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Content and Its Major Influencing Factors of Polycyclic Aromatic Hydrocarbons
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Abstract: Sewage sludge from 21 representative sewage treatment plants of Jiangsu Provice were measured for polycyclic aromatic hydrocarbons

(PAHs) using HPLC. Results showed that PAHs were widely distributed in municipal sewage sludges. Total amount of PAHs ( > PAHs, 16

PAHs in the priority contaminants of US EPA ) ranged from 11.68 mg*kg™' to 169.91 mg*kg™', depending on sludge origins. Total
1

. Total amount of PAHs
10 59.06 mg*kg ™" . PAH Compounds with

two or three benzene rings were dominant among the 7-16 PAHs found in the sludges while the percentage of compounds containing four to six

concentration of carcinogenic PAHs was 1.17 mg*kg™" to 41.03 mg*kg™' with an average value of 6.59 mg*kg”

classified as a priority contaminants in the light of regulations of EPA China was from 4.07 mg*kg ™'

benzene rings was low. Naphthalin was the main PAHs’ compounds in the selected municipal sludg. The concentration of BaP; a strong
carcinogenic PAH, was found in sludge with 0-2.20 mg*kg™ ' and the average of 0.15 mg*kg™", which was much less than 3.0 mg*kg™" of
the control standard of sludge land application. Furthermore, it was also noted that wastewater types, sewage treatment techniques, and
anaerobically sludge digestion had great effects on PAHs contents in sludge.

Key words: Jiangsu Province; polycyclic aromatic hydrocarbons ( PAHs); municipal sewage sludges concent; waste waler sources; wasle

water treatment; sludge digestion
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Table 1 Introduction to some selected wastewater treatment plants

IR 5.9 =R A 58.1 162 342 35 75 ~78
M) 5.7 UNITANK 17.7 119 273 17 74.1
TR KU 2.0 ki — 86 157 7.89 79
) 4.5 2 i A T W ) 5 145 496 25 85
LB 20 AAO RBEIR A T E 20 185 393 70 76
T 4.9 AAO B TR 20 174 528 49 78
L= 2.5 MSBR {5 )¢ Ak 21 70 139 245 8-10 80
HM(—) 1.1 AAO 10 182 411 9 87
I 12 AAO 18 250 500 130 80
WMD) 2 SPF 100 400 1 300 40 80
BT.(—) 9 CAST 10 120 230 65 79
M) 2.2 IKAFTRAL -BF 4 L2 20 ~ 30 80 160 0.3 75
M (—) 5.0 A-B % 60 90 234 35 80
I 4.1 AAO 20 153 204 45 81
() 40 AO — 55 190 150 75
M) 6 MR 2 SBR 5 130 240 30 78

1.2 et

S P R IR A LR R 38 O e i 4l 56 [ EPA:
25,00, AU A 6, L e, 1, L R ()
HRIFD R, RIF QOB RI (T, BidF i, =
HIF Cas h) B ZKIF Cohi) T, 16 Bl 2 2 38 05 &
(PAHs)# H 5 [ Supelco 2wl . S5 I #% 1 L2 A
oyl L ZN Eille = o
1.3 e Tk

SRS 20 B IV R SR 4T v Y R B &
1.0 g, T35 mL B &0, N 20 mIL N : —
FHRPECL: 1, AR E), 36 B 5 T8 A 7K vh e AR
I 2 b W EEFEHIAE 35°C BATR AR IS 1A BL4 000
remin”" B0 10 min, B 10 mL B3GR 1 g EALES
2 gJi7K Na,SO, 1 2 g IR JZ AT AT 1AL, HIH IE
CUOE R S R TR M, AT 8 It 988, 3t AR A B %2 e

