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Behaviors and Environmental Risk Assessment of Estrogenic Endocrine Disruptors

in Anaerobic Domestic Wastewater Treatment
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1.School of Environmental Science and Engineering Shanghai Jiao Tong University Shanghai 200240 China 2. Division of Environmental
Science and Engineering National University of Singapore Singapore 119260 Singapore
Abstract Solid phase extraction-LC/MS/MS detection method was applied to study the concentrations and sludge adsorptions of nine estrogenic
endocrine disruptors EEDs in an upflow anaerobic sludge blanket UASB and an anaerobic filter AF . Nonylphenol equivalent quantity
NEQ was calculated to evaluate the environmental risk of the EEDs. The results show anaerobic sludge adsorption has positive correlation
with IgK,, and molecular length of EEDs. 173-estradiol E2 and daidzein reached 83.2% and 90.4% removal rates in UASB  respectively.
Genistein in AF is removed more than 80% . The sludge-water partition coefficient K, of nine EEDs ranged from 0.15-23.3 in UASB and
0.05-159.67 in AF. Biodegradation could be the main elimination pathway for daidzein genistein bisphenol A and estriol by combining
analysis of removal data and K|, values. Environmental risk of EEDs was reduced after anaerobic treatment as effluent NEQ was below the US
EPA nonylphenol criteria 28 pug L™'  hour average concentration standard .
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1 COD

6 159
500 mL
24 h . 2006 9  ~2007
3 5
B 1.3.1
UASB AF 0.45 pm .SPE
Bt Milli-Q
45 ~
60 min 1
EEDs 2
El E2
17 18
1 0.5 mL
1.8 mL
1.1 UASB AF .9 87%
UASB  AF
2m 30 L . 1.3.2
COD  1.44~5.06 kg L™" TSS 3500 r/min 10 min
220 ~ 850 mg L~ UASB 3~5d 24 h
CaCO3 170 ~ 625 mg L' 19 : 10:1
1 . 0.1% HCL.
1 UASB AF 3~5mL 50 mL n-hexane
Table 1 Other operational parameters of UASB and AF 20 mL 2 mol/l.  NaOH
UASB AF 3
e 30 0.5 mL
CoD  /kg m*d ! 1.44~5.06 1.3.1
pH 6.8~7.2 0.45 ym 1.8
SRT/d 20~ 30 20~ 30 mlL .
HRT/h 4~6 4~8 1.4 LC/MS/MS
MLSS/g L7} 30 4~5 1.C/
MS/MS multiple reaction
1.2 monitoring MRM
E2 E1 EE2 E3 BPA 4-NP 4-:-0P MRM A
Daidzein ~ Genistein Sigma B 300 pl: min™' 10 pl.
LCMS/MS E1 E2 EE2 1
. ng L' E3 BPA 2ng L”' NP OP
LC/MS/MS API2000 Daidzein ~ Genistein 5ng L',
ESI Cig
2
OASIS Cyg Waters 0.45 pm 9 E1 E2 EE2 E3
Whatman KUBOTA BPA NP OP
ALPHA 1-2 LD plus CHRIST
Milli-Q MilliPore 2 . NP OP
1.3 NP E1 E2 EE2
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2 9 EEDs ' n=5s
Table 2 Concentrations and sludge adsorptions of the 9 selected EEDs n =5
/ng L~! /ng L~! /pg kg™!
.d.~9. . .d. ~21. .03
£l UASB 0d. ~15.40 386 n.d. ~9.41 1.36 n.d. ~21.80 1.0
AF n.d. ~37.70 n.d. n.d. ~770.00 20.13
ASB d.~1 28.4 .d. ~10. 1.2
2 UAS n.d. ~48.80 7.44 n.d. ~136 843 n-d. ~10.40 >
AF n.d. ~367.00 1.64 1.3~393.33 69.5
ASB 1.4 od.o~ 14 1. .d. ~15. 1
FE2 UAS . d. ~48.60 9 n.d 9 06 n.d 5.63 6.19
AF n.d. ~1.59 1.02 n.d. ~1.59 5.27
ASB .d. ~4. .d. . .d.
E3 UAS n.d. ~5.79 n.d. n.d. ~4.00 n-d n-d n-d
AF n.d. ~19.30 3.56 n.d n.d.
ASB .d. ~78. 15.01 .d. ~4.82 .d.
BPA UAS n.d. ~59.95 12.87 n.d. ~78.05 >0 n.d. ~4.8 n-d
AF n.d. ~100.10 n.d. n.d. ~3.26 n.d.
ASB .d. ~310. 18.1 . ~1101. 27.2
NP UAS 0d. ~129.00 17.83 n.d. ~310.00 8.18 n.d 01.67 7.27
AF n.d. ~190.00 11.8 n.d. ~101.67 15.8
ASB 12 1.05~177. .~1.74 .d.
op UAS n.d. ~189.00 9 05~ 177.50 84 n.d 7: n.d
AF n.d. ~256.00 6.44 n.d. ~18.03 2.14
B .d. ~12. . . .d.
UAS 14.50 ~ 161.00 62.25 n.d 30 5.55 n.d n.d
AF n.d. ~46.00 36.05 n.d n.d.
B .d. ~25. 16.1 .d. ~4. .d.
UAS nod. ~68.00 2.7 n.d 5.00 6.15 n.d 53 n.d
AF n.d. ~24.20 n.d. n.d. ~2.37 n.d.
1 n.d.
2.1 EEDs LFER 2 QSAR
UASB  AF ? EEDs
EEDs
K, K, IgK,,
K, = clc, 1 4
¢, EEDs Cy EEDs 3 9 EEDs - Kk, n=5
3 Table 3 Sludge-water partition coefficient K, of the
9 selected EEDs n =5
E3
EEDs UASB AF
K, i
. NP 23.30 159.67
7  EEDs Ying %
op 1.67 14.73
EE2 5.78 9.58
E2 1.85 50.63
El 1.02 28.72
BPA 0.75 0.23
0.15 0.05
- KU\\
4 - K, y
Table 4  Simple regressions between Kp and molecular structure parameters
X r
UASB lgK,, y = 0.011 7¢'2* 0.9247 p 2 < 0.001
10y = 3.397 6x — 36.081 0.8730 p 2 < 0.005
AF lgK,, y = 0.000 7¢*405 0.9143 p 2 < 0.001

10y = 116.58x — 1282.8

0.8505 p 2 < 0.002
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Fig.3 NEQ of the influents and effluents of UASB and AF reactors
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