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Removal of heavy metals from pig manure by organic acids

DU Li-qiong, LIU Dong—fang’, HUANG Wen-li, WEI Xiao—cheng, YANG Dan

(School of Environmental Science and Engineering, Nankai University, Tianjin 300350, China )

Abstract: The aim of this study was to investigate the effects of four organic acids, including citric acid, oxalic acid, tartaric acid, and
malate, on heavy metals(Cu, Zn, and Mn ) removal from pig manure by chemical extraction. The pig manure used in this experiment was ob—
tained from a livestock farm in Tianjin. The treatment cost associated with the use of organic acids and use value of pig manure after extrac—
tion were also analyzed. The results showed that citric acid and oxalic acid had better leaching efficiency for heavy metals. Under optimum
operation conditions, the removal efficiencies of Cu, Zn, and Mn reached 57.90%, 73.76%, and 79.56%, respectively, using citric acid and
62.72%, 59.39%, and 40.04%, respectively, using oxalic acid. The extracted Zn and Mn were primarily derived from carbonate and the Fe—Mn
oxide and organic fractions, whereas Cu was primarily derived from organic fractions. The treatment cost of heavy metals increased as the sol -
id-liquid ratio decreased, reaching RMB 126.07 and 384.24 yuan per ton using citric acid and oxalic acid, respectively, when the solid-liqg—
uid ratio was 1:5. The contents of organic matter, nitrogen, phosphorus and potassium in treated pig manure were about 815.80, 17.61, 5.49
and 0.36 g-kg™ respectively. In general, citric acid and oxalic acid could remove heavy metals from pig manure effectively, and the pig ma-
nure after leaching had high nutrient content and fertility.

Keywords: pig manure; heavy metal; organic acid; speciation; fertility
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Figure 1 Extraction efficiency of heavy metals from pig manure at

various organic acid concentrations
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Table 1 Tessier’s sequential extraction procedure of heavy metals in pig manure

PREE YR AP EEBIEE ezl R

1 CIEa 16 mL 1.0 mol- L™ MgCl,(pH=7.0) 2 h,200 r-min™, (25£1)C

2 IR LS AT 16 mL 1.0 mol- L™ NaAc(HAc & pH=5.0) 5 h,200 r-min™, (25£1)°C

3 BREAMIEE G 20 mL 0.04 mol- L™ NH,OH-HC1 % (25% HAc 1EJRK ) (96+3)C/KH 6 h(WLLIR )

4 WAL RV G 6 mL 0.04 mol L™ HNOs+10 mL 30% H,0,( HNO; ¥ pH=2.0) (85+2)C/K ¥ 2 h(Wr&Ldz% )
5 mL 30% H,0, (85+2)°C/KH 1.5 h(Wr8idR%)

10 mL 3.2 mol - L™ NH,OAc % (20%HNO; VEJE K ) 30 min, 200 r+min™
5 FRIEDS FAR-E IR
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Figure 2 Effect of the citric acid on heavy metal extraction at

different solid-liquid ratio
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Figure 3 Effect of the oxalic acid on heavy metal extraction at

different solid-liquid ratio
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Figure 4 Effect of the citric acid on heavy metal extraction at

different contact time
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Figure 5 Effect of oxalic acid on heavy metal extraction at

different contact time
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Figure 6 Effect of the citric acid on heavy metal extraction at

different pH value
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Figure 7 Effect of oxalic acid on heavy metal extraction at

different pH value
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Figure 8 Distribution of heavy metal fractions in pig manure before

and after extraction with citric acid, oxalic acid
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Table 2 Physicochemical properties of pig manure before and after

the extraction by citric acid and oxalic acid
BHHUR 2R/ 2wy e
grkg' gekg! grkgt gekg?
J5E 3 7131 2341 2474 163
FERR (0.2 mol - L) i 8450 1799  5.69 0.32
FZ(0.1 mol- L)% 786.6 1723 529 0.40

TiH
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Table 3 Analysis of heavy metal leaching effect and cost

B (0.1 mol-L")

