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In situ remediation of heavy metals in aquaculture pond sediment by wheat straw biochar addition

DU Shengnan, ZHANG Hanlin, ZHAO Hanyin, CHEN Yigin, LI Juanying”

(College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China)

Abstract: The pollution of farming substrates, as the carrier of the pond environment, directly affects the quality of aquatic products. Thus,
the development of approaches to ensure the quality and safety of aquatic products and human health is of great importance. In this study,
wheat straw biochar was applied as a remediation agent to heavy metal-contaminated farming substrates in situ. Samples were then
collected using a thin—film gradient diffusion device over various periods of aquaculture after biochar addition, and changes in the
accumulated heavy—metal concentration, risk factor, bioavailability, and diffusion flux at the sediment—water interface were evaluated. The
addition of wheat straw biochar decreased the accumulation of the heavy metals Cr, Cu, Pb, and Cd in aquatic products by 15%-55%, and
the overall decrease in the accumulated concentration of these metals showed the order of Cd>Pb>Cr>Cu. The decrease rates of these
metals in benthic organisms were higher than those in fishes. The maximum decrease rates of Pb and Cd reached 39% in the seedling stage,
whereas the maximum decrease rates of Cu (40%) and Cr(24%) occurred in the growth stage. The decrease rates of the target hazard
factors of the heavy metals also ranged from 15% to 55%, similar to the decrease rates of their accumulated concentration. During in situ

wheat straw biochar remediation, the concentrations of the four heavy metals in the pore water decreased most rapidly during the seedling
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stage. After complete remediation, the concentrations of Cu, Pb, Cd, and Cr decreased by 21%, 48%, 71%, and 19%, respectively.

Calculations of the apparent diffusion flux of each heavy metal at the sediment—water interface during the restoration period showed that the

addition of biochar to the substrate not only enhanced the function of the substrate as a sink and promoted the deposition of heavy metals

from the water column into the aquaculture sediment, but also reduced the heavy—metal content of aquatic organisms.

Keywords : wheat straw biochar; aquaculture sediment; heavy metal; in situ remediation
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Table 1 Detection limits and recovery rates of heavy metals

TFLE K B Detection limit/(pg-g™) BN Recovery rate/%
Heavy IR A=) L) 7]
metal Sediment Aquaculture  Sediment Aquaculture
Cu 0.001 0.001 96 95
Pb 0.001 0.001 95 97
Cd 0.001 0.001 107 102
Cr 0.001 0.001 94 94
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Table 2 Heavy metals in cultured organisms in different growth stages during remediation (pg-g™")

T4 )8 Heavy metal Pb cd Cr
41 Y S2G 4 Biochar 21.0+0.32 2.80+0.20 0.04+0.003 8 3.60+0.32
Seedling stage Benthos 25 148 Control 26.5+0.22 5.10£0.33 0.08:0.029 9 5.95:0.37
s SE 4 Biochar 21.0+0.74 1.52+0.33 0.03+0.004 2 3.38+0.25
Fish 25 1141 Control 25.4+0.21 2.2840.11 0.05+0.008 1 4.86+0.77
AR AT =) SEIG 4 Biochar 24.5+1.00 3.05+0.32 0.06+0.001 8 5.45+0.31
G etz B 23 14 Control 49.5+4.15 4.95+0.50 0.12+0.003 9 7.60+0.87
a2 SE52H Biochar 23.2+1.76 2.28+0.33 0.05+0.010 3 3.58+0.22
Ll 23 14 Control 32.8+0.68 3.2420.38 0.08+0.003 1 4.68+0.20
LI AP SEG 4 Biochar 149.5+7.45 1.420.075 0.15+0.010 8 11.50£0.22
Maturation stage Benthos %5 140 Control 170.5+10.9 2.15+0.09 0.19+0.007 8 15.00+0.95
2k S2H54H Biochar 54.8+6.23 1.1420.16 0.08+0.014 2 10.22+0.41
Fish 25 94 Control 73.2+4.85 1.87£0.11 0.12+0.007 5 12.38=1.14
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Figure 1 Decline rates of four heavy metals(a) and THQs(b) of four heavy metals in aquaculture products
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Table 3 TH(Q values of cultured organisms at different growth stages during remediation

#1125 Specy THQ(Cu) THQ(Pb) THQ(Cd) THQ(Cr) STHQs

A JEEAE A= 9 Benthos S2 4 Biochar 0.0165 0.0210 0.001 19 0.000 075 0.038 5
Seedling stage 25 128 Control 0.020 0 0.0390 000240  0.000 125 0.061 5
642 Fish 528841 Biochar 0.098 2 0.070 2 0.005 28 0.000 420 0.176 0

23 946 Control 0.118 0 0.107 2 0.008 92 0.000 606 0.234 0

AR JEEATIE 1) Benthos 52884 Biochar 0.018 5 0.023 5 0.001 82 0.000 115 0.044 0
Caominshe 25 141 Control 0.038 0 0.037 5 0.003 55 0.000 155 0.079 5
62 Fish 52884 Biochar 0.108 8 0.107 2 0.009 42 0.000 446 0.226 0

%5 [14H Control 0.1520 0.149 4 0.014 82 0.000 582 0.318 0

A JEEWiE 4] Benthos S22 Biochar 0.1150 0.0105 0.004 50 0.000 230 0.1275
Maturation stage 25 141 Control 0.1300 0.016 5 0.005 65 0.000 300 0.1500
12 Fish S22 Biochar 0.256 0 0.054 0 0.015 40 0.001 246 0.326 0

%5 144 Control 0.3420 0.087 2 0.021 80 0.001 520 0.4520
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Figure 2 Changes in pore water Cpcr of substrate at different growth stages during restoration
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