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Abstract: The actual removal rates of nitrogen and phosphorus in animal manure and waste water during multi —level treatment process
remain vague for large—scale farms. This limits its land application in water network regions of China. The aims of this study were: (1) to
verify the removal characteristics of total nitrogen (TN ) and phosphorus(TP) during a multi-level treatment process for swine manure and
waste water, and(2) to calculate its land carrying capacity. An intensive swine farm in Southern Jiangsu, which possessed a typical manure and
waste water treatment plant with two anaerobic digesters, three natural sediment ponds, and one aquatic plant ponds, was chosen to monitor
for the four seasons during a whole year. The results showed that total productions of manure and urine were 4 086.9 t and 10 995.8 t,
respectively, in 2016. The collection rate of manure was around 90.5%. The available TN and TP were 183.12 t and 148.97 t, respectively, for
land application. The removal rates of TN and TP were less than 25.3% and 57.2% respectively, after secondary anaerobic digestion. The

residual TN and TP in the digestates could be removed more than 80% by oxygen ponds treatments. Then the effluent was processed by
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aquatic plants, and the removal rates for TN and TP were more than 95%, which guaranteed the effluent to be up to the discharge standard.

The multi-level processing technology could improve the land carrying capacity and reduce the manure and waste water treatment costs for

the intensive animal farms, which were suitable for very intensive, economically developed and land resource limited regions.

Keywords: multi-level treatment process; removals of nitrogen and phosphorus; land carrying capacity; water network region; intensive swine

farm
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Figure 1 Schematic diagram of manure and waste water treatment steps and sampling sites in the monitoring swine farm
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Table 1 Basic information of each breeding stage in the monitoring swine farm in 2016
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Table 2 The testing indicators and methods for manure and waste water
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Table 3 Annual production of manue and waste water in the monitoring swine farm
o i R k(iR
U W mRE BUR GIORR JERE G oem BoR o WORR
H7E 149.0 263.3 418.4 830.8 800.0 640.4 430.9 1078.4 2 149.8 6 379.8
ES 156.1 282.0 719.2 11573 1 050.0 954.1 474.6 2245.0 3673.6 9 883.6
=z 161.8 363.7 537.0 1 062.5 950.0 686.3 559.6 1442.6 2 688.5 7 818.5
B> 154.2 362.5 519.6 1036.3 900.0 630.3 672.0 1181.7 24839 56339
&t 621.1 12715 21942 4 086.9 3700.0 2911.1 2 137.1 5947.7 10 995.8 29 715.8
F4 BERTKPEEREE
Table 4 Contents of the major indicators in swine manure and waste water
HiH =7 B HZ kZ X7 AR
e VS/% 21.6+0.3a 20.4+0.4a 20.5+0.6a 20.7+0.3a 20.8+0.2
OM/% 49.4+0.2b 48.0+1.6b 48.8+0.1b 55.8+0.4a 50.5+1.0
TN/% 3.3+0.1a 2.7+0.2b 2.8+0.1b 2.9+0.1b 3.0+0.1
TP/% 3.1+0.1b 2.7£0.1¢ 4.1+0.3a 3.8+0.1a 3.4+0.2
15K COD¢/mg- L™ 32 045.5+869.3b 35 740.4+1 286.5b 12 258.9+940.4¢ 53 328.1+1 454.7a 33 343.2+4 426.7
TN/mg-L™ 2 667.1+£83.8b 2 870.9+29.9ab 1 737.4£68.9¢ 2 962.9+33.7a 2 024.2+105.4
NH;~N/mg-L™ 2 063.2+45.4b 2 168.2+47.5a 1 489.5£35.4¢ 2 375.9+152.1a 2 559.6+148.8
TP/mg-L™ 957.6+63.6b 585.9+10.0¢ 441.0+10.9d 1299.4+42 4a 812.6+105.4
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Figure 2 Concentrations of pollutants in waste water after treatments
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Table 5 The removal rates for nitrogen and phosphorus after each

waste water treatment steps(% )

