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Livestock and Poultry Faeces Nltrogg,n Loading Rate and Its” Potential Return to
Farmland i m China J IV, _ ] ’ . \ f—
LIU Xiao- Yong WANG Xiu-bin' LI Shu ’[1anl Y a1 2 ' )

( L-Anstitute of Agrloultural Resources and Reglonal PlaﬂJnmg, Chinese Academy lof Agrloulture Sciences, Beijing 100081, Chma 2.
Interpatlon,al Plant Nutrltlon Institute (IPNI) Bel]lng Office, Be.l]lng 100081, China)

Abstract ; To clédrly analyze livestock and pouliry fddces and the’ nltrogen loading rate of farmland in different provinces of China and
their potentlal returno agricultural land, the changes of the output of various livestock and poultry facces in China and the proportion
of faeceg from all types of livestock and poultry since 1978 were estimated in this paper based on statistical data and literature reviews
using the pig manure equivalent (based on nitrogen) and the spatial distribution and pollution risk of livestock and the poultry faeces
and nitrogen loading rates. Furthermore, the nitrogen return potential from animal faeces to farmland was analyzed and evaluated for
different provinces of China in 2016. The results show that the pig manure equivalent (N) and total N from livestock and poultry faeces
in China increases from 1978 to 2005 and is stable from 2005 to 2016. By 2016, the pig manure equivalent (N) and N were
366 822. 01 x 10* t and 2 024. 10 x 10* t, respectively, reflecting an increase by 105. 78% . Approximately 94. 03% to 98.34% of the
faeces was from poultry, sheep, pigs, and cattle. The livestock and poultry faeces pig manure equivalent (N) and nutrient N were
mainly distributed in North — Central China, especially in the Henan Province, accounting for 22.25% and 8.81% of the total in
China, respectively, followed by the Sichuan Province. Based on the arable land, planting, and farmland areas, the pig faeces
equivalent (N) and its N nutrient per unit area were calculated and the environmental risks were evaluated based on r values. Based on
the arable land area, the southwestern and southeastern regions have large loading rates, while the northcentral region has a serious
pollution risk of grade IV. Based on the planting area, the northwestern and southwestern regions have relatively large loading rates,
while the northwestern and northcentral regions have pollution risks of grade IlI. Based on the farmland area, the northcentral and
southeastern regions have great loading rates and the northcentral region has a pollution risk of grade Il , Hunan has the largest loading
rate, and Beijing, Shandong, and Henan have grade IV pollution risks. The livestock and pouliry faeces pig manure equivalent (N)
and amount of N nutrients returning to farmland in China are 113 480. 75 x 10* t and 626. 15 x 10* t, respectively, equivalent to 3. 07
t-hm ™ and 16.92 kg-hm ™, respectively, and the northcentral region has the largest rates with 8.27 t-hm>and 45. 62 kg-hm ™*,

respectively. Based on 50% of the environmental capacity of faeces N, that is, 85 kg-hm ™, the N nutrient return can increase by
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2520.21 x10* t. The Heilongjiang Province has the greatest potential return, followed by the Sichuan Province.

Key words: livestock and poultry faeces; pig manure equivalent (based on N) ; loading rate; potential returning to farmland; spatial

distribution
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Table 1  Daily manure/urine excretion by a variety of livestock and poultry (fresh) and their

nitrogen nutrient content and pig manure equivalent coefficient
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x2 AEAE/AEESEFH/
Table 2 Feeding periods of various livestock and poultry types in different years/d
GO W & ¥ G Y b 4 ES RE
1978 192. 16 404.13 385. 86 66. 97 1998 167. 67 275. 00 298. 00 59.50
1979 192. 16 404.13 385. 86 66. 97 1999 155. 67 244. 00 294. 00 58.50
1980 192. 16 404.13 385. 86 66. 97 2000 158.50 241.00 294. 00 57.00
1981 192. 16 404.13 385. 86 66. 97 2001 155. 00 254. 00 260. 00 63.00
1982 192. 16 404.13 385. 86 66. 97 2002 152.50 250. 00 278.00 65.00
1983 192. 16 404.13 385. 86 66. 97 2003 153. 00 249. 00 288. 00 64. 50
1984 192. 16 404.13 385. 86 66. 97 2004 148. 60 324.00 238.00 69. 33
1985 192. 16 404.13 385. 86 66. 97 2005 150. 25 273.00 224.00 64. 67
1986 192. 16 404.13 385. 86 66. 97 2006 150. 25 257.00 225.00 67. 67
1987 192. 16 404.13 385. 86 66. 97 2007 147.50 247.00 210. 00 64.33
1988 192. 16 404.13 385. 86 66. 97 2008 146. 50 233.00 210. 00 65. 00
1989 178.58 389. 18 376.75 75.15 2009 146.71 196. 69 187.93 67.12
1990 205.73 419.07 394. 96 58.78 2010 145.29 193. 03 195.79 68. 89
1991 171.87 445. 61 358.90 56. 50 2011 146. 34 192. 40 196. 17 67. 18
1992 213. 68 433.18 359.90 67.55 2012 147. 65 198. 74 195.30 65. 80
1993 183.47 456. 48 409. 37 59.94 2013 148.52 194. 34 193. 49 68. 85
1994 181.23 357.31 323.98 58.77 2014 150. 27 197. 10 194. 19 68770
1995 185. 82 347.57 306. 29 61.88 2015 148.79 196. 08 195.13 69. 06
1996 168. 90 289. 00 364. 40 _61.00 2016 15085 2005 39 194. 81 A0.41
1997 168. 30 314.32 336.95 61:43 -
. 2 [ 4 L\ ‘.}.},-f
£3 2016 EEENAFEREAFRL/ P \ s A
/ Table 3 Feeding pcrlods of various:livesiock and poultry types in different’) promeLes in 2016/d J
w1y G KN/ F | an & S * R
T X 196. 01 1194, 9,8 _,r'" ii 77 Wit 155.6 196. 01 194. 98 P
Rt .)121..' o4 196. 01 E ‘194 .98, 44, 92 W ,“"‘17?69 19. 01 194.98 s 54.10
B[ [ 128.82 117.06 182.79 11 842 IR 145.'63 196. 01 194.98 102. 155
~ 17 160.51 196. 01 194f'9s“ 4141 i} 140. 4 2. 196. 01 194.98 113,61
i 179.43 196.01 | 194.98 | 46.33 /| Wi 163.23 196.014  194.98 101. 14
ST A53.18 4 196,01 194008 A seALT mx 150. 39 196. 01 194.98 68. 42
w0 145,35 196. 01 194.98 53.93 i 136.9 196. 01 194.98 68.42
whpt 139. 57 174. 84 292.24 54. 69 el 139.72 196. 01 194.98 68. 42
5 108. 34 196. 01 194.98 68. 42 PN 149. 00 196. 01 194. 98 75. 41
T 131. 14 196. 01 194.98 68. 42 [ 148. 24 196. 01 194.98 68. 42
HRL 138. 54 196. 01 194.98 65. 45 5} 159.93 196. 54 183.95 68. 42
L 153. 89 196. 01 194.98 55. 66 Ho 150. 3 196. 01 194. 98 68. 42
Finye 154. 14 196. 01 194.98 113. 45 HilF 170. 02 196. 01 194. 98 68. 42
bani] 153.02 196. 01 194.98 68. 42 TH 152.87 335.68 177. 67 53.32
7R 116.97 196. 01 222.76 44.75 B 137.98 111.59 67.31 68. 42
T Bl 135.93 240. 38 238.16 46.53
) BEEENN T, MHE A RE R (N), REEIT
) WA & IR M (N) R ﬁa;fr%,
2.1 1978 ~2016 FFHHHE B HIRE IS E(N) & 1978 ~2016 4F, PEHEBEEHEIRE I L E(N) &
HN it N bR L5 R R R 2L

M TN F R &R 2E | R AP 3R 00 5 e 22
SER(FEL), BRZER RAMIE, SO 57
ﬁf%iﬁﬁﬁiﬁk, P 2% 26 & & 26 IR A=A

SURTIRE U P K [ A e A )
;TR RIEA R &2 RN F= 0>

B BEERIRBIE NS E(N) LHEN ?’%ﬁ%ﬁj\%ﬂ

M 1978 4EAY178 255. 28 x 10* t A1 983. 60 x 10* t

HEhn#] 2005 4F #9440 018. 19 x 10* t 12 428. 00
x10* t, ¥ 146.85% , I ik 3 &
2005 ~ 2016 4F ¥ B T B # o, KRS R
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Table 4 Return ratio of livestock and pouliry in different provinces in 2016/ %

Bh PN b4 * P4 By KHEE b4 * P&
|3 70. 00 70. 00 70. 00 70. 00 Wt 50. 00 50. 00 50. 00 64.94
KH 66. 67 66. 67 66. 67 66. 67 W 64. 94 64.94 64. 94 68.43
ba s 63.57 70.70 63.57 64.79 IR 56.32 71. 60 52.32 52.32
17g 53.25 53.25 60. 00 60. 00 i) 60. 00 71. 60 60. 00 60. 00

M5 68. 43 68.43 68. 43 68. 43 fis3ea] 56. 16 71. 60 52.37 57.39
7 68. 00 80. 00 67.32 64.25 N 50. 45 53.50 41.50 64.45
Ak 50.20 50.20 50.20 74. 60 P 66. 67 72.29 66. 67 66. 68

BIpIL 62. 80 62. 80 62. 80 62. 80 Gl 67.50 67.50 67. 50 67.50
R 66. 42 73. 94 66. 42 60. 46 P 49. 00 49.00 49. 00 49. 00
TR 66. 42 73.94 66. 42 59.34 i 58. 80 80. 70 80. 70 80.70
FiRAN 66. 42 73.94 66. 42 53.70 S} 75. 10 75. 10 75. 10 75.10
L 76. 67 70.23 75. 60 50. 00 Ho 80. 70 80. 70 80. 70 80. 70
finyz: 56. 16 71. 60 52.37 57.39 Hi 80. 70 80.70 80. 70 80. 70
PN 60. 67 60. 67 60. 67 60. 67 TH 75.10 75.10 75.10 75.10
AR 50. 75 59.33 58. 66 55. 60 Hria 75.10 75.10 75.10 75.10
R 51.62 69. 00 69. 00 69. 00

