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Removal of PAHs in the aerobic composting of municipal sludge

ZHANG Huiyu', SONG Xueying"*", YOU Mingchao', XUE Liyuan', LI Fengjiao', ZHAO Xiaoxu’, WANG Xing’

(1. Key Laboratory of Regional Environment and Eco—Remediation, Ministry of Education, Shenyang University, Shenyang 110044, China;
2. Fujian Provincial Key Laboratory of Ecology—Toxicological Effects & Control for Emerging Contaminants, Putian University, Putian
351100, China; 3. Liaoning Huadian Changxing Biological Environmental Protection Co., Ltd., Shenyang 110000, China)

Abstract: This study conducted three batches of aerobic compost field experiments using Shenyang municipal sludge to investigate the
removal dynamics of polycyclic aromatic hydrocarbons (PAHs) during aerobic composting. The analysis focused on the pollution
characteristics, pollution sources, and removal dynamics of PAHs in municipal sludge. The results showed significant variations in the
content of Y. PAHs in Shenyang municipal sludge across different seasons, ranging from 0.82 mg-kg™ to 3.73 mg-kg™'. High-ring PAHs(n>
4) accounted for 94.0% of the sludge composition in summer, while low—ring PAHs (n<4) dominated in winter and spring with mass ratios
of 76.0% and 63.0%, respectively. Source analysis of PAHs in Shenyang sludge using the double ratio method indicated that the main
source of PAHs in the sludge was coal combustion. The degradation effect of PAHs after composting followed the order of ¥ PAHs removal
rate in spring at 52.8%, followed by summer at 49.1%, and winter at 46.7%. Aerobic composting resulted in significant degradation of
PAHs, which contributes to the achievement of harmless resource recovery from sludge.
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Figure 1 Temperature change in composting process
x1 HELBBSE

Table 1 Initial parameters of the composting experiment

fb AP FKE PAHs it
Dishos C/N Organic matter/ ~ Water Total amount of

15pose (g-kg™") content/% PAHs/(mg-kg™)
ZZ(T1) 9.5 392.8 56.2 2.26
HE(T2) 139 3975 60.9 0.82
HZ=(T3) 11.5 453.2 60.0 3.73
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Figure 2 Variation of X PAHs content during composting
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www.daes.org.an




m@g 424

VRETRR Rt Y FA3EFE 21

A, 0 i X PAHs 1Y 37.0% #140.2% , HHEIE S
LA 3R PAHs Ry (HAEIZ AR AL B 2 38 PAHSs 1
EBRFR IR, TR 71.9%. HF T1. T2 fIT3 AP T5
AN T4 % EEMEE ERERET SN
AR ¥ R AR ER (IR 431 ) PAHs 7E X PAHs
R o AR S

3 it

(1) ) FH R EE A 7 X6 3 RE 35 8 Hh PAHs 119 25 U
T4 0T S5 R PAHS ¥ F 2R IR TIE R b, 15
PHEREFTZC B HEIRR) Y PAHs 1008 2.26
0.82 mg - kg ' F13.73 mg- kg, EZ{5 e H PAHs % &
BE . St MRS Y PAHs £ 5B K/ NMIUF &
7= (52.8%)>H 7 (49.1%) >4 2 (46.7%) . I A HEHE
XF 58 H PAHs HA — & B REARSCR , HoA R 52 3
15T E R

(2) 38 320 % 75 YR HENE b & B K PAHs % f A8 fb
FE53HT B, 42 HE B Ak B R 25 TR A 7 o fe e LR
RO A S I i, 43 N 0.77 mg-kg_1 10.69 mg- kg'l
R 22 0.50 mg - kg F10.40 mg-kg ™' s HZEHEAL AL B vp
PR E R B A, 4 0 0.34 mg - ke Al
0.18 mg- kg™, 28 M A Ab B 5 35 AR I 22 0.13 mg -
kg™ A HEAE AL B rp 2RI [b]2E B fE f i, R 0.74
mg-kg™', ZHERE AL PR 5 HAS B 2 0.48 mg-* kg_l o

() AR HENEAL IS |, 2 ZRHENE AL P rp 2 2540 3 36
B PAHs Z5BRRE 8, 43901 K 34.5% Fi1 37.8% ; 23
JE AL 35 i 3 R PAHSs (19 K BR 3B 8 , R 57.7% 5 5 24k
JIE AL 3 o 2 2R PAHSs 19 BR80T A 71.9%

Sk

(1] 405, 5k, B0, 45 . K FIRRTE TS U8 i RCH AT i BT RFSE ).
25K HEK, 2013, 29(17) :70-73. YU F, ZHANG K, YANE J,
et al. Application of solar energy to effective sludge composting[J]. Chi-
na Water & Wastewater, 2013, 29(17) :70-73.

