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WE . 235 BRATAEY (SPAH) BR AT LU T MOREAS 58 2858 BLEEHE R RN FAEE b | o AT 38 2o S Ak 2% s A 9V F P BRI 2 30605
$2 (PAH) $54b A= B, #B4 SPAH 75 2 5 T AR B BF R PAH. 38 53 R 4 b 5T i X ¥5 7K A BE T 30k H 7K BE &, 20 BT R 1k PAH
(OPAH) , FI3& PAH(MPAH) | f§% PAH(NPAH) =35 SPAH 1 16 #f PAH %)k B, BF 9 26 B AR TE 15 K A A Fad 72
AR RIAT . G5RR MPAH , OPAH Fl PAH /776 Fi5 /K403 #E B /K o B NPAH RAKGH . SE7K KA FIEURLAH H BT
TEHRJE PAH 9 1.94 ~4.34 pg-L~' SPAH N 1. 16 ~2.20 wg-L~", 7K 7K AH A0 00k A A A 5 2 1€ B2 PAH iy 0.77 ~ 0. 98
pg-L7'H10.39 ~0.45 pg-L~'. MPAH %575t ik B — e Ik 30AH B 144 PAH, T OPAH Jit it ik B — Jiit o5 F J0AH 2 Bk {4 PAH.
AR AETS KA EL) A 255k 3R K 53% ~83% . &MV IRILNT T PAH FIl SPAH 84y it 1Y) 2 B 38 2 3 5 Sk Rt oA I A= 400 ok it
#8453 OPAH A RETE TG /K A= W Ab Bk R v A B4 PAH 4k A2 0 JF AR, PAH EZORIE T ARSEFIEE AR5 2k b, 353k A
TGS, A /N IR T A L. Bk Zsik K o PAH AN SPAH RV S T E TR Z. K4 SPAH Fil PAH fifi
TR VR HE A A B X, T BB AR f B i 7E e . R, 7 0 o Vs K A B A B T 20 1 T G s AR T %o
PAH F1 SPAH 259 o1 KBRBCR.
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Occurrence and Removal of Polycyclic Aromatic Hydrocarbons and Their

Derivatives in Typical Wastewater Treatment Plants in Beijing
QIAO Meng, QI Wei-xiao* , ZHAO Xu, LIU Hui-juan, QU Jiu-hui

(Key Laboratory of Drinking Water Science and Technology, Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing 100085, China)

Abstract; Substituted polycyclic aromatic hydrocarbons (SPAHs) can be emitted to the environment not only through the incomplete
combustion, but also through the transformation from parent polycyclic aromatic hydrocarbons (PAHs) by photo chemical and biological
processes. The toxicities of some SPAHs are higher than their corresponding PAHs. Samples were collected from the wastewater
treatment plants in Beijing. Three types of SPAHs, including oxy-PAHs ( OPAHs), methyl-PAHs ( MPAHs) and nitro-PAHs
(NPAHs) , as well as 16 PAHs were analyzed, in order to study the occurrence and behavior of these compounds during the wastewater
biological treatment process. MPAHs, OPAHs and PAHs were detected in the influent and effluent, but no NPAHs. The concentrations
of PAHs in the influent in both the aquatic and particulate phases ranged from 1.94 to 4. 34 pg-L~", and SPAHs from 1. 16 to 2. 20
pg-L™". The concentrations of PAHs in the effluent were between 0. 77 and 0.98 wg-L™", and SPAHs from 0.39 to 0.45 pg-L™".
The concentrations of the MPAHs were lower than their corresponding PAHs, while OPAHs were higher. The removal efficiencies of all
the compounds ranged from 53% to 83% . PAHs and SPAHs were mainly removed by adsorption and biodegradation during the
activated sludge treatment processes. Some OPAHs could be transformed from PAHs, and could be accumulated. The PAHs were
mainly originated from incomplete combustion of wood and coal, and some from combustion of petroleum, while only a little from the
discharge of petroleum. The concentrations of PAHs and SPAHs in the effluent were higher in autumn than summer and winter. Most of
the SPAHs and PAHs were discharged to the agriculture area through the river-water irrigation, which might pose potential risk to the
humans. As a result, it is necessary to upgrade the wastewater treatment process to improve the removal efficiency of PAHs and
SPAHs.

