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AOX Pollution in Wastewater Treatment Process of Dyeing and Dyestuff

Chemical Industries
SHEN Yang-yang'*, LIU Rui’*, XU Can-can’, SHU Xiao-ming’, XU Jiang-jun*, LAN Ya-giong’, CHEN

Lii-jun®"

(1. College of Biological and Environmental Engineering, Zhejiang University of Technology, Hangzhou 310032, China; 2. Zhejiang
Provincial Key Laboratory of Water Science and Technology, Department of Environment, Yangtze Delta Region Institute of Tsinghua
University in Zhejiang, Jiaxing 314006, China; 3. School of Environment, Tsinghua University, Beijing 100084, China; 4. Shangyu
Wastwater Treatment Co. , Ltd. , Shaoxing 312300, China)

Abstract ; Selecting six large-scale dyeing factories and four large-scale dyestuff chemical factories in the well-developed Yangtze River
Delta region, this study aimed to investigate the AOX pollution status in the raw wastewater as well as in the activated sludge treatment
system. The components of AOX were characterized by GC-MS. Results showed that AOX concentration was low in wastewater from the
six dyeing enterprises, ranging 0. 15-1.62 mg+L ™" in the raw wastewater and 0. 06-1. 30 mg-L ™" in the biologically treated effluent.
All the biologically treated effluent met the emission limits of 8 mg-L ™" in the Discharge Standard of Water Pollutants for Dyeing and
Finishing of Textile Industry. Sludge in five factories with AOX was below 621 mg-kg™', only one factory was with high AOX
concentration of 3280 mg-kg™'. By comparison, AOX concentration greatly varied between the wastewater from dyestuff chemical
factories , was 1. 70 mg+L ™" to 78.72 mg-L ™" in the raw wastewater and was 1. 88 mg-L ™" to 33. 11 mg-L ™" in the biologically treated
effluent. AOX concentration in the activated sludge was as high as 960- 2297 mg-kg™'.

chloroanilines, chlorine nitroanilines and halophenols were typical TOX components detectable in the dyestuff chemical wastewater.

Chlorobenzenes, chloronitrobenzenes ,

Halophenols and chlorine nitroanilines could be efficiently removed. Single chloroanilines and single chloronitrobenzenes seemed to be
easier removable than polychlorinated anilines and polychlorinated nitrobenzenes. Polychlorinated benzenes were also easily removal but
the products chlorobenzene was hard to remove.

Key words ; dyeing industry; dyestuff chemical industry; wastewater; sludge; absorbable organic halogens ( AOX)
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KL HERRHEY (GB 8978-1996) A R HLAE T4
GHEEUE K AOX AYHERFRAE, 1L )5 AOX i 145
Hiw b v 3 5E 3%, 2008 4F 2 4 B 4G 78 0
40, iZUEN Y | R EAT LR E T KT AOX 1Y
HERCBRAE D ). kT, T AOX IiauE . 2% 1, B
AIBR T X2 AR T R K H AOX 15 i il 4 4k
WEFEARIE AN O AT HE AL A AOX V5 YL ditiH
R/ BARASHA .

i EN Yy IR E EE R Tk 2 —, 24
RPN YL R K2 1.6 x 107 ¢1° . ENge ok h
(g AOX FEEf [ B Y it A op Bir 4 A et 3%
PRIV 5 A 2 T TGRSR A v i
R e g R A S ok AOX 1y 75 By ]
AR kb PR AT B T SRR R R A A
R P, HEBCY TR A AOX Y5 L.

ARWFFEAEED YR GAT L A 53 K A = ff
X, BEHE 6 FARIEDYL AL Fl 4 FKARHI YLl A 7= 4
b AN TR K B K RS K A W A B4 BT K
AOX JRE VR B LA BTG PEVS R ) AOX & &, /e Hr
T AOX BYFHIEY) BLZH B, 3R 1 BT /K b B T 2%
AR AOX 2431 L BRECR , LA R 3% B insi B0 4L A
YRR K H AOX HE IS BRAR LA 2 .