D) BES1 A SCHk[21] 5

REEFFRARA . 5 DRI, VU S S hbeid M —~

- P -

A &

16. 64% , #2016 4E43 155366 822. 01 x 10* ¢ #1 M 1978 4EFF-b& rjb_iim 2005 %_ﬁ}m -2005
2024.10 x 10* t, 39 4FARHRK T 105.78% (& ~2006 Eﬁz%é’é%% gazﬂaeﬁ%,ﬁ 0 =’-Fu
. EERILHFRTOOR, R e ek %ﬁwiwﬁw
AT, F AR AR R g R :
450 000 — 2700
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= 400000 | m— mm— — 3R N {2400 B
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M = A

g 300000 F = 1800 %

iy i

g 250000 | 1 1500 &
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Fig. 1 Quantity of China pig manure equivalent (N) from a variety of livestock and poultry manure and urine and their N for different years

ARFEFEZEIREZ Y7 (N) fEeE S E T
I DTRR LB AR, 288 B F IR I 5 (N)
IEUEE’*J R AMEIR K > B> FE> KRB > 5
> > 3R HAFRFEREIE & (N) H 4 EL R
B L A5 2 A T 36.09% ~ 44.85% | 23.40% ~
30.77% . 15.97% ~ 22.33% . 3.25% ~ 13.52% .
0.87% ~ 3.50% . 0.62% ~ 2.07% 1 0.17% -~
0.72% (FE 2). 7] UL, M 1978 ~2016 4F, 4 ¥4,
FHMRBERERETFERBE LT (N) B FLEER
P, A e EREA 94.03% ~98.34% , TR H
Eb\ oy B TTERE AR ().

MERE BRI E (N) KR, 39 4k
KEFERGIE MR A K& >FE>H>F >
s8> 5 FE O ARG, 1
W& 4> 5 N 806.08% . 137.03% . 86.00% A
84.24% , Y, BRFN SRR, iR 50h
38.93% . 50.14% F151.02% (K 2). "0, ERA
EWEHNEE . F . BMFNEIREEE Y5 (N)
P EER R IEIRE I & (N) KAy F2R
U5, ME R ISR | BRI H 55 58 Y 28 PR A 3%
M (N) K TR £25% & 28 JRAE S ity
B[R] 22 A AR, o g & 26 LBl s a] B
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Fig. 2 Ratio of a variety of livestock and pouliry pig manure equivalents to the total capacity for different years
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(N) B2 H N ?%é% 43 51l h 366 822, 01 X 10°
2004, 10 x 10° 1. 5 o1 50 507, oofi 5 X
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ﬁéla’;l E@tbﬁUﬁT*ﬁH
ﬁ%ﬁw,éli(l\])&,ﬁ; N F&50 4 i 4 A Fe il R A
RAEACHLIX | ¥4 22, 25% , LR EPERHLIX , ¥
21.01% , SRJE 2 PU L AN YL R g, AR AL AR
R Aot b, BEBIREE Y E(N)
RN 55y 8 f A B R, 4 ik
32305.44 x 10* t 1 178.26 x 10* t, #) 54 FH &
(8. 81% , FHUZDUJIL, 43512429 864. 52 x 10* t FlI
164.79 x 10* t, 255 E B RK 8. 14% , SRIG 2N
Sty IR, =Fg . Wm0 B A
b, XEER G FE BRI Y 1 (N) S N #7247

L5 2 EE 57.96% , 1 I, JbE IR
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B FEAE XA —8C e R R
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g. 3 Spatial distribution of the pig manure equivalent (N) and N of livestock and poultry faeces in 2016

x5 2016 FARRXEBEELERBELUE(N) RENFHE <10'/1

Table 5 Pig manure equivalent (N) and N nutrients of various livestock and poultry faeces in different regions in 2016 x 10*/t

i H ) ARAHIX EIX RICP TR PEdEisIX PR X AR HLIX ExE
b 8 400. 23 20 964. 09 28337.52 5592.82 21696.88  12852.63 97.844. 17,
o+ 18 121. 74 27 468. 84 17 092. 68 28 545. 09 36 374. 67 9648. 147 137.251. i6
¥ 5820.12  19240.56 6945.28 32831.27 [ 11 440. 66 1213.88 1977 491,77
SRR (N) RE 5698. 18 13417.69 * ,12666.08 1507.27 | o5 787. 19, 9552.58 ;1,8'628._99
A 4 290. 99 126.43 (47 32.58 1131.85/ 1329, 01 142.46 /3053733
g 306. 89 309.29 15.19 1112.84 & 2121 0.26 [ 4956.58 |
U 49.27 814 3.12 225.72 #230.75 12.67 " 596014
Mt 38687.42  B1601.38 6509245 70946.86 1 77071.28 | 33422.62 =366 §22, 01
e % 46.35 | [l15.68] =4/ £156.36 30086« 119727 &0 70.92 539.89,
.y 99.99 181857 o ¥ o432 1574 & 200471 & s34 15734 )
o | > 32,12 ) 1067 A 7 38.32 181. éﬁ' 163.13 6.70 [ 42760
| SR 31.44 T 174,040 7 47769.89 8,32 4 31.93 52.71 o 268733
NFARE e et L leg0 4 0 o8 6. 255"{% i 7'.‘?% 0.79 16. 39
~ a4 U Leo | U o 6. 14 117 0.00 10479
o U L 0.27 | = 0.417 0.02 1.25 1.27 0.07 3.29
2 ¥\ e Ebt F=213.47 450.28 4 “_J_-ﬂ’sl_gﬁ“ 391.49 425.26 184. 43 2024. 10
e P ¥ ] ¥ —

Hy. BB R ST R R AR K B & R AL
AR R M Il 2% S5 i 9 85 R A — 2L
2.3 2016 4EHEFE S FEIRIG I Y & (N) gy S
TR N 7250 140 53 B

KIWLOE, & & FREIRER AV
FEORIE, R HUZHNE SRS 50 E
BOREG . AUHE BFIRBFEYE (N) N
S A A AN RE e AU I IR E A WL (. BA
DX R ELRET ) G20 A, IR, 75 Bm o 4
LA E SR/ (N) M N &, kA
R WL B FRAE 7 A 0 B SR A b A FH b - 3
A5 B DAL 2540 skt e [ e S R 451 T 45
X 3 & IR % R B AN SRR Y A Ry B PR ) 2
BhR . IR, gt A R Wb A N S
FIRA SRR, SO IR B R 7 s Y
B, FE BT E AR (FRIX, EERET) MY
BB IR T E AR 5 GO

WA, 5 F B FEROREI A, 42
AR I AR A PR S i (N) S H N FR4 o
A3 50 R 27.19 t-hm =2 1 150. 02 kg-hm_z, r{H R
0.91, Mgk, Aighe. XEUMEERA, FAIHF M
FBIEICY R (N) S N F 5 B R0 2 6
FARFHLIX., HJRARAL X, SRS PE LR L
WX, AL DR AT A - (R ST A
K&, ARV, B E 5 r Rt IX, ik
W&, A5Gt Par MR X, RS9,
AT Y RATC R AR X, Ao |
AT AR SIS IE IS Y R (N) S N FR
RORME T, HUCRH 8, REEWr. &R, ™
N bt W AR, RV PG | WA
BAK; M r (ER GO A EERE, VI, oI5
(T IEEFIPEE, HRIVER | 5™ H 75 Y e et
R LZARFNMI R, KA1, Jois gLt R
VL, WL, LS LR (3R 6).
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Table 6 Pig manure equivalent loading rate per unit area of livestock and poultry faeces
and its alarm classification and N nutrients per unit area of faeces
b i AN AR HI R A FH b AR