Key words: polycyclic aromatic hydrocarbons ( PAHs) ; substituted polycyclic aromatic hydrocarbons (SPAHs) ; wastewater biological

treatment ; removal; transformation
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I B 2 3 55 1 ( PAH) 78646 22 5 A
YER R T 5% 4k A= B A BOAR 3k A AT AR W
(SPAH). [AlA}, SPAH 3 n] 38 i BRBHAS 5¢E 2R B8 1
BEHERCEI RS . 20 {40 70 ~ 80 4EAR MRS TR
P TT RAIIORE  AN S ALAL ZE HE Rk %) S8R 4 v
BT ZHIFIRMTEEEAT Y NPAHS ) IR 4T T 4
B2t HER AR TR BEA PAH 100 000
% HURPEIABEAR PAH 3T 10 557, HAT, EA 1R
ZRTFBEFL(MPAH) | 3L (OPAH) | sk, 25,
B A RSN Y AT, Hod,
NPAH #1 OPAH H Fi5 44 /™ 5, B PE B0 M £ 32 %
.

20 42 90 44X, A RI4ET B 58 T NPAH 787K
WA AR, R e NPAH VS E LA pe- L' L
b ThOBR A SRS AR T K R R T
NPAH, 45 53R W] 1-W 525 | 2-A B 25 0 9T B 25 7E
FKUEIK B R BE N 0. 027 ~ 0. 80 ng-L™", 1-fil§
FEZE | 2-RHFEZEA 2-R L2 T AT i K AR R A A v
JERO0. 11 ~4.6 ng-L™", 75 YLK -3z (K F H AR B £F
& PAH, Z5 1 25 1) °F- ¥ ot i Wk B R 0.21 ~ 0.23
peg- L7 MAERESS - 248, KR %) NPAH Jf:
KZFN 1z 0. HF) 2012 4F Hung 251 F) Rk
1 2 B TOT 2 [ A Bl A BSR JB  ak AG Y K R rp
NPAH,, £ H FREAR , 76300 i AKAR TP A 18% , i it
WETER 5.2 ~7.5 ng-L_l.

PAH 7E5 /K AL PR T 7K AH F1 Y5 Je o B9 A7 76 F 2
PREC ARSI, Shm, B HFCA IR, 6T SPAH,
JUH: OPAH 1 NPAH 7E i35 7K 4b B i 72 v iy iff 5% f
FHRiE. #5r SPAH 13 Pk 3 T B4k PAH, [F]H,
PAH 7E5 7K Ab B3 72 o AT 58 38 1o 35 A= 0 7 % 4k
e SPAH. V57K ARER) T oK Fh ) PAH A SPAH HE
/\5$%, WNBR S HE WA P A B AE A 16 . Pernet-
Coudrier 25" FERTI TAE h#F 58 1 b 5 Ti7 — e i gl
15K AN T 2R R 1.7, B v PAH il SPAH A
TEAESAT 0 K T 16 Ff PAH, 4 Flt MPAH Fl14 Fh
OPAH, #B43 OPAH Jii 12 ¥k & i F HAH R BE{R PAH,
AP B R T RE & AR T B PAH 1] OPAH 1Y
Hef. JmtHIX 5 RS K AR G K A e
XA TR | A3z ] AR e BT i B 35 2R YR [RI R
AT K S PR A B R T M X Y5 X
AN Rk TP CARII S PAH Bf7AE

AR SPAH & 75 76 75 /K Ab B T rp X ik 77 A
AL E X 5 T E 5 KA BT AP X 42,
Sof Hegk ok iR SPAH R PAH FEATAGIN | HE— 2

RAWTFEHAE A WAL B A P R R BR A K AT
9, VI {5 K AR BT T2 5 ik s S B A His
DAY/ M 2 35 ey 1] T B A TR HEK.

