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Prediction Methods of Major Pollutants Production in Manure from Large —scale Livestock and Poultry
Farms: A Review

QU Qing—bo, YANG Peng, ZHAT Zhong—wei, ZHANG Ke—qiang

(Institute of Agro—environmental Protection, Ministry of Agriculture, Tianjin 300191, China )

Abstracts: It is significant to provide basic data for the pollution control and resource utilization by estimating the concentrations and the pro—
duction of major pollutants in manure from intensive animal husbandry, such as organic matter, nitrogen and phosphorus. This article re—
viewed the recent advances from the research on prediction methods of pollutants yield in manure from intensive animal husbandry. Pollutant
generation coefficients and prediction models, including models based on composition of dietary, physical and chemical properties and near—
infrared spectrum analysis, were summarized respectively. Pollutant generation coefficients were average level of major pollutants in livestock
and poultry manure, which were more precise at the macro level and were used to predict the amount of pollutants. There were three predic—

tion model systems discussed. First, prediction models based on composition of dietary were less accurate than others but were more useful for
farms where could get the basic data of the diet to predict rapidly the concentrations of organic matter, nitrogen and phosphorus of manure for
the treatment and utilization of manure. Second, prediction models based on physical and chemical properties of manure were more precise
than the first one, which could provide scientific basis for developing instruments determined concentrations of organic matter, nitrogen and
phosphorus rapidly. Third, prediction models based on near—infrared spectrum analysis were the most accurate. Those models were likely to
finish the on-line analysis of concentrations of organic matter, nitrogen, phosphorus of livestock and poultry manure in the laboratory. Finally,
future research on prediction methods was proposed to estimate the production of major pollutants in manure from large—scale livestock and
poultry farms in China.
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Table 1 Generation coefficients of major pollutants from livestock

and poultry manure in different countries

YR G0 G R kg 3K

AL e Ji% e
s COD 8 100.00 — 3 600.16~6 793.31
N 450.00 128 000.00°  214.51~353.41
p 78.00 23 000.00° 17.92~62.46
AR CoD 391.67° — 338.00~430.00
N 39.17° 3 280.00f 19.70~57.70
p 6.30° 690.00° 3.21~6.00
KX COD 21.88 — 13.05~42.33
N 1.10 — 0.71~1.85
P 0.33 — 0.06~0.50
HAG e COD 18.00 — 18.5~27.35
N 1.60 — 1.06~1.42
p 0.48 — 0.23~0.51

TR LI s b AR AR A N s obp i)™ 2009, AL SR
HAEE B BLAYAG 5 AR 70 kg BULE K FH LA 5 ei% 803y Heavy
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Table 2 Generation coefficients of major pollutants from swine manure in different provinces

E RS  CNE

o b Ak s KElRER HATR
CoD Jest 252.8 479.6 493.4 SCik[6]
big] 112.47 298.65 584.03 SCHR(T)
I 155.27 2425 513.01
IR 105.4 265.88 504.19
T ALK 33.22 54.08 119.26 SCHRIS]
WL 24.49 66.49 107.69 SCHRI9]
pl| 105.92 206.65 274.96 SCHR[10]
TN dtmt 20.4 332 43.7 SCHRI6]
] 9.69 35.81 59.71 SCHRIT]
WirE 11.83 26.98 47.02
2T 10.72 27.91 50.08
VLI AR H X 15.09 20.04 32.48 SCHRI8]
WL 11.20 30.44 49.61 SCHRI9]
i 7.03 11.65 16.03 SCHE[10]
TP Jeat 3.48 6.06 9.93 SCHR(6]
TR 1.66 432 7.64 SCHR(7]
1] 2.51 3.88 5.54
BRI 1.8 435 7.06
VLR A i X 791 15.25 24.64 SCHR(S]
Wi 4.66 10.40 20.93 SCHR(9]
pu i 3.99 6.54 13.38 SCHkI10]
http://www.aed.org.cn —399—



RUFREGMELR-FE 335 F58

R 3 AR A4 FEEEE TR TR
Table 3 Generation coefficients of major pollutants from dairy

manure in different provinces

Wy Mgk

R IR Lk
FibLE G 1966.18 3 688.74 SCHRLL
IR 2 132.49 4 265.58 SCHRI12]

S I _ — SCHR[13]

A R 126.02 279.13 SCHR[]
T 112.82 270.88 SCHR[12]

THHIX 122.68 315.79 SCHR[13]

e IR — — SCHRL1]
T 50.28 182.99 SCHR[12]

TE X 121.27 301.81 SCHR[13]
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Table 4 Prediction models of major pollutants from dairy feces in foreign countries

