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Risk assessment of farmland and water contamination with livestock manure in Shandong Province

YU Na, WANG Xiaoru, LI Tingting, WANG Qian, ZHAI Sheng, LI Qiaoyan

(School of Geography and Environment, Liaocheng University, Liaocheng 252000, China)

Abstract: According to livestock data for Shandong Province in the last five years, the quantity of livestock manure was estimated utilizing
the discharge rate of livestock manure. On this basis, the farmland pollution loading and water equal standard pollution loading of livestock
manure were calculated. Moreover, the risk assessment was evaluated on the livestock pollution in farmland and water bodies in the
province. The overall averaged risk constant of livestock manure loading on farmland was 0.77~0.84 and the corresponding risk level was
Il in the recent five years, which suggested that livestock manure pollution had caused risks to the soil environment, especially in Weifang
City. With regard to water bodies, the averaged equal standard pollution loading decreased from 9.26 to 4.46, and the corresponding risk
level decreased from Il to I, indicating approximately no pollution risk to the water environment. However, significant differences were
observed for the water contamination with livestock manure in different areas of Shandong, such as Liaocheng, which still had a relatively
high pollution risk. In addition, the maximum carrying quantity of livestock was estimated based on the soil nutrient balance theory and the
cultivated land area of Shandong Province, which was 128.73 million head (in terms of pig equivalent) in 2018. The purpose of this study
was to provide a theoretical reference for optimizing the structure of livestock, promoting the green development of regional farming
industries, and protecting the sustainable development of the regional ecology.

Keywords: livestock manure; farmland loading; water pollution loading; risk level; risk assessment
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Table 1 Manure excretion coefficient of livestock manure (kg-head™-d™)!
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Table 2 Coefficient for equivalent amount of swine manure of livestock manure!
TiH W IR e IR CES e FIE
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Figure 1 Amount of animals raised and the discharge amount of livestock manure (in terms of pig manure equivalent) in Shandong

Province from 2004 to 2018
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Figure 2 The discharge amount of livestock manure and nitrogen in Shandong Province in 2018
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Figure 3 The changes of equivalent loading amount of swine droppings in Shandong Province from 2014 to 2018
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Table 3 Environmental risk value(r) and risk level of livestock manure on farmland from 2014 to 2018

2014 2015 2016 2017 2018

iﬁri T 5 T2 5] T2 5] T 5 T 5

Risk level Risk level Risk level Risk level Risk level
et 1.08 \% 1.04 \Y 0.98 il| 0.65 I 0.60 I
T 0.91 I 0.89 I 0.90 I 0.74 I 0.85 I
i) 0.83 I} 0.78 | 0.78 il| 0.70 I 0.72 I}
AT 1.00 I 1.01 \% 0.94 I 0.61 I 0.61 I
RET 1.01 \1 0.85 I 0.82 I 0.82 Il 1.04 I\
AT 0.75 m 0.77 I 0.87 I 0.98 | 1.03 \Y
DT 1.38 I\ 1.31 I\ 1.28 v 1.08 \1 1.18 I\
T 1.07 \% 0.96 I 0.81 Il 0.68 II 0.72 |
FLETH 1.02 I\ 1.06 v 1.02 v 0.76 ilf 0.78 ilf
Jak T 0.70 I 0.71 i} 0.71 I 0.74 | 0.69 |
H g 0.78 | 0.99 I 1.14 I\ 0.95 | 0.90 |
i 0.73 I 0.73 m 0.74 m 0.86 I 0.93 I
NI 0.67 il 0.68 1l 0.71 m 0.75 I 0.81 I
FEM T 1.18 \% 0.99 I 0.95 i} 1.01 I\ 1.01 I\
Wk 0.90 m 0.94 m 0.95 m 1.02 \% 1.01 \%
RN T 0.99 m 0.92 i} 0.85 | 0.93 m 0.90 m
T 0.70 I 0.68 Il 0.68 Il 0.72 m 0.75 m
ey 0.77 m 0.79 m 0.81 m 0.84 m 0.83 m

