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Emerging pollutants (EPs): A key scientific and technical challenge to water safety!

PPCPs: Pharmaceuticals and Personal Care Products EDCs: Endocrine Disrupting Chemicals

* Galaxolide
* Tonalid

* Triclosan
¢ Triclocarban

* Sulfonamides

* Trimethoprim

* Tetracyclines

* Fluoroquinolones
* Macrolides

* B-lactam

» Naproxen
* Diclofenac ’ i
* Ibuprofen
o o
.

* Sun-screening agents

* Atenolol
* Metoprolol * Clofibric acid e« Carbamazepine
* Propranolol * Bezafibrate * Gabapentin

Antibiotic resistant bacteria

Pesticides

strogens Detergents

Malformation Feminization
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UV-AOPs have been proved highly effective for the removal of EPs in water.

Cornwall drinking water Andijk drinking water Haidai sewage West Basin water
treatment plant in Canada treatment plant in Netherlands ~ treatment plant in China  recycling plant in America

s

Mix with

surface water

UV-AOQOPs has been widely used in the advanced treatment of drinking water, sewage
and reclaimed water all over the world.
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Experimental considerations

~ N
—_ -
o I -
® Various light sources 4___-»< ) Varl/(;ls OUV A%Pz) ) Chlori
LP, VUV/UV, MP lamps. .. HCO, . |/ UVHO, UVIS,04% UV/Chlorine...
] ® ® Various target emerging pollutants
® Various water matrices ® S Ene
® NO; MPs PPCPs, EDCs,....
NOM, Cl_, HCO:},_, NO?’_. . Cl- ’
— -
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On-site sampling Lab-scale eXpeﬁentS UV-AOP performance evaluation

Current limitations:
e Heavy workload

® [t 1s urgent to develop a rapid &
accurate on-site method for UV-
AOQOP performance evaluation for

v Frequent sample transportation

v" Many lab-scale experiments

v Advanced analytical instruments . .
® High professional requirements various water matrices.

® Time consuming & Expensive!
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* Model simulation consisted of steady-state reactive radicals (RR), quantitative structure-activity relationship
(QSAR), and photochemical models.

* Portable measurement was conducted on a mini-fluidic photoreaction system (MFPS) equipped with a
portable spectrophotometer to determine the RR scavenging capacity (RRSC) of a certain water matrix.

.1 . -
k’p was predicted and verified. UV/H,0,

25 mg/L H,0,+5 mg/L MB 25 mg/L H,0,
+5mg/L MB

I
QSAR model
Quantitative structure activity relationship
[OPAl: 0 pM 40 pM 80 pM 160 pM ok

120 uM

A @ Test water w/ MB
@ SMC solutions w/ MB
— Standard curve

Portable measurement

V/k'p g (einstein m?)

Reactive radical scavenging capacity (RRSC)

HRSC (s)

Model simulation Portable measurement w/ MFPS




UNESCO-IWRA

NLINE
TESt Waters CONFERENCE
17-19 JANUARY 2023

IN THE IWRA ONLINE CONFERENCE SERIES

Plant Collection point Sample pH UV, (cm™) DOC (mg L)
Drinking water treatment Raw water RW1 7.81 0.087 4.096
plant (Yancheng, Jiangsu)  Sand-filter eff. SF 8.01 0.055 3.479
Rural drinking water Raw water RW2 8.86 0.100 5.763
treatment facility Ultrafiltration eff. UF 8.73 0.091 5.306
(Changzhou, Jiangsu) Iron coagulation/ultrafiltration eff. PFS/UF 8.46 0.077 4.775
Municipal wastewater Primary sedimentation eff. PrS 7.50 0.399 95.29
treatment plant (Beijing) Secondary sedimentation eff. SeS 7.45 0.146 23.90

Drinking water treatment plant  Rural drinking water treatment facility Municipal sewage treatment plant ~ Water samples collected




UNESCO-IWRA

NLINE

3. Results and DiSC“SSion CONFERENCE

17-19 JANUARY 2023

IN THE IWRA ONLINE CONFERENCE SERIES

QSAR model equations
RR Equation R? Qroo” Qpxt’
HO*  Inkyg. oc =27.992 — 2131 X (#0:C) +0.772 X Eyomo 0.81 0.74 0.86
SO, Inkgoy. o =26.335—4.103 X (#0:C) —0.69 X HLG 0.84 0.83 0.88
Cl- Inkey. oc = 25.001 — 0.487 X EA—0.302 X DM 0.76 0.75 0.79
247 @ Training set o O 24+ @ Training set .7 g 26 @ Training set .7 g
o @ Validation set E @ Validation set 8 . @ Validation set o
Q ) o
o 21 ) 525
Em E 21 Eo i
=
E 18- S 18} § *
: : <
& & © 23
15t A st A~
Z . : . : . . L . \ , L : \ . X 22k . . \ .
15 18 21 24 15 18 21 24 22 23 24 25 26
Literature Inky . Literature lnkso;-,oc Literature Ink . o

® Internal and external validations proved the QSAR model accuracy.




UNESCO-IWRA

RRSCs of Test Waters CONFERENCE

17-19 JANUARY 2023

IN THE IWRA ONLINE CONFERENCE SERIES

40 |
0.03 | :
35 I HRSC
_ ~30f [_ISRSC
D 2 [ ]CRSC
= w 25
e i
£ - 20k
3 002} X
£ O 15t
<P} 7)) I
|
- = -8 5 P i i I ' "
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Predicted vs. Measured k’p

UV/H,0, UV/S,04* UV/Chlorine
1600
o~ ° . 1 ~ ° s | ~900F 7
£ 600 @ SMN y ‘= @ SMN _ ' @ SMN _ s
2 @ CAF . 3 O CAF , 3 O CAF .
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Measured k', (m” einstein™) Measured k', ;,, (m” einstein™) Measured k', p (m” einstein™)

® MS&PM method predicted results agreed quite well with experimental results.
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e Three kinetic parameters including kg pp, 'y, £ p Were determined by QSAR, photochemical, and steady-
state reactive radical models, respectively.

® Xkpps[S]; was determined by portable measurement with MFPS.

e An MS&PM method was developed to rapidly evaluate the UV-AOP performance for EP degradation in

various water matrices.
Software

PM Device

MFSD ]

FAFHETE TGS

Water
recirculator

Cooling water

Spectro- =
photometer {§%

UV tube

UV lamp

Reaction [—]
solution

Water Research, 2022, 221, 118794
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