1 #RE5FE

1.1 RAEH SR AR R]

Wi e E e YA i 2™ X, 2013 A HED
Yot 7= w ik B 325.08 42 m, 5 4 E OB E R
59.97% 'S BEHUE P 6 FK K RLED e Al (JY
BLD . DC. YX. LB il KL) #FA7JHMF. X 6 ZKEIGLA
A AEFE P AL L RR L 22 AREF SRS SR
AR AP = 87 i TR AR VR LA 1. 2013 48 11 A Xf
6 ZRENGLAilr HEATES 1 UCRAE 2014 4 9 A X Hrh
3 FENYA (JY . BLD fil DC) #E474 2 YCRFE.

WA R YR F B A= X B N 4 K
KAESGURA =l (CL Y, LA R) , Gepb 4l ™= i
FLAG S RCGRE IR PEYRE B EE AL R AR
PIE iRl B 20T 2014 4F 3 A XFGeRASE L
HEATRAE, 2014 4F 11 AXF ekl L, C. Y fI R
HEATRFE, 2015 4F 3 AXF ekl C. Y F1 R #E47

FEUCRAFERTHEAT Al (]3], 86 2 1z Al = =
FE S AR A AR, JC 55 PR L 5 2 Al R K Ab
MRRIBATIER , & AR bn A LI 78 A2k, HIt
N, TR IR i BE A R A 32 T I 2 ol — Mt

UL AOX &g 57481k,
1.2 Wik
1.2.1 JEAKFTGIRA AOX 8T

AOX AYREIR FRZE 36 FHALES R Mult
X 2500 A AL 2R 43 BT A (7 S A3 A AL AR I 47y
N DIHRUKARREE B E 100 mL ZKEEZE 250 mL J&
FUHSEHEIE T A 5 mL YR K 17 g- L (OAYHR
EREES IR, T MR AR R Y pH E % 2.0 LU, A
50 mg FEMESE. FERZ) 200 romin ' HE FIRHE 1 h,
TG R T B K BE R ) AOX. HR$ES A KBERE
2| AFU3 i U8 R4 (TEE TSR A F] ),
HE K, TG PE R MR B AFU3 R S8 fc 45 19 f1 J
W 25 mL ¥R 0. 85 mg L™ FURHBREMIE I
Ve, RBRIE e 2 8 W T AR, TR 0% 1
EIEER EWAY AOX. A FJTEEE T AOX MR
J90.01 ~10 mg-L~"H7KFE. MR T 10 mg L™
5 TS R

RS JeRE St 15 R 28 R T4 . 100 H ifFEs
5, FRE 1 ~20 mg A 25 mL 8 F145 ZE4E TR )
A 20 mg 1S MEB AT 10 mL i BR 40 % 75 T, 1
K5 200 remin ' FEHE TR 1 0L JE LA A
BRIF K.
1.2.2  AOX ZhHT 5 i i) ot g 42 il

BRI 1T ~ 3 MRS 5 W
ZRE SR AE R AR AR 25 (RSD) |, B A3 5 Ak
TE IS A3 S EAT AR [T 52 56 | PR e D v A
JBR TSGR o A b o LR A, — 1 R
(JE7K 100 mL, #4157 2 ~20 mg) A 50
L 725, 1 mg- L~ XFECRBYAW, BIINA 10 wg HHL
A, — WA AR, [ B ARSI R O3 B G AOX,
TEREE i 5 R A0AREE S P AOX & Y 22 (5 5 ks
110 pg Z GBI ARG InpR [ .
1.2.3  JKPAEVLASH GC-MS 537

GC-MS A5 H7 2 ME ks o 7 310, il AR
890A-5975C S M i - B i Bk FHAY ( GC-MS, & [H %
FERBHEABRAR ). KFEH 0.22 wm 3% 5 £F 2 [
FhUEJFHL 200 ~ 300 mL AR, (1:3) 3%
BRERJEST pH 2 2.0 LLF A 15 mL 5P,k
¥ 5 min JGHFE 10 min KA HUHCEEEHEE .
FARAE 3 K, A AN, SRIEH 25% S A ALl
P KR pH KT 11, 15 mL A9 — 5 P BEAEHL
3, A A VL. B AL 2 TEK 6 T8 5
0.22 pm PEESLF AR U ARG E A 21 mL,
FEHH 0.22 wm A HUAE EF 2008 A% 2 08 2 5 1 A
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i

