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Research on the contents and change characteristics of heavy metals in swine manure

SHEN Feng—ju', HAN Jian—hua’, ZHAO Run', ZHANG Ke—qiang""

(1. Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2. Tianjin Agricultural
Environmental Protection and Management Monitoring Station, Tianjin 300061, China)

Abstract: Large amounts of feces are produced on pig farms in China, most of which is fermented to produce organic manure that is
subsequently applied to farmland. In order to address environmental concerns regarding the contamination of soil by heavy metal residues
and to apply livestock manure in a reasonable manner, it is of considerable practical importance to monitor and analyze the contents and
change characteristics of heavy metals in pig manure. In this study, we monitored the contents and seasonal and annual changes of seven
major heavy metals in swine manure over a period of 4 years at a swine farm in Tianjin. The results showed that zinc, copper, and chromium
were the main heavy metals in swine manure, with average contents of (1 192.37+153.33),(188.67+40.53)mg - kg™ and (83.76+58.79)
mg- kg™, respectively. The contents of lead, cadmium, arsenic, and mercury were found to be comparatively lower, with average contents of
(4.51+2.57),(0.98+0.75),(0.22+0.04 ) mg - kg™ and (0.021+0.004) mg - kg™, respectively. Our results revealed that contents of the main
heavy metals in swine manure differed according to year and season, which was found to be related to differences in the growth stage of pigs

and the corresponding feed proportions. For zinc, chromium, lead, and cadmium, the differences between years were less pronounced than
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those between seasons. For copper, the annual and seasonal differences were obvious, whereas for arsenic and mercury there were notable

annual differences. Collectively, the results revealed that the contents of heavy metals in swine manure are affected by season, the feed ratio

at different stages of pig growth, and disease prevention and resistance measures. These findings thus indicate that in order to meet the

resource utilization of swine manure and the safe utilization of manure-based organic fertilizers on farmland, it is necessary to strictly

control the amounts of additives used in feed.

Keywords : swine manure ; heavy metal ; change characteristics ; location monitoring
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Figure 1 Content of Zn in swine manure in different years and seasons
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Figure 2 Content of Cu in swine manure in different years and seasons
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Figure 3 Content of Cr in pig manure in different years and seasons
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Figure 4 Content of Pb in swine manure in different years and seasons
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Figure 5 Content of Cd in swine manure in different years and seasons
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Table 1 Contents of Zn in different years and seasons of swine manure (mg-kg™)

SRl BRE &/ME SADA SR BT S
Season/year Maximum Minimum Median Mean Discrete coefficient  Coefficient of variation/%
F 7 Spring 1642.12 616.76 978.59 1 054.01+429.17 0.285 40.7
¥ 25 Summer 2 089.29 841.78 916.23 1 191.23+599.80 0.345 50.4
FZ= Autumn 1426.41 934.08 1055.32 1117.78+218.79 0.144 19.6
2475 Winter 3724.14 453.80 72391 1406.44+1 559.72 1.274 110.9
2015 1426.41 926.33 932.93 1 054.65+500.08 0.134 23.5
2016 2 089.29 453.80 1010.52 1 141.03+684.57 0.411 60.0
2017 3724.14 616.76 920.80 1545.62+1 459.44 0.851 94.4
2018 1642.12 515.10 977.70 1 028.16+476.87 0.358 46.4
R2 ANEAEE FTHHEEFRCuFEXTE (mg-kg™)
Table 2 Contents of Cu in different years and seasons of swine manure (mg-kg™")
FAT Ay i FNIEN R/ME H KL I [CLIES S
Season/year Maximum Minimum Median Mean Discrete coefficient  Coefficient of variation/%
%25 Spring 256.00 85.40 149.95 160.32+79.30 0.431 49.5
B 7 Summer 431.26 64.61 169.93 208.93+159.80 0.659 76.5
FZE Autumn 268.58 68.19 131.24 149.81+88.30 0.500 58.9
475 Winter 498.86 69.90 189.33 235.60+190.67 0.752 80.9
2015 105.89 64.61 69.05 77.15+19.29 0.156 25.0
2016 262.22 162.31 202.30 207.29+41.74 0.144 20.1
2017 493.86 85.40 265.71 277.67+£215.10 0.696 77.5
2018 268.58 116.43 192.63 192.57+81.84 0.362 42.0
R3 AEAFEE FTHEERCFEX (mg-kg')
Table 3 Contents of Cr in different years and seasons of swine manure (mg-kg™)
Ay R KAH I/MH ERIA S SFEE &S A5 AR
Season/year Maximum Minimum Median Mean Discrete coefficient Coefficient of variation/%
% 7F Spring 68.07 0 47.70 40.87+31.47 0.517 77.0
X ZF Summer 393.13 21.68 104.58 155.99£162.91 0.914 104.4
FZE Autumn 51.49 14.39 29.35 31.14£15.59 0.380 50.1
478 Winter 228.28 0 99.93 107.04+95.86 0.699 89.6
2015 99.15 25.58 71.20 66.78+30.57 0.280 45.8
2016 393.13 51.49 145.64 183.97+161.14 0.870 87.6
2017 125.53 0 27.40 45.08+55.36 1.250 122.8
2018 110.00 0 23.40 39.20+49.03 1.368 125.1
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R4 FREE FTHEEHRPhSEX L (mg-kg™)

