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B REERG IR, P, R AR FE AT KA T PAEs 89 % & 5 DEHA (33.6% ) >DEHP
(33.1%)>DEP(25.7%)>DBP(24.6%)>DMP(17.5%) , *F PAHs 4§ 2 & % 4 Chr(35.9%)>Pyr(35.0%)>
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Prat., fEJ5%: DE BACA &2 42 | K A8 P 2+ PAEs 69 % % % 4 DEP(89.3%)>DMP(86.4% ) >DBP
(58.0%) >DEHP (29.4% ) >DEHA (19.0%) , %} PAHs % % & % % Nap (68.8%) >Ant (58.3%) >Flu
(48.6% )>Phe(45.7%)>Pyr(12.3%)>Chr(8.5%) . £ RARY XM E DR BERRRHAREL , LW A
MR R PAEs f2 PAHs 2R 80 £ 2R A .
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Abstract: The concentrations of phthalates (PAEs) and polycyclic aromatic hydrocarbons (PAHs)
in water phase and sludge phase in each structure and DE oxidation ditch of Beishiqiao Wastewater
Treatment Plant in Xi’ an was detected by gas chromatography—triple quadrupole mass spectrometry (GC—
MS/MS). Five kinds of PAEs and six kinds of PAHs were detected in the influent from the wastewater
treatment plant, and the biological treatment unit was the main place for their removal. In anaerobic

selector, the removal rate of PAEs in water phase in descending order was DEHA (33.6%), DEHP
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(33.1%), DEP (25.7%), DBP (24.6%) and DMP (17.5%), and that of PAHs in water phase in descending
order was Chr (35.9%), Pyr (35.0%), Flu (32.7%), Phe (30.3%), Ant (28.0%) and Nap (27.3%), which was
mainly caused by the dilution and adsorption of the returned sludge from the secondary sedimentation
tank. After the treatment of the subsequent DE oxidation ditch, the removal rate of PAEs in water phase in
descending order was DEP (89.3%), DMP (86.4%), DBP (58.0%), DEHP (29.4%) and DEHA (19.0%),
and that of PAHs in water phase in descending order was Nap (68.8%), Ant (58.3%), Flu (48.6%), Phe
(45.7%), Pyr (12.3%) and Chr (8.5%). In the sludge phase, the concentrations of these two substances

remained basically unchanged, indicating that biodegradation was the main reason for the removal of
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PAEs and PAHs.
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ol BRI ZEAR T, PRI P 2 R ER X
RN AR S 15 Ye 44 5

5 K AT R S T VS K A L R
TG YW FE 2 P, I A R O PAEs Fl PAHs 55
AU TS P 0 BR8Nz e SiEs
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Fig.1 Schematic diagram of sampling points in DE

oxidation ditch

1.3 HmiE

JKAE BT LKAE , ZE BT I A AR AT 10 mL H
i, e diFH 6 mL FFEELL 6 mL/min (19 338 5 7% 4k [# 4H
PR, SRJE VA5 mL/min B EEWCE 1T LKEE 3525
i 6 mL K (5 19 H EEAY#E 267K ) L 6 mL/min
F14) 3 AR DO T 4 TR, P ) 2070 Hg TR A
FE L A 9 mL S HBE7E | mL/min 544 T &
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IR, T8 WA 1 R TSR AE SRR A R T R 1 mL
FORCT k2 7 5 R

YeAE : XF YR HFE (1) 4k B R H QuEChERS 765,
PG IRR IR THE 24 h KR TR TS TR FRIL ¢ %
NGB RN A 200 wL vk i B2 #1110 mL 1EC
ot , W HE 1 min, RIKNIA 4 ¢ MgSO, .1 g NaCl, IR JE 1
min, ££ 3 400 r/min F &0 8 min, B F 1§ WS 0. 22
wm JE MRS R GC-MS/MS ZEATAG I
1.4 HHEsE