Bt 2% 36 #&

L, 4T GC-MS 34T
2 HREHSW

2.1 JERISRART AR HE 22 (RSD) FIF-2m
L&

JE KR it RS YA f 1 RSD BF 247 [l i
RBIRINFE 1 TN 2 R, BN ARl A
AR AREIR 22 (RSD) 7E 0. 90% ~9.78% 2 [), 158
RSD £ 1.21% ~4.32% Z [A]; E[ Y g} & 7K
B AR IR 80. 00% ~98. 00% ; 15 8 F-HI it
3K 78.20% ~93. 00% . X -5 HAMBFFE A 5 1)

SEYGZE LA, SR T BRI W r s st 5 ) 2K A
ALESASIN 3 R 7K | V5K b BB K | 1 40K K K Bl
Yepk sk AOX, 155 RSD 4 0.69% ~3.57% , %4
B IR RN 89% ~102% 1. 1T 3R 4E
MM ] Mult X 2000 SA B R HHA R [
Sk A 4R K K o AOX, 75 %] RSD N 2.44% ~
10. 71% ") BOAS [R] € B 14 %ok G0 2K 193 o 7 95 8 000
ISR G5 8 79. 2% ~123.5% 5 % T BT
VG 3 DT T LR AR gt AL VT (XA T X SR A H - 4
HEATRLI 45 3] RSD 4390 6. 60% F1 3. 68% , A%
125351 K 90. 02% F197. 17% 8.

F1 [EKMTE AOX EREXIREMRE (RSD)

Table 1  Relative standard deviation (RSD) of AOX concentration in wastewater and sludge
JEAKHE iy AOX/mg-L"! RSD/% (n=5)" 15 ekt i AOX/mg-kg ™! RSD/% (n=5)"
ENZL) KL sk 0.05 ~0.06 9.78 ENYL) ™ JY iR 425 ~478 4.32
EN#e]” BLD M4 K 0.46 ~0.54 6.15 ENZL] BLD IF4E 8 1307 ~1382 2.50
YR LR AKEK 12.59 ~12.89 0.90 YR LAFE R 2215 ~2285 1.21
Pekb T C KRR R K 34.71 ~35.66 1.07 Jelt™ C AR 1012 ~1067 2.07
YT Y KRR AL H K 7.02 ~7.58 3.32 PRl Y AR 1332 ~1410 2.40
YRl R EIKJEIK 4.03 ~4.64 5.30 YR R AFEDE 1330 ~1393 4.32
1) FnkE AT S R
£2 EAKMTE AOX EETFHNFRE Y=
Table 2 Average spike recovery of AOX concentration in wastewater and sludge

TR KR SR AR % V5 IRRE S SEH IR R %

ENYL KL Bk JFK 80.00(n=1) ENZLT Y 45 83.00(n=1)

ENZL)” BLD Hik 85.00(n=1) ENZL]” BLD 4418 93.00(n=1)

Jepl™ LR K K 98.00(n=1) Yer T L4 90.00(n=1)

YR C KR ER L K 90.60(n=5) YuktT C R 78.20(n=5)

YR Y K fRmR AL K 86.40(n=5) JultT Y R 82.80(n=5)

PRt R K EK 92.00(n=5) Ykl R 4-ER 85.80(n=5)

2.2 EPe v HEK AG IR A Y AOX T5 L

6 FEPY AL IE /K AOX J5i 5 ik B A5 e AOX
RN 3 s, Hob 4 40 (DC, YX, LB #
KL) KK H AOX KT 0.5 mg-L™", X 4 A
MV ER G 7 it B Lo A L RS, B8 2 K
B, BRI 1 R BN AR S I Ak TY, PR Y
FHEE KB K AOX 4334 1.27 mg-L~" il 1. 62
mg- L7 AR R KT 2 R T L4 S | U
JFERE T, £ Y40 I 4 5, 27 2 1) R /DN, ekt
MELAB B I 25 (0562 | DRI B L I JRR ) £l
Yot Gy 9 OB K R BN E A AOX 5
i}é[ﬂ]‘

