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WE. W98 T ARIK 7118 8 B3 7] (hydraulic retention time, HRT) 25 {4 T £ 4k B 7 ( galaxolide , HHCB) 5 M- 44 5§ 7 ( tonalide ,
AHTN) #EA’O T 2045 K A FRIR AR A AR AR 0. SR FH I A 2K I SO 0T 15 066 FH %) O 32 X KA 55 D6 A v I 0 1 Jo 2 e 32
AR, 253 W], HRT FZ520 HHCB 7EAO T2 i A= W I i A B s 1 VR HE S ) LU 2, 5% ) AHTIN B8] 4% 5 e HE i
HLLEE. FfiE HRT AY3E K, HHCB . AHTN 75 DA o 1Y 25 B2 5 25 R TTBR R et/ | T i S 5 4 400t 1Y) 25 B o 5 25 R o
HRFARTIE I, 2 A EARYITE 4 > HRT T (6., 8, 10, 12 h) FHIAEERZESHH 73.93% | 73.05% . 75. 14% . 76. 00% F
48.76% | 44.27% . 57.17% . 62.9%. A*OT. 2% HHCB B2 BRFUCREAS: , X AHTN B RBRBCR#2. HRT (193 K% HHCB
B E BRI AR, TR AHTN B2 B fE #E7E .

XgER . HRT; ZHEEH; A0T.4; T8, EHBRUr

FESES. X787 XEFRIZE. A XEHES: 0250-3301(2013)07-2735-06

Effects of HRT on Fate of Typical Polycyclic Musk by A’O Process

LIU Peng-cheng', HUANG Man-hong' , CHEN Dong-hui’, CHEN Liang'
(1. College of Environmental Science and Engineering, Donghua University, Shanghai 201620, China; 2. School of Chemical and
Environmental Engineering, Shanghai Institute of Technology, Shanghai 200235, China)

Abstract: Fate of galaxolidle (HHCB) and tonalide (AHTN) during the A’0 process was investigated under different hydraulic
retention time (HRT). Solid phase extraction (SPE) and gas chromatography mass spectrometry ( GC/MS) were applied to determine
the concentrations of the targets in the aqueous phase and sewage sludge. The results showed that HRT has an influence on the
proportions of biodegradation and the discharge of excess sludge for HHCB by the A’O process, and it also affected the discharge of
excess sludge for AHTN. With the extension of HRT, removal rates and removal contribution rates of HHCB and AHTN decreased in
the anaerobic tank, while increased in the anoxic tank and aerobic tank. The final removal rates of the targets in the four operating
conditions (6 h, 8 h, 10 h and 12 h) were 73.93% , 73.05% , 75.14% , 76% and 48.76% , 44.27% , 57.17% , 62.9% ,
respectively. The removal efficiency was good for HHCB, but the removal efficiency of AHTN was poor by the A’0 process.
Meanwhile, with the extension of HRT, the removal efficiency showed no significant effect on HHCB, but it promoted the removal

efficiency of AHTN.
Key words: hydraulic retention time ( HRT) ; polycyclic musk; A*O process; fate; removal efficiency
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1.1 X500

GC-MS 7890-5975A 7S AH 0 33%-Joft i 1 FH 4%
(£ Agilent) ; EASYTAK & 12 45 SPE [ AH 4% Bt
BeH (R IRE AT 5 QSC-12T B ] P8 & mAL ( &
WSRO F]) 3 DKY- 11 AU i i e w5 2082 R ( -
/ﬁﬁ:ﬂ»i\\ﬁj) ; Multifuge IS-R %JDM(% Thermo
8F)) 3 LL3300 A 7R T 18 HL ( Thermo Scientific 2y
) ; NX40/58-600 HUjk 75 i YEA ([ 242 )11 7 i
YNGR

£ %% B & ( CAS no. 1222- 05- 5, Dr.
Ehrenstorfer) , it 2 i & ( CAS no. 1506-02-1, Dr.
Ehrenstorfer) , NAR 4 75 B 3£ 28 ( CAS no. 87-85-4,
Dr. Ehrenstorfer) ; 1ECbEh 354 (CNW) , 5 H
Bt SR T EESE R AR 9 (254 AL AR A FR
NHE 5 LR E KA K.
1.2 SEErk
1.2.1 A ETAb

(1) FKAEEARAE B 2

JKAEF 0. 45 wm (9 fCFL U8 B 3k %, C18 [ AH
FE WU TS A R R U S S A 1 mLemin ' A2
10 mL A 10 mL M4tk 1k, K5 175 4k
PRAKBEARFE 5 ~ 10 mL-min ™" (49 37 1 % 2L o %%
B AR AR T, 10 mL I & % LA
0.5 ~2 mL-min ' PEBE A B K VRGO N, 78
40C/AKE F AW, MARNFRASHEKE 1 mL
.