38 24« 635+ HP-5MS (30 mx0. 25 mmX
0.25 pm) , A A, W A 1 mL/min, A5
Ko FHEZ 70 C (5 2 min) , A 25 “C/min T} =
150 °C, LA 3 °C/min F+ % 200 °C, )5 LA 8 ‘C/min THE
280 °c AR i EE R 280 “Co

TEAAE R TR G (ED , B RE N 70

ev;ﬁ%%ﬁ‘/mg;@ 280 “C; 2R 22 O I A =
2 ZR5%
2.1 ETEMHWIT PAEs FIPAHs FIEBRIRE

6 A 0] JEAS I HH S Fh PAEs 16 ' PAHSs,
SR PR EMR 1ML 2R, TLE

o T PR AR IR 4 1 A DE R Ak 14 X 3K 7 2 B i 75
V) L BRBOR R 3 . Hor PR A BRIt X 7K A
' PAEs 19 25 bR %6 HEJ¥ 4 DEHA (33. 6%) >DEHP
(33.1%) >DEP (25.7%) >DBP (24.6%) >DMP
(17.5%) , %t PAHs 1) 25 B 2 HE ¥ 4 Chr(35.9%) >
Pyr (35.0%) >Flu (32.7%) >Phe (30.3%) >Ant
(28.0%)>Nap(27.3%) . % TIRAEEFEM 7K S5
B BRI R 8 min, [FIE 75 U A AR BEAE FH AT e 2 vk
JERRARR A peah PR A £ H K JE A
H1 PAEs FIl PAHs 9% B B f =5 T [ 3 5 e PAESs
FTPAHs 1YV BE , 3 28 W3 1 75 8 W B 2 oK A R
PAEs fll PAHs W BEREAR Y 5 — AN R A . J5 4L DE &
A% PAEs FIl PAHs (9 2 BRASCR AR B 2, X PAESs
() 25 B 2% 4 DEP (89.3%) >DMP (86.4%) >DBP
(58.0%)>DEHP(29. 4%)>DEHA(19. 0%) , %} PAHs
f) 2= K % & Nap (68.8%) >Ant (58.3%) >Flu
(48. 6% ) >Phe (45. 7% ) >Pyr(12.3%) >Chr (8. 5%) .
DE %04k 1) K J A5 PAEs I PAHs ¥ B 322 30 R 4
TE At 1B 7K U8 A i vk B, 3R B KR H PAESs
PAHs ¥ B [ A1 19 32 228 D R AR W e , T R 16

o, B UURD 4 PAEs Il PAHs JEAR B A L BRZ 15 URIHT.
F1 KHEREHEF PAESIRERTZIL
Tab.1 Change of PAEs concentrations in water and sludge phases
% M KA/ (ng- L") Vetf/ (g kg™) _
HEK BEUURb I | IREAEHEE | DE A4kl Ut | REERR | DESUKIA | [BIITETR
bDmP 5707 5455 4502 614 549 381 333 323
DEP 613 618 459 49 48 170 173 142
DBP 7795 7 625 5749 2416 2 401 603 513 485
DEHA 1081 1123 746 604 577 261 258 202
DEHP 9975 9731 6512 4596 4585 824 802 622
SPAEs 25171 24552 17 978 8279 8159 2241 2080 1776
%2 KIARIRAR PAHS TR HIZE
Tab.2 Change of PAHs concentrations in water and sludge phases
W JKAH/(ng-L7") P/ (pg-ke™) _
K MRS UTRD | DR EREIh | DEAMTA | ol | RAEEESS | DESEMRE | FTE R

Nap 18 22 16 5 5 12 12 10
Flu 53 52 35 18 18 26 27 22
Phe 128 132 92 50 49 65 43 54
Ant 54 50 36 15 18 9 9 7
Pyr 312 300 195 171 170 196 190 155
Chr 130 128 82 75 75 97 93 75
SPAHs 695 684 456 334 335 406 345 327

