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Effects of thermophilic pretreatment and biochar addition during pig manure composting on antibiotic
elimination and heavy metal passivation

KAN Zexin'?, ZHU Ning*’, LONG Yujiao’, JIN Hongmei**

(1. College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China; 2. Institute of Agricultural
Resources and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014 , China; 3.Jiangsu Organic Solid Waste Recycling
Collaborative Innovation Center, Nanjing 210095, China)

Abstract: Prevention and control of harmful substances, such as antibiotics and heavy metals, during composting is an important
prerequisite to improve quality and ensure safe utilization of organic fertilizers. In the present study, the effects of incorporating
thermophilic pretreatment and biochar addition during pig manure composting (HTPC10) were analyzed, and the efficacy of this method in
antibiotic elimination and heavy metal passivation was assessed. The results showed that HTPC10 significantly accelerated the pig manure
humification rate. Moreover, HTPC10 shortened the maximum decomposition time by 13.6 days compared with the other treatments

(thermophilic pretreatment composting, biochar addition composting, and traditional composting). Under HTPC10, humic acid (HA)
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content increased by 13.5% and the humification rate increased 0.96—fold. HTPC10 achieved rapid and efficient elimination of antibiotics.

Specifically, the tetracycline removal rate reached 100.0% after 14 days of composting; the removal rate of quinolone antibiotics reached

100.0% after 28 days of composting; and the removal rate of sulfonamide antibiotics reached 99.0% after 28 days of composting. Overall,
HTPC10 shortened the duration for 99% — 100% removal of antibiotics by 14 —28 days compared with the other treatments. HTPC10
effectively passivated heavy metals during pig manure composting. The highest passivation rates of Cu, Zn, Pb, Cd, Cr, As, and Ni were

53.8%, 51.6%, 48.3%, 35.8%, 55.0%, 53.8%, and 58.9%, respectively, which were 0.9-19.4 percent points higher than those under the

other treatments. In conclusion, the proposed composting method incorporating thermophilic pretreatment (90 °C, 4 h) and biochar

addition (10%) can obviously accelerate pig manure humification, effectively eliminate common antibiotics, and markedly improve heavy

metal passivation.

Keywords : thermophilic pretreatment; biochar; pig manure; composting; elimination of antibiotics; heavy metal passivation
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Table 1 Chemical and physical characteristics of pig manure and wheat rice used in this experiment

F845 Indicator A/ Unit ¥4% Pig manure® INEEFEFF Wheat straw
TKE % 64.1+0.3 /
BAHLR(TOC) g kg 286.21+16.95 386.51+3.05
BE(TN) g kg 44.99+0.57 4.68+0.09
C/IN — 6.40 82.60
i (Cu) mg-kg! 214.57+6.40(20.57+5.49) 37.31+10.34(0.76+0.02)
#E(Zn) mg-kg! 1037.46+15.63(341.63+22.81) 285.88+30.52(8.12+0.87)
£ (Ph) mg-kg! 3.64+0.41(0.68+0.13) 20.98+2.15(0.25+0.03)
i (Cd) mg-kg! 0.66+0.04(0.18+0.04) 1.03+0.18(0.02+0.003)
#%(Cr) mg- kg™ 12.43+3.45(0.25+0.01) 5.93+0.38(0.81+0.05)
fifi (As) mg-kg! 12.77+0.34(0.77+0.02) 4.63+0.90(0.06+0.004 )
B (ND) mg-kg™! 12.39£1.40(2.55+0.69) 8.76+0.20(0.21+0.005)
PUIRER (TC) pe-kg! ND /
+&HZKOTC) pg kg 1.73+0.32 /
&5 % (CTC) wg-kg! 17.84+2.12 /
58 1) 52 (DOX) wg-kg! 1.88+0.24 /
T [Hie M5 IE (SDZ) pg kg 1.62+0.03 /
itk JHe PP s 0E (SMR) ng-kg! 17.87+1.65 /
it Jiie — 1 g (SMIZ) wg-kg™! 1.37+0.10 /
it e Y Ak (SMX) ng-kg! 185.86+7.09 /
T e wE e (STZ) wg kg 223.96x11.17 /
i i ] HY 40 m i (SMML) pg kg 22.27+1.67 /
T ek g (SPD) ng-kg! 2.14+0.37 /
Wi AL (NOR) pg kg 101.07+1.94 /
VPR (CIP) pg-kg! 2961.69+138.34 /
Bikib R (ENR) pg-kg! 126.72+24.50 /
AR R (OFX) wg kg 1 186.04+73.07 /

TE 55 O A RS i 5 s ND FOR AR TG AN R (0.01 pg- 1) s — /R JL B 5 /R AR AR .

Note : *

— indicates no unit; / indicates the index not detected.

