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Distribution and Risk Assessment of Polycyclic Aromatic Hydrocarbons
in Sewage Sludge in Zibo
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(Zibo Eco-environmental Monitoring Centre of Shandong Province, Zibo, Shandong 255040, China)

Abstract. The content of 16 kinds of polycyclic aromatic hydrocarbons in 12 sludge samples from 6 typical
sewage treatment plants in Zibo were determined by GC-MS, the distribution and sources of PAHs were ana-
lyzed. The results showed that a total of 15 PAHs were detected in the sewage sludge in Zibo, and the total mass
ratio ( Y, ,,PAHs)ranged from 0.23 mg/kg to 3. 76 mg/kg, with an average of 1.20 mg/kg. Y, PAHs were sig-
nificantly different among various sludge. The mass ratio of 7 carcinogenic PAHs ranged from 0. 11 mg/kg to
2.56 mg/kg. Hexacyclic aromatic hydrocarbon were dominated. Source analysis showed that PAHs in sludge
mainly came from the combustion of biomass and coal, and vehicle exhaust emission. The results of risk assess-
ment showed that the toxic equivalent concentration of PAHs ( X (TEQ)in the sludge from 6 sewage treatment
plants ranged from high to low as Z2 >75 > 76 >74 > 71 >73,7 carcinogenic PAHs were main contributors to
cancer risk, among which dibenzo[ a,h] anthracene had the highest contribution rate.
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Table 1  Basic information of sewage treatment plants
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Table 2 Statistics of detected PAHs in sludge from 6 sewage treatment plants
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1K AL BT AH X i 2/ %

1# 2# S 1# 2# 1# 24#
71 0.24 0.23 0.24 5.9 2 2 0.12 0.12
72 1.86 3.76 2.81 33.8 3 13 1.20 2.56
73 0.30 0.32 0.31 3.2 3 3 0.11 0.11
74 1.52 0.46 0.99 53.5 5 3 0.34 0.14
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Fig. 1 Component distribution of PAHs in sludge

from 6 sewage treatment plants
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Table 3 Ratio between PAHs and source identification

PAHs i Ant/(Ant+ Flu/(Flu+ BaA/(BaA + InP/(InP +

H) Phe) Pyr) Chr) BghiP)
FERTiR <0.1 <0.4 <0.2 <0.2
JRAFE TR >0.1

IR e TR 0.4~0.5 0.2~0.35 0.2~0.5
AW N >0.5 >0.35 >0.5
BT 0.48 0.63 0.37 0.50
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Table 4 TEF, Canada soil standard value of PAHs and toxic equivalent concentration of PAHs in sludge

IR PAHS TEQ fi4z Kk PAHs TEQ

PAHs TEF +3E4RuE{E w/ W FHE/,  gelkae || PAHs  TEF RAERRIEAE w/ o T, TR
(he-ke™)  (ug-kg™') (pg-ke'') /% (he ke™)  (ug-kg™') (pg-kg™') /%

NaP  0.001 50 0~0.15 0.07 0.03 Chr  0.01 100 0~2.70 0.45 0.19
Acy  0.001 50 0 0 0 BbF 0.1 300 0~29.50 4.92 2.10
Ace  0.001 80 0~0.31 0.05 0.02 BKF 0.1 50 0~24.0 4.00 1.70
FI  0.001 50 0~0.09 0.04 0.02 BaP 1 100 0 ~240 40.00  17.1
Ant  0.01 50 0~0.50 0.08 0.03 || pBA 1 110 0 ~490 146.67  62.5
Phe  0.001 190 0~0.06 0.01 mP 0.1 150 11.00 ~85.50 32.42  13.8
Pyr  0.001 240 0~0.12 0.02 0.01 || BghiP 0.01 200 1.15 ~8.40 3.18 1.35
Flu  0.001 190 0~0.12 0.02 0.01 || X,TEQ 11.00 ~613.70 231.13  98.5

BaA 0.1 100 0 ~16.00 2.67 1.14 || 3, TEQ 274.35 12.24 ~618.69 234.60 100
3 it #H,Hh DBA Tk F &, H 62. 5% , b SR
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(2) R UE 4B 7, WS T k717 75 e b PAHSs
T EORVE T LW AR IR B IR IR R R
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126% 1 113%

[ &% sk ]

[1] TRTJE. ILH AT T5 U6 PAHs (1 53 A 5 AF B H: HE 8 x)
PAHs (52 B0 BREEAT A B2 AT 58 [ D] w5 50 f 50RO K
2#,2007.