WA BLL NHIHE i NI SE N 4

Jiehm -2 S Jkgehm™ S Jkgehm™ S /kg-hm 3
| 27.19  0.91 1 150.02  22.01  0.73 I 121. 46 9.91 0.33 I 54. 68
HpiT 8.14  0.27 I 44.94 1039 0.35 1 57.32 7.60 0.25 | 41.95
Ak 15.66  0.52 i} 86.43  19.30  0.64 1 106.49  15.05 0.50 il 83.07
i 29.80 0.9 il 164.45  36.48  1.22 v 201.29  27.67 0.92 m  152.68
Rt X 13.91  0.46 | 76.74  17.45  0.58 I 96.30  13.06 0.44 I 72.09
b 42.98  1.43 v 237.18  61.43  2.05 v 338.94  34.56 1.15 N 190.71
PN 27.72 0.92 1 152.98  25.28  0.84 1 139.48  25.74 0.86 I 142.05
LB 25.83  0.86 I 142,52 19.32  0.64 if 106.61  21.02 0.70 o 1159
TR 39.83  1.33 Y 219.78 2232 0.74 Il 123.17  37.23 1.24 NV 205.44
IR 33.87  1.13 Y 186.92  23.48  0.78 1l 129.58  31.07 1.04 N 171.46
1175 11.20  0.37 I 61.82 12,22 0.41 I 67.41  10.22 0.34 1 56. 40
H kX 30.28  1.01 v 167.09  21.19  0.71 1 116.91  27.05 0.90 I 149.26
iR 22.83  0.51 1l 126.00  14.78  0.33 1 81.58  20.99 0.47 I 145.80
T 18.46 0.4l il 101.85  10.99  0.24 I 60.65 ~17.52 0.39 " 96569
WL 1411 0.31 I 77.86  12.25  0.27 1 67.59 | 11.15 0.25 = 6150
2R 17.95  0.40 I 99.02 711.84  0.26 1 65:33 | 17.06 0.38 T,/ 9%.13
AL 27.14  0.60 I 149.75 [4118.15  0.40 1 /100. 14 | 23, 68 0.53 I 4130769
Wi 4522 100 N 24951 _ 2133 0.47 n 772 (3878 086 (4 213,99
AN 32,15 0.71 m [ 7739/ L 17.82  0.40 I/ 9833 270650 0.6l I | 45556
KT FUELIX 2595 | 0.58 I [ [143.21] “1575.4 0.35 1/ . 86789 §23.14 0.51 " 12770
WS 28.14 |1 0.94 m 155.26 | .58 1.10 IV 8145 4430 0.15 I na
gl 0 kst o4z 0| Y9 a9 0as 1 Joalsl Pres 025 pe 10
TEH 27038 0.91 I 150,907 2764 0.92 I/ 1s2.51°. #2.08 0. 40 I, 6666
H 2.5 0.75 m | (12432 ;2845 . 0.95 I ,'@7. o 0280 034 I s6.
Hilg 153.43 5.1 \Y J$46:‘59 ’Jl§‘1. 10 | 5.37 AR 888,93 2.18 0.07 I 12. 05
wiske |/ 27491 0,92 m| 15291 ‘24 64,/ 0.8 i 135.95 3.45. 0.1 I 19. 02
PEIEHBIX © 27.59 4 0.92 I 152. 2444 297374 0.98 m 162. 06 4.31 0. 14 I 23.81
w0 5219 0.62 1l 154.47 #1852 0.41 1 102.21  24.00 0.53 I 132,45
p M 44.36 0.9 1 244,75  30.70  0.68 I 169.39  15.97 0.35 1 88. 14
s 2411 0.54 il 133.02  19.51  0.43 | 107.67  20.35 0.45 o 11229
ZH 31.44  0.70 I 173.50  27.24  0.61 1 150.33  26.72 0.59 I 147.43
it 27.11  5.05 V125319 391.52  8.70 Vo 2160.40 1.42 0.03 1 7.83
P e X 37.97  0.84 I 209.51  29.25  0.65 I 161. 40 7.32 0.16 1 40.39
sk 39.06  0.87 1 215.52 2243 0.50 1 123.75  24.51 0. 54 I 13524
IR 4437 0.99 1 244.84 2395  0.53 1 132.16  30.49 0.68 I 168.26
IR 32,04 0.71 i 176.78  22.91  0.51 1 126.43  24.68 0.55 I 136.20
T 3531 0.78 il 194.85  31.00  0.69 if 171.05  28.21 0.63 I 15569
TR HiLIX 36.88  0.82 1l 203.52  23.66  0.53 1 130.55  26.67 0.59 I 14715

15 B EY R ) S R e 2T, BN & B R
TREIG T R ARANE R E FRAET , 4 E A R AR Y3
FPIRARE B FEPRAEFE S 5 (N) SN F 0087051 0
22.01 t-hm > F1 121.46 kg-hm >, r {H ] 0.73, 1I
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YA R B N r (A N f SRR,

KI5 G ry 2 pa AL At X, Il
9, FHATSYRIETR | AR AURIEHIX , &K
196, JLis R RITH MirbIX. HHHo L,
BN RE R IR E & FE PRI FE R (N) SN
I f K IR PO, OO0, SRR e dbat,
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W, R MG, A5 RHIR, 752, K B
ga . AR, TWIEE, MEARA T %, KI5 r e Bk
YL, Vo6 L8, Wiin, B VPRI (% e6).

T R R BB AR R H A3 i P R AR |
b | 2 b RO AR B M, RPE S 2R R AR R o A
M, [ R F b AR B & 3SR B2 M B (N)
FH N 3£ #4758 9.91 t-hm > Fl 54. 68
kg-hm >, r{H}0.33, [ %%, Joi54s. XMk
A, AR E B IRE I 8 (N) N
For BRI RAR R L IX., ORI
et X, miZRdb . PR MLt XA M r (B AN
SYIFMAERE , B KRR MY, A ¥5 4y e
HulX, HWR T4, FEATG YRR KITH T
FARACHLIX, FARAY T 9%, JCi5 Y B2 Ve e AP 4L
WX, BTG, B R E R R PR A
M (N) KH N F2r s e R, HoEm
M, ARJERd T WK, AR RN R, VR, T
W HIRRIN SR I (5 RS GOV R T R
&, KMV Y, BeEmiG g At | A Fn

M, ORI, TS0 04T 5 R

I WEy At . 5. 1%
et A b, K ?ﬁﬂdt\a-‘ﬁlﬂl‘;ﬂ‘l;@,
Hnmpufa eseke . | )
i LR, TRIE 2 HC 0 1 A b Bk

RN B SR AL I ) A 5 3 TR 4 (N) s

ﬁ%ﬂ%ﬂ4inz~Bﬂn~ﬂtmm”gﬁ$ﬁ”
FiHe & & 3¢ /9 B 5 & RGOS0
te(hm?-a) =" FF A B E B FE AR 038 MR A
25 ~50 t+(hm*-a) ~" 100 AR O3 Y B B AR
(AR B R b ) B IR N R
(N) 5 T AR X 5 2 Y 1 (N) A HUIE % 4
FHEE 24 t+ (hm®+a) ~') ) B —@ 0I5 4. [A]
mF, BTEYRRZSH | R RE RS B8
FEPRNEAY X IR SR 3 A, 250 A T AR B IRy
FEERIAT L BEREREME R, DIKRFERIE
MELUK IR B iz i, O H 3 8 2SR AEME LA 5T AR
M, 24 R A48 0 Rt Xt ml i B A 8 28 IR TS
e A
2.4 FEFKIEINE(N) . N FRoE HE LH
i

HRT, &8 3IRAE M £ ZR R A LR
NPT A 8 3 R IR F R AT A Bk
S R 7Y 0 v R /s 3 W [ O < s e o 5

FA (AKX BT ) A b Ir AL 1 ML B ER B | R
g FRAR IR | BRRE 25 1F . ARG B RIAE S 4 R
JRACEEMARTR, 4 4 & & 38R H R KA H [
(F4), i HE S FEPRAENE RN R B 2 /il 5 22
“HEME-E - A7-A0 P (HERR e R IR R R
fi) s A EE RS 7 i AR ZEALE . R R
IR EE K S B SEE, 2016 R4
BERIREI YA (N) H N F2508 B &5 58
113 480. 75 x 10* t F1 626. 15 x 10* . & Mg
P & 2 IR FE 40 (N) B H N FR40348 H i1
93.07 t~hm > F1 16. 92 kg-hm >, MZS[AIREE |43
Mr(E 4), 2ES X ASE (BRI, HiET) 3B
fiAfR I A B FEPRIE I 5 (N) SO N F2 008 i
ZEFIR. XS R R, ARt XA 467 R H
W ER B FEIRAEIE N (N) S N FRorik I foR,
S351K 8.27 t-hm > 145,62 kg-hm *, HUSEAH
HIX | 4R14,6. 71 thhm > Fil 37. 01 kg - hae™, BRI
AT R e, A1 6. 12 t-hih A 33,74
Ke-hm =, TPRIL 1 g s K 498105, M 990708
FABERT , A (AL 5T S5 11,195 hor 280
16.92 kg hm > FHUGENM R, 43312 10793 ghm
ﬁmaw@mﬂ%%%%ﬁ%@ﬁ%ﬁ%%.
RIS (N)9. 80 tshm 2, HAr A HIHIE B 2601
N 4t 5406 ket FRD . % (9428
thm 7, SE8 ckg-hm )L 1T 5 (9.07 t-hm 7,
50. 03 kg-hm ), T PG 6K 7 BB R N SR AR
%, X FEE i T X e iy BA BT AR B .
AP, e A4 X AR FH b 3 2R R IR
TIARFEED BT AN BRI S B (N) A
MLAE 22 4= s FH be ofE, B 4l /R Fh A X 24
t-(hm®-a) ~', BAL7AC I HBAR A 2EJR N 240 i
TR A BB + e 2 A0 N 37 4 = 1 FR
170 t « (hm® - a) "7 FeUAFR 448 X A H 1y
HABE N GIEIR N F25010 1.

TEAR T B & FE IR0 H Wk Sy ik, 2 i 3 Ak e 4
H . SIS AR AED T LR SE N &, AT
A5 IR BT 28 5% 7 B T W AL SR 7 0 i )
PR R A TR A2 el (ol = R | g s P B i ]
RSO s 4 ) B0 A FH i A 4 R0 i B 24 R
214 kg-hm >, [AlAF25 AR H & B 38K N 720 38
e KO FA 250 kg »hm =2 PO RIRR B A B A AE BE
b - HEFALAFE N 2435 1FR 170 kg-hm > 7
U, AWFITH e o E A L S R N FR 408 H
KAE M 170 kg-hm & IR KA A & (100% ),



12 4] XUBEAR A Hp A T 2 8 28 IR A S e ik B HGA FH T ) 5733

() PR P b 2 T it 244 Bk (NDGE 1T it (b) B ] o 3 BRN 3 43 38 Ak
N
A
MU thm™ Hfd kg hm™
B <! B <7
. -2 -1
I 2-3 B 14-21
34 21-28
14-55 128-35
I 5.5-7  35-42
Il -85 I 42-49
Il :5-10 I 49-56
| Bl .o [ >56
[ FHAR [ FEHER
] 2 000 km

4 2016 BAKAMESERBELS(N) RENRIEHEN T
Fig. 4 Spatial distribution of the pig manure equivalent quantity (N) and N of livestock

and pouliry faeces returning to the unit area of farmland in 2016

A T5% HEEZE (127,50 kg-hm ™°) | 50% 825 WVER. TV B SR AN S AR, Lﬁb%‘ﬁa‘ﬂ
(85 kg-hm ™*) Fl 40% 155 %5 & (68 kg-hm ?). AR ) B b T AR ﬂéi{ﬁiuﬂfﬁﬁx\
A, mES R, SEEHAMKOESE . " é
BN Fe AN PRI B R 4R N rm;%%ﬂzﬁf%ﬁm%ﬂ“ Tt e
SN FR 24 KRB A 09 9. 95% ; [t i ?Hﬁl’*ﬁi%‘k‘#f e % 1 3 LA ot )
F, %%Z‘?EN?%}JIEE@.EEk BRI ERRB Jis0% [:Wﬁp&l%?%é} M
RAEILIBIK, Oy 26.845% , SRUORAGIAK LA B, A R

