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Passivation of heavy metals Cu and Zn in biogas residue and biogas slurry by anaerobic fermentation of mixed
materials TONG Qiao,ZHAO Xiachai,LIU Bingziang sWANG Ning ,ZHANG Xuesheng . LIN Fei ,1.1 Yucheng.
(School of Resources and Environmental Engineering s Anhui University , Hefei Anhui 230601)

Abstract: To solve the problem of low passivation efficiency of heavy metals in the anaerobic fermentation of
single pig manure, pig manure, wheat straw and cyanobacterial were used as raw materials to form an anaerobic
fermentation material combination of pig manure+ wheat straw (Z]) , pig manure—+cyanobacteria (ZL) ,and single pig
manure fermentation (CK) was set as a control to screen the material combination with the best passivation effect.
The results showed that compared with pig manure raw materials, the residual state proportion of anaerobic
fermentation of CK and ZJ increased alter anacrobic fermentation, and ZJ] increased the most. The residual state
proportion of Cu and Zn increased by 8.17,4.06 percentage points,respectively. The bioavailability of heavy metals in
CK and ZJ decreased, and the decrease rate of Z] was the highest. Cu and Zn decreased by 44.46% and 43.43%.,
respectively. In addition, the content of Cu and Zn in biogas slurry increased significantly, The total intensity of the
characteristic fluorescence peak and the characteristic fluorescence peak intensity of the protein-like substance
decreased. There was a significant correlation between the total difference of characteristic fluorescence peak intensity
befor and after anaerobic fermentation and the increased proportion of Cu concentration of biogas slurry,the decreased
proportion of heavy metals Cu and Zn in biogas residues (»<0.05). And the difference of characteristic fluorescence
peak intensity of protein-like substances had the same rule. Z] had the best passivation effect on Cu and Zn in the
three groups of experiments,and could reduce the bioavailability of heavy metals in pig manure effectively.
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Table 1 Basic physical and chemical properties of test materials

BB #;thtjzﬁw B L TN F it 5% C/N Cu 7n
Btk 4 B (TS s (TOC) 0 pH , - .
BRAB/Y REAE/Y RRAB/Y /% (RE W) /(mg+ kg™!) /(mg-keg™)
EE 34.4440.33  91.93+1.23  33.54+0,34  3,324+0.,24  10,114+0.12  7.43-0,15  451.0042.12 707.83%4.99
[ 6.53+0.12  91,4040.65 42.81+£1.12  7.2140.43 5.9440.55 6.3540.48 - 17.614+0.89

NEREFF 90.77+1.79  94,96+1.89  45.794+1.87  0.46+0.04  99.48+2.80  7.02%£0.76 — -
By 4.0940.02  92.164£2.05 32.93+0.86  5,20%0.25 6.3310.43 6.924+0.34  104.79+2.65 683.4510.88
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Fig.1 Cu and Zn forms in biogas residue after anaerobic fermentation
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Table 2 Bioavailability variation of Cu and Zn in biogas residue

Eom REZBAAEYHUME/ (mg - kg™!)  KEARBEEYERE/ (mg « kg™) LYHBETRER/ %

CK Z] ZL CK Z] ZL CK 7] ZL
Cu 18.4440,70 18.694+1.02 7.2440,19 11,08+1.17 10,38+2.88 9.27+0.08 39.91 44.46 —28.04
Zn 44.7440.08 44.4632.63 17.4530.05 27.01+2.46 25.154+2.75 21.063+0.34  39.63 43.43 —20.69
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Table 3 Concentration variation of Cu and Zn in biogas slurry

Bom RELEBWHEREE/(mg - L) REEBGRE®RE/ (mg- L™ BEWEHMME/%
CK ZJ ZL CK 7] ZL CK Z] ZL
Cu 0.43+£0.06  0.4240,02 0.0740.01 1.3940.09 1.3940.04  0.34%0 223.26 230.95 385,71
Zn 1.08+0.17  0.88+0.01 0.1640.02 2.7740.03 2514006 0.5540.03 156,48 185.23 243.75
4 B DOM R iE 9% e ik 58 B
Table 4 DOM characteristic fluorescence peak intensity of biogas slurry
. CK 7] ZL
RE KB REER)E RERBER REEEERE RE R RELk®EE
¥ARE 326.1 160.4 290.4 145.8 — -
¥ BIRE 256.9 - 239.0 = — —
Wk CEE 350.2 290.6 368.7 290.4 . —
%D, BE 283.0 260.1 275,1 277.5 — -
%D, BE 283.1 327.8 279.6 339.3 — -
# ERE = - — - 3 590.0 2 202.0
¥ FiRpE = - — - 3522,0 2 313.0
FRAE 92 e v B SR BE 1499.3 1038.9 1 452.8 1 053.0 7112.0 4 515.0
RRRBHENE 150 S 25970
mg%%igig;gﬁ —422.6 —383.6 —2597.0
RERBENERHELEY R 378 —1l6.2 _
BRI EEE ’ ’
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Fig.2 Fluorescence spectra of DOM
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Table 5 Pearson correlation analysis
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