[2]  ZEMWE, g8 43e, Rpar, 4. RE e hgiis Rh £ 5805 ke
(PAHs) 52 [ T]. BRBER 2241, 2001,21(5) :613 - 618.

[3] 1, 200, sk, 4. Bt RT3 1l 35 98 v 2 3R 07 e 1 o3
A 5 A K U5 AT B KU IE M (U] AR A A 40, 2015, 34
(6):1675 - 1681.

[4]  wZte, MMk, 3, 5. R AWM E D 2 H T RS E
B R RZBFELT]. )7 446 1.,2016,43(15) :80 - 82.

[5] ZHAIJB,TIAN W J,LIU K K. Quantitative assessment of poly-
cyclic aromatic hydrocarbons in sewage sludge from wastewater
treatment plants in Qingdao, China[ J]. Environmental Monitoring

and Assessment,2011,180:303 -311.
47 —



B3k a4y

SR H A5 T T 3T 75 U8 TP 2 B0 05 R 40 A R AE B RUBS: B

2022 4£ 8 H

(61 FEZERIEAR I Jm. Tl 18 A 32 4y R Ao o) R B2 AR LAE - HI/'T
20—1998[ S ]. b5t . i [E FR B A} 2 ik, 1998.

(71 e A B G A e 3. 3T ¥ K &b B 95 D8 AG 86 O ik
CJ/T 221—2005[ S ]. Jbxt - v [ A5 ofi i Bt ,2005.

[8] ARSI BARY ZHIFRIME A6 - BT
% :HJ 950—2018[ S . Jt 50 . p W 355 h i 4k, 2018.

(91 RACK BRI, EWewA, 55 T [ 1l 35 9 b 09 A HLIs5 Re s
Gt B B i P AU A ST ()] M VIR BT B2 201332
(5):652 - 656.

[10] SANCHEZ-BRUNETE C, MIGUEL E, TADEO J L. Analysis of

27 polycyclic aromatic hydrocarbons by matrix solid-phase dis-

persion and isotope dilution gas chromatography-mass spectrome-

try in sewage sludge from the Spanish area of Madrid[ J]. Journal

of Chromatography A,2007,1148(2) :219 -227.

AXIDEH , A A . A = A8 43 T ¥ U8 PAHSs J5T 8 43 B0 B R AIE 43

BrLJ]. SREERE 2 BF 5T ,2010,23(9) 1174 - 1179.

[12] HAMDI H, BENZARTI S, MANUSADZIANAS L, et al. Solid-

[11

phase bioassays and soil microbial activities to evaluate PAH-

spiked soil ecotoxicity after a long-term bioremediation process

simulating landfarming [ J ]. Chemosphere, 2007, 70 (1 ).

135 - 143.

IV AR AR A5 TS5 K A BB TS KRS Y2 PAHS By

R B R KB BIF T 0t F [0 . o I R BE MR, 2017, 33 (1)

106 - 114.

[14] skAR, TMESE, o S8, A5 I ) Vit 38 st 4 /K K I8 22 34 05 42
V5 Y RRAE Rk YR 4 AT [ 0], B 05 M D004 BE 5 4R, 2020, 32

[13

.............................................................................................................................................................

(L% 42 71)

(5] Al A, 5 00U DL, 5. 10 Fh 3 780 55 4 Jm 76 /\ K0 dal i A= 45
JAVBS: B oK 5 AR E A [ 0] 3R bR RE 24, 2019,39 (7) -
2970 —2982.

(6] REH,FBE, BR/NES, . 85 WK & B2 R Gt BRI
[J]. 7K J1% " ,2020,46(5) ;1 —4.

(7] Aot 72438, BN, 45 A1 B 1 K e 5 3R 5
SEAR D). HE KL I 5k FIRHEE,2020,18(3) 1168 — 173,

(8] 24, T4 A, BETT I. MOTIS W/ 5 R SR i HORS
KA R BF 5[] 6% B TR B 2 L 2014, 30 (4)
386 - 391.