1 #B57EE

L1 SEERR

4 Fp MPAH, fL 45 2-H 225 (2-MN, in solid
100% ) . 1-H3E5¢ B (1-MF, 10 pg-mL™"), 2,6-—.
FIELZE (2,6-DMN, in solid 100% ) | 3,6-— 1 33k
(3,6-DMP, in solid 100% ) ; 4 # OPAH, f43% 9-%
fiil (9-FL, in solid 100% ). & Hf ( AQ, 100
pg-mL~") | 2-FEL B (2-MAQ, in solid 99.0% ) .
HIFH-7,12-F{ (BA-7,12-D, 50 pg-mL™'); 5
Ff NPAH , 145 2-ff 525 (2-NF, in solid 99.9% ) |
9-HEE B (9-NA, 100 pg-mL™") . 3-ff FE 5 B4 (3-
NF, in solid 100% ). 1-fif % ¥ ( 1-NP, in solid
99.8% ) . T-fHFE A IF B (7-NBA, 100 pg-mL™');
16 F PAH & & Fr £ &, £ $5 28 naphthalene
( Nap ). J& M acenaphthylene ( Acy ). J&
acenaphthene ( Ace ). 7% fluorene ( Flu). 3E
phenanthrene ( Phe) . B anthracene ( Ant) . %¢ B
fluoranthene ( Fla) . £& pyrene (Pyr) ., ZJf[a] B
benz[ a ] anthracene (BaA) . §f chrysene (Chry) ., &
F[b] % benzo[ b] fluoranthene ( BbF) | ZKJf:[ k]
U2 B benzo[ k ] fluoranthene ( BKF) | I3[ a] £ benzo
[a]pyrene (BaP) . EiJf[1,2,3-cd] ¥ indeno[ 1,2,
3-cd]pyrene (IedP) . — [ a,h] & dibenz[ a, h]
anthracene ( DBA) FIZ&J:[ g, h,i] 3k benzo[ g, h,i]
perylene (BghiP) & Fr AL &, i &8 9 B 200
pg-mL ™" 4 [ AccuStandard, Inc. (New Haven,
M) . NARY R BB (2-FB, in solid >96% )
FI+5IBA (PCB209) T Aldrich Chemical Co. |
Inc. (Gillingham, Dorset, JE[E).

HPLC ZIEC e (HEX) | FUBE (MeOH) 1y T35
[E Fisher Scientific 2~ 7], — 5 H %2 ( DCM) ) F 3 [
J. T. Baker 2~ #l, Nl ( ACE) § T 3£ [E Dikma
Technologies /v Fl. #EH (0. 06 ~ 0.2 mm) F15E LR
(100 ~200 mesh) 4F3EFE Acro Organics 23> H). TG
IKBRIRAEN (3 A 4, [ 25 4 PR 2 il R AT FR 23 W) ) |
BEI LF YR B (AR 142 mm, LR 0.7 pm,
Millipore). C18 [&4H%E B (500 mg, 6 mL) 4T
Supelco.
1.2 FRACRAESTHTAL

TKBE (AR 2 L, A48 KRR ARE it 18 17 AL
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YItEs ) SR AUt M X 5 V5 KA EET (A ~E) 4
P BRT 2kt K. 5 RS K AL BR Y5 K R TR Y R
AETETE K. AP S H AR PR &3 3R | SRR A -
ISR AR - AP 40 (40 Td ) | ARGl TS T
(100 Jrt-d™") | EALIIEMEIE IR (35 Toe-d ™) | IR
A -BRAEIFAEL(60 JTt-d ") DL AR BE 3% 5 U8 (10
Jit-d™"). JKEET 2010 4F 10 H REE, BRI KR,
— YRR, FEIKCRAE S T B K T, H KR A A,
AT Uik AL RS  KFEGEAE T 4 L6
PEESH . RS S WIS IR T, KRR FH B B 21 2 g
FEE U, F KRR RE i 0 BORE AR BE . KRR
BT RO 4°C 7, —ANEEE Bl
BAHRE S AR AL, T - 20°C P-4

JKARRE S 16 AL T A 18 [ AF A% HUR: 76 [5 41
AECEE L E4E, ZJ5H DCM Hl HEX PRI AU
TURERE i T R TR HLUEA TV VR 0, 1 4 4 B B
o 38 N A ) 2K BUSUR DCM A ACE 347 AL
AR RER SE AL A R, BRI A SRR IS
SEF 15 mL HEX R0, e 20 4 2 28 5 A A Joe
BLAE. 2, WU AR 59 E R 1) HEX A
DCM TR A RIVEE , WCHE e M. VeV e % 78 &
291 mL, R K-D Wb, AWk, &
2% 0.5 mL. It AN ¥R 2-FB F1 PCB209 (4% 100
1.3 &8

FE i R FH UM 35 - 5 35 1Y (7890A GC-5975C
MSD, Agilent, 52 [H ) #E47 . WL 2§ 7 XKoL 735
T (ED) ; B TRER M 70 eV. {0 3% 4 % A DB-
17MS AHEBMEHA (30 m x0.25 mm x0.25 pm).
A MDA, WHEN 1 mL-min . E R R
BETFH(SIM) . R 1 uL A3, dbE
FIYELEE 280°C , 6 £ 7L B2 290°C . FHIRFLE 7 . W1 4A
TREE 60°C, 15 % 1 min, BL 20 °C -min ™' 3 KT} &
110°C, FF L 3 C-min ™' 3 F F+ & 290°C, 1 8
20 min.
1.4 U5 R Ok