FrEEmR (0.2 mol - L)

el b 2 B g kg B R/% LB ASG - 1R H R /mg ke B2 HH1% SERRA G 1!
1:5 Cu 39.76 22.44 126.07 49.58 27.98 384.24
Zn 78.93 6.21 605.40 47.63
Mn 17.12 2.82 167.82 27.69
1:10 Cu 62.78 3543 252.14 62.41 35.22 768.48
Zn 172.99 13.61 880.07 69.24
Mn 76.59 12.64 311.39 51.38
1:20 Cu 117.05 66.06 504.28 101.64 57.36 1 536.96
Zn 758.56 59.68 948.96 74.66
Mn 248.67 41.03 482.48 79.61

12 3 AT LATE Y, [0 ARG , 188 HH 3, A
R I R 2 , A B R AS o5 o SR T RERE R i
TANRB G ARG SR TR, 7 B 2
i T3k B 7 4 HEA T IS A 3 SR I R AL A T
WY, BRTC I BASEr  EAE RO . BT AR
TR 5 KRB, DRI TE A HURR ISR T b BRI
SRR A [ A5 T AT S0 o [ P e 1 £
FUGEIN, o7 LA 268 pH {H, iS04 FI bR . 5t
4B B M ALARSS &, e S 20 0 E L.

LA LB R AR R AR R AR 2 S 17 4512k
UEBRTE SR Cu I, PRI R SR BLIR R
XS o B TR AE iR B3], X FEE 42J® Zn A1 Mn,
PR AE 5 51 LU 26 1F T AT RE S 1 2 B By
BERAE IR HE] . BRI & & S 2 IR KSR h
M3 RFEREZE AR LE 3000 T+t R IREN, Sk
AHE, A AHLRIZ SR A AE W HEZE N . R R E
PRI B, TR S 2R A ORI
W CEMZRE MBS L 2 a4
FIF A T (5 LU T Rt 3 g 2 rhid i
4B ™ T BRI T A HUAE 8 R 3 e
T4 0 AR TR A 2 — A RIS
AHUIEIERL . 75 TR P SRR Se bl il , 254
JETARIORNISS . A [FA HLIR Y 2 B R A0 A B A,
A EBAE IR TE A
3 #ig

(DAFEAPUERIZFE R (Frigie iR A IR
SRR )XE AR Cu.Zn Fl Mn HIE R ZE R, A

[FZAFT, AR PR XS Cu () L BRECRELLF AT
IR Zn F1 Mn 1) ZERBCRES .

(FFIEIRA 2 E 48 Cu Zn A Mn KBEH
A HBE 0.2 mol - L7, [EW FE 1:20, J2 ) it i)
24 h,pH {E A FPERR R bn pH (A, IES XS CuZn,
Mn 35 R4 51k 57.90% .73.76% .79.56%

() FFRAEHE T E AR Cu Zn F1 Mn 2BRI1 %
FESAE A BE 0.1 mol - L, [EV HL 1:20, K2 JViHHE] 24 h,
pH {H R 5 R JEG pH (E, BEATEX} CuZn Mn 132
AR 62.72% .59.39% . 40.04%

(4TI MY & a LR %
R BN AR, B 75 B A R I I L AR T
AT, SN I B MG 26V W pH B 5, %o S5 v
WG pH AE R ASINE S

(5)FP IR FN RE R REAE KR B A S 2 E 4R
e A, FEEBRA LA Cu, IRFRERZE A2
PAR A A S YLLE A2 Zn A Mn,

(6) A3 MR AL PRI S 24T AT AR 3 1) B R0
{8, HAT 2 AT

Sk

[1] Kvasauskas M, Baltrenas P. Research on anaerobically treated organic
waste suitability for soil fertilisation[]]. Journal of Environmental Engi—
neering & Landscape Management, 2009, 17(4):205-211.

[2] Peng G Q, Tian G M, Liu J Z, et al. Removal of heavy metals from sewage
sludge with a combination of bioleaching and electrokinetic remediation
technology[J]. Desalination, 2011, 271(1): 100-104.

B13% %k 3, U, IR B e 2 B A R P
JRERIILL A FRETR A4, 2013, 32(1):160-165.

PAN Xun, HAN Zhe, BEN Wei-wei. Heavy metal contents in pig ma-
nure and pig feeds from intensive pig farms in Shandong Province, Chi-
nalJ]. Journal of A gro—Environment Science, 2013, 32(1):160-165.

