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Component analysis and risk assessment of anaerobically digested slurry from
households in China

KE Lanting® WANG Haitao’ WANG Yuanpeng' HE Ning" LI Qingbiao*?
(*Department of Chemistry and Biochemical Engineering,School of Chemistry and Chemical Engineering, Xiamen
University Xiamen 361005 Fujian China; 2School of Chemistry and Life Science, Quanzhou Normal University
Quanzhou 362000, Fujian China)

Abstract Forty-three biogas slurries from household biogas plants using different substrates were collected from
different parts of China. The contents of chemical oxygen demand (COD), ammonium nitrogen (NHZ—N),
phosphate (Poj_) and heavy metals were determined. The concentrations of COD in cow dung and straw as raw
materials were higher than other treatments, reaching 6800 mg - L™ and 5800 mg - L ™" respectively. The
concentrations of NHZ-N in pig manure and mix manure were higher than other treatments, reaching more than
1800 mg - L. The concentration of NH;—N in cow dung was significantly lower than that in other materials, with
the average being 450 mg - L™*. Therefore, COD/ NHZ ratio of 15 in the slurry with cow dung as raw material was
significantly higher than those in other three materials (less than 5). The average POif concentrations of all raw
biogas were lower than 80 mg - L™. Mercury pollution was serious and universal in different materials and
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different provinces. Environment risk evaluation showed that the pollution in biogas slurries from Yunnan, Henan
and Hubei was medium and could not be ignored.
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Table 1 Sample information of household biogas

Sample name  Sampling sitess ~ Raw material Volume/m®  pH

2010 PH1 Pinghu, Zhejiang PM 25 7.3

4000 190> 108 PH2 Pinghu, Zhejiang PM 25 7.4

m3 2020 PH3 Plbghu, Zh.ejlang PM 25 7.3
YT2 Yingtan, Jiangxi St+M 8 7.0

70% 8000 YT3 Yingtan, Jiangxi PM 8 6.8
400><108 m3+-! XD1 Xindian, Henan PM 1824 81

XD2 Xindian, Henan PM 18—24 7.8

XD3 Xindian, Henan PM 18—24 8.1

6] ZY1 Zaoyang, Hubei MM 8 7.9
ZY2 Zaoyang, Hubei PM 8 7.1

ZY4 Zaoyang, Hubei MM 6 7.2

TS1 Tianshui, Gansu PM 55 7.2

TS2 Tianshui, Gansu St+M 10 7.2

A TS3 Tianshui, Gansu St+M 10 7.7

chemical 0oXygen demand’ CoD N P TS4 Tianshui, Gansu St+M 10 7.6

TS5 Tianshui, Gansu CD 10 6.9

TS6 Tianshui, Gansu St+M 12 7.6

[7-11] TS7 Tianshui, Gansu St+M 10 7.4

TS8 Tianshui, Gansu PM 10 7.4

LZ2 Lanzhou, Gansu St+M 10 7.4

LZ3 Lanzhou, Gansu CDh 15 8.0

2] (23] Lz4 Lanzhou, Gansu St+M 10 71

[14] XC2 Xichang, Sichuan PM 8 7.3

[15] XC4 Xichang, Sichuan PM 8 8.0

[16] 6 LSJS1 Leshan, Sichuan PM 8 6.9

LSJS3 Leshan, Sichuan MM 8 7.0

LSJS4 Leshan, Sichuan MM 8 7.1

JT2 Jintang, Sichuan PM 8 7.6

JT3 Jintang, Sichuan PM 8 8.0

JT4 Jintang, Sichuan PM 8 7.3

Pz1 Pengzhou, Sichuan St+M 8 8.0

pz2 Pengzhou, Sichuan PM 8 7.5

Pz3 Pengzhou, Sichuan PM 8 1.7

DY2 Deyang, Sichuan MM 8 7.3

1 DY3 Deyang, Sichuan PM 8 71
DY5 Deyang, Sichuan PM 8 7.5

11 SLJT1 Shuangliu, Sichuan MM 8 7.6
SLJT2 Shuangliu, Sichuan PM 8 7.7

GJ1 Gejiu, Yunnan PM 8 7.8

GJ2 Gejiu, Yunnan PM 8 9.2

GJ4 Gejiu, Yunnan PM 8 7.3

8 12 43 zz Zhangzhou, Fujian PM 95—10 7.0

1 XM1 Xiamen, Fujian MM 12 6.5

PM—pig manure, St+M—straw + manure, MM —mixed
manure, CD—cow dung.
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Fig.1 COD concentration of household biogas from
different materials
CD—cow dung; PM—pig manure; St+M—straw + manure; MM—mix

manure; n—number of samples

Fig.2 NHZ-N concentration of household biogas from
different materials
CD—cow dung; PM—pig manure; St+M—straw + manure; MM—mix