Table 4 Contents of Pb in different years and seasons of swine manure (mg-kg™)

e AT N P FHI AR ERRHK
Season/year Maximum Minimum Median Mean Discrete coefficient Coefficient of variation/%
#7F Spring 11.919 0.882 3.953 5.177+4.750 0.777 91.8
5 78 Summer 20.246 1.035 4.850 7.745+8.869 1.299 114.5
FKZE Autumn 6.102 0.607 3.438 3.396+2.630 0.644 77.4
478 Winter 2.476 1.287 1.593 1.737+0.556 0.268 32.0
2015 11.919 1.035 3.978 5.227+4.983 0.951 95.3
2016 5.118 1.857 2.902 3.195+1.417 0.354 444
2017 7.842 0.607 1.107 2.666+3.464 1.736 129.9
2018 20.246 1.287 3.169 6.968+8.971 1.718 128.8

£S5 AEEE FHHEDCIEENT (ng-kg™)

Table 5 Contents of Cd in different years and seasons of swine manure (mg-kg™")

WD S M A FH AR R RH
Season/year Maximum Minimum Median Mean Discrete coefficient Coefficient of variation/%
F7F Spring 0.949 0.081 0.264 0.390+0.385 0.905 98.7

5 7% Summer 0.700 0.092 0.256 0.326+0.263 0.674 80.8

2 Autumn 5.665 0.179 0.754 1.838+2.591 2.111 141.0
278 Winter 4.141 0.136 0.618 1.378+1.887 1.959 136.9

2015 0.949 0.201 0.265 0.420+0.356 0.800 84.8
2016 5.665 0.081 2.421 2.647+2.690 0.932 101.7
2017 1.192 0.220 0.665 0.686+0.499 0.643 72.8
2018 0.308 0.092 0.158 0.179+0.093 0.411 52.1

FRo AEFE FHEERAsFEXLL (mg-kg")

Table 6 Contents of As in different years and seasons of swine manure(mg-kg™)

% 1514 WOk /M L Pl HHRH ERFH
Season/year Maximum Minimum Median Mean Discrete coefficient Coefficient of variation/%
F 7 Spring 0.691 0.042 0.194 0.280+0.284 0.886 101.3

5 ZF Summer 0.437 0 0.185 0.202+0.222 1.023 110.0

FZE Autumn 0.402 0 0.198 0.200+0.211 0.919 105.9
475 Winter 0.663 0 0.067 0.199+0.312 2.767 157.0

2015 0.175 0 0 0.044+0.088 — 200.0
2016 0.042 0.025 0.033 0.033+0.007 0.169 22.0
2017 0.691 0.345 0.533 0.525+0.177 0.285 33.7
2018 0.437 0.103 0.287 0.278+0.150 0.421 53.8

R AEEE SHHED Hg ABIE (mg-kg)

Table 7 Contents of Hg in different years and seasons of swine manure (mg-kg™)

ERCE0) N} /M SRVAS SR &S LETES
Season/year Maximum Minimum Median Mean Discrete coefficient Coefficient of variation/%
7 Spring 0.072 0 0.006 0.021+0.034 3.500 164.1
5 7F Summer 0.073 0 0.017 0.027+0.034 1.485 126.5
FZE Autumn 0.056 0 0.007 0.017+0.026 2.346 151.3
4-ZE Winter 0.071 0 0.006 0.021+0.034 3.364 164.8
2015 0.073 0.004 0.042 0.040+0.037 0.771 92.8
2016 0.009 0.000 0.004 0.004+0.004 0.714 93.5
2017 0.072 0.007 0.044 0.042+0.029 0.517 68.7
2018 0 0 0 0 — —