[4] Mantovi P, Bonazzi G, Maestri E, et al. Accumulation of copper and zinc
from liquid manure in agricultural soils and crop plants[J]. Plant and

Soil, 2003, 250(2 ) : 249-257.



2128

KA IMERF 217 eI RO

[5] Cang L, Wang Y J, Zhou D M, et al. Heavy metals pollution in poultry
and livestock feeds and manures under intensive farming in Jiangsu
Province, China[J]. Journal of Environmental Sciences, 2004, 16(3) .
371.

[6] ZHWUAE, FRpEal, KAGK, S5 ML RAMFIEY F B RE P ES
Ja& it S BARARHIE (] ARl BEIR S FREE 24K, 2016, 33(6):533-539.
RU Shu-hua, SU De-chun, ZHANG Yong-zhi, et al. Manure from the
large—scale farms in Hebei Province, China[J]. Journal of A gricultural
Resources and Environment, 2016, 33(6):533-539.

(71 B, whSUAR. (k84 s Al R0 LRI SR sl A
DE AT FRIE AR, 2008, 24(4) :90-93.

WANG Jin, HAN Jian—zhong. Effects of heavy metals and antibiotics on
soil and vegetables[J]. Journal of Ecology and Rural Environment, 2008,
24(4):90-93.

(8] 2= BE . At B B RIS Y SR FR AL ]. P I 75 e Bk &, 2003, 39
(5):58-59.

LI Xian—hui. Pollution and control measures of livestock and poultry in
rural areas|J]. Chinese Journal of Animal Science, 2003, 39(5):58-59.

[91 #IA T, 4% ok, SR oEom, 5. S L DUAR il FH S AL i S R = +
e &R RS ARl TREA4R, 2008, 23(11):239-244.
HUANG Zhi-ping, XU Bin, ZHANG Ke-—qiang, et al. Accumulation of
heavy metals in the four years’ continual swine manure—applied green—
house soils[J]. Transactions of the CSAE, 2008, 23(11):239-244.

[10] £ i, WAM, VI B G 2EE PRGBS Y BUR 5], 34

b RR2#, 2016, 33(5) :48-49.

WANG Yong, CAO Dong—mei, SUN An—quan. Pollution situation and
control of heavy metal in livestock manure[J]. Swine Industry Science,
2016, 33(5):48-49.

(14 T4 2 5, % BAEMRAXEID CaZn ZERH
S A FRIZERL 2R, 2014, 33(7) 1 1429-1435.

YANG Ning, YANG Yang, PENG Liang, et al. Removal of Cu and Zn
from pig manure by acids and ultrasound|[]J]. Journal of A gro—Environ—
ment Science, 2014, 33(7):1429-1435.

[12] sRARA, 2855058 B U R Al AR U T 5 Je B 4 o (1. )
HAL T, 2012, 39(14) :53-54.

ZHANG Gui—jun, LI Jing—hui. Ultrasound collaborative nitric acid to
extract heavy metals in municipal sludge[J]. Guangdong Chemical In—
dustry, 2012, 39(14):53-54.

[13]#h ¥, BN, F0RE, & AP B SR S LR i
BORBHFE). FRBERL 2244, 2015, 35(8):2573-2581.

SUN Tao, MAO Xia-li, LU Kou-ping, et al. Removal of heavy metals
from co—contaminated soil by washing with citric acid[J]. Acta Scienti—
ae Circumstantiae, 2015, 35(8):2573-2581

[14] By Jett, E3CHE M) iR, 6. A LIRS e L e 4 ROTHERICR
WEFEN]. Al FRIFERL 24244, 2013, 32(4) :701-707.

YI Long —sheng, WANG Wen —yan, TAO Ye, et al. Removing heavy
metals in contaminated soils by the organic acids|J]. Journal of Agro—
Environment Science, 2013, 32(4):701-707.

[15] Wei W, Zhou X J, Gao Y T. Ultrasound—assisted citric acid extraction
of zinc in plateau red soil and tessier speciation study[J]. Advanced
Materials Research, 2013, 726-731:4464-4467.

[16] VR, PFPHT, S84, S5 AT R S R X0 H A 15 e 1Ry
BRERBEAE I Al BREERL 22241, 2014, 33(8) :1519-1525.