FERRR W ARY
T1 T2 T3 T4 TS
COD, Kz 79 96.7 97.6 98.0 99.7
S 8.6 98.0 98.3 99.0 99.9
K2 37.4 89.7 93.7 95.1 98.7

= 22.5 97.5 98.9 99.3 99.8
TN Kz 15.6 71.5 81.5 85.9 98.7

S 25.3 75.7 92.4 93.7 99.6

hz 12.1 56.9 759 84.2 96.5

= 10.6 83.6 91.3 93.6 98.5

NH;-N Kz 22.1 754 84.2 85.7 98.4
S 14.3 80.0 94.6 95.7 99.7

K2 14.8 59.6 76.4 82.5 97.7

p&=S 6.5 79.9 90.2 91.8 98.5

TP Kz 79 95.3 98.0 91.7 99.7
ES 35.0 94.8 95.9 97.9 99.8

K2 572 90.7 94.9 95.5 99.0

= 23.3 98.5 99.4 99.6 99.8

WUE , A MUBLAL & & SR E IR T 2 £ 37
#1141 (Comprehensive nutrient management planning,

CNMP) , 45 b A7 PR T 5 10 B (A 22 ) B 9K
—242—

3500

b

3000
2500
2000
1500

TN/mg- L™

1000
500

0

1400
1200
1000
800
600

TP/mg-L™"

400

200

_

BTy S14 @S

I R AEATA 75% 10 F 4 2% (3 1 o FH A1 A
HEAFIHEAAM, B T YA I AR 5 % () (5 AN Ui,
Y TR M B A 37001, WUEERZA N
86.8%~96.3% ; 4= AF- AT AT A ) TN F1 TP 543510
107.45 ¢ F1 126.30 t, 57K =& 435k 75.67 ¢
22.67 (3K 6), Ak H5 B4 AT 95 29 JRE B (L
P05 1) 400 t F1 340 t.

ISR IH AN AN R T5 Y B IR 1 AR B A, 2L
SEARTHE NS HERIR SR A 1K, g 20/ L
B AR Hb 400 hm?, s¥iH AR5 S 200 hm?, 5%
SR AR HL 667 hm™), 1 H R 94 FH DS L &8 /N T2
WK, Fl, AR R AT s BT
I AT BRI X Y FRFE ) , X2 T5 31 T R A PR
B, BT, ESHIE F R TIRE R B SAE
FEAHUIE, B2 TR AR B 3 s o T L Ath 2=
W, R TR R B ORMEUR WK, R
KER e AT MR B . WO 5 7K 48 IR UK I
J& , KB 70%~90%3E AN —i5 KL RS,
HA 2 109%~30% 1) 1E WK B 4% T 20 hm? P AR 3 1Y
PIVEIE (R 7) o ARHE BT AE A o 2 G RS e e o
7%, B 667 m* T AHL KL 0] 40 20~30 t ;s T
AW PR AR R, PR 667 m? N

http://www.aed.org.cn



HTLIHg, 55 A BRBEATR 2675 T AL BRI LA AT 2 B —— DL R K 0 el DX RS 47 D 151)

2018 £ 5 H

RO EEREBETHFNLE

Table 6 Annual nutrient production in the monitoring swine farm

" e 757K

Z=Ay

TN/ TP/t TN/t TP/
B 26.40 24.80 17.02 6.11
HE 28.35 28.35 28.37 5.79
= 26.60 38.95 13.58 3.45
L& 26.10 34.20 16.69 732
&it 107.45 126.30 75.67 22.67

R EHESEEMNAGTXMLLE]
Table 7 Utilization patterns and application rates of manure and

waste water in the monitoring swine farm

g AR 7 X il % V5 KR 7 % H il %
AR ATENUE AR REEE gk
5% 20 80 100 30 70
H 60 40 100 10 90
B 30 70 100 20 80
e 20 80 100 10 90

TE * 48 A AU HER BOTR

KA 15~20t, FHIL, BRTHEERAR WG
667 m* 25.5 t i FARH AR AN, HAD T T A&
il P £ B AR B, IS 2 TR VAR HH e FH 1 249
TRV 1Y) 23%