(2) Vet AHAE B 2

A TS 0.2 ¢ B TAREE, A 15 mL
AR (R 10 1) IR A R HEAT S
FEHL, FERT 2R 800 W, ZE B FE 5 min PN 5
120°C , P845 20 min. B0 435 LI UG RO R 4.
FNA 0.5 mL PG FH 0. 45 wm 38 B4 1 1ok g 2% 2

UE. PHIEWIA 100 mL 28 HEAK B2
ZIRE BEA)E HE S 1 he SRS (1) SR A7 8 AH 26 B
BAE.
1.2.2 METE

Z B AW E Z R GC-MS 7 ik iF 47 i
FEY L RIS B AR R T N bR

(1) GC &1t

HP-5 J& il A 9 B A4 (30 m x 0.25 mm X
0.25 wm). PEEEIIEE 280°C , Nrim ke, ERE &
A1 mL, B i s, A WE R 1 mLemin .
THEFE P 80°C 1445 1 min, LA 20°C ~min "' FHEZE
160°C, f5 LA 5°C - min ™' FHi & 260°C, fix J5 VU
10°C »min ™' FHE E 280°CAAHF 5 min.

(2) MS &1F

R PR TR AL (SIM) | EL &5, B+
RERLN 70 eV B FIRIREE N 230°C; L HIRE R
280°C. HHCB MR EABTE] 4 13. 051 min, & P& T
213.1,258. 1, T 243. 1; AHTN A9 {5 B A [a]
13,235 min, EMEE T 2011, 258. 1, E#E T
243.1; PR HEZR G O/ B B E) 24 7. 520 min, &
PEE T 147. 1 B BB T 162. 1.
1.3 SLEdEE

ACOT IR | ot 4 ath 1 - S 3th 1 5 R0OR~F
.21 em x 14 ¢m x 15 em, 21 ¢m x 14 cm x 15
cem 160 em x 14 ¢m x 15 em, = b ¥4 G HLARTH FE
fr. HEAKCOM S FE LK, Hi COD = (430 £ 10)
mg-L™' TN =(30+5) mg-L™', TP=(3.120.5)
mg- L' A5 U A S HE L, 9 S LR L3
4 100% ,SRT 24 10 d, 4 480 >R FH 8 XD 45 B <
DO 73 ~4 mg-L7".

2 HREH

2.1 HHAE

% HRT 4444, #E 7K ¥4 COD, TN, TP LA
Kot 1.3 WA AR 1.

MLSS fE R PEH H 454 1 58 5% 10 1) 35 246 br
SN ZR G005 H bR ) W B i, LA L3R 2.

£1 HskCOD, TN, TP REXRBRE

Table 1 ~ Average values and removal rates of COD, TN and TP in effluents
CcoD TN TP
HRT/h - - -
e /mg-1,7! LR/ % W /mg-L~! LBRE/ % e /mg-1,7! LBR%/ %
6 47 89. 1 3.53 89.9 0.46 85.8
8 34 92.3 2.99 89.4 0.18 94.2
10 53 87.7 2.89 91.7 0.23 92.8
12 47 89.2 2.22 92.2 0.13 95.7
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Fx2 BERMFTRREE
Table 2 Values of MLSS in the three reactors

HRT/h MLSS/mg-L"!
R4 =Rk Rl M
6 4204 4220 4506 4310
8 3302 3348 3192 3281
10 3184 3170 4546 3633
12 2 650 3034 3772 3152

FR 4 (A 75 /K Ak BT Y5 e HE R MEY (GB
18918-2002) "2 W[ 41, COD . TN 744 T. 10 F 35 3

—Z% A BRI, TP 7£ 6 h BN 3| —2% B A5, fE KT
6 h'T.i T is%—9¢ A prifE.
2.2 HynYsAH BT Rk AR Ak
2.2.1 JKAHBTEHRE 2L

