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Assessment of carbon sequestration and nutrient resources by turning animal manure into biochar and its po-
tential environmental risk for field application

LI Fei—yue'?, WU Xuan', LI Jun—suo', XIE Yue'?’, FAN Xing—jun'?, CAI Yong-bing'? , ZHAO Jian-rong"’

(1. Department of Environment Science and Engineering, Anhui Science and Technology University, Fengyang 233100, China; 2. Anhui
Province Key Laboratory of Biochar and Cropland Pollution Prevention, Anhui Laimujia Biotechnology Co., Ltd, Bengbu 233400, China)
Abstract: Fresh dairy, swine, and chicken manure were collected and pyrolyzed at 500 °C under an oxygen—limited condition for biochar
production. The yield and total C, N, P, K, and heavy metal content of these manure—based biochars were investigated to estimate the poten-
tial environmental benefits and risks of these manures being converted to biochar followed by agricultural use. Based on the normal produc-
tion of animal manure, the yield of biochar from these three manures, and the C content in the corresponding manure—based biochars the C
sequestration amount increased to 3.51 X 10° t if all animal manures(1.90 X 10’ t in total in 2015) were converted to biochar. This value
was equivalent to about 17.2% of the national total C emissions. Moreover, these biochars exhibited high NPK nutrient content with 1.73 X

10° t in total, of which N, P(P,0s), and K(K>0) accounted for 32.6%, 46.8%, and 20.6%, respectively. However, our analysis showed that
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the Cu, Zn, and Cd contents of manure biochars consistently increased during the pyrolysis process, exceeding the standard limits for direct

field use. The Cd content in pig manure biochar reached up to 34.36 mg-kg™'. These results show that converting animal manure to biochar

followed by agricultural application may be viable for soil C sequestration, improvement of soil nutrient status, and efficient disposal of con-

siderable amounts of animal manure; however, the soil contamination risk with heavy metals should be given greater attention. Long—term

field studies are required that focus on the environmental performance of manure biochars, which are important to enable the development

of more scalable biochar strategies.

Keywords: animal manure; biochar; carbon emission; nutrient; heavy metal
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Table 1 Estimated amount of animal manure in 2015(10* t)

#( B) B ey
Province( Cities, Dairy Swine  Chicken
Autonomous regions)  manure manure manure Total
Jb 5 Beijing 279.83  299.96  116.51 696.29
K HE Tianjin 399.17  398.68  149.98 947.82
T[]t Hebei 509335 374535 183697 10675.66
11174 Shanxi 1007.73 826,57  411.50  2245.80
M523 Inner Mongolia 7 860.32  947.65 23551  9043.48
T Liaoning 3302.18 2822.06 2240.15 8364.40
i Jilin 374844 175534 85525  6359.02
M)y T Heilongjiang 6 162.06  1965.33  699.48 8 826.87
_|- ¥ Shanghai 11252 215.58 48.22 376.32
YT Jiangsu 458.07 314121 1587.88 5187.17
WL Zhejiang 158.51  1387.56 379.10  1925.18
L Anhui 133328 3142.16 1307.24 578268
fR#d Fujian 357.26 180122  674.71 2833.19
VL7 Jiangxi 2148.61 341986 112292 6691.40
1115 Shandong 5132.04 5100.63 3296.06 13528.73
14 Henan 7099.40 6508.76 3338.12 16946.28
WL Hubei 1997.26 4601.87 1693.80 8292.93
W FE Hunan 3058.07 6409.62 1528.67 10996.36
" 4% Guangdong 1120.76  3863.79 1759.07 6743.62
7V Guangxi 857.79  3603.70 1647.10  6108.59
¥ Hainan 393.87  586.10  280.56  1260.53
T K Chongqing 871.91 223586 67646  3784.23
U1 Sichuan 4671.18 763234 1938.81 1424233
St Guizhou 281026 1893.50 39533  5099.09
ZHj Yunnan 5630.88 3639.77 61408  9884.73
TG Tibet 435845  19.09 6.20 4383.74
B 78 Shaanxi 1630.07 127155 30758  3209.19
il Gansu 3816.77 73407 18091 473175
1} Qinghai 3804.56  145.02 1353 3963.12
T & Ningxia 1241.93  96.51 43.74 1382.18
BT 98 Xinjiang 5090.23  488.43  246.65 582531
St Total 86 006.76 74 699.13 29 632.10 190 337.99