[2] MA S, FANG C, SUN X, et al. Bacterial community succession during
pig manure and wheat straw aerobic composting covered with a semi—
permeable membrane under slight positive pressure[]]. Bioresource
Technology, 2018, 259(3) :221-227.

[3] ERKANLI M, YILMAZ L, CULFAZ P Z, et al. Brackish water recovery
from reactive dyeing wastewater via ultrafiltration[J]. Journal of Cleaner
Production, 2017, 165(7) : 1204-1214.

[4] CHOWDHURY A K, KONSTANTINOU F, DAMATI A, et al. Is physi-
cochemical evaluation enough to characterize olive mill waste compost
as soil amendment? The case of genotoxicity and cytotoxicity evaluation

[J]. Journal of Cleaner Production, 2015, 93(1) :94-102.

P 1%) WHARTY

[S] MOHAMMED R, ZHANG Z F, KAN Z, et al. Determination of polycy-
clic aromatic hydrocarbons and their methylated derivatives in sewage
sludge from northeastern China:occurrence, profiles and toxicity evalu-
ation[J]. Molecules, 2021, 26(9) :2739.

[6] MILLER R, GASPERI J, PATUREAU D, et al. Fate of emerging and
priority micropollutants during the sewage sludge treatment : case study
of Paris conurbation. Part 1: contamination of the different types of sew-
age sludge[J]. Waste Management, 2017, 59(1) :379-393.

[7] 585, Bk r, {8k, 4 . by i X 3R)2 138 v PAHSs i % 1 SOk
AT PO RLA, 2021, 49(3):311-317. WU M, DUAN Y
H, HE J L, et al. Content and source analysis of PAHs in surface soil of
northern ChinalJ|. Journal of Shanxi Agricultural Sciences, 2021, 49
(3):311-317.

[8] PATEL A B, SHAIKH H, JAIN K R, et al. Polycyclic aromatic hydro-
carbons: sources, toxicity, and remediation approaches[J]. Frontiers in
Microbiology, 2020, 11:562813.

[9] SONG X Y, HU X J, HE M M, et al. Distribution and sources of polycy-
clic aromatic hydrocarbons in the surface water of Taizi River, north-
east of Chinal]]. Environmental Monitoring and Assessment, 2013, 185
(10):8375-8382.

[10] JUHASZ A L, NAIDU R. Bioremediation of high molecular weight
polycyclic aromatic hydrocarbons: a review of the microbial degrada-
tion of benzolal|pyrene[]]. International Biodeterioration & Biodegra-
dation, 2000, 45(1/2) : 57-88.

[11] KASTNER T, HAUPT E T K, GARMS C, et al. Structural characteri-
sation of humic acid-bound PAH residues in soil by “C—CPMAS-
NMR-spectroscopy:evidence of covalent bonds[J]. Chemosphere, 2002,
48(1):117-131.

[12] WEISSENFELS W D, KLEWEER H, LANGHOFF J. Adsorption of
polycyclic aromatic hydrocarbons (PAHs) by soil particles: influence
on biodegradability and biotoxicity[J]. Applied Microbiology and Bio-
technology, 1992, 36(5) :689.

[13] MOELLER J, REEH U. Degradation of DEHP, PAHs and LAS in
source separated MSW and sewage sludge during composting[J]. Com-
post Science & Utilization, 2003, 11(4) :370-378.

[14] AMIR S, HAFIDI M, MERLINA G, et al. Fate of polycyclic aromatic
hydrocarbons during comosting of lagooning sewage sludge[J]. Chemo-
sphere, 2005, 58(4) :449-458.

[15] B2 i, e ds, Jrifg=2, 55 5 Ve il 2 vh 2 3105 %2 (PAHs) [ [
ff[J]. EERL- 58 R, 2011(1) : 114-116.  LIANG J, PENG X L,
FANG H L, et al. Degradation of polycyclic aromatic hydrocarbons
during composting of sewage sludge[J]. Environmental Science and
Technology, 2011(1) : 114-116.