500 CHF 2 ho WA ) pHAE R 9.29, L 5
Z(EC) N 464.05 uS-em™, KA F5E AL RN 22 0k 5
O 17.9% .19.4% F162.7%, L R 0N 4.88 m?-
o ,C.H.OFIN Zr 83 5H 71.6% .3.3% .5.8% 1 1.4%;
Cu.Zn.Pb.Cd Cr As Fll Ni i80S & =43 5100 0.32
0.77.0.08.0.85.0.06.0.02 mg-kg ' #10.48 mg-kg ™'
1.2 R AH*
1.2.1 gt

FE T AT AT A 58 25 L0570 AR 5% v 931 5 3
WE T 70,80 CHI90 ChyF kb 3L, LA K 2.4 h Al
6 h [ = it T4 FE A, 45 5 & B 90 CHALFE 4 h 5
HEREXT B ARbi A 2R B AR RO e A o[RBT 3 3 STk
PRIBIE B, HENE o T2 AR Py e i s i (AR o o
I, D TE 19%~24% J5 RN, AT 7R 1155 5

indicates the content of labile heavy metals in brackets; ND indicates the content below the lower limit of the instrument (0.01 pg-L");

HFIE T 1% .2% 5% F1 10% R34 284 Wy e s i
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B A S 073 A= 26 AR W) e A T HE S 5 o T FUA BRI 5
AP RHMENE (HTPC10) , Bi4% HT 4B 5 6 )5, #% PC10
AE IS 7 A SR AE ) i AT HE R . R Ak
BR3P HE (n=3)
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Table 2 MRM parameters of the target antibiotics during the test

opg AT TET RN EHUAE A
Antibiotics Parention  Production Residence  Cone  Collision

(m/z) (mlz) time/s  voltage/V energy/eV
TC 445.0  410.1%/427.2 3.59 50 28/19
OTC 461.0  426.2%/443.2 3.64 100 27/19
CTC 479.0  462.1%/444.2 4.02 120 24/28
DOX 445.1  428.2%/410.2 4.27 120 26/35
SDZ 251.1 156.2%/108.0 3.13 80 23/35
SMR 265.2  156.1%/172.1 3.48 90 23/23
SMZ 279.1 186.1%/156.2 3.72 100 24/27
SMX 254.1 156.1%/108.1 3.88 70 23/31
STZ 256.0 156.2%/92.1 3.25 50 21/37
SMM 281.1 156.1%/126.1 3.94 100 24/27
SPD 250.2  156.1%/108.1 3.34 40 23/35
NOR 320.0  302.1%/276.3 3.54 80 29/28
CIpP 332.0  314.2%/288.3 3.58 80 30/26
ENR 359.9  342.2%/316.2 3.60 60 30/30
OFX 362.1  318.2%/261.2 3.49 130 28/38

R R T

Note: * indicates the quantitative ion.

1009 ; Herr, 43 Be 2648 H br 5 4 @ A3 308 3 a5t i
4 AR

AN TR) b #8228 ) 25 S5Ok BB IRL 2R O 22 e B
(ANOVA) , Z 4 K F Duncan 3% («=0.05) . 4iif
3BT 3R R SPSS 26, i B # A 4 Origin 2018, 48 3C
P2 B X2 S P AR 25 (n=3) , MR B B0
BT
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Figure 1 Temperature during composting of different treatments

1201
100+
80+
o |mmmmmmm oA T -
S 6ot
O
40}
4 HT
ol —A- PC10
~- HTPC10
OI 1 1 1 1 1 1 1
0 7 14 21 28 35 42 49

HEAE ) /d
E2 ZAIBAHETIEH GI

Figure 2 GI during composting of different treatments

70%. M 270 LLE B, HTPC10 &b B 78 3E A 20.2 d
i, GLRI AT 35 3 70% L) I, Eb HT . PC10 F1 CT &b B 43
HIHEHT0.4.10.9 d A1 13.6 do HEAELE S5 , HTPC10 4k
A GI AT 35 97.3%, L HT ,PC10 A1 CT 4b #4351 $2 =5
2.8.5.6 HI 1044 F 43 1 .

54 P 2E 3 A 3o A R BILST RN R SR R AR Ak
FROETE LR 3. HEAE L AR v, 25 A F0 A 1) S A L BTk
JEE B B BEAR (] 3a) , 3 32 202 T3 LT AR A i U5
B AE A CO T 30 . HENE 45 ) 5, HT-
PC10,HT ,PC10 A1 CT &b 3 i3 (A4 ML 75 12 R 1
Wl N 247% . 27.4% . 25.2% 1 27.5%. 5 CT i kb
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Figure 3 Total organic carbon contents and total nutrient contents during composting of different treatments
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Figure 4 Changes of humic substances and their components during composting of different treatments
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Figure 5 Antibiotic contents during composting of different treatments
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Table 3 Concentration of total and available heavy metals and their proportion stabilization ratio in the raw materials and the compost