TE AR A TR B S

Note: Data of Hong Kong, Macao and Taiwan are not included.
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Table 2 Yield, carbon content and carbon sequestration ration of animal manure—derived biochar(% )

B e R it [l e
Animal manure—derived biochar Biochar yield Carbon content Carbon sequestration
428 £ M) 9% Dairy manure biochar 44.2+0.57¢ 42.5+0.28a 18.8+0.37b
F AW i Swine manure biochar 50.0+0.35b 42.4+0.64a 21.2+0.45a
X526 42 ) /3¢ Chicken manure biochar 57.8+0.07a 18.3+0.14b 10.6+0.07¢

T A ) /NG B 3R A T ) 25 5 2 25 (P<0.05)

Note: The different lowercase letters in a column indicate significant differences among treatments at P<0.05.
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Table 3 Carbon sequestration amount

of animal manure—derived biochar(10*t)

A (il LX) LS LS X S [ e A
Province(Cities, Dairy Swine  Chicken Total carbon
Autonomous regions ) manure manure  manure sequestration
JL5T Beijing 52.47 63.53 12.33 128.33
FH Tianjin 74.84 84.44 15.87 175.15

[t Hebei 955.00  793.26 19435  1942.62
11174 Shanxi 188.95 17507  43.54 407.55
M523 Inner Mongolia  1473.81  200.71  24.92 1 699.44
i1 Liaoning 619.16  597.71  237.01 1453.88
F bk Jilin 702.83 37178 90.48 1165.10
BT Heilongjiang  1155.39 41626  74.00 1 645.65
|7 Shanghai 21.10 45.66 5.10 71.86
Y75 Jiangsu 85.89 66531  168.00 919.20
WL Zhejiang 29.72 293.89  40.11 363.72
LY Anhui 249.99 66551  138.31 1053.81
4 Fujian 66.99 381.50  71.38 519.87
VLG Jiangxi 402.86 72433 118.81 1246.00
111 %< Shandong 962.26 108031 34872  2391.29
i g Henan 1331.14 1378.56 353.17 3062.87
1t Hubei 37449  974.68  179.20 1528.37
W5 Hunan 57339 135756 16173 2092.68
" 45 Guangdong 210.14 81835  186.11 1214.60
P8 Guangxi 160.84 76326 17426  1098.36
14 Hainan 73.85 124.14  29.68 227.67
K Chongging 163.48 47355 7157 708.61
pu)1] Sichuan 875.85 161653 20513  2697.50
Bt Guizhou 526.92  401.04  41.83 969.79
Z i Yunnan 1055.79 77090  64.97 1 891.66
PG Tibet 817.21 4.04 0.66 821.91
%74 Shaanxi 305.64 26931  32.54 607.49
T Gansu 715.64 15548  19.14 890.26
1 Qinghai 713.36 30.72 1.43 745.50
7 H Ningxia 232.86 20.44 4.63 257.93
BT Xinjiang 954.42 103.45 26.10 1083.96
J3 Total 16126.27 15821.28 3135.08 35 082.62

T RALR A R IA 5 EE

Note: Data of Hong Kong, Macao and Taiwan are not included.
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Table 4 Nutrient of animal manure and its derived biochar(%)
BRI ER S AR RS AE SR

Animal manure and its derived biochar Total nitrogen content Total phosphorus content Total potassium content
22 Dairy manure 1.3 0.5 0.3
226 W) 9% Dairy manure biochar 3.0 0.9 1.5
¥ 2€ Swine manure 3.2 2.6 0.6
§3 4 1) 5 Swine manure biochar 1.6 3.0 0.6
X3 Chicken manure 1.9 0.8 2.6
M35 Chicken manure biochar 1.0 1.8 4.1

RS BEEEFEVRNFESZRE(10°)

Table 5 Nutrient resource amount of animal manure—derived biochar(10*t)

