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Characterization of wastewater effluent derived toxic matters and development of
real-time monitoring indicator
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Control and monitoring of unregulated chemicals in water reuse systems are
common challenge in the world. In this study, we aimed to get insights into the prioritized
chemicals for control and monitoring in the wastewater reclamation schemes, by 1) investigation of
interaction between wastewater effluent organic matters (EfOM) and micropollutants, and 2)
development of monitoring indicator for the toxic fraction of EfOM. The combination of
transcriptomic analysis and adsorption assessment revealed that the basic fraction of EfOM was
capable of mitigate or enhance the biological activity of steroid hormones. In addition, the
multivariate analysis of fluorescence spectra data suggested the fluorescence matters with 20,000 Da

or smaller size had a potential indicator for the toxic unknowns in the wastewater effluent.



2]

[3]
178 - E2 17a -

0.22u m

Fang 2017
HOA
HOA HOB HON 1 mL
TOC
FP-8000

3 EfOM

HepG2
mg/L

[1]

XAD

EE2

Waters OASIS MCX

HOB

40
2mg/L

EfOM
48
0.1 ng/L

MTT
10 mg/L
1 mg/L

Fukushima

MAX
HON

EfOM

2017

El

0.5



7 NNMT  VNNI, FABP1, LGALS3, AQP3, AKR1B10

SERPINEL 5 CDKN1A, GADD45, MDM2, BCL2, TP5313 9
CYPI1A1, CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2D6, CYPZE1, CYP3A4,
CYP3A5 21 GADPH
1 mg/L EFOM
48 HepG2 MRNA Quant Studio 5(Applied Biosystems)
AACt
QCM
QCM
QCM
Affinix QN pro ULVAC EfOM 1 mg- /L
159 15 29 203
MBR 2
RO 3 2 20% 40%
FP-8000 TOC
TN UV
R Chemometrics
Variational Autoencoder (VAE)
Variational Autoencoder (VAE)
160
43 3 VAE Python
Pytorch
E2 EE2 1 mg/L EfOM EfOM
1 mg/L: 0.5 mg/L 1 E2
MCF7 E2
(el
NVMT(i.e., log2 FC=6.54) CYP2D6 (i.e., log2 FC=-3.04)
(i.e., log2 FC: -1.30—-0.57) (i.e., log2 FC: -2.08~
6.54) i.e., -3.04—-0.08 EE2
CYP1A2 (i.e., log2
FC = 3.30) AQP3 (log2 FC= 3.25) E2 NNMT
(log2 FC= 2.40)
(i.e., log2 FC: 0.67—1.04)
E2 EfOM HOA HON
HOB
AQP3
EE2  HOB
El E2 EE2 QCM EfOM 1 =
HOA HOB HON -0.55 nm, 1.09 nm 1.50 nm HON
E2
EE2 HOA HON HOB HOB
3.913 nm 1.584 nm HOA

HOB



HOB E2 EE2
HOB E2 EE2
HOB
EfOM E2 EE2
E2 HOB
EE2
E2
cytotoxicity
VNN1
SERPINE1
LGALS3
FABP1
AQP3
AKR1B10
genotoxicity
TP5313
Value
MDM2 I ®
3
GADD45A 0
CDKN1A 3
=
BCL2
xenobiotic response
CYP3A5
CYP3A4
CYP2E1
CYP2D6
CYP2C8
CYP2B6
CYP1A2
CYP1A1
E2 E2.HOA E2.HOB E2.HON EE2 EE2.HOA EE2.HOB EE2.HON
1 E2 EE2 EfOM
21 log2 FC
1 EfOM nm
E1l E2 EE2
HOA -0.55 0.60 0.19
HOB 1.09 3.91 1.58
HON 1.50 1.18 1.24
1

VAE



43

2 0.307 MBR 10.95 6.738
10 RO 0.261
RO 40% 0.310
RO 40%
R
. . ',.':‘
10- . . ote g(,;.
Lt e
° 2 e o 3 Species
:\;‘ . . * e .-.. .. i ..... Y e
0 o * < % o _* =
:.9 . . . LR * . ... o w8
Z'_\I/ . . . °* . : L 2’!
8 . °« * ¢ o K

Ak —i—

PC1(46 2%)
2 EEM

10.95

0.310 0.261

[1] Angelakis et al., Frontiers Environ. Sci. 6, 2018; [2] Escher et al.,
Environ. Sci. Technol. 45, 2011; [3] zhang et al., Environ. Sci. Technol. 52, 2018;
[4] Hara-Yamamura et al., Chemosphere 240, 2020; [5] Hara-Yamamura et al., Chemosphere
286, 2022; [6] Fang et al.,Talanta 162, 2017; [7] Fukushima et al., Chemosphere 188,
2017; [8] Neale et al., Environ. Sci. Technol. 46, 2012



3 0 1
Y.B.P.
55
2021
3
56
2022

Bhagya Kahatagahawatte, Hiroe Hara-Yamamura, Hiroshi Yamamura, Ryo Honda

Mixture effects of steroid hormones and dissolved effluent organic matters derived from wastewater on HepG2 cells

14th International Conference Challenges in Environmental Science & Engineering (CESE 2021)

2021







