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Transformation of Linear Alkylbenzene Sulphonate in the Anaerobic-Anoxic-Oxic

Wastewater Treatment Process
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Abstract: The removal characteristics of linear alkylbenzene sulphonate ( LAS) was studied in anaerobic/anoxic/oxic ( AAO) municipal
wastewater treatment processes. A removal Cbiological degradation and sorption) model was formulated, and kinetic parameters were evaluated
with batch experiments under anaerobic, anoxic, oxic conditions. The resulting model calculations were then compared with sampling
campaigns performed on AAO process. The results show that the removal efficiency of LAS in the AAO activated sludge processes is more than
99% . Effluent concentrations vary between 0 and 20 pg*L™" . The concentration of LAS adsorbed by sludge in anaerobic tank, anoxic tank,
aerobic tank is 490 ~ 710 pg*g™"» 280 ~ 390 pg*g™" and 69 ~ 109 pg*g™" respectively. From the result of biodegradation kinetic tests, it can
be concluded that LAS is well biodegraded under anaerobic/anoxic/oxic conditions; and the removal rate of LAS in anaerobic and anoxic
conditions accounts for respectively 67% and 71% of that in oxic condition. The model can well forecast the effluent quality of anaerobic/
anoxic/oxic tank of the AAO process, and the relative error is less than 8% .
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Merck v ] D5 Supleclean A A A CC-18,
500 mg/3 mL; Supleco Co. Bellefonte, USA) .
1.2

Varian W AH (4154, 5 Prostar, At #%: 92 G KL
WERCSEH Varian 22 7)) HP1050 H A S8 (01 FE A
£ ODS HYPERSIL(C-18, 250 mm x 4.6 mm x 5
pm) s [ AH A B : Supleco 23w 45 Bl A8 X5 4%
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AR 2 7)) TOC/TN 73 B % 48 (TOC-Vepn, H A
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Fig.1 Schematic diagram of AAO system
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Table 1 Characteristics of the municipal wastewater/mg® L~
ks & COD gtk cop TOC DOC N P pH
Bfe 204 ~ 440 108 ~ 372 40 ~ 138 20 ~ 60 50 ~70 4.5~6.5 7.0~8.0

F2 AAO R FRFHKBR /mge L~
Table 2 Feed composition of AAO process/mg*L ™"

E YY) W T R
NaAc 75.00 FeCl; *6H, 0 0.0937
NaHCO; 125.00 H;BO, 0.009 4
KH, PO, 24.00 CuS0, *5H,0 0.0019
NH, Cl 100.00 KI 0.0112
s A EA 125.00 MnCl, *4H, 0 0.007 5
A PEVERY 125.00 ZnS0, *7H, 0 0.0075
KCl 4.17 EDTA 0.6248
MgS0, *7H, 0 27.50

Te7K CaCly 2.50

LAS 5.00

PRSP A BTG KT (AA0 L2
VR L T % R G AR AT I R I T e
HARJTURH 22 AN K 3 14 5 e AR I 8] J6, 7 25°C 1
PR A L, 2000 15 d A2 A R R, K & 00 JLER
PRIEFFEE , RYE MLSS 1A F3 000 mg/LAE A7 .

AHFFCR ) Metcall HE#7 103817 2 5000, LA
*®3.
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Table 3 Operational conditions used in AAO process
2% ROl vPell WA 45 B I TR] B ORI
- SRT/d  Utbroe Witk ARIb/AFRIED
HE  10~25 100 100 1/1/3

1.4 FEACKREE 5L #
1.4.1  ZBRFFVERE TR B

(1) KFEFAREE 43 ) B K S DR AR it b3 v
SR I W G St Y R DA B i K 10
1030~ 100+250 mL, JIA 1% ~ 3% CORFLS: HO (1)
P KM (40% » PR AR 732805 B 1 ~ 2 mL/minf¥) B FF
P IE L SPE [ AH AL U (GG 45 2F: 10 mL F A
10 mL 217K X 2 mL HEE/ZK (3 7, AR FREE I
FEF, O RERS M AS BB G ERER 2T 30 5 78 LU
W, FERE R, W 4R R 5 min T 5
ml F DG s 0 00 ot ik o I 25 7 A #e A, 2 mL
FIE/37 5% $h IR (8: 2, AR AR L Uk It s Uk 1t v 28 vy 4
AT, HOKER A 1 mL, it LC 24T,