A, 4RI 21. 7% Fi 19, 85%, I %ﬁﬁ%@%@% P siE s R N
(b 2. 4/ AT I F it ) 1 50% (85 kghmﬁ-w";}
6.30% Fil 6. Wo,.éﬁimtﬂéﬁ, # .,ﬁé el TR 5 3 mN JR5M A T2 520,

58 :llzpﬁ O A x10%t z&%zwiwﬂebzm 111 85. 28 ﬂz
3. . §0% ﬂfu\sf} L 35.47% ‘@%Euwa@,ﬁmﬁe@mm e 9,
m%f%n i Jbiibﬁ .80% . 30. 1L'%$nﬁ ’_',_./' ROt TR E Y AR TR & IR AR IR N FR oA,

250 1250 =
B IR NS 2RI it f
o RKE] A0%ERHES T A 3 PN A H S ik =
a0 L 3KE SO%ERSEACL T Ay FEIRNHES) S 4 ik 1 v R
= WK E) T5%ERHEARE T A SERRNTE 4 AT [ it i
3 W EE] 100%FRHEA LT RIS RN 475 R ik 5{
1»"“1 150 1 750 i§
% &
: 2
g 100 500 <
- e
so tll & 1 i1 I I I {20 *=
- |] I - I i
i B I i = A E : =
0 — 0 o
HE e sRessEgrniEEegoseanegElk=sE88ke i R
&ﬁuﬁ%%ﬁﬁaaHHﬁ&EﬁﬁEﬁﬂ-tﬁﬁEmmmﬁLLﬁ =

%t i AT T B[4 7 1 %

E5 EEBHEDN40%, 50%, 715%FN100%FERETHERER N FHEHEME

Fig. 5 Increase of N returning to farmland from livestock and poultry faeces when the return

potential reaches 40% , 50% , 75% , and 100% of the environmental capacity



5734 2N 5%

B 39 %

LU T N EVE R E & & 2R N 5250 &
AT AR AT B A M, R, R TH &K
N FRorE oA dErh . eI B B as L it AN 34
NERL 18 SR, 30l 3 & 2SR R BAL, H
FE Ry XA AR R s e RS, AT I i %5 &5
ZEIR N Fo ik i 25 W 0 A FA B R, Bl e
FEVEICHLIX, HRO R R X, X FE R T X 2
A DXIEAA BRI AR R, (R BT B A 25 A
XM Mass , ANERBGE 23 INE & 2R N 37534 H
a, HUOR AR, KT R ismaede i, 5350k
189. 11 x 10* , 144.16 x 10* F1 118. 80 x 10* t, &
X B A, 4 60.15 x 10* t; MHRE F 72 X4 10
KE, BEFEIR N F550 H 38w 18w ) e E
eV, A 123.08 x 10* t, HZEMII, K 109. 49 x
10* t, SRJE 2l Wi, ZROMILTE S8 0y 754
Gr R EN L | JERURIRHE, B EEEIR N 520
S BRI ek, BIAREF 2.1 x10* ¢

3 it L7

3.1 HHABBIREMNA TR R

1978 4F BISK P EI B 4 FA0 ML % S i

Bl SR AR AR A 9 36 DR A ] BRI
IR B T A A, B TS
A U 7 3 @RI A 1 T A8 AR %5 ) R
BerS TG Y BT, T ARG

RGN ) Bt 6 IR NS 43 B Dl 18 78

L1555 BRI B R B
FAE SBT3 AT — B I 5, DT s
K. 5 A0 G g A RN 0 ok B S HEE B B
FEEFR S8, RIS PIME, IR E S
Fom, Yo 2003 A E T E & SR 3%
i () R 31.90 x 10° t, & B R H PR N
25y V- ¥ B B fr 43 0 A 24 tehm T ORD 107
kg-hm ™.k B 20 36 PR3E 24 10 2 80U S 45U,
MRAEAFh B & IR0 | 1) 35 8 30 DA S HE I R B0
B, SRR, 2009 4 [E F A IR Al S HE R
T (IBEE 1)y 32. 64 x 10° t, 4 [ o7 1 FLA
HhE B AE AR 26.8 t-hm ™2, N FE 4017 M H
158.42 t-(hm’-a) ~'. Pl 45" 45 A MG AL
o AN B ECHE , ARG 2010 AR A A 2
HERCS N 19. 00 x 10° t, TE IS5 Je iy & & 260 &
227 x 10° v, 4 [ B [ BBk b 7 8 25 6 oy i
M 186 t-hm 2. BK4EETT LIFRBAR I ER . Giit )R
A & A7 1 X 50 F & 7= HETS RECh SLRE, I

2010 Fryge i, ALK, 2010 4ErhEEH
BN MK 22,35 x 10° v, 4 [ BA{ T AR ]
N F243 AT R 43. 73 kg-hm 2. 3R AN R A BF
RAEMALERERBR, KRBT SHOm
B IR IANE, LA & & 28 IR 5 e B P A o
KAHAIR], [R5 % 18 3 3 & 28 PR S PR if it
FErf A S BT LA R 26 PR e 2 4% T i % 1
(1) 1= M R 37 B T AR S R T 8. A it 5 2 DA
HOTE B T A7 T RS N IS YA, AN TR
Mo R 2 RNAR A Ah A R 2 s f
T 235 S L S S Bl e X 4 2% £ .
ABISE B B ARG IR i (N) SH N FR 0 = AG 3
e P B T SR RO A 45 2 B AR
HRERL AERAFRE, AR K F & A 55 8 40,
FFAHEE R BOE D ST R AR, [ )
HEPRIE HS R PR BN OL, HE— 2 BT i
(R B 2 R R (N) ] N 3Rk A 4 [
FAHUIK 3 B IR R SRR Y BOT AT, 43175 1
THk AR R 3 38 2R
BT OL 5 628 DR FRAt [V 25 18 T 3% SR otk
{1/ A G W )
3.2 ¢@§ﬁ§ﬁﬁ§§ﬁ@U&EN%ﬁﬁﬁ 
s S, ( >
1078 4E ok | Tl & 7 i RO L 40
ORI 52 LR K AR RS N, I
BRERBAZ, PAEMFR A, fE B
AHLIE, PR &3 IR 2 Rkt , R
A I A BTG Y B B SR A b K
J&, ML, LAy A B S IR
ISR R N SR SR K. ARSI,
1978 ~2016 4 EF F IR FE Y/ (N) LH N
FE K T 105. 78% , 435k F] 366 822. 01 x
10* 12 024. 10 x 10* t. JFH A T&H S IR A4
M R E, LRI R, B S
FEPRAG I Y i (N) B L N F200 8 b B Y8 v A I
IR IS L Y BRI L R HAR
i N 2y | B A i) I e 1 o NI | 31 |
2 KB TEKF . B YRS . FRBE 1 FNECR
0K By 42 v R B 88 SR DX A SR AR 3l 1) 3 R ) 1A
F02% 2003 ~2007 ALK, FFAS LXK Y A R
PRI 505 . AR S22 5 . AT 2>
W22 5 & B A A 7 A Y MU B ARl e 1Y
A=, 51 KB4 1 X [ B U 345R RS B 1 R
Te), i B P 2 FR A AN S A 1A i 1 A 7= 5 4 )



12 # XUBEAR A Hh [ T 8 28 PRS0 o B HL A T ) 5735

XIALRRAE T4 ARBFSR S5 5RI, 2016 & &
FERMFE Y 5 (N) B N F2orim 128 6] o3 A, IXH
EERORARAEAC X, HUOR UL, A9 IT
b m AR R, YOI A B,
7 AN R B FE RIS 10 (N) BH N JRor Ry
SEVIR AR, r EAKAY AL, VY,
B E TG YRR ; IR R PSR, B T
B & IRIFH LA (N) B N IR R oY
JCFIPE R X, YO AR B AL X, - R
AR P AAe b b IX, Mg, A 153X % s
Mo REH S PELRIR PR, B AR R IR
Mg (N) BN FR o R S e U AR B L X
H IR KL NI AR L X, r (R R 2L
WX, W&, A5 5, & 90 b B AR

BHEPRAEFEN T (N) I N Fo o B K2 W
HUIEFr, r H R BRI AT IR AR, IV
G, B E YR AR, BIERIS AN E &
VRGN AR B T PR AN 204, oAt A% 45 03 Jes s X
W HA—E B EE TS G AU c s

EEBRIRAHS RS, N oA RK, &
WFoEH, BRI A B 3 IR 3 Y i (N) i HH
PIRIBBNG Yk lw kN, BERIKRZHE T
TR R A TR 5 I 3, JRAR AR AR Al i 2R
TR b DX 26 Y B (N) A HLIE 22 2 R 60
tehm =2 AT MIIX R 42 t-hm 2, 4DRFAE X
24 t-hm . EFA, 47 100% | 80% . 60% . 50%
F125% 15 & 28 RIE 2 1 7 (N) 2 EIH 8 2] IR
B ML (Gt | TRZEH | SRl ), d &l 6 %,
A ET-HF, 78 EHES IR I Y 5 (N) %4
FH_EBRYE RPN, SRR i mT AT 40 43 S bR i 1 1)
FEPRIEI 2 (N) , (R T4 X LRI 3%
PRIGEHE S H (N) 2380k, AR A X SR 55 FH
P2, 46 R 22804 X SR i FH T L 5% 4298
P PRIE H N FEPRIEZE Y 5 (N) , AR TR Al
BUAE 9 PR A 28 4k (N M1 22 4ot ek
DAL HIX , S PO DL 56 4 1 40 S B il B g 2
REICUTE (N, fid B 38R [, B0 5CT i
CIEESINC SN & 3 PN

