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Regulation effects of several organic manures on Pb chemical speciation and bioavailability in gray—purple soil
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Abstract: A complete combination experimental design was conducted to compare the effect of five organic manures under different dosages,
including nutshell manure (NM), pig manure (PM), sludge manure (SM), humus manure (HM) and earthworm manure (EM), on the
availability of lead (Pb) in soils with different levels of Pb (adjusted by addition of exogenous Pb as (CH;COOH).Pb solution), and the
relationships between Pb availability and its chemical speciation in soils were also discussed. The results showed that the addition of organic
manures reduced the contents of available Pb in soils with mild, moderate, and severe pollution of Pb, and the decline degree increased with
increase of amount of organic manures which was particularly obvious in soil with moderate and severe contaminated Pb. SM and PM
treatment showed the most prominent effects among the five organic fertilizer where the available Pb contents in soils were respectively

decreased by 24.22%~36.10% and 19.33%~35.48% as compared with the control group. After adding organic manures, the change trends of
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contents of available Pb in soils with time showed increase firstly and then decrease until a peak value achieved in 10 days, following with
gradual decline and finally approaching the stability in 60 days. The dynamics of Pb availability variation were consistent with the dynamics
of Pb chemical speciation. After the treatment of organic manures, the contents of carbonates bond Pb (Carb—Pb) decreased by 5.36%~
12.91% while those bounded by organic matter (OM—Pb) increased slightly, and those of residual Pb(Res—Pb) increased significantly by
18.92%~45.47%, for mild contaminated soil; For moderate contaminated soil, the contents of Carb—Pb slightly decreased while those of Res—
Pb substantially increased by 24.30%~38.04%; For severe contaminated soil, the contents of Carb—Pb did not change significantly, and
those of OM-Pb and Res—Pb increased apparently, raised by 14.46%~41.06% and 29.02 % ~56.29% respectively. The Carb—Pb had a
significant positive contribution to available Pb in soil, while OM-Pb and Res—Pb demonstrated obvious negative contributions. The organic
manures reduced significantly the availability of Pb in soil mainly by decreasing the contents of Carb—Pb and increasing those of OM—-Pbh
and Res—Pb.

Keywords: organic manure; soil; Ph; availability; chemical speciation
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Table 1 Basic physicochemical properties of organic manures
g ¥4 ¥4 2 24 s ¥
AU ol HRFEA DL (DOC) R (TPD)/ AL (OM)/ BA(TN)/ BBE(TP)/ BB CTR)/
g-ke mg-kg g-kg g-ke g-ke g-ke
NM 8.08 66.11 27.82 300.41 11.54 10.21 7.96
PM 8.06 100.04 2291 578.95 18.56 12.69 10.44
SM 8.10 148.01 35.42 473.36 16.05 13.97 15.66
HM 8.09 251.02 17.50 733.69 8.42 10.32 8.29
EM 8.12 90.20 8.83 367.76 15.91 14.73 9.52
T pH K s £=2.5: TOTHE LG (1 L B A -
F2 Ml TIEEAREN MR
Table 2 Basic physicochemical properties of soil sample
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1/\ il 35 pH -1 -1 -1 -1 -1 -1
g-kg mg-kg g-kg g-kg g-kg g-kg
IR 8.15 1.59 33.10 23.42 1.24 0.73 0.81
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Figure 1 Effect of manure types on the contents of available Pb in soils with different Pb loads
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Figure 2 Effects of manure dosage on the contents of available Pb in soils
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Table 3 The relationship between bioavailable Pb and Pb

chemical speciation(r)

FHUEFIZE  Exe-Pb  Carb-Pb FeMnOx-Pb OM-Pb  Res—Pb

NM 0.196* 0.451%* 0.073 -0.180**  —0.402%%*
PM 0.251* 0.871%* 0.149 =0.254%*% -0.953 **
SM 0.204* 0.890%* 0.126 -0.649%*  -0.916%*
HM 0.385% 0.520%* 0.085 =0.254%*  -0.451%**
EM 0.201 0.531#* 0.107 —0.148%*  —0.327%%*

T - 7 2850 Hr R H Duncan 1656, #7878 0.01 K U - 2
FARI, #FRORTE 0.05 /K ORI T 2 405G

A 54 Pb 7% i Available Pb contents/mg kg™
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Figure 3 Changes of available Pb content in soil treated with different dosages of organic manure over time
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Table 4 Multiple regression analysis of bioavailable Pb and Pb

chemical speciation
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Figure 4 Chemical speciation of Pb in different Pb contaminated soil after the treatment of different organic manures
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Figure 5 Percentage changes of Pb chemical speciation under the treatment of different organic manures over time
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