(9] B, TR S 30, B0 3. 3 B0 2 U 43 vk i U 148 AR S 7
HAEH[T]. BB & 5T ,2019,35(2) :190 - 196.

[10] BT, ZEt@Ak YU BT, 45 . 3 T 20 & AR ek 326 4 oT 7T 46
REHY A AR S R G PG [T]. Th i RS (A AR
2S£ ) ,2021,35(3) ;230 - 238.

(1] kSR IR A 77 BN IR0l SR o i e RS TP [0 ] K 4
ARk 2020,41(2) 16 - 22.

[12] FAE WKk A S RGN LR (D], P % 78 % @5
BHE R ,2014.

[13] REF A0, B/NER, 55 W /K W L 48k BT 45 & 43 17 5 01
r[T]. PR 04 88 5 H0R ,2021,33(2) :40 - 45.

(6):61 —64.

[15] SALIHOGLU N K,SALIHOGLU G,TASDEMIR Y et al. Com-
parison of polycyclic aromatic hydrocarbons levels in sludges from
municipal and industrial wastewater treatment plants [ J]. Ar-
chives of Environmental Contamination and Toxicology,2010,58
523 -534.

[16] FERNANDES M B,SICRE M A ,BOIREAU A et al. Polyaromat-
ic hydrocarbon ( PAH) distributions in the Seine River and its
estuary[ J ]. Marine Pollution Bulletin, 1997 ,34 (11) :857 - 867.

[17] B, RSl Se 8, 45 I R4 A - B 2 3R 05 AR 1 35 L
fiE R PR fa A [ )], S RE4% 2017 ,38(4) 11587 - 1596.

(18] T8, MM, B RAR, 5. 22 M T b PAHs 71 PCBs )
SRR B R AT A [T ] PR BT W 00 A B 5 R, 2018, 30
(2):25-29.

[19] R, MELFE, 56 3CH. Sl 17 v5 ¥ L 3 A £ 38 05 42 (PAHSs)
A PEN HE I [T BB R 5 4 5, 2014,39 (4)
173 - 176.

[20] KA. i3SI 2 B - e v PAHs WAE ke 5K AU 3
[D]. ki ALK ,2019.

[21] NISBET I C,LAGOY P K. Toxic equivalency factor ( TEFs) for
polycyclic aromatic hydrocarbons ( PAHs) [ J]. Regulatory Toxi-
cology and Pharmacology,1992,16(3) :290 - 300.

[22] S peive. b3 b DX b B b R A LTS e 05 B R AE O3 T
BORBERIAFF (D] i BfEK%,2009.

ESESEE LA VS

[14] Faksm, MR, 2B, 55, 5T A G THREE o0 ik B8 BH
WK E R A [T ], A A, 2017,37 (12) 4227 -
4235.

[15] BB, 22560, FMS, 55, 04 218 7K A A ) 98 A KoK B3
[J]. M4C& &3R5 ,2020(6) :3 -6.

[16] #BL, mER N, H 2, 45, K0 H TR IRK A S RS
SERAMETEM [ T]. A 24,2016 ,36 (1) ;118 - 126.

(177 BRAE. 07 30 fd B 255 A 1 0 418 20005 F 0 3 T 0K A2 28 2R 46 felt e
[D]. M & :FAK¥,2011.

(18] Fedk, Dhjd , W A8, &6, 2 T RIWI 28 & PE 0 5 K €6 5 B 40 BF
FORT 0 A AR PR M [ 0] W0 V0 AR AR K 2 2% 42,2020, 37 (3) -
480 - 488.

(197 TAmBL, 2 P H T ik, 5. 35 F JK €8 56 106 40 b 0 B H 45
G IPHE R TE & R0 [T]. TLIR A0k B} 27,2019 ,47
(12):172 - 177.

[20] ZW, S04, JLF AL - TOPSIS 3= (¥ v ] K R 3EM [ J]. K %
I & 5B ,2020(9) :34 -39,

[21] RGF, ZFRA,KIHF, 5. 2T FF WA 25 4 VF
BRI K AE S RGBT [T]. B F % ,2017,29(5) :
1091 - 1102.

(227 Ui, A [ VT 75 325 7 B 5 5 77 3 R K K 7 ¢ i 197 1 43
BrLI]. 357K HEE ,2019(4) .66 —71.



