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Removal of AOX in Activated Sludge of a Chemical Pharmaceutical Industry

with Fenton Oxidation

CHEN Si"* XU Can-can’® ,LIU Rui’" ,LI Guo-hua',CHEN Lii-jun*’" ,ZHENG Wei’

(1. School of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310014, China; 2. Zhejiang Provincial Key
Laboratory of Water Science and Technology, Department of Ecological Environment, Yangtze Delta Region Institute of Tsinghua
University, Jiaxing 314006, China; 3. School of Environment, Tsinghua University, Beijing 100084, China)

Abstract: This study aimed to remove AOX (adsorbable organic halogens) with Fenton oxidation from activated sludge in a chemical
pharmaceutical industry. The influences of H,0, dosage, Fe’* dosage and reaction time were investigated, based on which the reaction
conditions for AOX removal were optimized, and the reaction mechanism was discussed. The optimized reaction conditions were as
follows: 0.90 mol-L™" of H,0,, 0.045 mol:L™" of Fe** [n (Fe’*):n (H,0,) of 1:20] and reaction time of 2 h. Under the
optimized conditions, 70. 7% of AOX in the sludge and 78.5% of AOX in the supernatant were removed. GC-MS analysis revealed
that eleven organic halides were detectable in the original sludge. After Fenton reaction, only three organic halides were detectable,
and their peak areas were reduced by 40% -50% . Toxic and hazardous non-AOX organic matters such as xylene, diisobutyl phthalate
were also effectively removed.

Key words : adsorbable organic halogens (AOX) ; Fenton; activated sludge; pharmaceutical industry; organic pollutants
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Table 1  Basic characteristics of the tested activated sludge

15EH AOX

/mg-kg ! /mg-L~! /g-L7!

L5 AOX TR AR Y E (MLSS) TR A VR T B VR T AR v S (MILVSS)

H
/gLt P

3592. 86 2.14 15. 94

9.56 7.16

T e 25 Ak 1 TS VR AR 5 I pH, #E 2R K
(PR 25 2 B B NA L 2, BT LAE SRR TE AN I#35 8 pH
[ 55 AT S0 SR AR R
1.3 LiEWwAEIT AOX Rl Jy ik

TSP L 1 v TS e AOX, 1 A 7%
S Multi X 2500 S04 AL 28 43 B 43 (4 ) R 5 43 A
NG 1 4L /i W R W o= 1 A R 9 L OE % £ )
250 mL 5 M7 ZEHETE IR, S S mL ZKFERG R 22 100
mL, A 5 mL ¥R 17 g- L~ ORSBR N6 75 T, I
FHY RS BRE Y pH M 2 2.0 LT, WA 50 mg T 14 5
(B HEE A TR A /] RIARE 30 ~63 um) .
£ 200 remin " N IR 1 b, (35 PR 78 40 W B
JKFEFG AOX. fii  AFU3 3338 R 4 (7 [ R & 43
BEACER IR0 28 71 ) 3o U 4R 5 445 RIS (R K R AR T
PERE] AFU3 REACE M A JekE v, 25 mL K JE
0.85 mg-L~" POl R £M D6 0 VL vp e 7 ks, S BR T
P 22 TR TCHL B A4, T P B0 02 0 3 1 e
IR AOX.
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HHLEFE FHIE Cobe (ilal) . A BUS R e
TurboVap II 44> [ 3 & ¥ 45 1 ( Fi 4 Biotage 24
B M ASWRBEAEE 1 mL DL R, BHECEER
Z 1 ml, i HICHEESEA 0. 22 wm A YA DE
el MU U ZHEREI T, T GC-MS 4347

GC-MS 43 M7 2 14, Agilent 7890A i 4%,
Agilent 5975C iYL, SAHEIEH: . DB-5,0.25 mm
x30 m, B, . A5 (30 em-s™"). THE
PRI . #IEAPIE 50°C , fR95 2. 5 min, 25 L) 50
C +min 'FZE 110C LI 10 ¢ ‘min "' F} £ 320°C ,B‘fF
98 1.1 min.

2 SRS

2.1 RI[RIZSH R A5 F X5 Je A g R AOX 22
B A 5% M)
2.1.1 A[F H,0, A&

Fenton 48 AL [ I H1, - £E Fe’* 8 A 0. 15
mol - L™ | W I [A] 4 2 h, A A H,0, i (0. 24
~2.82 mol-L™") Fi5Ue Ml LW T AOX (1) 2B
BN 1 R,

H,0, $: & 50, 24 mol-L™" i}, 75 J8 AOX 22
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Fig. 1 Influence of H, 0O, dosage on AOX removal in activated sludge

BRE N 68.4%. Bl H,0, Fhniryig K, i5ledh
AOX R0 S8, ZHA0EN 0.9 mol-L~" |
1. 65 mol - L™ 'i}{5 78 AOX £ FiF5 5345 76. 9% |
81.0% ; UL/ 4kELE/m H,0, BANEXT15 8 AOX %
BR 0 328 m PE R K, 24 H,0, & 2.82
mol - L™'A, 5 AOX LPBR%FE N 81.4%. 5k
AOX BB H,0, 150t 1 A i s i, 3 2
i H,0, BmER G 51 &V AR & b - OH i) &
I, T AR AR T 88 . H,0, H3S 24 F
F-OHW =4 (A2t &% H,0, & AR Z ]
PLRCH - OHAAHHE ), AN 23 FEXF Fenton Ji i ke £ 42
HEPEF 2 R4k S5 i 1,0, B, 7502
AOX BRI EEHA K.