B IEE A e FR5r ¥ Nutrient resource o
Animal manure—derived biochar N P,0s KO 385 R Total nutrient
434 M) 5% Dairy manure biochar 2 545.80 1752.90 1548.12 5 846.83
#3649 ik Swine manure biochar 2211.09 5097.62 537.83 7 846.54
X%3& 49 ¢ Chicken manure biochar 877.11 1228.22 1465.01 3570.34
M3t Total 5 634.00 8 078.74 3550.96 17 263.71
*6 EEEFEEVRNEEEEE(ng-kg")
Table 6 Heavy metal content of animal manure—derived biochar(mg-kg™)
B F{H A= 41 5 Animal manure—derived biochar Pbh Cu Zn Cr Cd
-2 4= ) S Dairy manure biochar 17.32 163.20 1033.00 12.90 0.77
W 3849 /¢ Swine manure biochar 18.77 542.60 2779.00 13.08 34.36
X3 A1) ¢ Chicken manure biochar 14.67 100.30 773.80 51.07 1.18
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875 Y XS 48 P A fE - T 5 {6 (GB 15618—2018)
HORLE (19 Cd 7 Ry SR 5 S, 3k B4 F b 305
RS A bR fE - (GB 15618—2018)H Cd
4 St by BRAEL L A 9 o it FH 4 19% (MG 7t FH 422 ) 0
5% (ffitn FHAE) 0 - 3822 AR PR AR 2 A W i Fy 181 a
136 a; XF LW N 118 aFI23 a, RHEFLPHIGE
K BRI EEE L8 2 CuZn FlCd, Hrp

®7 TENMEREMEINRFESERFIARAE (ng-kg)

Table 7 Limit standards of heavy metal for soil environmental quality and organic fertilizer (mg-kg™")

WA ARIE T4 )& T & Heavy metal content
Evaluation criterion Pb Cu Zn Cr cd
438 T AR Soil quality standards 4 I+ 8875 Y KU B bk - (H (GB 15618—2018) 90 50 200 150 0.3
A FH Hb A 35075 e RS R E - (GB 15618—2018) 500 — — 850 2
T3 3 S5 i R 35 T e AN AR UE (H/T 333—2006) 50 50 200 150 0.3
13 FAC ™ Bl 7 R S PR BR v (H)/T 332—2006) 80 50 200 150 0.3
AU kR AE AT Ve 15 e WP bR ifE (GB 4284—2018) 300 500 1200 500 3
Organic fertilizer standards AHLAREHCNY 525—2012) 50 — — 150 3

728 [ A A

150 100 400 100 1.5

T — R s

Note:— no data.
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Cu.Zn /A2 100 a ik 3] +3% R VFE , Cd I BI AV 1Y
BFIE]A 18.3~99.3 a, RI UL, 5 &5 25 A ) i< HH [R)ite FH A7
P 4 A TS Y KU DA E— 25 I PP, T A 45

SR, A SCHIIE FE RS FURAET X A 208 &
BB AE— IR T A5 10 7 8 FS A ) e I A
JETF IR , A RN RN T A [R5 2 7 20
L 25 (0 A ok Bk SR 22 5, R R A W it A 1
Hen R v R4 S 4 A R B A - s
W ] T & A ARk . TR, 36 68 360 A 9 e 7 HH 1]
Jiti A R D34 B W e KU AT SR T BE R ARG, TR
FRVEAS B 68 5 A= 1 o A% HH it FH 7 B 58 A4 285 3007 4
PEEHE S

4 it

(1) 3 [ 2015 4 & & 2 (8 A= Py e [ B 5 3k 5]
3.51x10° t, 124 FF0 [ 2005 4E 2 17.2% HBkFHECRE |
D HEVE 1 B

(2) I & &2 AEY R MBI
1.73x10° t, F2 4 it B K, B sk b W5, ml DA
ik /£ it P

(3) & B ZEME AW T Cu Zn F1 Cd 195 =R
B S 2 A Wk b Cd B AR L™ B, S RE B R A
H , 25 28 FNRY 25 A W) e I8 HH A7 76 T 7 T 4 J T e IR
Br , WA ™R A
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