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Mechanisms of heavy metal passivation and nitrogen and
phosphorus transformation during anaerobic digestion of
chicken manure
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Abstract: In the present study, attapulgite (AT), biochar (BC) and zeolite (ZO) were utilised as three distinct
categories of exogenous porous passivators (EPP) in the construction of the anaerobic digestion system for

chicken manure. The present study set out to analyse the morphological changes of organic nitrogen, organic
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phosphorus and copper (Cu), zinc (Zn) and heavy metal ions (HMs) in the digestion system by means of
colourimetry and the BCR continuous extraction method. Furthermore, the passivation mechanism of Cu, Zn
and the transformation and removal mechanism of nitrogen and phosphorus in the digestion system were
explored by Infrared Spectroscopy (IR), X-ray diffraction (XRD) and three-dimensional fluorescence spectrum
(EEM) characterization. The findings demonstrated that the incorporation of EPP could mitigate acid inhibition
in the anaerobic digestion process. The addition of AT and ZO exhibited the most significant impact on the
adsorption and transformation of total nitrogen (TN) and total ammonia nitrogen (TAN), which increased by
30.43% and 26.30% compared with the control group; The addition of ZO and AT had the most significant
impact on total phosphorus (TP) and total phosphate (TPS), which increased by 9.33% and 17.74% compared
with the control group; The contents of extractable (WA) and reducible (RD) copper and zinc in the three EPP
groups were lower than those in the control group. The concentrations of WA and RD of Cu and Zn in the AT
group were found to be 15.97% and 6.18% lower than those in the control group.

Keywords: livestock manure; anaerobic digestion; passivation of heavy metals; transformation of nitrogen and

phosphorus; biogas fertilizer
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Fig. 1 Anaerobic digestion device for chicken manure
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Fig.2 Change of pH and VFA concentration in

biogas slurry
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Fig. 3 Change of total nitrogen and total

ammonia nitrogen concentration in biogas slurry
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biogas residue at 5, 10, 15, 20, 25, and 35 d
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Fig.7 XRD results before and after anaerobic digestion
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2.8 REHUIERBBANY KN THIFERNT
2.8.1 # EPP & DOM # HMs # %
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Fig. 9 Distribution of DOM in biogas slurry at 0, 5, 10, 15, 25, and 35 d
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Table 3 Fluorescence integral volume of DOM regions
A 1] /d 4 Xk T /(10°au-nm?) XK1 /(10*au-nm?) XK /(10°au-nm?) KRV /(10°au-nm?) XKV /(10" au-nm?)

CK 6.06 5.81 3.58 0.28 0.22
AT 6.06 5.81 3.58 0.28 0.22
0 BC 6.06 5.81 3.58 0.28 0.22
70 6.06 5.81 3.58 0.28 0.22
CK 2.01 0.98 3.74 2.71 1. 34

. AT 8.37 2.12 2.47 2.78 2.4
BC 7.52 5.51 3.81 2.91 1.97
70 6.79 3.24 3.55 2.88 1.46
CK 10.1 47.2 28. 87 3.14 19.99

AT 12. 88 10.71 28.74 2.83 4.7

10 BC 11.08 2.78 28.8 2.94 25.4
70 15.02 15.52 38.24 2.81 24.31

CK 12.5 42.08 23.49 22.33 30.5
R AT 15.69 46.2 23.01 20. 88 26.12
1 BC 15. 58 51.4 25. 89 20. 52 26. 66
70 16.12 55. 89 28.98 20.61 21.55
CK 61.95 97.72 52.3 25.63 27.63
. AT 72.17 98.75 51.69 22.55 24.28
0 BC 72.27 99.7 33.75 20. 98 23.06
70 68.1 97.15 42.37 21.03 24.77
CK 102. 82 92.62 46.63 29 31.28
. AT 116.51 106. 59 41.57 24.89 26.25
5 BC 136. 55 105.5 42.51 24.33 25.69
70 107. 21 96. 52 42.78 22.02 23.11

2.8.2 #MmEPPJ&E DOM %} §.5% 69 % vh
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RV 8 R S S A Y, O L3 ok 22 W 2 TN R S 4
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Jei J Y pHAE A X CK 4 55 i , 78 B 25 10 F 6 4
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RCH 5 I L 4 R B R R E s S .
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W B 5 RS AL B T R B A 55, 6 TR
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BT IR A AR 5 45 SR AT XRD VIR \EEMs 4%
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il U W B 25 T AR ATL TR AR L AT R
2.9.1 A4R4EF LA HLH) 3l

& 10 2 EPP £ F IR 40T Ak /% v 3 4 ) i Ak
RO LR . Bk YA EPP & 4 T i T
T HX R AT B . DOM Kz & B 0 R T ROR |, B
EPP X%} HS .SMP % ¥ it HA7 35 (14 W B 2 77, fig
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Fig. 10 Mechanism speculation of EPP passivating heavy

metals during anaerobic digestion
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Fig. 11 Mechanism speculation of EPP-nitrogen and
phosphorus crystal mineralization during anaerobic

digestion
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