R 35 $F b X A 5] A0 28 PAEs F1 PAHS ) 25 b5
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SRR B AN , DE S8 X 40 T ik
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REE, X 5 MG T 45 R — 50, R4
Py FEXT PAESs 1Y 25 R 32 BE 4 53— Joa i 1 15 KT ik
INo TR K PAEs BLAT 2 2 L& Y145
¥, NIRRT 28 [l Sr BRSO, (45 304 W0 A g
B fal HL PR, B BR AR
2.2 PAEsF1PAHs 7 DE S ARHERERE

i 32X DE A8 A6 VA — 1 JEL 49T DU A~ B B KRR A e
AH T PAEs F1 PAHs ¥ B2 1900 52 , & B EATTAE KA
B VA B AR AL 35 B S, T 3 A e R v B AR
A%, XA BE AR DU A DE S Ak 18 17 )& R A ik
e K (Je /KRS ) . BT 15 U8 iy I B A 07 2 8
SE4 A 45 T LATE T U8 A R B IR AR AN R 5 @
5 U6 2 B Y PAESs F1 PAHs A= 4 [ e 8 3 4,
L AR H ™1 DE S I — AR JE 10 1
4 h, T AR AR ST PAEs Fi PAHs 7Rk 3 52 )
BN I, AU A K A H PAEs A1 PAHs #R B2 1
Ak,
2.2.1 SH—HE
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Fig.2 Change of DO and conventional pollutant

concentrations in DE oxidation ditch

AR B Ttk B T @5 IE TAE RS
Wk Ty gm0y JRA WA DOV H 0. 5 mg/L
P B E] 0. 2 mg/L, AL TA A PR AECIRAS s NH, =N
e 3. 53 mg/LIEHN%E] 7. 31 mg/L, NO, —N ¥ J& iy
2.22 mg/L &S] 1. 87 mg/L; [Rl i, B W 1 Ko B
PO, P, EL A By BEY TP K1 PO, P ¥ B K 1 B Tt
5 T K LS RIS A LY, 2 B0 R
£ COD H 23. 8 mg/L THE 2 32. 6 mg/L,

5 NH, =N My itk coD AL 2oL, R BB 5
fl PAEs Fi1 6 #l PAHs OV BE 34 2 B %, ikl 3
JIR o 3% J2 H DE %4k 8 7K 1 PAEs F1 PAHs ¢
FERL AW A R A BN o Chang %5 BFSY
T PAEs 16 RS 451 1 B ik 1 5, & 30 B i 7
30 ‘CHIpH A 7. 0 B FefE45 44 T , DEP . DBP . DEHP
F14) % i 3 R B3 51 A 0. 045,0. 074 ,0. 027 d'.
Yuan " PIIFIE S5 SRR IR Acp . Flu  Phe
Ant, Pyr (1 AU i 204 53020 0. 194.,0. 096,
0.067.0.029.0. 013 pg/(g-d).
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Fig.3 Change of PAEs and PAHs concentrations in water
phase in DE oxidation ditch
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2.2.2 BB

5B Br 33t 100 min, M iEHEEK, TIHF I A
FIE ST . BB B T V%R A <, 1R A DO
W B2 2 W Tt O 38 B0 47 FUIR A 5 NH-N R BE A
7.31 mg/L F [ #] 2. 02 mg/L, NO,—N #¢ J& i 1. 87
mg/L B A T R3] 0. 69 me/L; 5 W B 2 40l i 5
NPT, B TP A1 PO, P ¥ 5 KR B T F s AS By Bt
WA 17K H A L) % i R 35, W5 gtk COD H
32. 6 mg/L PHFFER 2 22. 3 mg/L.