EANCHEARD AR HAS R Ty AR TR EE Bk
g2 (80)  FOM DMI y=0.199xDMI-0.019 R=0.85 SCHk32]
BW y=0.016 7xBW-0.159 R*=0.78
DMI BW y=0.132xDMI+0.007 9xBW-0.266 R*=0.87
WEA(-) FN NI.DMI y=33.21+0.125xNI+4.877xDMI — SCHik[17]
WFLA(564) NE NI Milk BW y=0.749xNI+0.065xBW-1.515xMilk—17 R*=091 Wik
WRLA(104) FN NI .OMI, y=[NIx(1-0.842)+4.3]xOMIx1.20 — HR19]
g4 (80)  FN NI y=0.294xNI+0.9 R=0.75 HR32]
BW y=0.744xBW-14.6 R*=0.73
NI BW y=0.245xNI+0.378xBW-23.6 R*=0.79
WAL (=) PE CP.DMI y=DMIXCPx560.7+21.1 Inter—study error=9.2 SCHR[18]
Residual error=9.7
WFLA-(367) PE CP.DMI Milk y=DMIx1 000xCP-Milkx0.9 — SCHK(3]

PE CP .DMI Milk MTP

PE

Milk

y=Milkx0.565+MTPx816.260+
DMIxCPx421.410-9.697

y=Milkx0.773+46.015

Inter—study error=10.81
Residual error=11.47

Inter—study error=10.83
Residual error=14.48

UE  FOM - A HUs & i

g+d™"; CCP: HIRHHIEE & . g
g -d

MTP AWy A&, g g7 1)
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Table 5 Prediction models of major pollutants of livestock and poultry feces in China

BHACREARD WA IS & A FIE RER B ke

HERKFIEEQRY)  FN NI y=-0.797+0.135xNI 0.50 SCHK[20]
NI BW y=0.504+0.208xNI-0.120xBW 0.66
FP Pl y=0.084 59+0.416xPI 0.59
PI BW y=2.182+0.313 1xPI+0.083 57xBW 0.71

HAg(24) FNIg Nilg y=8.150xNP-24.47xNI+20.081 0.59 SCHRI3S]
FPlg Plig y=1.132xPI-0.043 0.82

RIXG(48) FN/g H #51d S trttlg Nllg y=0.065x [ #4-0.018xF £ +0.064xNI+0.500 0.72 SCHR[36]
FPlg H #41d y=0.003x H 3 >+0.252x H #$-4.405 0.76
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Tunney™ Scotford Z5* Marino S5 ) EA} ) £ B2
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s TN C R 7 BTN VAN o e U B A
TIPS RS B A A RS S AT HLST AR W
HIEIH T FE(E 6), BFRE SRR, A LR &
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i L8 SG K95 DM RIS A b 150000 35 45 ML )5
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SRS T DM 5 p pH A L EE SG Al
KRR, T L T ] UH 5 R AR G R B HE
0.8 LI I, RUET HFEIMALIEIR TY T DM %
B p .pH {H ) LLHE SG ATAF B b T 0 2 050 838 15 1
23 BEFIRAIRESNRERVNESEFTES
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i 21 4 96 3% 43 B ( Near Infrared Reflectance
Spectroscopy, il # NIRS ) 2R S5 H AR TR
HAR Ab2E P AR S IR B AR UL A —
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Table 6 Prediction models of major pollutants

based on physical and chemical characteristics

= PR A% i FE| Gl b X (R0 FAS & oy R? Bk
Ak OM/g kg i (216) SG y=1924.6xSG-1 924.4 0.92 SCHR(37]
LULE Clg-kg HRFN(93) DM/g-kg! y=0.412xDM~1.879 0.98 SCHik[41]
Heg N/mg-kg™! — DM/% y=362+598xDM 0.91 SCHR[21]
444 TKN/g-kg™ BRA(38) DM/g-kg" \EC/ms*cm™ y=0.02xDM+0.137xEC-0.542 0.91 SCHk[41]
g TN/g- kg i (41) SG .EC/ms-cm’™ y=0.108xEC+148.4xSG-148.88 0.87 SCHiR[23]
HERR TN/g kg HE (216) SG .pH y=77.20xSG-0.491pH-73.60 0.86 SCHR[37]
EG TN/% I (26) DM/% y=—0.01xDM*+0.142DM-1.594 0.83 SCHR[35]
Heg P/mg kg — DM/% y=—1174232xDM 0.85 SCHR[39]
H g P/mg-kg — plkg-m™ y=23.06x0-22 618 0.84 SCHK[40]

pich TP/g kg hiE (147) pH y=5.205xp H-29.440 0.82 SCHiR[43]
Rk TP/g kg I (216) SG y=42.77xSG-42.75 0.81 SCHR(37]

1 : OM: Organic matter, A LT ; C: 5 ; TKN: Total kjeldahl nitrogen content, B H & & ; SG: Specific gravity, FH ; TS : Total solids, i [F{4< ;

EC : Electric conductivity, H1, 52 ; DM : Dry matter, T-#) i ; p: %5
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Table 7 The main characteristics and applicable confines of prediction methods
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