PRIKAY AOX Jt it ik B /K5 BT SCilik 4 #1
. XUBEEISED B 6 FKEDYL ik itk AOX
PHET 0.5 mg-L~"; Gunasekaran %5 #¥ ()72 14
ENYLEIK KR 0.4 mg-1L7". BASKE BBl

JEAKH AOX F R AN 5,5 ZREN Y Ain b 4 S b B
7K AOX 7E 0.5 mg-L™'UAF, ik F A 7¢ 454!
Yedk Tl oK 15 e Wy HE PR 1) (GB 4287-2012) Hr
AOX FEHIHEHBRA 8 mg-L™'17. 1 KRR Al
K AOX i IS = F 1.0 mg- L' HUAK T
PRAT T R Tl 7K 75 G 4 HE il br ) ( GB 28938-
2012) ARE HIHECFRAA 8 mg-L "1,

FEPRZK AOX JoT i MR B R o I DL T, ARG %
PASFERGAL IS IR AOX & i . 5 FRENGA
FIEPETS IR AOX S 7E 36 ~621 mg-kg ™' Z[A],1 5
1578 AOX Fr i1 300 mg-kg ™', BRICHREE
(RSB e BRY5 P X AOX B4 A= 4 W — AN AT 3 3k
2, I HI5lexr AOX AN R 3EAS & 54 Pyl
S T PR R B, X B LR BAER 43 AOX MK K
TR RS e h IE ik BB R, B K T AOX
I RIS T RE I TS YR P G AOX 5L,
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®3 EMFLAWEKKRTREDE AOX REKRE
Table 3 AOX concentration in wastewater and sludge

from dyeing factories

KRR BOKIEUK  GrEARBEOK iR

A > B
all 7 (4E-H) AOX/mg-L_]AOX/mg-L']AOX/mg-kg']
Y wge 2013-11 1.27 1.08 446
2014-09 1.62 1.30 621
BID frgp 2013-11 0.73 0.49 3280
2014-09 0.21 0.51 1322
pe pige 2013-11 0.31 0.14 302
2014-09 0.44 0.23 132
YX A 2013-11 0. 46 0.18 432
LB 4 2013-11 0.21 0.15 614
KL #if  2013-11 0.15 0.06 36

2.3 e HEK RS Y ) AOX T5 4L

4 FYRPHEK AOX JFi ik A5 I8 AOX
FRINE 4 iR, 4 ZYRH L HEK R K B A0X
JRR R B 22 SR, BRI 1 R AOX Jii i vk AR
FSmg- L' iy 1 55T 60 mg-L™" HARMEK
AOX JEE MR FEAFFAE 12 mg-L™'F1 9 mg-L™' 244,

ik 4 FA R K iR fb-ar | T 2 b
BEAK U € Bk AOX %85 Wi ab B R UCRAE
R K 285 KRR A Ab BS AOX K Zsib T —

e (H P20 ) A A BRI AOX 5T R AN I A Ul
D LAY PHUCRAE R K 483 /K i W Ak b Ak B S
AOX KR/ T =5r 2 — , Zad i A FE S AOX
JEE R A L R R AOX BEHE#E A=
PALFE, 2014 4 11 H R R K &t oK it iR 1k-
IR T A B G AS A& A /D, T s A 3G
2015 4F 3 HREEMIE KL KERmRiLibfE AOX K
Al =5y 2 —, i i A S LR A S, (E
HEBERE, JeR T LA RIBIETE AOX & 4
MF535 2000 mg-kg ' Al 1300 mg-kg ™' DL F, HE
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Table 4 AOX concentration in wastewater and sludge from dyestuff chemical factories
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Table 5 Numbers and peak areas of the compounds in the wastewater from dyestuff chemical factories C by GC-MS
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Table 6 Numbers and peak areas of the compounds in the wastewater from dyestuff chemical factories L by GC-MS
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Table 7 Numbers and peak areas of the compounds in the wastewater from dyestuff chemical factories Y by GC-MS
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Table 8 Numbers and peak areas of the compounds in the wastewater from dyestuff chemical factories R by GC-MS
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