HE7K W HHCB . AHTN Jf 8% B 7050 0 (0. 71 =
0.01) pg-L™", (0.84 =0.04) pg-L~". 435I
TIREH | B | A A oK AR S VAR e B bR
Yy B AR O, AR 1

M (a) Hn] DL & BE, Bl 2 HRT B 384 Jin DR 44

& 4Gl HHCB & @4, HHCB w 474, HHCB o Be4ith. AHTN o t4its, AHTN O §F40, AHTN

0.35 _ 2.00 —
() A e E (b) il
1.60 -
0 0.25 | 0
5‘3 :__"_' 1.40
5 020 &
1.200 -
0.15 - 1.00 |- ./,-‘.—.
0.'" 1 1 1 1 ".SU 1 Il Il Il
6 8 10 12 6 8 10 12
HRT/h HRT/h
1 EREZFRBRYKEMRHERETW
Fig. 1 Change in concentrations of the targets in the aqueous phase and sewage sludge

5 AU HHCB 7K AH MR BE B B 5 i At v
HHCB /KAHHEEEZE 6 h A1 8 h B34 K, I 7E 10 h F1
12 h BP0 A B AR AR K. W T2
FE& I, 76 HRT M 6 h, 8 h H}4% [ Wit HHCB 7K AH
W RE BN, WAE 10 h, 12 h B2 | X i
HRT /N, BERPI7E T2 45 88 st fml 45 0, i 7K
SRR, T3 B AR A B 7T o e I R A AHTN
IKARME BE Y AE AL 34 5 HHCB JEARHA ], (H 2 7E 8
h i AHTN KA B EE 6 h B, 3 5 1% P75 Je Xt
AHTN A BFHAE 1 B0 A7 0 X AP0 T 5 h il 4%
WIE PTG IR Xt HAR Y k, (0T 7RI (6 3) 1.
ke TERRA W5 P15 TR XS B AR 0 I B e ) .
£3 SBTHERMO L, E

Table 3 The k, of the targets in the reactors

B ky/gog!
ERAY/] —— ‘j\g —
IR &t frE=wit IS
HHCB 5.73 3.13 3.96
AHTN 11.45 9.27 8.08

2.2.2 RAHPBEWKEEL
C A WFFEXT | R A S8 [ (1) 22 Ah S B 7K
ALEE )1 22 20 B A 6 U6 AR H R R v B AT T
ED N SRS k5 K, BT T
MIE 1(b) "] Lk & ¥, HHCB PR HHHk EALE 6 ~ 10

h Bl HE PR it A D B, 12 b BN,
AHTN JRAHMRBETE 6 h B4 L R AR, 78 8 ~ 12
h s} G A0t U IR G803t A Tk /), 3X 5 AHTN 19 &, {H
H HHCB KA 56, 76 55 46 B e py B a] 3k 21 0% B S
. TRV e At v bR U8 R W B A 2 DR A
SR AT B D, BT A A R R AR R K
BYYIVEH , BEAR S i 15 M T e 2R/ R T B
FA, (AR M TS Ye e AR ) b T (R4t b H
B e M B b, AR YE Artola-Garicano 452
X} HHCB 5 AHTN 37 (1) R FH A= 49 W8 g A5 84 7 iF
FERTAL, 157K A B A R B ok AR 5 A 0 I i R
FEEZ AR BR ] . O B 4540 1 A 4 % A 0 P A
h 52 BRIR 2R B, 36 PV VXt B AR A W B R g b,
H bR A B et O 3k 20 W P-4 5 @ H A4 A HL
FHEI K AH i W A AZ BRI Rl ml I, A
fF55 1 HHCB 5 AHTN #) A= 9) B i 3= 2202 th A Pl
HH-55 7R 22 TR0 £ e W3 3R T R
2.3 HisWmiE®iti