TE:0<r<0.4, 0 120, RIRTCT5 G WL 50.4<r<0.7, 0 1T 2%, B 7R AT 15 4 MU 5 0.7<r<1.0, IR, RN AT 15 B MUK 5 1.0<r<1.5, W IV 2], 308 A
B S P AU 5 1.5<r<2.5, 9 V 4, FORA T E 105 e AU 3 >2.5, O VIR, 3R0R A AR T 1 s e AUk

Notes:0<r<0.4,Grade | ,naught pollution;0.4<r<0.7,Grade Il ,a little pollution;0.7 < r<1.0, Grade Il , polluted area;1.0<r<1.5,Grade IV, relatively
serious pollution; 1.5<r<2.5,Grade V ,serious pollution;r>2.5,Grade VI, extremely serious pollution.
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15.36% . 14.08% . 14.50% F1 16.39% , %F Jv/. F) 25 b HE i
H A o, X 5% XA R SO AT s Ok
ST I SRR . SR, S HE LIS AR,
BB XS AR 15 R Z 15 Y ) o i 1 5 A
5 Y b K B R R BT O

2014—2018 4 1L A 48 S 45 T 3 8 2S00 V5 L Xt
IR0 S5 B 15 Y BORY B0 B & 4 s o I AR
E (D Op NI R ISR N N o I
IKAR S5 75 Y 6 B0 9.26 3% W A Jy 4.46, Horb
5 ARE YT N ANEMN T AR R S
(HbF K FRES AR i) (GB 3838—2002) FRAH I /K it
Oy BARUE | Te A SEN B 5 0 0 S bR
A5 0 L AR A8 AR K T G i 4 20 50y T % Ry
I 2%, S ARIRIEAR TCTG Y . 2014 4E 75 8 T K S5
15 et B e, 3837, B E R 65.29 mg- LT H
YR BN D AN N, SE AR TS YL 48 B0 = T 25
2015—2017 41502 M b5, A 22 2018 4F, 1L AR K
25 1 T 7K A B A A T Gl 48 B0 R O 11,08, EAE T
ST PO Ry 17.48 mg - L', T g 500y T 4% , 1
RN FF g, HAth b TIT () S5 4575 Y48 BT 6.
B E B2 FE A KRR TS Yo g BOMY ok B2
S R BT, WO 1T 7 e B B s R AR A
H 2018 A 2515 Y48 BURP BOR B 43 31 h 448 F- 24

KPR 2.5 A5 1 2.3 48, b i iz b DX SR BRI, &
[EREE N =5 B N AK =S
23 BiIBEMRESEEREE

RUEE POl AE 7 B 4 Rk — B = Y i
b E B ROl R TR AR SR TR ARE R SR A J i
FE, DA g i ™ s A R BE [a) @7, PR & RS HLE
WO AT FE B R B A 7 =0, PR 255 1) S U2 AR
e HAPUIERIHN R D E Y B & s, H
AR B AR R B AR, T £ R PR )
M, AR SE RS (OB BE AN E FIEM
IS R A R AR L (O E B BER
EEE A RS B, e ORI AR
BB BB A 2 2 R B AN B AT 23 tea T 1Y
G5 AR A U B AR 45 2R B 8 T e e AR A
(£5), G&—WB N NE, AN P BER S
() dRe s AR B T R 17 3k o ARFE 1L AR 28 2018 47 (1) Hh 1
U AR L 4548 2018 4E & 8 M e i AR R B0 N
12873 Ji3k,

3 it

(1) 4% W83 & 20 sl b ad W A 7 X k4 i
A T, R 2014—2018 4E I AR B & B 2 E
F6 28 25 5 O HE L ey BN R L FE 23.17~25.20 t -