EVEWTY AOX FALHT N 2. 14 mg-L™' H,0,
& M 0.24 mol-L~" I B 4R H8 hn & 9.53
meg-L™". WEBEE H,0, BIns a8k, FiE
AOX ¥R B R B AIG, N3 0.9 mol-L ™' A |
TR AOX T MK 2. 60 mg-L~", 33T E AL A Al vk
BEIK . 4k gk n H,0, BEnE E 1.65 ~ 2.82
mol - L ™', 357 AOX R FEEAKSAT BT T B, AN 3L
FERUIN, 2= H,0, BN 2. 82 mol - L' A, 5T
T AOX AV AR E 1. 86 mg-L "

FEBR H,0, BUME AT, BIHW T AOX Y
R BEEAH L SO BT T B T 3X T BEJ2& H T Fenton %
Pl BT PR AAA , DT (35 8 P 19 45 258 WL A 45
W RS R B AOX R B B & HiE W, 5
H I AOX e E T kSR H,0, B
i, - OH MR B R INA A F L3 AOX 19 2585k,
Jir LAk H,0, $hns 38 im, EiE i AOX 1k i
B HREAR.

25 H,0, BmE S5 AOX FEAIX, Hd

AERE HHE TN T AR AAS 2555 RIS U6 AOX 19 K Bk
R BT AOX M FIAL BRSAS | 7 3R ok (1 51
rhERE H,0, £k 0. 90 mol - L7,

2.1.2  Fe’ #hEm

A %€ H,0, $H4E 0. 90 mol-L ™", KW AF[E] 2 h,
Fe?* % /&l 0.03 mol-L™' & A/ & 0.225
mol - L™ R[A] Fe** $in & T i5 I Al L& W h AOX
(BRI LA 2 .

Fe? * #hNEH 0.03 mol-L~"IF, 1578 AOX £
FH34.5%. Wi Fe’ BME MG, 5T AOX
FBRFIEEEIE K 7E 0. 045 mol - L~ Nik%] 70. 7% ;
RS THE Fe? " Bl 15l AOX ABRFRfERmAK.
PR Fe BN A T Fenton W = B £ Ay
-OH, 1571 AOX B AR KM (T 5 i) Fe* S HlifE
-OH, i At — 22 0E AOX f2:BR.

VEW T AOX ¥R BESERE Fe”* 50t Y 14 Jin i
TR FAAIG, ZE4 NI E 4 0. 045 mol - L™ I 5A 5 e {1
0.46 mg-L~"; MJ5 kSN Fe®* 8N, LIH W
i AOX Wk B A T, FE BN RN 0. 225 mol - L~
APk E) 9. 27 mg-L~". Fe’ " a8 AR AT, f Wik £
) - OV FE AR, Vs Ve A (AN 2 LA 7
W AOX 23, BT LIAE Fe* " #AmH4 0. 03 mol L™
B, BiE W AOX MM E R 7.01 me-L~", & T
MR 2. 14 mg-L~'. Fe’* # & 0.03 mol L™
HENNZE 0. 045 mol-L™", K2 I & & 1 (Y - OH ¥k JiE Tt
i, BT AOX B SRS, it LA AOX Vi FE I
%0.46 mg L' 424 Fe? BN, T Fe'*
i, VR R A - OHBE Fe®* 4, By
AOX By & Ak sz i, Bt LAAE Fe** B i 0. 06
mol-L™"#2 55 %] 0. 225 mol - L~ I F W h AOX ¥
BEALF E TS, Had iy Fe* B 3E I 1 4b 2
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Fig. 2 Influence of Fe?* dosage on AOX removal in activated sludge
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Fig. 3 Influence of reaction time on AOX removal in activated sludge
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120 min ZRRIFE 70.7% . P AOX Wk EREE
N B T 3G A 25 S BT T R . RN B[R]
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T AOX MR BEHRFZEREAI, SN s [H] 2 120 min Fif
IHWT AOX MR EEREIRZE 0. 46 mg L.

2R B T 7E 60 min Z AT, 5 I AOX Bk
FRETE, LER P AOX WEREZ ETF, Xl
Ae 2 i T V5 Ve g A RS L AOX & I 7 W A R

FRT LIEWH AOX B S Ak Ay HEE . S0 B[]
M 60 min FE K F] 120 min BF{5 8 AOX £ B
WARFFLETL 8, v REJE HH T Fenton ¥475 U6 43 fif 4
BN RN 75 P8 5 Fenton i3t 791 £ fh i AX
R, AR HE T AOX 4 Ak 2Bk, B 60 min
J& T RE TS VR B AR AT A 5 4, IR SL R & 1
WY AOX /B 3 B W ) AOX Xk
Fenton 2 5 S AL B, BT LA 38 W AOX 9 vk 2
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7 H WRIEAE : Fenton SAAL BRI 25 L iG VRIS U T AOX BIRCRIFSE 2629

RS, B LAZE B % 08 AOX LR BUR M2 3k,
R B E] € 24 120 min.
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Fig. 4 Influence of different reaction reagents on AOX removal in activated sludge
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Table 2 Numbers and peak areas of the compounds in the sludge before and after Fenton reaction as detected by GC-MS
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