3 £

AL AT 5 R b X AR 2 A PR T 365
TR BRI S R E A S AL R Y
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FAF UL R LN 90.6%, F&fdrh TN F1 TP £ N
183.12 t 1 148.97 v, Ay IX I AAR 8 b 258 4 FH 47 4 1
15 e RS PR B0 T S AR B S

W VL BC AR O H BB 90 2575 B 1Y 10% ~
30% , TFAR T0%~90%3ET5 75 1 T8 Rk . L3
TRORBEREG R BRI/ NT 25.3%H1 57.2% , it
— il S RITTE AN S I 80% LA I, fe 4k
T K A AR A P S 3 e R 5k 95% A I
T2 R A SRR P K R AL T2 T AL, 2l T
2B T2 G K R R B BRI B
ST FH T 8 300 T T AN 365 A FH T RN AR R
JiEZ7

SE

(1] EJrih, ToCHy, S5 EE, 4. PE & &30 = 4 A6 5 LIR30
[J]. P EFREERME, 2006, 26(5):614-617.

http://www.aed.org.cn

WANG Fang—hao, MA Wen—-qi, DOU Zheng—-xia, et al. The estimation
of the production amount of animal manure and its environmental effect
in China[J]. China Environmental Science, 2006, 26(5):614-617. (in
Chinese )

(2] Bk, T B, it 1L, A5 Rl T 955 e i BRBOR AF Y 0E %

(0], P A= sl 2441k, 2013, 21(1) : 96-101.
YANG Lin-zhang, FENG Yan—fang, SHI Wei-ming, et al. Review of the
advances and development trends in agricultural non—point source pol-
lution control in China[]]. Chinese Journal of Eco-A griculture, 2013, 21
(1):96-101. (in Chinese)

(3] LARKE, ERIVETE, BePH, 45 ST AR T 0B B 7 B 3 2 DU e

A TR Aol TAR2I, 2007, 22(H 1) 2) . 268-271.
SHEN Gen-xiang, QIAN Xiao—yong, LIANG Dan-tao, et al. Research
on suitable area for cropland application of animal manure based on
nutrient management of nitrogen and phosphorus|J]. Transactions of the
CSAE, 2007,22(82):268-271. (in Chinese)

(4] FELL . FAEACEME B DAL, Wi 75 & 2675 1A B N/OL.

[2017-10-10]. http://szb. farmer. com. cn/nmrb/html/2017-07/10/nw.
D110000nmrb_20170710_2-02. htm?div=—1.
DONG Hong—min. Solving problems of pollution control by fertilization
and recycle of livestock and poultry manure[N/OL]. [2017-10-10].
http://szb farmer.com.cn/nmrb/html/2017-07/10/mw.D110000nmrb_ 2017
0710_2-02.htm?div=-1. (in Chinese)

[5] BE&. & &5 Y BnA LR -5 R SCRR IR AT ] Ak BREE R
24, 2014, 33(3):429-434.

XUE Nian—tao. Status and trend of control over livestock and poultry
pollution based on bibliometrics[J]. Journal of A gro—Environment Sci—
ence, 2014, 33(3):429-434. (in Chinese )

(6] Pulger™, BEREE, I H, 55 REE S5 R ny Kl = 5k %
FBHTT). FRBERL2E, 2013, 34(7) :2766-2774.

QIU Huan-guang, LIAO Shao-pan, JING Yue, et al. Regional differ—
ences and development tendency of livestock manure pollution in China
[J]. Environmental Science, 2013, 34(7):2766-2774. (in Chinese )

(7125 e, ZRHEEE, SR, 55 ZRIL =8 3 B R AT 25 0 A R S 2

T IR 5 R BERE W ST )], Al PR 41, 2007, 26(6):2350-
2357.
LI Wei, LI Yan—xia, ZHANG Feng-song, et al. The spatial and temporal
distribution features of animal production in three northeast provinces
and the impacts of manure nutrients on the local environment[J]. Journal
of A gro-Environment Science, 2007, 26(6):2350-2357. (in Chinese)