v 28 A ) 5 v B A 2 v i AHE ) 2 1
PR (200 ng-m[f1 ), LA B bR 4 s T AR AR B L
AN 7 ASPRAEM L. Jr A th R ANy vk e 2 PR
DL 3 A5 10 A505 e L %) Jo s vk B o i, A8 7 4>
FETINBRFE S 3. 14 A5 A A bR o i 25 20 501 SR A 1
FRAERFR. 29 F H A% 094 1 R 0.02 ~ 7. 40
ng- L™ (JKAH) | 2.06 ~43.35 ng-L~" (Wikik) , &
PR} 0.04 ~20.25 ng-L~"(/KH) | 4.12 ~131.66

ng- L™ (FORIAR) . FEBTINFRFE A B AR 1530
JKAHN 60% ~120% ,FRiAHH A 60% ~128% .
1.5 HinYEREITHE
D2 KR H AR HE K i B VR ¢y A
WK BRI E ¢, ZBRE R(%)ITEAR
.
R (%) = [(cy —cy)/cy] x 100 (1)

2 HFR5ITE

2.1 T5/KANEETHR PAH J2 SPAH [R5 vk B K

15K ALEE T HE 1 K K AHAE S PAH FIT SPAH
R OB T K LB AN 1 TR, BEK K AR S
16 F PAH BB IR A 1.04 ~2.48 pg-L~",13 Ff
SPAH () M B EE H 0.52 ~1.12 pg-L~". Hrp,
D ¥5 /K kb BT E K R i R (2.48 pge L7,
112 pg-L7") , A 57K A B T 3F 7K T & ik e AIG
(1.04 wg-L7",0.52 pg-L7"); HKAKAMFE S
PAH B JRHEWIE 5 0.41 ~0.56 wg-L~' SPAH M J5
U} 0.21 ~0.27 pg-L~",D 15K B i
(0. 41 pg-L7",0.21 ug-L™") ,C FIE y5/K) ik
We B B T (0.56 ug-L™', 0.25 pg-L™' il 0.51
wg-L7",0.27 wg-L™"). PAH FI SPAH Fy R 37l
Rl 205N 53% ~83% H1 56% ~81% . 5N HE
TG KANFRT A B, VG %2 BTG K Ab B T 4 Ak e T2 i
K16 i PAH BT HEKEE N 0.5 ~2.6 pg- L' 1
KN 0.01 ~1.2 wg- L™, 5AHIE 1 5 & e 3 A1
PEPL 2002 4E, JbUHE X B 5 KA EE )X PAH Y
FBRFRA T7% , LT A LB HE™ . b
UG K AR BT 2006 A i 38 A K T R R
0.58 pg-L™', =¥l ih /K BT & Wk B2 A 0.12
pg- L7 AR T AR ST A9 Y5 YK RRSE (R A9k
M5 K AR E T BEK i PAH A5 MR B FE AL RO,
K AR, s R AR 3 B T VS KA BRI
PV Y8 T 20k K b PAH S BB W BE Y LR 0.2 ~
1.5 pe-L7", KPR EEE N 0.3 ~ 0.7
pge L7102 R 10% ~ 100% , ZH5UAE 40%
VL E.

2 R TG KA T3 K BURLAH T PAH
H1SPAH Y BT MR B e Z2 R 32, Hov s /K v i) SR
Y R AT K, S HETG KT iR K op SR B v
JETEE R 90 ~ 164 mg-L™", K B ik BE R 1.2 ~
33.9 mg-L~', EBRE N 78% ~99%. SR, ik
A ) A A B /0N W R B e, T DA PR R e
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SKALIB 3 H ok sk B h PAH #0 SPAH 8 RER ERE
Table 1

*®1
Concentration and removal efficiency of PAH and
SPAH in aquatic phase of the influent and effluent from

wastewater treatment process

K/ pg- L K/ g L7! LR/ %
V5K

PAH SPAH PAH SPAH  PAH SPAH
A 1.04 0.52  0.48  0.23 53 57
B .52 0.79 0.44 0.21 71 74
C 1.40  0.94 0.56  0.25 60 73
D 2.48 .12 0.41  0.21 83 81
E 1.28 0.63  0.51  0.27 60 56

w2

PAH Fll SPAH Frfa vk B8y, 5 TG KT ik K WOkL
Py PAH F1 SPAH % 54 [ 430 24 7. 50 ~ 13. 91
pgeg  M13.46 ~7.28 pg-g ", HAKEUR A H 435k
11.76 ~273.03 pg-g ' F15.72 ~128.32 pg-g~'. %
ki) b PAH F SPAH A9 T vk FETH5R , K b oy
0.91 ~1.86 pg-L™"F10.53 ~0.98 wg-L™", HKH
$90.30 ~0.41 pg-L™'F10.14 ~0.19 pg-L™", £
RIYNH 67% ~T9% F1 71% ~80% . #EsK o kL
AH AR 0 0T 1 B W e T KM T K R B AR
JoT i TR BE AR T K AH.