BB, T 35°C IR Rk 4i & 117, &g 2%
F 2 mL, 1L 0.45 pm FLARUEIELS , HPLC 2347 . [7) IR Ai
SR AN AR (5 RO [ S . A0 % 1 Sz 36 v ik
AR HARAL S, Inbr 52 580 IR AE 62.8% ~
82.1% ).
KH Agilent HPLC-1100 W %€ , € A0S W 4% 254
nm AL 43 M, 43 BT AE A PAH Cy 4.6 mm x 15 em» 5
pm, W B A A LK = 416 (AR BULGD, WIE 1.2
mLemin~", A 27°C, #EAER 20 .
2 ZFER5WE
2.1 WliE R RIS SR
VL IR AN R385 LA SR [ 3T PR AN ()35 7K Ak 3
] R RTINS (1) PAHS A6 S W) I B0 2R R L =
FAZERCR (3R 20 28l T/E Ll BN 3z, g 4
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I Gk DRE A AT R TR R R SRR
BRI OB, 38 W] HIAE A 7 1 A0 5K T Bis e, TRt ]
ML 22 M ARk AV K P £E v e TR ARV R
T AT B 28, T B A 2.05 ~ 21.04 mgekg ',
B A>T PAHs BRI 25.77 % 75 FLY% R K Ak
B V5P PRI SRS D) PAHs BRI 47.05% .
0 A SRy Rk e Tl L DLRR B 2R ORI JE AR
T I I N A v K A B A R B 4,
RV EH, S8 1.25 ~134.7 mgekg™ ', °F
By DV PAHs BRI 36.78% » R 2 i T H G e
TSI S B RIS 134.7 mgekg ™' 5 H DT PAHs MR
(1179.3% ST SRBUE AL S PRI () T, L5 =
FHX AR, ARV Jeh & & — fRAE 0~ 2.20 mgkg™'»
SRR 0.152 mgekg ™", TR T B E A& F G e 3%
TIARAEN 3.0 mgekg™" . XS T 7EFRIE b xfk L R gk (1) e
1,2, 3-cdD EER A AL TR MIEE 7 FU5 /KA B 175
Pe R RTI R, A7 B Ve A AN B0 329, (RAE
WAL HE )5 e B IR (1, 2, 3-ed) EE IR B IR
10.32 mgekg ™', MHAR 6 FKig et a T eiifcl, 2, 3-
D M= /NT 1.0 mgekg™" .
2.2 BT M 2 IO TR b
2.2.1 HhiivGYEh D) PAHs M

ARG Je 16 Fi 2 3855 AL 5 P (PAHS)
BRI 2, ARG Je ) PAHs 1 &
YRAR ZE AR K . HT T PAHSs 197K T 4 fiff 32 A R0 53 i
YRR, IR AN ) 2 B 5 108 1R e 1 B B A
1l

M2 il W, ARG et AT 7 ~ 16 i PAH
WA, > PAHs SVEETE 11.68 ~ 169.9 mgrkg ™', °F
BIME 39.62 mgekg™" V¥ % 4 36.81 mgokg ™',
F5PR D) PAHs i S B SIS %t b
I Ko 308 23 T A B 7 4 (14 388 71 ¥ U8 T 1K) PAHSs 12
AT 3TN BB, e > PAHs IS &AL 1.39 ~
143.8 mgekg™' Z I8, K b X 3% T v Yg
D PAHs & R I LA L AR E SR B, bt e
VGRS et > PAHs AR, & B AE
2.47 ~25.9 mgekg ™ Z ), AT FU 45 R AT IRt
IR G et > PAHs & R, X J7 55
PR A, 5y — 5 M e T vE R T e —
SE SR ASSIZG vh R R 8 SR FH KR T R

VEIEAT , T d5e KPR 2 95 2D A b b/ 2 1R PAHS
WL OGRS B R SR AR R AT UR
UG 7 2 1 2 805 75 1 (PAHS ) W1 25 L JE 25 A6 S5
BT 5 I 35 B e 3 b ol o e 1o
2.2.2 VSRS D) PAHs-cancer 5

