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Rapidly Detection of Key Parameters in Whole Composting Process
Based on Online Near Infrared Spectroscopy

YANG Zengling HUANG Yuanping SHEN Guanghui MEI Jiagi HAN Lujia
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Livestock and pouliry manure may result in significant environmental challenges. Meanwhile,
it is an advantageous raw material for the production of organic fertilizer due to the rich nutrients such as
organic matter, nitrogen, phosphorus and potassium. Aerobic composting is an effective way to solve the
livestock manure pollution problem and realize utilization of this valuable resource. However, composting
is an extremely complex process of physical and chemical changes. Online detection tools of the key
parameters are important for both composting process control and organic fertilizer quality assurance.
Aiming to investigate the feasibility of online near infrared ( NIR) spectrometer to conduct real-time
analysis of moisture content (MC) , pH value, electrical conductivity (EC) , organic matter (OM) , total
carbon (TC), total nitrogen (TN) and carbon to nitrogen ( C/N ratio) ratio in the whole composting
process and evaluate its ability to accurately predict these changes. Totally 60 samples in the whole
composting process were collected. The NIR quantitative analysis models of MC, pH value, EC, OM,
TC, TN and C/N ratio were established by using the online NIR spectrometer combined with partial least
square method. The research results showed that the online NIR spectrometer can realize the rapid
detection of key parameters in the whole composting process ( Ry, <10% ) , with excellent predictions for
MC and TN with R} and R, value of 0. 94 and 3. 62, 0. 92 and 3. 14, respectively, good predictions for
pH value, TC and C/N ratio with R and R, value of 0. 90 and 1. 89, 0. 83 and 2. 12, 0. 82 and 2. 15,

respectively , approximate predictions for EC and OM with R}, and R, value of 0. 79 and 1. 85, 0. 80 and
1. 93, respectively; the deviation between the NIR-predicted and measured values of each parameter was
small, the NIR predictions were in good agreement with measured values as the composting process
progressed. The above research results laid the foundation for realizing the process analysis of organic
fertilizer production based on the online NIR spectroscopy.
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Fig. 1 Compost production conditions and schematic of sampling
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Tab.1 Methods of sample laboratory chemical analysis
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Fig.2  Online near infrared spectroscopy acquisition system
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Tab.2 Chemical value analysis results of samples in each section during composting process
X JL
28 Ui} bt
1 2 3 4 5 6 7 8
Sk A 45.77£1.36 39.34 £1.24 40.95 +1.67 38.69 £0.24 36.58 +1.52 31.36 £0.59 29.55 +1.44 28.85+1.16
ZIKE/9
‘ B 41.61 +£0.45 33.44 £1.47 36.86 £0.92 39.66 +2. 10 36.55 +£0.99 34.91 +£1.43 35.39 £0.24 31.02 £1.09
i A 8.41+0.08 8.65+0.05 8.55+0.04 8.53+0.08 8.61=+0.12 8.92+0.01 9.00+0.07 9.13 +0.08
H
P B 8.46+0.05 8.79+0.10 8.55+0.06 8.49+0.06 8.68+0.02 8.75+0.05 8.69+0.06 8.83+0.07
) 1 A 8.44+0.32 7.52+0.13 7.73x0.24 7.34+0.27 6.72+0.42 5.61 £0.26 6.05+0.29 6.56 0. 16
LA/ (mSrem ™) B 7.55+0.18 6.60+0.11 6.89+0.11 7.30+0.19 6.98+0.18 6.70+0.22 6.65+0.18 6.13 +0.22
X N A 26.30+0.66 29.21 +£1.07 28.49 +0.77 29.99 +0.71 28.85 +0.17 30.31 £0.96 32.38 +1.78 34.77 £2.36
A BT 5 B %
B 23.91+0.74 30.71 £1.64 25.89 +0.83 28.50 +£0.52 30.04 +0.38 30.45 £0.44 30.13 +0.45 32.46 +0.24
) N A 14.06 £0.23 15.12 +0.64 14.67 £0.41 15.61 £0.59 15.42 +£0.79 16.42 £0.59 16.76 £0.41 17.42 +£0.26
SR PR Y %
B 12.55+0.11 15.55+0.47 13.20 +0.34 14.31 £0.22 15.81 +0.47 16.16 £0.29 15.85 +0.24 16.81 +0. 31
‘ N A 0.85+0.04 0.98+0.05 0.91x0.03 1.00+0.03 1.06+0.06 1.21+0.01 1.29+0.02 1.39+0.02
ST %
B 0.76£0.01 1.01+0.04 0.80+0.02 0.87+0.03 1.00+0.04 1.05+0.03 1.05+0.02 1.15=+0.03
p— A 16.64 £0.47 15.48 £0.38 16.17 £0.32 15.57 £0.21 14.61 +0.12 13.60 £0.40 12.99 +0.29 12.52 +0.03
= B 16.62 +0.07 15.35+0.17 16.58 £0. 15 16.53 +0.47 15.84 +0.17 15.38 £0.16 15.05 £0. 13 14.64 0. 14
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Fig.3  Online near infrared spectrometer of original samples
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Tab.3 Quantitative prediction model results of online near infrared spectrometer

%Iﬁg%ﬁ ﬁélk/l‘miﬁ ﬁ‘f}ﬁ%‘?ﬁﬂI@ﬁ% R% RMSE(I R%\ RMSE(IV RP]) RS])/%
K 3 A shbs R4k 0.94 2.19% 0.92 2.40% 3.62  6.73
pH fH 4 PR IR, Rtadh A3 R4k 0.90 0.08 0. 88 0.09 1.89 1.03
IR 4 FREIESAR 1, A ZhbR R4k 0.79 0.35mS/cm  0.71 0.4l mS/cm 1.85  6.00
EERTING VDN a3 5 PRIEIE AR, o3 P, Habr Rk 0.80 1.45% 0.73 1.69% .93 572
SRR I A 4 PR IEAAR e S, A 3hin Rk 0. 83 0.59% 0.78 0.68% 2,12 4.42
SR 4 PRI AR, s, AR L 0.92 0.06% 0.90 0.07% 3.14  6.48
AL 3 FRUEIEASAR S, et P, AR R 0.82 0.70 0.78 0.78 2.15  5.31
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Fig.4  Scatter plots of NIR-prediction and measured values of key parameters in composting process and

their changing trends as composting process progressed
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