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Removal of copper and zinc from swine manure using low—-molecular—weight organic acids

SHU Mei-hui', ZHANG Shi-rong", WANG Gui-yin', ZHONG Qin-mei', XU Xiao—xun', LI Ting?

(1.College of Environmental Sciences, Sichuan Agricultural University, Chengdu 611130, China; 2.College of Resources, Sichuan Agricul-

tural University, Chengdu 611130, China )

Abstract: It is necessary to remove heavy metals from swine manure before it can be safely used to fertilize farmland. This study was con—
ducted to investigate the effects of concentration, contact time, pH, and the solid-liquid ratio of citric, tartaric, oxalic, and malic acids on the

efficiency of the removal of Cu and Zn from swine manure by chemical leaching. The results indicated that the Cu and Zn removal efficien—
cies increased linearly when the concentration of the organic acids was increased. When the concentration reached 0.20 mol- L™, oxalic acid
was effective at extracting Cu(42.37% ) and Zn(47.63% ), whereas the efficiency of citric acid was different with regard to Cu(27.19% ) and

Zn(77.17% ). Moreover, the kinetics tests demonstrated that the Cu and Zn removal efficiencies increased reciprocally with prolongation of
contact time, and reached a relative balance at a contact time of 240 min. Furthermore, the extraction of heavy metals by organic acids was
more effective under acidic conditions and decreased with increasing pH; The removal efficiencies of Cu and Zn were 41.89% and 68.14%

at pH 2.00, respectively. The metal removal efficiency at a solid-liquid ratio of 1:10 was relatively high. After extraction with organic acids,
the swine manure turned acidic, and its TP and TK content decreased to 8.97~10.87 g-kg™ and 4.97~6.23 g-kg™, respectively. Neverthe—
less, there was no remarkable change in TN content, and there was a slight rise in the organic matter content. Therefore, our study suggests
that low—molecular—weight organic acids have the potential to remove Cu and Zn from swine manure.

Keywords: low—molecular—weight organic acid; swine manure; heavy metal; removal rate
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Table 1 Optimal models of relationship between metals removal efficiencies, concentrations, and contact times

124257 Leaching agent T 43J& Heavy metal LA Model R? P FEAA Model R? P

SRR Cu y=7.22+27.86%¢ 0.93 0.000 y=22.43-130.89/ 0.96 0.000

Zn y=21.54+72.60%c 0.56 0.052 y=72.78-681.34/t 0.84 0.004

AR Cu y=6.76+46.13%c 0.93 0.000 y=25.57-162.83/ 0.96 0.000

Zn ¥=9.57+56.17%¢ 0.74 0.013 y=47.49-437 43/ 0.92 0.001

PR R Cu y=10.37+40.74%c 0.89 0.002 y=32.60-195.41/t 0.97 0.000

Zn ¥=31.90+66.62%c 0.45 0.098 y=79.26-724.59/t 0.81 0.006

BifR Cu y=13.87+55.19%c 0.78 0.009 y=53.02-272.85/ 0.93 0.001

Zn y=13.63+56.98%c 0.71 0.018 y=54.80-570.63/1 0.90 0.001
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Figure 2 Effect of contact times on the removal efficiencies of Cu and Zn from the swine manure
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Figure 3 Effect of initial pH on the removal efficiencies of Cu and Zn from the swine manure
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Figure 4 Effect of solid-liquid ratios on the removal efficiencies of Cu and Zn from the swine manure
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Table 2 Chemical characteristics of the tested swine manure before and after leaching
AbFE Treatment pH & A HLF Organic matter/g-kg™ TN/g-kg™ TP/g-kg™ TK/g kg™

JRAR G 8.28 639.00+30.19¢ 11.63+0.14a 21.53+1.06a 12.93+0.46a

payiist 9.67 615.02+32.84¢ 11.64+0.08a 21.52+1.20a 8.97+0.12b

P 373 706.58+9.28a 10.080.16b 8.97£0.71c 5.43031d
SRR 3.94 716.82+18.65a 12.71£0.14a 9.03+0.72¢ 6.23+0.31c¢
AR 4.54 692.35+20.77ab 12.2740.35a 10.87+1.01b 5.50+0.35d

R 3.73 659.11+24.75b¢ 11.40+1.79ab 9.39+0.45bc 4.97+0.12d

FEFEATY T AT ML T SE A0 22 4l
3 Hig

FREETR LR A R AR RR I R S 2 BRI
Z&r Cu M1 Zn, Hop BEERNT Cu ZRO R el , Hak
TSR ;. PR ANE A BR Y Zn EBRRE E T H
RH RAMGERIERERIET, EZEY CuZn
BRI 43 AT ik 46.89%F11 82.35%.

A FHE PR ZE P Cu 1 Zn 1Y L BREZY
JE B TE]  pH{H A i A R R B . E 25 °C.
200 r-min™ PIERIRG 00T, BEE A VLR BT+
15, SO B TE] S , pH A AT L 3G, # 2E H Cu
Zn BRI, H Zn B RBRECRET Cuo 2565
J CuZn ZLFRFEFRIENASFHN R, B RAFER
PRSI VR EE 0.20 mol - L™ WIS 1] 240 min Fl
[ e 1:10,

ZHENRIZIE LB E ARG, M 2E pH EREL H
TP.TK &t &b, HE TN SR EHkL, H
A ML & S I, BT 2 4k
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