FEVG KA B R v H AR RS e Ak R 2
RAE K oK HERR BRI AY 5 IR HERL . A PR i
AR, ARSLENT 4 FOREIEAT TN (£ 4). Hrp,
Hbr 9 4% % &K Fl TOXCHEM v1. 0 8 40) #5 %
B A TR LT3
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Wit 4 v LUK, HRT X} HHCB i B8kt
PR 2 B 5 R HE RS A W R g i s T K HE
W, AER AR K. FE HRT 10 h, 12 h B, F 4y
SRR B, 3 HHCB FfI 4275 Ve HEROIT |5
FLEE AT AN, AT AHTN 173, HRT 34t i
Fi5lext AHTN F)WE B g 5 o | 5 S0h 5 e HE i
T o5 e E S, 52 2 K HER. SRR E , HHCB
FEASZ I A Y A T 5 FLEE EE AHTN K, X 5
HHCB 4= ¥ % fif 3 % % %t AHTN KA 567,
Suarez %577 % PPCPs 4= Wy L (0 02 s« 242k
YIRS R &y >S5 Lo (god) NS MR 1 <k,
<5 L+ (g-d) "I HFEME. 0.5 <k, <1 L-(g-d) ™
S B RE A ky, < 0.5 Le(g-d) ™" g Mk 5 A

HHCB | AHTN 7E47 405 IR A 558 T 19 26 W) e i ik
ARk 170, 150 Le(g-d) ™" 5 115, 60
Le(g-d) ™", ok nl WL, H 3@ i 5 A4 % i 1)
PPCPs ¥ i1, [R5}, HHCB , AHTN 7 3l 57 4 45 5%
TTE TS U A B R b A ) R LT 500k 9%
~99% 5 76% ~98% ; TEMSLIRA SR T Wi
FCEAT N 67% ~84% 5 65% ~76% . 1EA< L1y
2 F ,HHCB 5 AHTN (4= ¥ LN 62% ~
67% 5 49% ~54% , HICEAKIRL K AL T Suarez
ST BRI 22 A T HOS TR AR SR TS TRt K
I AP0 T2 AR F o ali i S S IR R4 &=
Z%. AHTN 19 K HEi & & 43 L3z HHCB /),
/v AHTN 7EAO T2 1) L BRECR HE HHCB 25,

®4 BHRUNIBEUER
Table 4 Distribution of the targets by the A%0 process

- K VSRS iR LB
Ay O Pkt m DER mge DBR o DBR fgr
/pged! /% /pged! /% /pged ! /% /pged ! /%

6 12.38 20. 07 6.22 10. 08 0.0017 0.002 8 43.09 69. 85

HHCB 8 9.72 21.08 4.01 8.69 0.0017 0.003 7 32.37 70.23
10 8.01 21. 64 6. 06 16. 36 0.0022 0.0059 22.95 62. 00

12 5.91 19.22 4.24 13. 80 0.0022 0.007 2 20. 58 66.97

6 25.34 33.73 9.85 13. 11 0.003 5 0.004 7 39.93 53.15

AHTN 8 18.19 35.43 6.23 12. 13 0.003 4 0. 006 6 26.91 52.43
10 13.94 30.93 9.03 20. 04 0.004 1 0.009 0 22.10 49.02

12 9.19 26. 87 6.76 19.74 0.003 6 0.0106 18.27 53.38

2.4 VASEBRFE() EBRTTBCE (n) S B LR
HARYITE RN a5 T L BRZ () | RKBRTTRRE
(n) BB EBRRRA (1) ~ (10) 5.

Cui T R X ey

Curi T T TR ()
(L +R) Xc; +1 Xcy,

cinZ,i - 1 +R +r (2)
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Fig. 2 Removal rate and removal contribution rate of the targets in the reactors
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Table 5 Calculation of the total removal rate for the targets during the A%0 process

H 4 HRT/h H bR K AR B/ pg - L~ AEHia/Ld ! [ER AR /BSEN S
- Cin,i Ce €3 Q Q. /%

6 0.72 0.14 0.15 85.68 1.26 73.93

HHCB 0.72 0.15 0.16 64.26 1.26 73.05
10 0.72 0.16 0.14 51.41 1.26 75.15
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6 0.88 0.30 0.30 85.68 1.26 48.76

AHTN 0.80 0.28 0.29 64.26 1.26 44.27
10 0.88 0.27 0.27 51.41 1.26 57.17
12 0.80 0.21 0.22 42.84 1.26 62.90
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