[16] 4RHts, APURT, 420, % it e 1S TUR R 2R My B A4 40 A1
FEAE SRIRARAT B XU ]. RBERLE 5L, 2020, 33(9) : 2138~
2147. 7Z0U Y M, LI Y W, JI L, et al. Distribution, source and risk
assessment of hydrocarbons in sediments of Longkou Bay, Bohai Sea
[J]. Research of Environmental Sciences, 2020, 33(9) :2138-2147.

[17] SOFOWOTE U M, CARRY B E, MARVIN C H. Source apportion-
ment of PAH in hamilton harbour suspended sediments: comparison

of two factor analysis methods[J]. Environmental Science & Technolo-



SRR A TS R A NS L T PAH 1Y R BR 425

gy, 2008, 42(16) :6007-6014.

[18] LI G C, XIA X H, YANG Z F, et al. Distribution and sources of poly-
cyclic aromatic hydrocarbons in the middle and lower reaches of the
Yellow River, China[J]. Environmental Pollution, 2006, 144(3) :985-
993.

[19] /018, 20T, SKRAFHE, 48 . St B a3 i 15 8 0 22 PR 05 K 64 40 A1
fiE A AR AT B XU PRAR (1], A A 2 2% 5, 2015, 34(6) : 1675~
1681. YANG S B, LI J, ZHANG C H, et al. Distribution, sources
and risk assessment of polycyclic aromatic hydrocarbons (PAHs) in
sewage sludge from Guiyang City[J]. Chinese Journal of Ecology,
2015, 34(6) : 1675-1681.

[20] T2 . Tk BTIT Bl U 45 ) 3R 5 AR R e B2 BRAR R B A5 L, 2017
(7) : 477-478.  REN L. Current situation and prospect of energy
structure adjustment in Shenyang|J|. Journal of Modern Economic In-
Sformation, 2017(7) :477-478.

[21] 25 e, ARG, Bads, 45 L duBn X 3 b 230 05 i YLk
BB FRATLI]. R85 AL2, 2018, 39(1) :379-388. LIJ K, SONG X
Y, WEI J B, et al. Pollution characteristics and source apportionment
of polyeyclic aromatic hydrocarbons in soils of Shenyang North New
Area[]]. Environmental Science, 2018, 39(1) :379-388.

[22] £7 57l ¥5 Ve AL AL A rh 22 3005 e e e S 5 AL OB 52 (D). 7 & -
[ VR R 2, 2008, SHIS Y. Study on degradation and transfor-
mation of polynuclear aromatic hydrocabons (PAHs) during digested
sludge compost[D]. Qingdao: Ocean University of China, 2008.

[23] REBHUM M, SMEDT F, RWETABALA J. Dissloved humic substanc-

es for remediation of sites contaminated by organic pollutants bind-
ing—desorption model predictions[J]. Water Research, 1996, 30 (9) :
2027-2038.

[24] KASTNER T, HAUPT E T K, GARMS C, et al. Structural characteri-
sation of humic acid—bound PAH residues in soil by "C-CPMAS-
NMR-spectroscopy: evidence of covalent bonds[J]. Chemosphere,
2002,48(1):117-131.

[25] IME. ER}, 2%, 45 V5 TR ir AHENE X PAHSs AL BRACR AT AR
B BATUNERE DN AR )] PR R 5T, 2021, 34(7) £ 1757 -
1763. SUN W, KUANG K, YAN X, et al. Sludge aerobic composting
to treat PAHs, antibiotics and resistance genes|J]. Research of Envi-
ronmental Sciences, 2021, 34(7) :1757-1763.

[26] LAZZARI L, SPERNI M, SALIZZATO B, et al. Gas chromatographic
determination of organic micropollutants in samples of sewage sludge
and compost: behaviour of PCB and PAH during composting[J]. Che-
mosphere, 1999, 38(8) :1925-1935.

[27] S, B2 A0, SR A, 45 i is e SRS R MEAL o 2 305 K iy
BRI FEALE, 2002, 21(2) :132-138. MO C H, CAIQ Y, WU
Q T, et al. A study on PAHs in composts of municipal sludge and rice
straw[J]. Environmental Chemistry, 2002, 21 (2):132-138.

[28] A%, sk T, AR LA TN T R AP IR A Rl Z= 122
FILEw ()], BB, 2004, 25(3):7-13. LLJ, ZHANG G,
QI S H. Characteristics and seasonal variations and influence factors
on polycyclic aromatic hydrocarbons in Guangzhou City[J]. Environ-
mental Science, 2004, 25(3):7-13.

(FHESE D)

S

www.daes.org.an