manure; n—number of samples
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manure; n—number of samples
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Table2 Comparison of COD, NHZ-N and POf'1 As Cd Cr Cu
concentrations from thls study with previous studies and Hg Pb zn7 3
national standards
T = As Cd Cr Cu Hg Pb
Raw material  COD/mg - L NHi N, P04 4 Ref. Zn7 4
/mg - L /mg - L
CD 6873 453 79 this study
— 243 94 [21]
2928 948 375 [34]
— 1630 72 [35] 28
PM 3657 1879 65 this study Hakanson®*" 130-40]
6727 968 69 [18]
2361 915 135 [34]
3654 857 129 [34]
— 2630 97 [35]
— 809 712 [36]
St+M 5865 1396 43 this study
— 460 55 [35]
— 550 43 [35] Hakanson38!
— 655 236 [36] D
— 1517 258 [36] df_: dD_/ dR @
MM 4581 1799 63 thisstudy E =T G 2
— 1680 278 [36] R| = z E @3)
4400 1666 — [37] =
GB 8978—1996 500 25 1 c ch
Cr
NH-N GB 38383—2002
| E
NH N CoD i 7| i
NH-N RI
3
Table 3 Metal concentrations of different raw materials for household
Raw material Aslug - L Cd/ug - L™ Crlug - L Cu/ug - L™ Hg/ug - L™ Pb/pg - L™ Znlpg - L
CcD 57.27 2.68 170.03 71.94 2.35 8.33 520.85
PM 84.54 1.55 37.13 269.33 1.71 8.14 1023.14
St+M 58.24 2.15 23.55 142,58 2.66 7.69 757.65
MM 35.49 1.24 24,61 237.28 1.78 5.43 1019.41
4
Table 4 Metal concentrations of different provinces for household
Province As/pg - L Cd/pg - L Crlug - L Culpg - L™ Ho/pg - L Pb/ug - L™ Zn/ug - L
Zhejiang 191.88 1.15 24.67 127.69 1.94 427 712.93
Gansu 66.12 2.59 53.11 105.41 2.71 9.07 693.37
Sichuan 47.65 1.41 29.80 328.58 1.45 5.29 1021.30
Yunnan 1102.89 1.14 74.86 110.51 2.02 23.79 589.67
Fujian 11.46 0.16 3.19 53.11 0.80 1.90 473.14
Jiangxi 17.12 0.85 6.47 64.80 1.69 3.88 828.08
Henan 12857 3.53 72.80 516.68 2.95 14.00 1686.30
Hubei 47.68 2.66 55.40 561.60 2.84 11.19 2718.18
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Table 5 Toxic response factors and background reference )
level of heavy metals E, As 7
Heavy metal T Crlpg - L As Hg
As 10 100 Hg
cd 30 10 Hg cd
° - Cr Ccu Pb Z E 35
Cu 1000 r u n r
Hg 40 1 RI
Pb 100 RI 130 260
Zn 2000 5 RI
6 130
As
Table 6 Relation of potential ecological risk factor and
potential ecological risk index with ecological risk level
Ei Ecological risk level
E, <35 RI<130
35=E, <70 130=RI<260
70=FE, <140 260=RI<520
140=E, <280 RI=520 ,
Er=280 Hg > As>Cd > Cr > Cu>Pb > Zn
7
Table 7 Potential ecological risk factors and potential ecological risk index of different raw materials for household
_ Er
Raw material RI
As Cd Cr Cu Hg Pb Zn
CcD 5.73 8.04 3.40 0.36 94.0 0.42 0.26 112.20
PM 18.18 4.65 0.74 1.35 68.4 0.41 0.51 94.24
St+M 5.82 6.45 0.47 0.71 106.4 0.38 0.38 120.62
MM 3.55 3.72 0.49 1.19 712 0.27 0.51 80.93
8
Table 8 Potential ecological risk factors and potential ecological risk index of different provinces for household
_ Er
Province RI
As Cd Cr Cu Hg Pb Zn
Zhejiang 19.19 3.45 0.49 0.64 776 0.21 0.36 101.94
Gansu 6.61 7.77 1.06 0.53 108.4 0.45 0.35 125.17
Sichuan 477 4.23 0.60 1.64 58.0 0.26 0.51 70.01
Yunnan 110.29 3.42 1.50 0.55 80.8 1.19 0.29 198.04
Fujian 1.15 0.48 0.06 0.27 320 0.10 0.24 34.29
Jiangxi 1.71 2.55 0.13 0.32 67.6 0.19 0.41 72.92
Henan 12.86 10.59 1.46 2.58 118.0 0.70 0.84 147.03
Hubei 4.77 7.98 111 2.81 1136 0.56 1.36 132.18
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