—472— http://www.aed.org.cn



NFEHR F REPESRAZAERETURES T

20214 5A8

AR 25 AR A RN H R K, R RE
h32.0% F 114.5% , B R E03 510 0.268 F11.299 5
Cd & M 22 R /R M E E B /N TR
& BN ERK,ZF RET 5 80.8%
H1141.0% , BSHER B9 910 0.674 F12.111 ; As Fl Hg
O AR B 25 SR AE AN 2R B R B . AR A 2R
25 S K B 5 R B 1R 157.0% F1164.8% , 25 1
ZR5r 0 R 2.767 F13.364, Pb % & 1E 2016 4E 2=
P2 /N AR S RN 44.4% , B ELR KON 0354,
2017 4E A1 2018 AFE L =i B m , F i ER
BER, 75 S BB 9 129.9% F1 128.8% , B4 1 2 %L
A351R 1,736 F11.718 5 Cd & 7 7E 2016 4F Fk 2 144 2
A0 O e, 2= PR 22 R AR, 8 S R AN 101.7% , 25
BRECH 0932, 2018 - F= i 1 22 R /N, B R R AL
H52.1% , B EL R BN 0.411 5 As 7E 2015 4E (U E R 2=
A K T 2017 4F F1 2018 4F B 5 4 25 5 Hg 7E 2016
FEAAE R TR Y, 7E 2018 4E T 78 U Z= 24 K 4G
M 7E 2017 475 2= FI Rk Z= LA % 2015 4 5 Z & Z= 1
A 5 o

T ENT IR 2 R E AW
AEERE S TR, 5 R E B HE 25 Zn . Cu  As (Cr,
Pb #l Cd 1YV 34 & 15 5 2= 4351 2 (1 305.4£1 962.6) |
(456.2+298.8) . (34.4+65.6) . (16.9+32.4) . (2.8+0.5)
mg - kg™ F1(0.8+0.1 ) mg - kg™, & 2243 5 F (2 511.8+3
782.5) .(489.4+306.6) .(38.6+72.9) .(7.7+5.3) .(2.9+
0.7)mg-kg A1 (1.0+0.2)mg-kg™", Cu,As . Ph i) S 4
EMEZE2EFARFE(P>0.05), CAdIFRAZTRE
T HEZE(P<0.05), Zn S AV W& TH 3, 2%
SR 2 (P<0.01) , S a REEC 5 R W, Zn 1 Ry 1)
RS IR GE A SRS W VS I 1 R0 25, 2R
% J8 5 PRGN IRV i T R AR e . BRI,
A BREH AR SIG IR Zn (BRI A, 15 LA
ZErh Zn S WL N, W, Cd A Zn 88 PEAEAAAE
FRUARZFE Z CAd M In ERB RPN SR 2R 2L
WARF AR LR . B ED O R T
F.oMETEEFVNE S TAER, ZRIEH(P<
0.01) . B 1k 5 25 & s i i A K B IR AN Y
RE T, B ME 8 W S AR R R A 72— 1 Cr
TSI, DR A 11 i ek o7 S35V D, 48 v 0 1 A
RE™ . AWFIE A 45 R S AT A4S 18—, (HPb & &
W& HAATER W i 25 25 55 . ARFSE R e
HEJR T EZEY AERK B AR H DL B b
P S R 2R A RE R o Ao e P 5 A S A ) A Al
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R TP RESRIOUR S REH, WA
ABHEAEAI o O S BRLRRAL S S 20 5 4 5 PR
GEIRAL AR, 5 B IRk A 7 1l e o 4 S A5 i 551
AR AT, [ IO R 26 v B s 2 i i D
AL, i PR IEAL A A T 22 2R

3 #ie

(1)Zn F1 Cu S48 25 Hh % 15 f a1 (9 T 8 4 e
L, &R0 (1 1192.371+153.33) L (188.67+
40.53) mg-kg™', X 54k E SRR TR TS
A%, HR R Cr P, Cd, 3 & 4 43 5l 8 (83.76 +
58.79) . (4.51+2.57) .(0.98+0.75)mg-kg ™', As Fl Hg 7%
AR ARBORA P38 5400 (0.22+£0.04) mg -
kg™ F1(0.021+0.004 ) mg-kg ™'

()2 FEE L & AR AL AR ZE
TR — 2 X SR BB A
AL L SE 2 A 6

(3)F 4 S AE A AR AR R P A B il e 4
RS, FEOE 2 I 4 & i s TRk b Y
S @ it R E AR SR S 2uE 2
4 e A B B IGIN  OR AR PR XU, Tl 2 A Y
BRUEALAIT o DR, PR ZEAE A A DU it T 3] 13 1
b AR, AR R R A 6 TN, S B A R A 2 D
P A 2 25 B ) A FLAE rp 8 4 s 1) B o, AR AIRAT AL
JIE it P 3 8 1 PR XU
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