(2) V5 TAR B HERRFRE — & V5 Y FE i
(FEEW N AR TR A LI, F RS
24 h; A PO £ 2B B R T, H S E A 2 100
mLs 2R Ji 4% 7K FE R AL BE A B HEA T [ A AR
1.4.2 )y AR ST I B

3 ) PRt Y 5 L R S T VR 5 AR vt R
BWE 6 LT 6 N1 LT DS smsih; &
TEIR IR E LA 125 o/ min 76 T8 R 5 35— 52 [ 1 1R
[RJBE R, 4E3 500 t/min I 250 15 min, LIGWAE A
IR, e Pert oAb #EF] 1.4.1.
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TEAHEFTIA ], PR AR I it S R FE R 5 A 0 ~
0.35 mg/LZ [A], Gl 47t ¥ il A R BE 4E 7 72 0 ~ 0.52
mg/ L2 (R, 4 48 L 5 it A0 T B 4R FF AE 3.28 ~ 5.76
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Table 4  Operational results of process experiment

fibr SRT=10d SRT=15d SRT=20 d SRT=25d
tH7K TOC ¥ /mge 1.~ 9.7 9.5 11.9 10.8
TOC %K%/ % 80.96 82.17 82.70 85.70
tH7K coD % /mgs 1! 55.0 54.0 47.0 46.0
CoD EBrF/% 85.10 87.18 87.99 88.17
7K TN ¥ /mge 17! 20.10 18.40 16.1 16.41
TN ZER% /% 60.46 68.60 70.21 73.73
HK PO~ -P R % /mg L' 0.3 0.6 1.7 2.1
PO}~ -P LBR%/ % 94.00 89.29 50.54 44.95

M 4 7T LLE H, CODTN Al PO,-P H KK it fi
BRIl BTG K AL PR )5 B AR — 2 B AnfECGB
18918-2002) . 1X & B AR 51 58 42 17 Bk fe A It S0 o 1
BRI, HISAT SRR R R AF
2.2 LASEFRFFIEMIBEIT
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ANFJERE I, R GE& B B LAS R LN 5
I 2 s

MF 5 M 2 7T LLE F], D LAS 1E AAO REGEH
LRFHIER] 999 , A A3 LBk, KR H A1)
1) LAS, S AE 10 ~ 20 pg/L, Y6 1 556 5 1)
LR WA K @ PRAIM | i At LA R U 4503t
LAS V5 e W 3 7E 490 ~ 710280 ~ 39069 ~ 109 pig/g
Z IR 2y 5 e B AR kb 1K AT e S R G
JKAH R LAS W EEAK IR G @ AR &N TRl 411

NS LAS ZF St S BR i > BRARTE B B > PR &
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B LA S LAS A8 B 280 2% AR N B 5 T B ik 55 TR 3%
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Table 5 Removal characteristics of LAS in each tank of AAO process

Ei=ga SRT=10d SRT=15d SRT=20d SRT=25d
WK pge 17! 3228.20 4086.69 4281.37 3790.73
IREHIK [pge 17! 294.60 402.61 386.78  340.54
IRETG VW M /pgeg™"  681.68 579.24 713.54  493.20
AR /pge 1! 99.65 130.77 84.09 95.01
BTGV M /pge g™t 333.23 340.76 391.70  284.90
K pge ! 22.53 10.74 11.84 10.72
L4V Ve bt pge g™t 109.17 86.55 92.56 69.92
(AL e B B /g g ! 63.81 52.41 69.09 47.37
HK/pge ! 21.84 10.32 11.22 10.05
SR ERE % 99.22 99.68 99.69 99.70
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Fig.2 LAS remove percentages of each tank
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Table 6 Fate of LAS in the AAO system

