 6.02 20.56 17.38
300 Meadow 1.18 0. 38 100. 90 32.81 127.52 41. 48 8.54 2.78 59.39 19.31
500 cinnamon 3.12 0.62 236. 70 46. 45 206. 11 40. 44 13.14 2.58 50.50  9.91
1000 soils 12.84 1.27 477.48 47. 36 324. 44 33.97 49.03 4.86  126.39 12.54
0 0.22 1.01 1.98 9.14 6. 27 28. 84 5.44 24.99 7.84  36.01
100 1.50 1.34 34.63 30. 95 53. 84 48.13 9. 26 8.27 12.65 11.31
300 Alluvial 4. 62 1.46 122. 80 38.79 143. 21 45.23 22.76 7.19 23.20  7.30
500 meadow 6.63 1.28 241.00 46. 48 195. 00 37.61 34. 32 6. 62 41.58  8.02
1000 Soils 36. 89 3.62 513.20 50. 32 272.78 26.75 54.95 5.32  141.17 13.84

4 Cd,Pb ,

Table 4 Rape dry weight and the concentration of Cd and Pb, and the accumulation rate of heavy metals in rape root and

stem under Cd and Pb pollution

Rape yield in  Rape yield in meadow

Heavy Added content R X i X Root Stem Accumulation rate
metal (mg/kg) alluvial meadow soil cinnamon soil (mg/ke) (mg/ke) %)
(g/pot) (g/pot)
0 7.27 3.43 1.72 0.99 117. 30
1 8.35 4. 30 5. 67 4.02 259.59
Cd 5 8. 24 3.82 21.11 8.91 159. 20
10 7.65 3.37 27.26 11.10 105.11
50 4.53 2.03 91. 81 44. 30 87.93
0 7.27 3.43 14. 35 11.48 44. 38
100 7.30 4.09 66. 65 15. 39 13.01
Pb 300 7.89 4.15 98. 90 19.97 6.49
500 6.62 3.52 127.31 24. 80 4. 87
1000 6.23 2. 60 255.17 33.27 3. 30
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Table 5 The correlationship between the concentration of Cd and Pb forms in soil and rape dry weight and the amount of

Cd and Pb uptake by rape organs

Alluvial meadow soil Meadow cinnamon soil
Heavy No. of form
metal Dry weight of rape Dry weight of rape Root Stem
Total amount —0.9407" —0.9218" 0.9924 " " 0.9967" *
I —0.9479" —0.9258" 0.9891" " 0.9938" *
I —0.9446" —0.9252" 0.9926* * 0.9946" *
Cd ! —0.9457" —0.9247" 0. 9906 * 0.9953**
I\ —0. 8595 —0. 8339 0.9784" * 0.9680" *
V —0.8923" —0.8877" 0.9847" * 0.9893" *
Total amount —0.7633 —0.7730 0.9833* * 0.9890* *
1 —0. 7450 —0. 8606 0.9614" " 0.9169"
I —0.7916 —087999, 0.9722** 0.9810" *
Pd I —0.6519 —0.7029 0.9729* * 0.9990" *
I\ —0.7438 —0. 8404 0.9604 "~ 0. 8996 *
\ —0. 7850 —0. 6879 0.9807 " " 0.9513 =
I Exchangeable form; 1 Carbonate form; 1 Fe-Mn oxide form; IV
Organic form; V Residual form; n=75 7¢.05=0. 878 r9.01=0. 959
6 Cd.Pb
Table 6 The result of step regression analysis of the concentrations of Cd and Pb forms in soils to the rape dry weight
R R?
Heavy metal Soil type Equation of step regression R value R? value
Cd o y = 8.1027 — 0.1476 x, 0.9479 0. 8985
@ y = 3.8587 — 0.1034 x, 0. 9257 0. 8570
Pb y = 7.5147 — 0. 0025 x3 0.7916 0.6267
y = 3.9083 — 0.1003 a; 0. 8606 0.7406
X Exchangeable form; a Carbonate form;(D)Alluvial meadow soil ;@ Meadow cinnamon soil
2.2.2 Cd.Pb 4 Cd.Pb
Cd.Pb > o . Cd
2.08;Pb 5.40, Cd .Pb s °



10

Cd.Pb 1693
45 Cd Pb, > Pb
, Cd s Cd ) Cd °
Cd.Pb .
Cd.Pb . ,
C 5.
S Cd.Pb Cd.Pb ? 7 ,
Cd Cd, Cd
Cd, Pb Pb,
, pH.Eh, ,
: pH , o ,
o Cd.Pb
Cd.Pb, o
7 Cd,Pb Cd .Pb
Table 7 The results of step regression analysis of the concentrations of Cd and Pb forms in meadow cinnamon soil to the

amount of Cd and Pb uptake by rape organs

R R?
Heavy metal Equation of step regression R value R? value
Root y = 6.0370 + 5.9450 x» 0. 9926 0. 9853
Cd Stem y = 3.4117 + 3.8533 a3 0.9953 0.9907
Total amount y = 8.6104 + 8.8052 x» 0. 9908 0. 9877
Root y = 12.8421 +0.6728 a3 0. 9841 0. 9685
Pb Stem y = 11. 4580 +0. 0643 0. 9989 0.9979
Total amount y = 21.8621 +0.7401 0. 9858 0.9719
P Carbonate form; 3 Fe-Mn oxide form
2.2.3 Cd.Pb
: 4 . Cd ;
Pb . . Pb 500 1000
mg/kg, 4.78% 3.30%; Cd 1 Smg/kg 259.6% 159.2%.
,Cd Pb,
Cd.Pb ;
; ; . , Cd
Pb, . Cd Pb, Cd Pb . .
Cd Cd.Pb .
, , Cd Pb
. Cd Pb, Pb o
, Cd Pb. o
3
s Cd.Pb . Cd.Pb s .
. . ,Cd( >1mg/kg.
>5mg/kg) , Pb .
,Cd , Cd, Pb
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