FIHC) B, R I (b)) PR, ZRIF (O 2B, A IF
(B, K IF(ghiD BB, Bi (1,2, 3-ed) T, — 2K Ca,
h) B Bl b B SUE P PAHs 1K &
> PAHs-cancer /2 FRIX LA A W7ETS Y6 b 2 B R
AL AR I 1T 75 Ye b Z PAHs-cancer 17 & {E
1.17 ~ 41.03 mg*kg "> “FIIMEHA 6.60 mgekg™ ' 7
> PAHs B HE I 2.78% ~ 46.17% . Ho i JH 3 v
K AL By e h BU P PAH Y i IR (41.03
mgekg ™) AH TR Fdin B L LU 5 O (1 45 AR
2, it 300 25U K B, BRI ST S U8 h
> PAHs-cancer 7 & i 15 75.4 mgekg's &
> PAHs 1 96.2%» A B TR ILE N 11 5K 4k
B vE e b 2 PAHs-cancer 75 & £ 0.07 ~
25.0 mgekg ' 2 [AMY | Hy pb AT LS KSR U5 AT g AL 5
W5 6 - PAHSs 75 5 S 4 I die 2 BE R 3%
2.2.3 Yhiiimlet 2 PAHs-ppe [ &

> PAHs-ppe /2 i B 81 N A [ A 3554 A o v
Y171 PAHs A G DI & 2R, EELAEE SR
(DB I (DB (1,2, 3-ed) EE AN ZE IF
(gohy DEAEY . N 2 T ORI, YL IRk 1175
IKAEIRT R A5 > PAHs-ppe % HAE 4.07 ~
59.06 mgekg™' Z ], *F-IM{E N 14.79 mgkg ', 13
e 4 13.52 mgekg ™' V5 D) PAHs-ppe 11755 &
5> PAHs F K 11.2% ~ 63.88% , 1M 1 2% 1y
THREER Y, S EN Z PAHs-ppce RN
15.91% ~89.79% “1-341 7 63.98% .2005-01-31 3£ [H
PAE NI CHHS) A A 28 11 M S0 Y
HCROC) IR B W) 40 5 i ¥ 2 38 05 18 v (1 25 41
“HATER A TS BN S RE I B0 Y | DR ik
T INSRYL 348 V5 e P 28 (R e I AE 28 70 v e v R
Ty o 7t 235 7 Ty 0 sl ISR 9 8 P 4 8 B 24 Bk
T AR AR5 (1D 40 A1 7 120 ok, oA SR 00 ety BN JBF s a0
VYIRS R IR 25 TR R, 7E 96 h Y
A PEAR 989% LA FIRZE
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2.3.1 VAR S TE K ALER T2 5

— RN A, DA B AR S ¥ K O 30 R A IR
7576 PAHs 77 5 B, LLAREE Tk i5 KR 3 Je 4k T
JR KA M A A T VS e PAHs 1 E R
LT R 2.5 ~ 3.0 £, A A K 2000
mgekg 1 LA K 1 A5 U PAHs 4 M7 45 SR ok
B TR A s KA B T K BT S e S
TS D) PAHs S R BA M B KRR, BTG
PAHs 7K~F-5 Tl 2 7K R 284G DG 5 b g 7K s
REAANK AMALFE RS, 757K BOD,/COD 1H 515
et PAHs & &AL S Z PAHs-ppe V5 — & 111
FHRKRC(r= —0.364 8), BARARIL BB /KT X
WG A 15 7K WA WL AR B it e T BRARG, WU AE 5 T
HUR PAHS (1977 BB RO