(8] HRLLAG, M, /M, S5, VL34 KRENH T REH AL R 43

B 4lb TAR2:4R, 2011, 27(1):291-296.
JIN Hong-mei, CHANG Zhi—zhou, YE Xiao-mei, et al. Physical and
chemical characteristics of anaerobically digested slurry from large —
scale biogas project in Jiangsu Province[]]. Transactions of the CSAE,
2011, 27(1):291-296. (in Chinese )

(91 8% 4, PO, KR, MRSy IR R RS I AR s &
PSRBT 1. R B R AR IR SR R ). o A= Al
24, 2015, 23(2) : 199-206.

SHENG Jing, SUN Guo-feng, ZHENG Jian—chu. Pig farm-cropland

configuration under typical waste treatment modes:A case study of

—243—



AT RERSMEFR-F 3555 38

anaerobic liquid fermentation following solid-liquid separation of waste
[J]. Chinese Journal of Eco-Agriculture, 2015, 23(2):199-206. (in
Chinese )

[10] #1418, KoK, $ROCLL, 5. FETFFREE & N R T 3 B IR pi k3

R H ISR S R, 2015, 47(12) :69-74.
DU Juan, ZHANG Yong—qing, XU Wen-hong, et al. The capacity po—
tential of livestock farms in Nanjing based on planting combined with
raising[J]. Animal Husbandry & Veterinary Medicine, 2015, 47(12).
69-74. (in Chinese )

[11] SRR, skhg o, BEAR IR, 45, b 3 & 2SIy RE IR ) 5 A BB
Hu G R SRR RIT] AP 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 of animal manure in ChinalJ].
Journal of Agro—Environment Science, 2014, 33(3).435-445. (in
Chinese )

[12] SREEA, AL, T, 5 R[FRERESE G2k g e [)]. TR
Ae2F4ik, 2011, 27(3) . 516-522.

GUO De-jie, WU Hua-shan, MA Yan, et al. Monitoring of the amount
of pig manure and urine in different swineries|J]. Jiangsu Journal of A -
gricultural Sciences, 2011, 27(3):516-522. (in Chinese )

[13] FELLAL, A&V, BRI, 45 BB IR 5 RECHHES REGT
SR ARl TAEEA4E, 2011, 27(1) :303-308.

DONG Hong-min, ZHU Zhi—ping, HUANG Hong-kun, et al. Pollutant
generation coefficient and discharge coefficient in animal production
[J]. Transactions of the CSAE, 2011, 27(1):303-308. (in Chinese )

(4] AR, FELLHG 1 K, 55 UL 37 [ A (IR ZR S 1y

DE. Al TR 3R, 2006, 22(34 1) 2) : 179-182.
ZHU Zhi-ping, DONG Hong—min, SHANG Bin, et al. Measurement of
solid manure collection coefficient and composition on a concentrated
pig farm[J]. Transactions of the CSAE, 2006, 22(S2):179-182. (in
Chinese)

[15] Pohl S. $ 7 MIZEMEE BR[N] ESNEHr: - 15 585, 2003, 23(5):
41-45.

Pohl S. Manure management systems for swine operations|J]. Animal
Science Abroad- Pigs and Poultry, 2003, 23(5):41-45. (in Chinese )

[16] H &M, ¥relMy, WAL, 5. & AR FERE 1 MRS b B
JCRIR FBHFT). AN IR 24, 2013, 32(5) :1068-1077.
CHANG Zhi-zhou, JIN Hong—mei, HUANG Hong-ying, et al. Nitrogen
loss during cleaning, storage, compost and anaerobic digestion of ani—
mal manures in individual treatment unit[J]. Journal of A gro—Environ—
ment Science, 2013, 32(5):1068-1077. (in Chinese)

(1712 [Fl, SELLE M55 8. & B FRRTs /K BRI HE R (T].
LM B S, 2013, 15(2) :137-143.