120 800 o
—_— w— {5 33100% i 8 36 5R 385 FE )T P |55 =
5 P T B S TR 321 k(N ik <
2 sk m— {E80% fr 5 3 PR E B B TR | ze &
= 9e it BT L 3 3624 EON) 80 i =
§ wl TRLIB60% i 5 3¢ R34 L 51 I R4 T | se0 %
p= fF B L PRA 224 R ON) 8 it 0 e
& TELI40% s 5 61 H B L5426 F R B
£ 2T At L 3 R i 24 i ON) 94 B i 1480 &
E ok m— {E520% i 65K I8 B B IUR S | B
- Ay BT BB IR A 362 B ON) 00 &
- % ——— AL X R 30 e L | &
2 5
g l M I M E {0 &
SLITHT 0l TS

12 g ! 5 1 80 i

- o = | | | =B ER g
0 0
BHEZE 2R R EEIIERLIEREZIv IR EREIN =T EFE R EE E
+§-=blﬁ-<€§i—:-‘-lhﬁ%ﬁﬁﬁ:‘.gﬂi—:-‘zﬁ%gﬁH?&EL_,:'Q
#dt U= AT F i it L] %

E6 {Ri%20%.40%.60%. 80% . 100% & HEREMBNNE, BFXMREAMBFR THACEARBELELE(N)
Fig. 6 Pig manure equivalent (based on N) per unit area assuming scenarios of 20% , 40% , 60% , 80% ,

and 100% of livestock and poultry faeces returning to vegetable, melon, and fruit fields

3.3 [pE AL

1978 4ELICK, REE FFEm RN, &
TR LML . ML K, PeA KR & B 3%
PRICHEN 520045 Hak, ARIBR K& | Al o5
S EA S R R F N, SRR ST R
A KB S SR E, FRIE AN IR i
(14 H L A T M in B4 T BEPEARAIG 5 I L4 L BUR 28
PRECR , AR, LUK RAL P4 AR 1) A 5]

fir, B & FEIREWRAS, 150w, Bl
SCHERC, A TP E A EREE ) T [RI F  R
SED @ TR, 2RI gR BE TSR, H
A TE Jy AR AR, BT LS I TR B
e, SR 5 @i OB A HUIL A= 7 4l 19
BT IO HUIE A P AN SR, i AL B
BEEITAE, R KRR FREE G AN, S il
RS AHUIL. QFEFEIR T B B HIX, 72



5736 AN 5%

B 39 %

DrRISIAA X, ndbst, B KEAEH, BRI
W BRI, Sl SR X 5 Al IR
A, P T | AR, K HE)T A
A+ A P AR, IR S SR A
BE. MR, Wvume, 5, WEEH A, RRE
AR EAR, U TAESBONMESS, ALk
BRI DRI T SR BF DX, X 7 A= 0 2 bR AR v Ab
O MESHASRTRE B, FIEAPUIL A i TR K
TR HARSS & R 307 K. @RISR HE &
A q = N 9 N (A el o =N Ui S W ) T S
s Hey, JFREARHTS Je i i, b O oy A 75
WU, FEIT e & 2R B ALIL Y L Bl 5E. STF
JEF B FE IR IR A Y TN R S5 Y
LARMRERENTSY, A —DEFIEEYIT R, X
A - X} 7 B FEIRIF IR E A T R AT R, R
AN - R By i 7 22 4t FH B AR LS.

4 g

(1)1978 ~2016 4F, w1 [H & & 26 R % 31 i
(N) B N 3% 45 5 Sf 15« Pt hn (1978 ~
2005 4F) -IRIFERE (2006 ~ 2016 4F) [ (2R LS4
51 20764, 4p4lik 11366 822. 01 x 107U A12024/T0
x 107 ) R 1105, 78% . 5 2] gAYy
i 4 [E g B PR ALY 94. 03% ~98. 34% | ﬁﬁﬁﬁaff’l‘ﬁﬂ
SRR B RN T B2 SR O HOR K, JELBE
AT, | f (a L7

/(2)20164F 5 &2 IRIEZ Y 1 (N) S Ng#dy
R DR A DX, Hr TR R, 43
7 ALY 22.25% M1 8. 81%. T/, Ui,
ST, AR, =, Wim L AT HrEE AL
8 & FEIRIEFE 1 (N) S JE N R 2 5 A g
1 57.96% .

(3) FeHit A4 475 ol 1o REURI AR FH ot T B 43331
TR AL A& & FEPRE I 1 (N) N 37
Gk, AT r (H A GO EE RS M. AR #k
Gy B, i R R T M AR R X, V5
e XU E AL X, S IV G AR AEY)
FORETAAR, PHILATPE R b XA fr R 0K, P AL AR
e XN I A 75 4 KU 5 e b3, ARdE
FIA P b DX 670 £ 5, At b XTI 0 35 4 XL
K, Wi G fr ok, dbET . I AR AT R R IV G
FEE G Y XU

(4)2016 FFEEBEIIRGFEY T (N) LN
FRHr0 T 4390 M9 113 480. 75 x 10* t 1 626. 15 x

o

10% v, %2 H {0 o JH Ml T AR TS 23 0 AR 25 T 3,07
t-hm 21 16.92 kg-hm 2. X FAdb i X & K,
4331 8. 27 t-hm > F1 45. 62 kg-hm 2, BT |
fie w19 AL A, 20 5O 1119 t-hm ™ F1 16. 92
kg+hm .

(5) # % 50% B F& IR N FF 73 36 Bi % B (85
kg-hm ™) 3H5, 2 E AT N 725008 H &R
2520.21 x10* t, DXB i B 7 sy 19 J2 P L 3
DX, MR F2 7 X ik R ) e i 2 PR e, N
123.08 x 10" t, HUEPUJIT, 2y 109.49 x 10* t, i
g AERURIER AN NS IR N 5545140 H &
B2k
[1] Zheng C H, Liu Y, Bluemling B, Modeling the
environmental behavior and performance of livestock farmers in
China; an ABM approach [ J]. Agricultural Systems, 2013,
122 60-72.

%@‘%, EM%#, R | Manure—DNP_C-"fﬁﬂﬁﬂ)
FEFRBARTGRT), A TR 2012, 280 ) 183-
189. = [/ L

Gao M F, Qir"J]"J, Li C S, et al. Modelling nigﬁ(':gen_pglilution

et al.

from livqétoc‘.k breeding}| using Manure—DN.l..)C.. l}_}bﬁ‘el [._J '
Transacfi‘ons of t}}F.JChinese Society of Agricultural En§1ne‘erg’1g,
2012, 28(9) 3 183-189. -
T3] it A 5 s S v T Bt
TR D)) Al TR, 2014, 30(8) - 156- 167
Jia W ,“.“-Li Y Hj Chen Q, et'al. Analysis of nutrient r.esour(:es m‘-
livestock Jﬁanure exc:ehion and its potential” of fertilizérs
substitution in Beijing suburbs[ J]. Transactions of the Chinese
Societylof Agricultural Engineering, 2014, 30(8) : 156-167.
A RIE A R R e . oIS e (1981-2017)
[M]. dbat. sPEZEH R, 1981-2017.
National Bureau of Statistics of the People’s Republic of China.
China statistical yearbook (1981-2017) [ M ]. Beijing; China
Statistics Press, 1981-2017.
AR N RIEA E R EAR M G R (1987-2016)
[M]. b5 Pl iR, 1987-2017.
Ministry of Agriculture of the People’s Republic of China. China
Agricultural Statistical Report ( 1987-2016) [ M ].
China Agricultural Press, 1987-2017.
SRR, W, VRN, . EAMLE RO TS IR ST
LeBHRACTEER I BB [J]. Fl FRERL2 240, 2010,
29(S1) : 294-299.
Weng B Q, Lei J G, Jiang Z H, et al. Present situation analysis

Beijing;

of intensive livestock pollution and countermeasures consideration
of resource recycling[ J]. Journal of Agro-Environment Science,
2010, 29(1) : 294-299.
[ 7] Bk4E, W9hk, BdT, % o XBE & SRR IS ) s
EEHIBTTE)]. Al TR, 2013, 29(1) : 171-179.
Geng W, Hu L, Cui J Y, et al. Biogas energy potential for
livestock manure and gross control of animal feeding in region
level of China [ J]. Transactions of the Chinese Society of
Agricultural Engineering, 2013, 29(1): 171-179.
SRAZE. v B Ol S PR —— B T R =M AR 5



12 4

XUBEAR A Hh A T 3 @ 26 PR A S o 1 B Lk

Niik: il 5737

(9]

[10]

[11]

[12]

FEPRIRAE[ D). MR MR, 2010.

Zhang H. A study on non-point source pollution of livestock
husbandry in China—based on the surveys of pig breeding
farmers in the Yangtze River delta [ D ]. Nanjing: Nanjing
Agricultural University, 2010.

WK, Bttt i, 5. PET 30 4R AR E A
RIS YT LI ] ol TR, 2013, 29(5) : 1-11.
Yang F, Yang S Q, Zhu Y Q, et al. Analysis on livestock and
poultry production and nitrogen pollution load of cultivated land
during last 30 years in China[ J]. Transactions of the Chinese
Society of Agricultural Engineering, 2013, 29(5) . 1-11.
WHER, Tase, B, % ARFRE R 0 2ol iE w
WEE[]]. PERIF, 2016, 49(2) : 339-347.

Yang ] X, Wang H L, Jiao H C,
different cropping systems [ J ].
2016, 49(2) : 339-347.
U, WS, Ak, L REM X E S REP AR
P RHIFEE A L] Aol THE4R, 2009, 25(6) : 229-
234.

WuSS, Tan M Y,
environmental cost of livestock manure in Dongting lake area[ J].