PHIE, W TG Ve PAHs (0% & K fith 5
T KA B 77 AT — 5 & A, 775 7K 1) — 4k
PRI AR P, 0w I W PR 2 B PAHS, i 2
HAm K, (EK 5 18 PAHsCE 4 RE > 20); 4
TR BRI T8 A B AR R R A AT AR BR R
I C> 40%) Ik 7> 1 & (1] PAHs, 11 K 4> 1 & (1)
PAHs OHE 2B, 8 B ful 4040 [ B v] DUASE PAHS 4805€
AT R At R A A 9 P A B R R 2
HR Y RN S K AR B R AR A KR R A
AT 20, ARV K A 20% ~ 30% & TV &
HKABAEVG T > PAHs 54K 19.63 mgokg ™'
AL 1009 A= 35 75 7K 1) B 0 v K AR BR T35 e v
MK 21% 10 H. 4 ~ 6 FR K 4> 1 PAHs % 5 AR
b, XA AT e T A K AR R AL B B R B
HEAT 95 B 0 B Z AL A W0 O T 3R 4 8
2.3.2  5le AL B R

WG K AR B )5 YR AEAN [F) T BT R 4 LA L
T AL BB A A R 2 M5 e ) PAHs 15 i IH
TR R — s, PAHs & 5 24 Pl ithy5 V6 11
HIE 12% (Z8) ~ 81% [ R I Cad T K IF (k) %
B i g YA E A 7% 1) PAHST . M1 DTG
[ T R 2 K S = I A Al
D PAHs (¥ 57 5 S5 AN T E 1 B A2

T3 NLB TG AR H T RAM LR R TS
VeI PAHs % 8 S5 o0 B AR, T AL AL B R T
V5Ue T PAHs FIBEE, D PAHs &t FFET 10.44

mg kg™, EBRFIL 62.99% . Hh 2 ~ 3 I PAHs 16

RO HNIE 77.9%F 61.9% AH 4 ~ 6 P 1¥) PAHs L&
IR TR, BN 4.3% .
%3 SRIELI PAHs & E R F M/ mg ke !
Table 3 Effects of sludge digestion on PAHs content in

sewage sludge/mg*kg ™!

PAHs AW RENATE YR
%) 3.66 0.811
JE2) 7.84 2.99
CAEJEQ 0.763 0.23
2j(2) 0.156 0.069
43D 0.100 0.099
H(3) 0.368 0.359
PER(3) 2.01 0.08
2@ 0.209 0.087
HI(DB (D 0.240 0.094
O-w 0.127 0.027
HIHDFEH « () 0.885 1.28
AIFAOWRE " (4) 0.132 0.006
FIFCD * (5) 0.041 n.d.
Bl (1,2,3-cdEE (5) n.d. n.d.
TR IFCa, B (5) n.d. n.d.
I (hiD " (6) 0.045 n.d.
> PAHs 16.57 6.13
> PAHs-cancer 1.47 1.41
> PAHs-ppc 6.77 2.18
3 it

COYLIRIR T 75 /KA B ) v5 98 P & 47 7 ~ 16 Fh
PAH 16 & %, D) PAHs & & 7E 11.68 ~ 169.9

mge kg™ BN 39.62 mgekg™', % V5 U ]
> PAHs % fi 22 5t i 35 L (H 5 KOR R I Ak #E T5

A TGV AL BT VA S A G Yt > PAHs %
i A WG R T A R B R B YS U T D) PAHS
B{JAE

(VL IRk i v Je b BAT BU M) PAHS 75 &
76 1.17 ~41.03 mgekg ™", *FEIMEHR 6.59 mgekg™" . #
HUN P E BRI A 5675 444 71K PAHs 75 B AL 4.07 ~
59.06 mgokg ™' Z ], *FIME N 14.79 mgkg ', H
ey Tl RSy, A 63.98% .

COVL IR A3V e Th 2 BL 2C 8l 3SR 1)
AR 3, T AEREAR 1) 4 ~ 6 D ARSI E
Iy AR L 25 VT R T s e T S A
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PAHs (&4, P11 > T PAHs &) 25.77%, JE
YOETE A BEA R ED, P24 15 1 36.78% . X
FTIRBUBME S W AT O T, FF AR, 78
Gl & & — AL 0 ~2.20 mgekg™ ", P T EA
0.152 mgekg ™" JZAK T~ 3 [ A F v Ve 28 1l A o4 119
3.0 mg*kg ™.
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