A By BE S Tl PAEs F1 6 Ff PAHs ¥ i 4B 2 Bl i B
B TREESR . Huang 5" WF5E T PAEs 78 A%0 J
V7 7% ) I A A, i B DR SRS VT 7 BRI I
I S0 I 4% () PAESs 25 B 28 40 1) o R 25 B 1 11
17. 14% . 15. 02% 1 63. 46% ., A WF5%F B> 8RS,
1L R TR PAHs 2 bR R 5 90% . AP B AL T
WAPEAK, I H T Tk R AT
PAEs Fl PAHs ¥ BE 52 T a3 /K AHH % PAEs 19
EBRHEN 6. 3%~45. 9% , H A1 X DMP 1) 23 B % fe 5
(45.9%) , % DEHP 1) £ B 2 5 AR (6. 3% ) ; X} PAHs
1 22 B8 28 R 15. 19%~42. 2% , %F Nap 19 2= 5 2% 5 5
(42.2%) ,%F Chr 1) L BRFHAR (15, 1%) , 3% 5 A
AR TG Y 43 I R TS Y P R A R
fif 4518 — 5
2.2.3 EEHrE

A B B AR SR TF IR A R i e 1
W AR B DO W ER & (1.5~3.2 mg/L) , {H
NH, -N eI B 0 TR, R E R S A B
NH, =N ¥ B2y IR AW A 1 i sl ; S48 DO

W B i (H NO, =N e B AU E AT 380, 3 7] B2
TRt A e A PR AT Ak T ke AR A5 B D 2 i Ak
AL TR TP PO, P FIA ff M COD ¥ J 475 4k 45
AR

B BL S F PAEs F1 6 F PAHSs ¥ B 25045 /)M i
B, AT REJE TR TR AR A AT
FEH MR VAN K 1, ol 0 1 e it R A S B 2
TR E =B B A BRI AL TR KT BRI AL
FUF AR AR AR B B A 0 110 i i o 3/ N
BB,z VIR A WA S T 78— 1 o
i, A By BE PAEs # PAHs 3 5 B0 T /N I )
B
2.2.4 EIUKYEE

SR B, 1V HEK  FERKRIR IS | BB %
TR I BB AE A, DO e B S A B e T R R
TRER S DO R AR L 5 80 NH, N VR RSN
B 2 S Ak S B934T , NO, =N VR 0 A — i TR 1Y
ThE s BB AL A AT T X PO P 1 B W e 2
i 4 R AR AR . R AR Bk AT
KR MASA YY) ARG 5T RUE DX A L
Wy B 25 B A e, BT LAV it coD IR AT i
MEZE,

AW BL S F PAEs 16 Ff PAHSs ¥ 3 47 52 31 1 B
B b as, mRE RS R B, A
M T B P R, Y DO BRARES , S E i
(63808 S2 g N & JVN 1= g MO N 1 B S A et 7 )
T, M A X PAES Al PAHs (1) B Ao R A, iF
JK H A A B PAEs Fll PAHs W6 JE 805, S 3R By BE
PAEs A1 PAHs ¥ & 52 81 B8 %) b T3
3 &

O =YL AT PAEs Fl PAHs £ R 32
BT, Ho PR AR e B %t K A P SPAEs Al SPAHS
() 2B R 3591 Ky 26. 8% F1133. 3% , - T0t A1 15 U8
1) A FH R BREAE 2 L R R 1 2 22 5L F . DE
A AL KA o SPAEs FIl SPAHSs 1Y 25 B 503 51l
53. 9% F126. 7% , "E W R AE & E 2R

@ DERAHE T W5 — Bk FIRERE,
PAEs 1l PAHs ¥ & i 35 15 05 5 B Be s T4 4tk
A, RIS AT #EK B9 5200 , PAESs F1 PAHSs ¥ 25 B S
K5 565 =B B i F A IR (R AR B Bt AN 2
SO W R i R A 18 PAEs I PAHs R JE A /)N
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3G 0 5 25 DU B Be Ak T4 IR (HIZ AR B Be DO 1Y
R AT T B A= W o i R A T T B, LKk X
7858 v e FE ) PAEs 1 PAHSs , 250445 DU [y BE PAEs il
PAHs ¥ B i 38 n .
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