Transactions of the CSAE, 2009, 25(6) : 229-234.

et al. Stock capacity in

Scientia Agricultura Sinica,

Long Y L, et al. Nitrogen pollution and

KRR, ki, BER, % b EEFESAEENRRIE IS
SR 7 R B IR [T ] AR SRR 5 5 40014,

33(3) . 435-445. ]
Zhu J C, Zhang Z Q, Fan Z M, et al. Biqgas potentitil‘, cropland

load and total am'(iunt control of animal '“ma”nure in| China[']l]

~Journal of Agro Envm')nment Science, 2014, 35(3)‘ 435"' 445'

1131

»

[ 144

[15]

[17]

[18]

[19]

g RHRA IR,

Kohyama , K HOJltO M, Sasaki H, et al“ lon: *'of the
amount of ,nutrrents in livestock mandte [ J T Sml g(‘lf‘nﬁ‘? q,nd
uPlanl Numtlon 2006 52(4) . 576-571. r

S s, W, A%ﬁ%%#@%%ﬁﬂjm%M

FEERb, 2012, 33(1) : [10-116.

[20]

[21]

[22]

[23]

[24]

[26]

| Song D P J#Zhuang D F, Chen W. Rlsk ‘assessmiént of” TFIJ/"’ [27]

! fanrnlﬁnd dnd Wdtcr contamination with thc hvestock médnure in

Al:lhul province [ J 1. Environmental Science, 2012, 33 (1):
110-116.
Xiong X, Li Y X, Li W, et al.

manures and potential risk of soil copper pollution with animal

Copper content in animal

manure use in agriculture [ J ]. Resources, Conservation and

2010, 54(11) : 985-990.

Zervas G, Tsiplakou E. An assessment of GHG emissions from

Recycling,

small ruminants in comparison with GHG emissions from large
and monogastric livestock [ J ].
Environment, 2012, 49. 13-23.

ik, iz, VUMK, S5 P EE BRI
O MEFHET )], MR, 2012, 67(10)
FuQ, Zhu Y Q, Sun J L,
centers curve of livestock and poultry breeding in China[J].
Acta Geographica Sinica, 2012, 67(10) ; 1383-1398.

MK, AR I 3 & S YRR U i
[J]. 40l TAE24E, 2012, 28(8) ; 230-234.

Tian Y S. Potential assessment on biogas production by using

ruminants Atmospheric
)45 Jm 5
1383-1398.

et al. Spatial patterns and gravity

livestock manure of large-scale farm in China[ J]. Transactions of
the Chinese Society of Agricultural Engineering, 2012, 28 (8) :
230-234.

BICH, WAV, BT BEFRABE Y FHRAA A

[28]

[29]

[30]

[31]

KIEAIHILI]. AWHUAER, 2013, 44(5) ; 135-142.
LiWZ, Xu M H, Li J Y. Prospect of resource utilization of
animal faeces wastes[ J]. Transactions of the Chinese Society for
Agricultural Machinery, 2013, 44(5) ; 135-142.

ZERH, S4kiE. T EUSE KR B IR A L S
[J]. W EgOl R, 2011, 44(20) ; 4207-4229.

LiST,
nutrient balance in different regions of China [ J].
Agricultura Sinica, 2011, 44(20) ; 4207-4229.
ek, 2. v E S SR IR TR HGE H I 25 5y
TRFELD]. RO TR, 2018, 34(4) : 1-14.

Liu X Y, Li S T. Temporal and spatial distribution of nutrient

Jin J Y. Characteristics of nutrient input/output and

Scientia

resource from livestock and poultry feces and its returning to
cropland[ J]. Transactions of the Chinese Society of Agricultural
Engineering, 2018, 34(4). 1-14

Dabert P,
treatment systems for environmental quality, food safety, and
Bioresource Technology, 2009, 100 (22) .

Martinez J, Barrington S, et al. Livestock waste
sustainability[ J ].
5527-5536.
Provolo G. Manure management practices in Lombardy_(Italy )
[J]. Bioresource Technology, 2005, 96(2) ..145#1"5.-2-.
Bassanino My, Sacco D, Zavattaro L, et al"Nulrie'gf-‘B‘a"iahce as a
sustainability indicator of different agro- envuonmenth in Ttaly[J].
Ecological Indlcators 20115 11(2) . 715-723. & —
Song K Y Li Y, Ouyang W, et al. Manu nu}ﬁenls uf pig
excreta relatlve tq +the “capacity, of cropland to ac@lmllatq,ﬂutn_,ehti
in (,hlnd [J]¥ Pro(etila Envlronmentdl Sciences, 20‘_1,2 13.

1846- 1855 = A

sk, B, ¢mi¥kL?%fmﬁﬁﬁﬁﬁﬁHﬁﬁ;
W[ J] 4 GElRRkeE 2080, 3X(5) ; 946-950. " _g !
Liu [Z, Duan Z Q. Distribution of manure Iresourc«ﬂfs cand

envirbnmgntal loads of agro-ecological regions in Chin’é‘l[ J].
Resources Science, 2010, 32(5) : 946-950.
XIGER], FRE, Bk, & REFSREPARRIR

TR HAYAIRBLL T, TRl K 2g244% , 2005, 28(5) : 27-
32.

Liu X L, Xu J X, Wang F H, et al. The resource and
distribution of nitrogen nutrient in animal excretion in China[J].
Journal of Agricultural University of Hebei, 2005, 28 (5): 27-
32.

EJi, BIcEr, FRE, ¥ PEEF R ML EAE L
PRI ] . h E AL, 2006, 26(5) ; 614-617.

Wang F H, Ma W Q, Dou Z X,
production amount of animal manure and its environmental effect
in China[ J]. 2006, 26 (5):
614-617.

skeESE, HOoUlR, T, . P EE B IR LI N
TSP RAAE ST (1], PRIEARLS, 2007, 28 (6): 1311-
1318.

Zhang X M, Dong Y H, Wang H, et al.
and variation of fecal nitrogen pollution load in China [ J].
Environmental Science, 2007, 28(6) : 1311-1318.

Henkens P L. C M, Van Keulen H. Mineral policy in the
Netherlands and nitrate policy within the European Community
[J]. NJAS-Wageningen Journal of Life Sciences, 2001, 49 (2-
3). 117-134.

WM, WRALH, MLLYE, . B ERMIMEEH. MR

et al. The estimation of the

China Environmental Science,

Structure of livestock



5738 A 39 %
FAL PR TE R RAIT[J]. R IFBERL 23], 2013, ZRLEB DB [T]. BARIRER, 2011, 26(4) .
32(5): 1068-1077. 552-561.

Chang Z 7, Jin H M, Huang H Y, et al. Nitrogen loss during Liu A M, Qiang W L, Wang W F, et al. Regional differences
cleaning, storage, compost and anaerobic digestion of animal and evolution of livestock farming patterns in China[ J]. Journal
manures in individual treatment unit [ J]. Journal of Agro- of Natural Resources, 2011, 26(4) . 552-561.
Environment Science, 2013, 32(5) : 1068-1077. [46] M [, RAER, BURSC. EFLb AR PR BURI =S ] A )R 2
[32] Nicholson F A, Bhogal A, Chadwick D, et al. An enhanced B[ 1], TPERMZEE, 2007, (2): 49-54, 80.
software tool to support better use of manure nutrients: manner- [47] HEBRY, Z=2F, BHF. hEFROL A =SSm0 X 22 5
NPK[J]. Soil Use and Management, 2013, 29(4) ; 473-484. SP—RETRENRSREZ2WNMA[T]. FERS,
[33] Shah G M, Groot J C J, Oenema O, et al. Covered storage 2010, 32(8): 1592-1600.
reduces losses and improves crop utilisation of nitrogen from solid Xia X P, Li BL, Sui Y Y. Analysis of regional differentiation of
cattle manure [ J ]. Nutrient Cycling in Agroecosystems, 2012, Animal husbandry production structure in China from the
94(2-3) . 299-312. perspectives of resources endowment and food security [ J .
[34] Hptithy, #hEG25, XURWE. AEULEE T & &304 H I Resources Science, 2010, 32(8) : 1592-1600.
HEBORBHATITIE 1], E AR R 4R, 2016, 21(7) [48] YA, WA, FIFHAR. T GIS MLRUE P s & 7l
142-151. VEFEHI RS S RS Y A5 [ 1], HuER 5308, 2016,
Yang S Q, Han R Y, Liu C F. Study on the given amount per 44(5) . 566-571.
unit field and load capacity of livestock and poultry manure at Yan B J, Pan Y C, Yan J J. A study on livestock manure
provincial scale [ J]. Journal of China Agricultural University, nitrogen load and pollution potential of farmland in Anhui
2016, 21(7) : 142-151. province, China based on GIS[J]. Earth and Environment
(35] ZEBH, XK, BRal. T T2 M IR0 i KLk 2016, 44(5) : 566-571. d
T[T AN FREERAE 24, 2009, 28(1) : 179-184. [49] Hhbk, EJpk, S0, &5 *[ﬂ%‘jtl{ﬁl:*j;-ﬁﬂ%?@;sﬁ%
Li ST, Liu R L, Shan H. Nutrient contents in maifi~animal ﬁl‘-‘ﬂ?"ﬁ@?ﬁ:(ﬁjﬁ{ﬁ%[ 31 gl TR, 20,96, 22(8):
manures in China [ J]. Journal of Agro-Environment ;S__eibnce, 170-174. & i -
2009, 28(1): 179-184. Ma L, Whngs‘F H, Ma W' Q et al. Assessments of tjn'é prudu( tion
[36] #xEMH, EREME %?%ﬁ%ﬁﬂ’]ﬁﬂmﬁ%{t1ﬁﬂﬂ?§ﬁ{ ﬁ_ of anlmal manufe “and its ‘contribution to eutrophu;&tmry" in
[J]. ’:P.%lk 2016 11(11); 15- 18 ¥ Northeast Chind for mjhddle and long period [ J ]~ 'Trans%ptiuns of
[37} #Cheng H G, ﬂuyang W Hao F H, et al. Th(‘ nop- pomtvsouﬁ’e the CSAE 200_6. 122(8) 179 174.
" pollution i hves&ock breeding areas of the Helh > Riwer Basm in [50] ES7MI, Wﬁ, I:@# Ar‘ /J\{E(T(JILﬁ‘iyﬁ%Fljﬁ ;f/]m-lﬂf‘__a
d 1 Yellow Rlv@r[ J] /Stochastic EnVIronmentdl"Resedréh dnd R;Sk &IL:, ?/F%ﬁﬁ‘ﬁ:‘?mﬁﬁ [J]. T{lkﬁtﬁjﬂ' T *E-:
Assessment 2()07 21(3) . 213-221. 4 20117, 30( ) . 986-992.1 b .
[38} 7%{35@ s, e, 55 J‘L*ﬁ'fh%&ﬁﬁf{iﬂgg/’ﬁ Wang L G, I:_l_ H, Wang Y C, et al. Changes in Hivestock
[ 7 %fﬁﬁigﬁ{ﬁ" f%ﬁﬁﬁl&@ (7] Al B8 R ?ﬁ operatioh systems and theircontributions to manure nitrogen
| 2016 33(5) 397-406. ) A —-'"_‘ pollution loading in Xiaoqinghe watershed, China[J]. Journal of
] Qu OB, deg P, Zhai Z W, et al. PI‘CdlLllOH methods Uf‘l’ﬂd]ol" Agro-Environment Science, 2011, 30(5) : 986-992.
pqllulants produ(,non in manure from large-scale livestock and [51] Mallin M A, Cahoon L B. Industrialized animal production—a
I;(‘)ullry farms: a review[ J]. Journal of Agricultural Resources major source of nutrient and microbial pollution to aquatic
and Environment, 2016, 33(5) : 397-406. ecosystems| J ]. Population and Environment, 2003, 24 (5):
(39] URARFE, TERER, ROCHh. iR I Es & 260 7 it 369-385.
HERSHH)]. LRERISAR, 1994, 10(S1) : 6-11. [52] W, BRIEDE, XDk, 4. T E & IR0 36815 e XU 5
[40] Wong J WC, MaKK, Fang KM, et al. Utilization of a manure PERIEME[ ], MBS, 2006, 25(2) ; 311-319.
compost for organic farming in Hong Kong [ J]. Bioresource Gao D, Chen T B, Liu B, et al. Releases of pollutants from
Technology, 1999, 67 (1) . 43-46. poultry manure in China and recommended strategies for the
[41] AW, miE, 8, % i 0W & SHEY IR 5T E 5 K& pollution prevention[ J]. Geographical Research, 2006, 25(2) .
HEm )], Al IREI S KR, 2009, 26(1) : 60-63. 311-319.
[42] BERLEMUEZ MR R EAR T RANEE FORHL (53] 2=k, ZRHaRE, skoFm, 55 RAL=EFT B IRHN = 014
%i(1980-2016) [M]. Jbxt: WESEFdifAt, 1980-2016. E S FEMEIRITIPEDE BT AL, W . 2w Ax [l 37 55
[43] LiST, Liu XY, Ding W C. Estimation of organic nutrient BRI SCEL L. BT POl A S B O 4P
sources and availability for land application[ J]. Better Crops, e RIS 5k R IRmEEER, 2007. 8.
2016, 100(3) ; 4-6. [54] Zheng N, Fu C. Research on non-point source pollution resulted
[44] sk, Z2HH. T EFR TR0 e ads T Y s 23 2 A R from livestock breeding in Jiangxi province [ J ]. Advanced
[ ] ol TAEEHR, 2017, 33(21) ¢ 1-19. Materials Research, 2012, 356-360 ; 2344-2348.
Liu XY, Li ST. Temporal and spatial distribution characteristics [55] Deng M H, Bellingrath-Kimura S D, Zeng L, et al. Evaluation
of crop straw nutrient resources and returning to farmland in of N environmental risks on andosols from an intensive dairy
China[ J]. Transactions of the Chinese Society of Agricultural farming watershed using DNDC [ J ]. Science of the Total
Engineering, 2017, 33(21) . 1-19. Environment, 2015, 512-513 . 659-671.
[45] XER, #3Cm, 47, 5 REF IR 00 Kb [56] kM, NEZAR, B4t o EE @IETS QIR K™ E T