LI Tong, DONG Hong-min, TAO Xiu—ping. Research progress on dis—
infection technology of wastewater from animal production(]]. Journal of
Agricultural Science and Technology, 2013, 15(2):137-143. (in

Chinese )

18] 250, B Al o [EITH A7l & J Ay Il st 5 g SR (0). mT P R U,
2010, 28(6):1-5.

—244—

LI Jing—ming, XUE Mei. Review and prospect on biogas development
in China[J]. Renewable Energy Resources, 2010, 28(6):1-5. (in Chi-
nese )

(191 /N, 5, B B 8, 45 VLo R BE SR A S iR
YA R ST )] Ol TR A4, 2012, 28(6):222-227.

YE Xiao-mei, CHANG Zhi-zhou, QIAN Yu-ting, et al. Investigation

on large and medium scale biogas plants and biological properties of di-
gestate in Jiangsu Province[]J]. Transactions of the CSAE, 2012, 28(6) .

222-227. (in Chinese )

[20] Madani—Hosseini M, Mulligan C N, Barrington S. Microbial kinetic for
In—Storage—Psychrophilic Anaerobic Digestion (ISPAD)[]]. Journal of
Environmental Management, 2014, 146 .59-68.

RUHRLLH, A, W, S 0 FEIRERE T ARE SR K
FAETR W ANARE T 34 (). Al TARS4]R, 2012, 28(21):208-214.
JIN Hong-mei, FU Guang—qing, CHANG Zhi-zhou, et al. Distribution
of nitrogen in liquid and solid fraction of pig and dairy manure in
anaerobic digestion reactor[J]. Transactions of the CSAE, 2012, 28
(21):208-214. (in Chinese)

R21 AT, i/, BLii, 5. DREUR TR S5 034 PR 2635 [ AR

R G B RO BENALI). 42 SFBERIE24, 2013, 32(1): 179- 184,
FU Guang—qing, YE Xiao—mei, JIN Hong—mei, et al. Effect of anaero—
bic digestion on phosphorus transformation of both pig and dairy ma—
nure(J]. Journal of Agro—Environment Science, 2013, 32(1):179-184.
(in Chinese)

[23] Jin H M, Chang Z Z. Distribution of heavy metal contents and chemical
fractions in anaerobically digested manure slurry[J]. Applied Biochem—
istry and Biotechnology, 2011, 164(3):268-282.

2418 52, RII B, S KRN BB FRAOK RGP A B
5 B SR T]. th EPREERE, 2010, 30034 7)) - 1-6.

HUANG Liang, WU Nai—cheng, TANG Tao, et al. Enrichment and re—
moval of nutrients in eutrophic water by aquatic macrophytes|J]. China
Environmental Science, 2010, 30(Suppl ) : 1-6. (in Chinese)

[25] sk B, XWMEEE, /A8, S KT RBR AN F) & B SR ALK R AL

BAERE ST A0 FLARLIL. YRR 2741, 2009, 25(5): 1039-1046.
ZHANG Zhi-yong, LIU Hai-qin, YAN Shao—hua, et al. Comparison of
the removal ability of nitrogen and phosphorous by water hyacinth (E-
ichhornia crassipes ) in different eutrophic water|[J]. Jiangsu Journal of
Agricultural Sciences, 2009, 25(5):1039-1046. (in Chinese )

6] XiESE, Jisim, K, 55 KL EBRE B IR KR T 2 i

BACR ISR 5EL ). BURAOILBESE, 2008, 15(2):89-92.
LIU Hai-qin, GAO Yun—qiang, SONG Wei, et al. A experimental study
on the removal the nitrogen phosphorus of eutrophication-water and re—
straint of algae by Alternanthera philoxeroides[J]. Modern A gricultural
Sciences, 2008, 15(2):89-92. (in Chinese)

R71FER, 58, XIRIE. TR EIEE O K R 5 T2 ()] H R
Al #4, 2013, 21(1) : 47-53.

YIN Chang-bin, ZHOU Ying, LIU Li-hua. Theory and practice of re—
cycle agriculture in China[J]. Chinese Journal of Eco-Agriculiure,
2013, 21(1):47-53. (in Chinese)

http://www.aed.org.cn