0 42
TR gy T z&&ié‘% Gkt 2&&§@§ e
Hewy o B oisER s (BEER L IEERE g Sabilion
metal Total LOHLeH}IdthH/ Labile cuncer}tratmn/ Proportion/% Total Loncen}rdtlon/ Labile (,uncerjtrdtlon/ Proportion/%  ratio/%
(mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™)
Cu CT 125.43+5.52 22.16+£0.49 a 17.7 137.50+0.68 * 12.93+0.84 a ** 9.4 46.9
HT 70.51+0.98 14.51+0.15d 20.6 98.91+1.53 ** 11.1420.60 b ** 11.3 45.1
PC10 109.54+0.24 17.41+0.24 b 15.9 123.50+0.44 ** 12.67+0.01 a ** 10.3 35.2
HTPC10 74.70+0.74 15.85+0.15 ¢ 21.2 101.10+0.56 ** 9.88+0.002 ¢ ** 9.8 53.8
Zn CT 552.94+27.41 148.79+0.86 a 26.9 607.51+0.78 * 110.66+1.35 a * 18.2 323
HT 270.05+2.21 88.72+0.48 d 329 377.59+0.58 ** 84.24+2.03 b * 22.3 32.2
PC10 544.82+2.17 141.49+0.56 b 26.0 615.13+1.50 ** 80.70+2.17 ¢ ** 13.1 49.6
HTPC10 277.70+1.35 95.81+0.46 ¢ 345 381.26+3.84 ** 63.83+0.49 d ** 16.7 51.6
Ph CT 4.29+0.06 0.55+0.02 a 12.9 4.71+0.002 ** 0.32+0.01 a ** 6.7 48.1
HT 3.17+0.01 0.27+0.01 ¢ 8.5 4.44£0.01 ** 0.25+0.01 ¢ * 5.7 329
PC10 4.24+0.01 0.55+0.004 a 13.0 4.79+0.004 0.23+0.01 d ** 49 62.3
HTPC10 3.34+0.03 0.39+0.01 b 11.6 4.59+0.001 ** 0.27+0.01 b ** 6.0 48.3
Cd CT 0.28+0.004 0.027+0.001 a 9.4 0.31+0.001 ** 0.023+0.0005 a * 7.3 22.3
HT 0.25+0.002 0.018+0.001 ¢ 7.3 0.35+0.001 ** 0.017+0.001 b * 49 329
PC10 0.29+0.002 0.025+0.001 b 8.6 0.32+0.002 ** 0.014+0.0001 ¢ ** 4.3 50.0
HTPC10 0.26+0.001 0.018+0.0002 ¢ 6.7 0.36+0.002 ** 0.015+0.001 ¢ ** 4.3 35.8
Cr CT 5.67+0.01 0.12+0.004 a 2.2 6.24+0.01 ** 0.077+0.002 a * 1.2 45.5
HT 4.24+0.03 0.087+0.005 ¢ 2.1 5.93+0.10 ** 0.069+0.002 b * 1.2 429
PC10 5.89+0.004 0.12+0.001 a 2.1 6.66+0.13 ** 0.063+0.0002 ¢ ** 0.9 57.1
HTPC10 4.44+0.06 0.087+0.001 b 2.0 6.11+0.03 ** 0.053+0.001 d ** 0.9 55.0
As CT 10.47+0.02 0.45+0.02 a 43 11.51+0.02 ** 0.30+0.01 a * 2.6 39.5
HT 7.92+0.11 0.30+0.02 ¢ 3.8 11.09+0.19 ** 0.26+0.02 ¢ ** 2.3 39.5
PC10 10.17+0.09 0.41+0.03 b 4.0 11.50+0.23 ** 0.27+0.002 b ** 2.3 425
HTPC10 8.04+0.03 0.31+0.003 ¢ 3.9 11.06+0.05 ** 0.20+0.01 d ** 1.8 53.8
Ni CT 5.52+0.11 0.94+0.03 a 17.0 6.07+0.01 ** 0.47+0.02 a ** 7.8 54.1
HT 4.71+0.01 0.59+0.02 d 12.6 6.60+0.11 ** 0.44+0.01 b ** 6.6 47.6
PC10 5.48+0.03 0.87+0.02 b 15.9 6.20+0.12 ** 0.41+0.001 ¢ ** 6.7 57.9
HTPC10 4.97+0.02 0.72+0.01 ¢ 14.6 6.84+0.03 ** 0.41+0.03 ¢ ** 6.0 58.9

T AN FING TR R R R — P R 4 i 7E A [F) b B 2H 22 [ 11 2 57 535 (P<0.05) 5 R 3 il i [R] — AN Ak RZH rb 58 T 4 2 S MEAC 11 )5 11 22

123 (P<0.05) FIHf i 2 (P<0.01) o

Note: Different small letters indicate the significant difference between different treatments of the same heavy metal (P<0.05); * and ** indicate the

significant differences of heavy metal concentrations in the same treatment before and after composting at levels of 0.05 and 0.01, respectively.
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