SRT=10d SRT=15d SRT=20 d SRT=25d
L7 Lk TTHik FNS TTHk PR TTHR PR DTk
Ipged™! 1% lpged™! 1% lpged™! 1% lpged™! 1%
AN B 169 480.59 100.00 214551.14 100.00 224 772.02 100.00 199 013.32 100.00
Fifi 1 7K HE O 1 146.61 0.68 541.80 0.25 589.06 0.26 527.65 0.27
il 6 4 ¥ e A T 392.12 0.23 277.88 0.13 206.36 0.09 138.79 0.07
R R & 9372.61 5.53 11738.86 5.47 11 769.62 5.24 9674.28 4.86
) R A 158 569.25 93.56 201 992.59 94.15 212 206.98 94.41 188 672.60 94.80
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HAT, A 2 58— BOA A5, LAS 10k
Yol B2 3 A E LA © i o A fE
fee i b A I A A LA Y B B o AR
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TR M ZRIAFT IT 5 O M fie 1 1o 7 25 B A A sk
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s ] AR T LAS 40 4% B 8 7 ) i A T IR LA K
PR R BRS04 Dy E— BB AE G, O [R) 4 280 2 ) e it
@AM RE IR A R EIR S P IR R A R A
V)5t . J5 2K Denger ALV SN T ¥ K AR BT (1 PR AR
A 5> B 2 1 BRI - Pro-teobacteria RZLAS, 1%
AT DUR A B 4T IR AR E— B AR 1, )
R UM TAS 1 S SRS H A REAY K&
J8 FE AL R 1) S5 2% B9 7 ) P B0 A A6 I 2 A A 1 4k
YIRIAFAE .

AHIEFUR ] B B KI5 B2 1) 2 (3 VTS T 2
RN XE LAS 76 AAO R GEINIT B 5 A0 1 TR i
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K, Ko,

A Y ) E
R = 7w K K02 + 502 KN03 + SN03

Ss
X K + SSXH
KO KNO
) = 2 :
r B = o, K Ko, + So, Kno, + Sno
Ss
X K + SSX“
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Table 7 Remove kinetics parameters of LAS

Eizta R B i)

Kremovat/pg® Cg*h) ™! 167 192 270

K /pg L™ 1416 714 707

7 0.62 0.71 1.00
1SRT=15d

MF 7 AT LG B, TAS 18 PRE S SRR 28 55 1
(1 5 B2 504 0.62.0.71 F1 1.00, %15 T ASM2 1)
TEAFAE oy R o, FEREAE X909 0.1 F10.6). 31X 1]
B8 E ZE V5 U Rl AR A W R R AR
AAO FRGE 5 W BL e R T A AR

FH P4 2 77 2 BRI AAO R G2 % By
Bt TAS 2B 0L, 45 W4 8. K 8 W LLAE t,
R FIIN 5 SR A0 Sz 2 A5 22 0E 89 LA, HEAf J

#8 BEFNEMTMNEGER

Table 8 Difference between prediction and measurement

. SR BOETNME AR
N
! lpgeL.”! lpgeL.”! /%
PRAI IR A H K 1994.35 1849.78 7.25
Tl AR TR B UK 951.31 1026.29 7.88
U SR TR A R UK 241.30 245.94 1.92
DSRT=15d
3 it

(1) LAS 7E AAO RGHH 2 BrFILE 909% LA |,
NI S et |

(2) TR B R R AR T 25 BRI LAS 2 B RN
95% Lk Ly 29 59% IR LAS R Bl [ fiff 110 3% 3 75 3R 48
LA

(3) LAS 7 AAO R ZE IR SRR S8 b B
(¥ fE 20 504 0.62,0.71 A1 1, 1 T ASM2 (4
FE{E.
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