12 4

XUBEAR A Hh [ T 8 28 PRS0 o B HL A T )

5739

[57]

[58]

[59]

[60]

#~Ppoultry fece> and |

(617"

i

[J]. 2GR,

2012, 31(5): 1241-1249.

Zhang T, Bu M D, Geng W. Pollution status and biogas-
producing potential of livestock and pouliry excrements in China
[J]. Chinese Journal of Ecology, 2012, 31(5) ; 1241-1249.
P, BEREE, JEH, . REE GG QM XEER
SRERBSH[T]. FERFE, 2013, 34 (7). 2766-
2774.

Qiu H G, Liao S P, Jing Y,
development tendency of livestock manure pollution in China[ J].
Environmental Science, 2013, 34(7) . 2766-2774.

et al. Regional differences and

FA BT, VFROE, A S I A R HE RS SR
AR ) oE (1], R 2244, 2013, 33(2) .

635-643.

Meng C, Li Y Y, Xu X G, et al. A case study on non-point
source pollution and environmental carrying capacity of animal
raising industry in subtropical watershed [ J]. Acta Scientiae
Circumstantiae, 2013, 33(2) : 635-643.

WLLYE, M, mME, . KB &I A AR K
Eﬁﬁ%ﬁﬁi%ﬁﬁ—%ﬂﬁﬁ%[ﬂ. LA F R,
2013, 29(4) : 777-783.

Huang HY, Chang Z Z, Ye X M, et al. Estimation of regional
livestock manure production and farmland loading capacity: a
case study of Jiangsu province [ J ]. Jiangsu Jotirnal of
Agricultural Sciences, 2013, 29(4) . 777-783. “..-"
x|¥ﬁ$ B3, RS, 5. R s ST R AR S
RHEL]. R, 2010, (4); 47-49.

LuYF, Maylla(}alm Tang S Z, et al. Pollutlon of hves‘tn(‘k' and

.Grdss lﬂi?}fm

-

'counter measures J ]

Liyestock 4 20,101, (4) 47-49.
29, w%& (v, w s ﬁ%%@m ﬁﬁﬁ
HJBry]] i&};ﬂ_ 2)?15 35

J‘ J

( 10) 187- 193

', Lanﬂ.'Y Liu S ,T' Xlang P A. Quantifying the, pollutlon loadlng._-"

# i g A

[62]

[63]

[64]

[65]

[66]

from livestock and poultry of family farm—Dbased on the sample of
counties in Hunan province[ J]. Economic Geography, 2015, 35
(10) : 187-193.

SRR, PR o PR AR A 7 DX A R A8 2 B L i X 3R
Br[J]. hERRIRE, 2010, 46(12) ; 21-24.

Zhang Y J, Tian L. Analysis on beef cattle production area layout
and its influence factors[ J]. Chinese Journal of Animal Science,
2010, 46(12) ; 21-24.
T, W, BE
Mr——JE T A RIS AR [T].
(10) : 10-17.

Cao G Q, Pan D, Qin F. Economic analysis on changes of layer

o 5260 7 M A 2 3
sl piA

f) 25 % o
G’f, 2010,

industry distribution in China—Dbased on provincial panel data
[J]. Journal of Agrotechnical Economics, 2010, (10): 10-17.
WV, R, AL A R 5 0 & 5o
Br——M B SR AT SR 1) 22 DR AR R A 8 [ T] . All AR AL B
7%, 2011, 32(1): 32-35.

Xia X P, Li BL, Sui Y Y. An economic analysis on regional
change of mutton production in China—transfer from natural
layout to economic layout [ J ].
Modernization, 2011, 32(1) : 32-35. —
B, AR, i, . ¢E§ﬁE*%£§%%%ﬁ
E&ﬁiwﬁikﬁ_ﬂﬁ?ﬁfﬂh L], KR AREFFOFTE, 2Q13 2003) .
289-204. | |

Yang F, 'Wu-’(y Y, Zhu Y Q, et al. Forecdst of }f{;tock dnd
poultry amoum apd' arable land, nitrogen load of Chmese_pfowyﬁes
[J1. Resear(‘h" of gmk and Water Conservation, 5013 ,_20 ( 3):
289- 294F P &
e i &H?W&H%m
fH‘JrI'ﬂk 015, 36(13) : A
Yang.l X Lin 'H. Manhgement of pollution caused by a_g,lmal

Research of A gri.cuhural

éﬂ%w%%ﬁﬁﬂ]y

wastes- consldcrallon and countermeasures [ J ]. Feed InJustry,

2015,36(13) .

A



HUANJING KEXUE Vol.39  No. 12

Environmental Science ( monthly) Dec. 15, 2018

CONTENTS

WANG Yan-hui, ZHAO Liang, SUN Wen-qiang, et al. (5359

Characteristics of Particulate Matter Emissions from the Coking Process

Patterns of Mortality from Air Pollutant Emissions in China’s Coal-fired Power Plants — «+reeseeeereresssresimmeneniininii QIN Yu, ZHANG Qiang, LI Xin, et al. (5289)
Analysis of the Temporal and Spatial Variation of PM, 5 in China Based on the LUR Model «+rereeeeereeressnsenmsinieniinene LIU Bing-jie, PENG Xiao-min, LI Ji-hong (5296 )
Physiochemical Properties of the Aerosol Particles and Their Impacts on Secondary Aerosol Formation at the Background Site of the Yangize River Delta «+eseereereesesesiereneneninnicnenenns
......................................................................................................................................................... HUANG Dan-dan, ZHOU Min, YU Chuan-guan, et al. (5308)
Analysis of Different Particle Sizes, Pollution Characteristics, and Sources of Atmospheric Aerosols During the Spring Dust Period in Beijing +++-+- YANG Yang, LI Xing-tu, CHEN Xi, et al. (5315)
Characteristics of Ambient VOCs at the Shuangliu Site in Chengdu, China, During Summer and Autumn «++:+seesesererereseneneneninenene DENG Yuan-yuan, LI Jing, LI Ya-qi, et al. (5323)
Source Profiles and Chemical Reactivity of Volatile Organic Compounds from Surface Coating of Aluminum Products in Foshan, China = »«+esseseereesees LI Xia, SU Wei-jian, LI Bi-xia, et al. (5334)
Emission Inventory and Characteristics of Anthropogenic Air Pollutant Sources in the Sichuan Province =««+xesesessesresseeeeeenes ZHOU Zi-hang, DENG Ye, TAN Qin-wen, et al. (5344)
)
)
)