R4 08FLFEEREERTLYOHMERERHME

Table 4 Pollutants and equal-standard discharge amounts in Shandong Province in 2018

i X HEJSCE/JT t Pollutant discharge amount/10* t b HER /A m® Equal-standard discharge amount/10° m?*
Area coD BOD NH:-N TN TP COD BOD NHs-N TN TP
Urra T 6.87 6.21 0.52 1.53 0.62 3.43 15.52 5.16 15.30 30.91
T 13.75 12.40 0.89 2.83 1.45 6.88 30.99 8.93 28.31 72.66
Tt 445 3.92 0.32 1.00 0.45 222 9.81 3.17 10.04 22.48
AT 433 4.02 0.29 0.95 0.47 2.16 10.06 2.85 9.48 23.56
FR=aifl 7.00 6.19 0.47 1.61 0.78 3.50 15.49 4.73 16.07 39.17
& T 15.51 14.33 0.99 3.06 1.61 7.75 35.82 9.86 30.57 80.30
Hbiii 30.43 27.78 1.91 6.17 3.30 15.22 69.44 19.14 61.67 164.89
s 13.32 12.42 0.91 2.82 133 6.66 31.06 9.08 28.18 66.36
Bt 9.21 8.47 0.62 1.96 0.94 4.60 21.18 6.21 19.57 47.08
JaE T 4.63 4.30 0.29 0.89 0.48 2.32 10.76 2.92 8.93 23.79
H Ag Tl 6.89 6.36 0.44 1.39 0.72 3.45 15.90 4.42 13.94 36.20
FeFeh 2.08 1.94 0.14 0.44 0.22 1.04 4.84 1.35 438 11.10
Il Y7 i 22.37 21.15 1.46 4.45 2.23 11.19 52.87 14.60 44.51 111.69
P T 21.92 19.64 1.65 4.67 1.88 10.96 49.10 16.45 46.75 93.82
T 17.10 15.22 1.08 3.71 1.98 8.55 38.06 10.80 37.06 98.78
M T 12.77 11.09 0.92 2.86 1.27 6.38 27.72 9.20 28.65 63.37
PR 18.37 17.00 1.28 4.34 2.01 9.18 42.49 12.76 43.39 100.31
EXc)seny 198.52 180.90 13.57 42.56 20.14 99.26 452.24 135.66 425.56 1007.25
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Figure 4 Water equal standard pollution loading of livestock manure and diffuse concentration in Shandong Province from 2014 to 2018
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Table 5 The maximum bearing capacity of livestock and poultry per hectare per year

Y15k Swine/Head 2E 3k Cattle/Head 2/ Sheep

and goat/Head F &1 Poultry/Head 4/ Rabbit/Head

17 3

20 288 142

m” e Z[E VR B, 6 A A b T g XU $8 B F
0.77~0.84 Z [a] , 5 G ) Fy T 9 o Herbigfe B Tl %) 4
2 A fof b, BN 37.39 t-hm 2 a”!, R T
A, M 21.29 t-hm?-a™'s K E 20184, K E G .
ST TS AN AR T A s Y T ) R IV
AT L1 AR A8 37K 3 e 55 T 04 B b G JRURS:
T8 o U0 & B 2R E X 1 AR AS TR il T Y 4

HE IR EE G A TRV R BE A0 75 e XU, , 5 SR BRCHE it o LA
il
(2) 5#tHI5 e AR, 2014—20184E I KB B &

FEAE XK AAR )75 e KU R 2 R R s i i
RE CHED M AN T R R A B (EAT AR A
Hby X5 G JRURE A T AF A R 1 AKSF-, an e T 2018
AR S AR TS Yo B A s, ol 11,08, T ¢ 5]
S 2%, 3 5 B2 5 ke v EE A, SR BB AT ) 45 e B
VEH B IAE S YL, LB KMAOK FUEAL

(3) 041 A 38 5% 43 S BR S A 1L 25 48 B b v A
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