SRR HE H K BRIFE TR PAH #1 SPAH REIRER ERZE

Table 2 Concentration and removal efficiency of PAH and SPAH in particulate phase of the influent and effluent from wastewater treatment process

ok K g HK At g ! IR A/ pg L KA /gL LR F %
PAH SPAH PAH SPAH PAH SPAH PAH SPAH PAH SPAH
A 10. 13 5.93 49. 00 25.79 0.91 0.53 0. 30 0.16 67 71
B 8.29 4.33 273.03 128. 32 1.22 0. 64 0.33 0.15 73 76
C 13.91 7.28 28.93 12.81 1.45 0.76 0.41 0.18 72 76
D 11.94 6.30 11.76 5.72 1. 86 0.98 0. 40 0.19 79 80
E 7.50 3.46 110. 89 52.96 1.23 0.57 0. 30 0.14 76 75

A28 H K H K AR B0k 9 0 B PAH AT SPAH
LEAHIE(F3) K PAH I SPAH Jfi Bk JE 1
BlZ» 9 M 1.94 ~ 4.34 pg-L~' Fl 1.16 ~ 2.20
pg L7 K H o 0.77 ~0.98 gL~ A1 0.39 ~
0.45 pg L™, KBRED510 60% ~81% Fl 66% ~
81% . HAR—JEA B 2I5 KA HE ) AWy hb BT 2 30k
K (JKAH + BURLA ) PAH 3 5 B M B (0.2 +
0.2) pg-L7' HAKFH(0.04 £0.04) pg-L7", HA
WFoe s A HLA AR

F3 SR K (/K + BikItE) B PAH
7N SPAH BREIREREXBRER
Table 3 Concentration and removal efficiency of PAH and SPAH
in total phase (both the aquatic and particulate phase) of the

influent and effluent from wastewater treatment process

ok K/ gL HK/ pg- 17! LR/ %
PAH SPAH PAH SPAH  PAH SPAH
A 1.94 1.16  0.78  0.40 60 66
B 274 172 0.77  0.39 72 77
C 2.8 1.97 0.98  0.45 66 77
D 4.34 220  0.81  0.41 81 81
E 2,51  1.28 0.81  0.43 68 66

BRI, D ) HEK b B AR 5 v B e,
B, C, EJ #KFIEREMENRK, AT T KE
A K H bR BT i vk AR A TS KT 22 5
AK.
RIS B AR TET5 K AL B 1 L B
H53% ~83% ,15/KALHT KT Y PAH A1 SPAH

S R b DX 95 T g S Y ) B R IR
MEFRE T RATIEE H g ok IE > SR, &R
SPAH 11 PAH HEAA H X, 4 0 A A fi B 15 1 5
TEfe

2.2 AT ZT5KAE h PAH #l SPAH 1785341

165 JEI5 KA BT 16 FhRE{R PAH, 4 Fh
MPAH DL 4 Ff OPAH 84K, 1fif 5 # NPAH 5%
A . ATHERR T NPAH 76 F SR K 4R i i Ak
NSO e Y, 40 OPAH™ ;7] 8
K24 NPAH 7 A 2R KA v iy & AL, A T 46 11
. 7K OPAH W] fEH PAH 5 NPAH % {b A=
BT RER B T AR NMRSEY b b gLk, MPAH Al
PAH FEZORIE TR TE 2%,

MPAH ' 2-MN 19 Jir o5 b i B K, 1-MF | 2, 6-
DMN #13,6-DMP Jir (& b A7l /)N, \T UL, MPAH 11 T &
VR B 5 SO N v U /) B R BCPR A i B
s/ (& 1). OPAH 1 9-FL Fl AQ Fr i Lufil K T
2-MAQ 1 BA-7,12-D, [FJ#E, OPAH % & B J7 74K
HERTTEN U CAY OPAH & &K OPAH.

HRAE H b5 ) 09 2544, 8 SPAH 43 > MPAH #
OPAH, ¥ PAH 4342 .3, 4.5 Fl6 ¥F PAH, % Lk
K H 2L BT i H A, SEOK R MPAH JF
oA T K T A OPAH 7 H 7K P i o 451 T
KO 2). 25530, A P 4b Bk 4 F MPAH Al
OPAH 1Y 2BRECRA— B, X MPAH 19 2 BRACR L
T OPAH. AN[EZ5 35 PAH T (5 HA0) 24 bt 55 BR 0
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