Dry and Wet Deposition of Atmospheric Nitrogen in Small Catchments . (5365
Seasonal Changes of the Pathways of Nitrogen Export from an Agricultural Watershed in China —««+sesseseeessessenenssenenensinsisnnen /en-chao, iu-li Al Li-mei, et al. (5375
Dynamics and Runoff Losses of Nitrogen in Paddy Field Surface Water Under Combined Application of Biochar and Slow/Controlled-Release Fertilizer «++:+-eeeeeereereesseresenensnsinensnn
............................................................................................................................................................... SI Lin-lin, ZHOU Jing-jie, WU Liang-huan, et al. (5383)
Indirect Nitrous Oxide Emissions from an Agricultural Headwater Stream During the Rainy Season in the Upper Reach of the Yangtze River - - (5391)
Concentration, Flux, and Emission Factor of N, 0 in Rivers with Different Nitrogen Pollution Features «+:«+e+reerererereeressnssinsennseennen: WANG Miao, LI Yafeng, LEI Kun, et al. (5400)
Identification of Nitrate Pollution Sources Through Various Isotopic Methods: A Case Study of the Huixian Wetland = «++veeseereeseeeveenee PENG Cong, PAN Xiao-dong, JIAO You-jun, et al. (5410)
Temporal and Spatial Distribution of the Soil Water 8D and 8'0 in a Typical Karst Valley: A Case Study of the Zhongliang Mountains, Chongging City -+
.................................................................................................................................................................. WU Wei, JIANG Yong-jun, JIA Ya-nan, et al. (5418)

LIU Jiang-tao, CAI Wu-tian, CAO Yue-ting, et al. (5428)
LIAO An-ran, SONG Xian-fang, ZHANG Ying-hua, et al. (5440)
Spectral Evolution Characteristics of DOM in Sediment Interstitial Water During the Formation Stage of Thermal Stratification in the Main Reservoir Area of the Zhoucun Reservoir — «+++++++++

ZHOU Shi-lei, ZHANG Yi-ran, HUANG Ting-lin, et al. (5451
Pollution Characteristic of Ni in Sediments in the Three Gorges Reservoir ZHANG Wei-jie, YIN Shu-hua, XU Dong-yu, et al. (5464
Migration and Transformation of Mercury at Sediment-Water Interface of the Dahong Lake Reservoir in the Simian Mountains =~ ««+:«+s+ssesseseeeereens GUO Pan, SUN Tao, YANG Guang, et al. (5473
Effects of Wetland Types on Distribution of Soil Methylmercury Based on the Region of Nanweng River in the Greater Xing'an Mountains -+ ZHOU Xin-quan, LIU Yu-rong, LI Jing, et al. (5480

Hydrochemical Characteristics of Groundwater and the Origin in Alluvial-proluvial Fan of Qinhe River

Impact of Maximum Precipitation in 2017 on the Runoff Component of Reclaimed Water-Intaking River

)
)
)
)

Simulation of the Migration and Release Characteristics of Organophosphate Esters in Fluctuation Zone Soil of the Three Gorges Reservoir During Flooding «+:«+«sseerseseesessersensenesenenenens
............................................................................................................................................................... YANG Ting, HE Ming-jing, YANG Zhi-hao, et al. <54g7>
Spatial Distribution of Perfluoroalkyl Acids and Transformation of Their Precursors in River Water Samples and Effluents of Wastewater Treatment Plans in a Typical Tourism City - :
......................................................................................................................................................... WANG Shi-liang, SUN Jian-shu, YANG Yue-wei, et al. (5494)
++ JIANG Xiao-liang, LI Meng, ZHANG Shao-hui, et al. (5503)
-+ WANG Mu-lan, JIANG Yue-lu (5514)
)
)

Purification Efficiency and Microbial Characteristics of Four Biofilters Operated Under Different Conditions

Effects of Manganese on the Growth and Fluorescence Induction Kinetics of Conticribra weissflogii -+

Distribution and Factors Affecting Cylindrospermopsis ractborskii in Guangdong Reservoirs =«+«+sssesseseesneseesenees LEI Min-ting, PENG Liang, HAN Bo-ping, et al. (5523
Removal of Humic Acid from Water by Magnetic Chitosan-Grafted Polyacrylamide —++:eessesrerserseresemenennimnini YOU Wen, LIU Hai-cheng, CAO Jia-wei, et al.
Ozone-Biological Activated Carbon for Advanced Removal of Typical Persistent Organic Pollutants from Micro-Polluted Source Water in the Yangtze Delta Region :
.................................................................................................................................................................. LAN Ya-giong, LIU Rui, MA Zheng-jie, ef al. (5541
Color and Nitrogen Removal from Synthetic Dye Wastewater in an Integrated Hydrolysis/ Acidification and Anoxic/Aerobic Process «++++++=++++++ GU Meng-qi, YIN Qi-dong, LIU Ai-ke, et al. (5550
Removal Characteristics of High Concentrations of Perchlorate Using a “Heterotrophic Sulfur Autotrophic” Combination Process ++ LIU Ying-nan, TAO Hua-giang, SONG Yuan-yuan, e al. (5558
Rapid Start-up of a Nitrite-Dependent Methane Anaerobic Oxidation Reaction Under Static Pressure Conditions +«+«+s=ssessessesssenessnneenee WANG Yi-nan, HU Zhen, RU Dong-yun, et al. (5565
Optimization of the Flow Distribution Ratio and Mechanism of Nitrogen Removal in a Multi-level AO Coupled Flow Biochemical Process «++++++++ WANG Fan, LI Jun, BIAN De-jun, et al. (5572
High-rate Nitrogen Removal in a Two-stage Partial Nitritation-ANAMMOX Process Under Mainstream Conditions ~— «+«+s=ssssseseeseeeees LIU Wen-ru, YANG Dian-hai, SHEN Yao-liang, et al. (5580
Effects of Different Substrate Concentrations on the Short-term Storage of ANAMMOX Bacteria ««+«+«+xsseseessersesssenenensanineniensniniineniens GAO Xue-jian, ZHANG Jie, LI Dong, et al. (5587

)

)

)

)

)

)

)

FU Kun-ming, FU Chao, LI Hui, et al. (5596)
CHEN Fang-min, GU Cheng-wei, HU Yu-ting, et al. (5605)
)

)

)

)

)

)

)

Optimization of the Mainstream Anaerobic Ammonia Oxidation Process and Its Changes of the Microbial Community

Granular Characteristics of Anaerobic Ammonia Oxidation Sludge During the Recovery Process
Characterization of a Newly Isolated Strain Pseudomonas sp. N3 for Denitrification at Low Temperature +««s:esseseeesresereressmenensininenneennes LU Jun-ling, CHEN Hui-ping, XIAO Lin (5612

Heavy Metal Pollution and Potential Ecological Risk of Soil from Reclaimed Industrial Sites and Surrounding River Sediments »+ WU Jian, WANG Min, ZHANG Hui-peng, et al. (5620

Ecological Risk Assessment of Soil Heavy Metals for Different Types of Land Use and Evaluation of Human Health «++++eeseeeeseereeeeennenne LI Chun-fang, CAO Jian-fei, LU Jian-shu, et al. (5628
Soil Pollution Characteristics and Ecological Risk Assessment of As at a Large-scale Arsenic Slag-contaminated Site +:«+«+sseeeessessersenseneneniens LIU Geng, SHI Ying, TIAN Hai-jin, et al. (5639
Relationship Between the Bacterial Abundance and Production with Environmental Factors in a Subtropical Karst Reservoir *+ XIN Sheng-lin, LIANG Yue-ming, PENG Wen-jie, et al. (5647
Structure Analysis of Arbuscular Mycorrhizal in Roots from Different Shrubs in Karst Regions «+:«+eesserseseeesenenssneneniensiniinennens LIANG Yue-ming, SU Yi-rong, HE Xun-yang, et al. (5657
Effects of Stimulated Nitrogen Deposition on the Bacterial Community Structure of Semiarid Temperate Grassland = «+eereeseeeseeseereeseeees LI Zong-ming, SHEN Ju-pei, ZHANG Li-mei, et al.
Effect of Phosphorus Addition on the Abundance of Autotrophic CO,-Fixation Microorganisms in Rhizospheric Soil from a Phosphorus-Limited Paddy Field : :
........................................................................................................................................................................ BAI Jing, LI Yifei, LIU Shou-long, ef al. (5672)
Effects of Varying Long-term Fertilization on Organic Carbon Mineralization and Priming Effect of Paddy Soil «+:«-severeeressemnenserseenenennen MA Xin, WEI Liang, TANG Mei-ling, et al. (5680)
Relationship Between the Vegetation Community and Soil Nutrient and Enzyme Activity During the Restoration of Abandoned Land in the Loess Hilly Region «+:eseeseeeeeseresseresenenen
............................................................................................................................................................ QIAO Wen-jing, DAI Yin-yue, ZHANG Wei, et al. (5687)
Degradation of Pentachlorophenol by Fulvic Acid in a Municipal Solid Waste Landfill = «+eereereeeeeserenenmieneneniin LIU Si-jia, HE Xiao-song, ZHANG Hui, et al. (5699)
Effect of CO, Doubling and Different Plant Growth Stages on Rice Carbon, Nitrogen, and Phosphorus and Their Stoichiometric Ratios ~++«w+reeresreerrerssmmesennesisnscnnesssceee
................................................................................................................................................... TANG Mei-ling, XIAO Mou-liang, YUAN Hong-zhao, et al. (5708

Assessment of Medical Waste Disposal Technologies Based on the AHP
Livestock and Poultry Faeces Nitrogen Loading Rate and Iis Potential Return to Farmland in China -+

XU Xiao-fang, TAN Quan-yin, LIU Li-li, et al. (5717)
LIU Xiao-yong, WANG Xiu-bin, LI Shu-tian (5723)




	组合
	封面
	中文