XU Zhong—jian, XU Dan-dan, GUO Su-hua, et al. Combined leachin—
gof heavy metals in soil by citric acid and saponin[]]. Journal of Agro—

Environment Science, 2014, 33(8):1519-1525.

(1718 L2 M, 9, 46 a)mis e L EIR A EDTA {RE
KDL LT, PR TRl 2014, 8(8) : 3480-3486.

HUANG Chuan, LI Liu, HUANG Shan, et al. Study on mixture of OX
and EDTA leaching heavy metals contaminated soil[]]. Chinese Journal
of Environmental Engineering, 2014, 8(8 ) :3480-3486.

(18] BRIHEE, Jl ML, Mot AC, &5, ¥5 U 3 b o 4 ) 1l 7 o Ak
EDTA Ve ISR, AR =240, 2014, 34(9):2392-2397.
QIU Qiong—yao, ZHOU Hang, DENG Gui-you, et al. Washing of heavy
metal from a contaminated soil and changes in species with ultrasound-
enhanced EDTA solutions|J]. Acta Scientiae Circumstantiae, 2014, 34
(9):2392-2397.

[19] Wen J, Stacey S P, Mclaughlin M ], et al. Biodegradation of rhamno—
lipid, EDTA and citric acid in cadmium and zinc contaminated soils[J].
Soil Biology & Biochemistry, 2009, 41(10):2214-2221.

[20] Wang X J, Chen J, Yan X B, et al. Heavy metal chemical extraction
from industrial and municipal mixed sludge by ultrasound-assisted cit—
ric acid[]J]. Journal of Industrial & Engineering Chemistry, 2015, 27 .
368-372.

RU XIS, 2 0, M, 55 IsRhES R E MR RS £
B E R [J]. PU)1FREE, 2012, 31(3):98-105.

LIU Xiao-guang, DONG Bin, DAI Ling-ling, et al. Research progress
of stabilization of heavy metals in sludge and their removal methods|J].
Sichuan Environment, 2012, 31(3):98-105.

[22] VEPHE, VPR, B M, 45 EA R 15 e H IR S R R
EE IS K LA, 2013, 27(6) : 57-61.

XU Dan-dan, XU Zhong—jian, QIU Xi-yang, et al. Study on combined
remediation of citric acid and saponin in heavy metal contaminated soil
[J]. Journal of Soil and W ater Conservtion, 2013,27(6):57-61.

(23] R T B FE P E SR A ZBROFR[D]. LT L KA,
2010.

YANG Hui-min. Study on removing technology of heavy metals in ani—
mal manure[D]. Beijing: China University of Mining and Technology,
2010.

[24] fE e, TACH, B4, 45 A HUBRAERT X o4 S i 1R A 2 AL
P R PRI A AR RS 4, 2010, 34(11): 1354-1358.

FU Xiao—ping, DOU Chang-ming, HU Shao—ping, et al. A review of
progress in roles of organic acids on heavy metal resistance and detoxi—
fication in plants[J]. Chinese Journal of Plant Ecology, 2010, 34(11).

1354-1358.

[25] WEU, B PR R, A fH A . B 7 4 5 P IF] HE R -HEDTA 324275 e

FEEJRI]. HEIFSERE, 2011, 31(8): 1280-1284.
TU Jian—cheng, ZHAO Qing-liang, YANG Qian—qian. Ultrasonic—as—
sisted extraction of Cu, Zn, Ni and Cr in municipal sludge with oxalic
acid and HEDTA[J]. China Environmental Science, 2011, 31(8):
1280-1284.

[26] Bt H. BRI =R AT AR H iR, 2000.
BAO Shi-dan. Soil agricultural chemistry analysis|[M]. 3th Edition.
Beijing: China Agriculture Press, 2000.

R7] AR, kiR, Sk R, 5. o E B B IERIRRIRNE 1 5 AR
G R SRR Al FREERL 244, 2014, 33(3) :435-445.
ZHU Jian—chun, ZHANG Zeng-qiang, FAN Zhi—min, et al. Biogas po—
tential, cropland load and total amount control of animal manure in
China [J]. Journal of Agro—Environment Science, 2014, 33 (3).435-
445.



