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Abstract of research results

Sediments play a key role in accumulating pollutants from water bodies,
particularly heavy metals and organic compounds. Once these pollutants settle in
the sediment, they can persist for long periods, providing a historical record of the
river's pollution levels. This makes sediments valuable indicators of environmental
pollution trends, offering insights into changes in water quality and the influence of
pollution sources. Furthermore, under certain conditions, these pollutants can be
released back into the water, posing long-term risks to aquatic ecosystems and
human health. Therefore, regular sediment monitoring is essential for effective
environmental management and early water quality warnings.

This project uses a human cell platform to assess the environmental pollution
status of the Touqian River, the main water supply source for Hsinchu. Seven
sampling points were selected during the dry season and eight during the wet season,
focusing on heavy metals, organic compounds, and biological toxicity. Samples
included top samples from different sewage sources, top and deep samples from the
same river section, and top samples from the upper, middle, and lower reaches of
Luliaokeng Creek, a tributary of the Touqgian River. Key findings include:

In both dry and wet seasons, except for surface samples from the Zhudong
Zhongxing River, the nickel content of all samples from Touqian River's sampling
points exceeded the lower limit of domestic sediment standards, necessitating
increased testing frequency.

According to the U.S. Environmental Protection Agency (US EPA) standards,
copper, nickel, zinc, and chromium levels during the dry season have reached severe
pollution thresholds, while nickel, zinc, and lead levels have done the same during
the wet season.

Overall, pollution by heavy metals in sediments, organic matter, and interstitial
water is more severe in the wet season than in the dry season. Heavy metals tend to

accumulate in deep sediments during dry periods and are more easily desorbed and

released to the surface during wet periods.

Biological toxicity analysis from the dry season shows that surface heavy
metal pollution and nephrotoxicity follow the order: industrial wastewater >
domestic sewage > water intake. Additionally, deep samples exhibit higher heavy
metal content and cell death rates than top samples. The pollution and cell damage
in Luliaokeng Creek follow the pattern: downstream > midstream = upstream.

After exposure to extracts from severely polluted sediments, there was an

increase in the expression of antioxidant pathway proteins (Nrf2, HO-1, and GPX4)



and kidney injury markers (KIM-1), as well as increased expression and activity of
glucose transport proteins (SGLT2 and GLUT2).

The results of biological toxicity tests are strongly correlated with heavy metal
content. The pollution factor (CFi) and pollution load index (PLI) not only
supplement the existing river pollution index (RPI) in assessing water quality
pollution but also better gauge the environmental pollutants' impact on health and

ecosystems.

Keywords: River sediment, Emerging pollutants, Human cell lines,

Biological toxicity, Advanced identification
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Summary

Recent research has highlighted a strong correlation between tissue-specific cancer risk and

> Nature. Author manuscript, avalable n PHC: 2016 Jun 16 the lifetime number of tissue-specific stem cell divisions. Whether such correlation implies a

Published in final edited form as: Nature. 2015 Dec 16;529(7584):43-47. doi: 10.1038/nature16166 high unavoidable intrinsic cancer risk has become a key public health debate with

Substantial contribution of extrinsic risk factors to cancer development

that the correlation between stem-cell division and cancer risk does not distinguish between

12 were 23 wel zhy 12 2 . - T,
Song W', Scott Powers ™, Wel Zhu -, Yusuf A Hanoun the effects of intrinsic and extrinsic factors. Next, we show that intrinsic risk is better

. . ) . ‘ estimated by the lower bound risk controlling for total stem cell divisions. Finally, we show
> Authorinformation > Article notes » Capyright and License information ) . L .
that the rates of endogenous mutation accumulation by intrinsic processes are not sufficient

PMCID: PMC4836858 NIHMSID: NIHMS733229 PMID: 26675728 . N . .
e to account for the observed cancer risks. Collectively, we conclude that cancer risk is heavily

influenced by extrinsic factors. These results carry immense consequences for strategizing

cancer prevention, research, and public health.
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Nervous system
» MOS9K (brain malignant glioma cell line)

Respiratory System Digestive system

» AS549 ( lung adenocarcinoma cell line) ‘ / # 0CS3 (oral carcinoma cell line)

» BEAS-2B ( lung epithelial virus transformed cell line)

P Digestive system
Endocrine system .

» Hep-G2 (Hepatocellular carcinoma)
» MCF7 (breast adenocarcinoma cell line) % C3A (Subclone of the HepG2)

¥ Chang ’liver cell (liver cell line)

Urinary system

» HEK-293T (embryonic kidney cell line) Digestive - Endocrine system
> A498 (renal cell carcinoma cell line) g - » PANC-1 (pancreatic ductal adenocarcinoma cell line)

Reproductive system

» PC3 (prostatic adenocarcinoma cell line)

» Hela (cervical adenocarcinoma cell line)

» A2780 (ovarian carcinoma cell line)

> HeyAS (high-grade serous ovarian cancer cell line)
» TOV21G (ovarian clear adenocarcinoma cell line)
» NCCIT (anterior mediastinal mixed germ cell tumor)
» NTERA-2 (testicular cancer cell line)

Digestive system
# HT29 (colorectal adenocarcinoma cell line)

W 1-13 359 & 5L RK # X i % e o R f ok A 35 o




Panlt aRFORPEFLEFHB(TRIERZRIERLF P02
AR AR kA Ed 2§ sk 47 0 112-2221-E-007-025-MY3) i -
HIFNFARBR T LA WA e gt P enR 3 IEF 8] s S
CEE TR O DL —jIL"ﬁ‘A&QFﬁLﬁm@E‘ 3] j’ o— kA iR Bk
Bl i $%k o s 3B A SHFESEF TR R A
FlE dv FLEED 0 Rl Y0 RETERERLNLIFA ML
B T AR P M RE TS B AR TR BT E R e T

APRAKEARFERP A G Rl G RE AT ERES AP ER
BT R AR R o SRS L A 4T W B R #?%*kE”%
EDRBICATHTTOL FURR - R ey £ R EA 2=
FlC BB VAR R AR R E o

MEFPHBRPFFELAT RIS F R0+ 54 ¢ 3%
%miﬁﬁﬁﬁﬁ"k°i”i BATE ER T R B R T E IR
R BP0 G E R EIE EATH P OROR kAad B BSKR AT
KFAERFAFE S P FEE S N E FRB R AFR AT
YR oRBERRIFTO(FOERTEALFRL ) gAY THES TR
Bk fo NipmePokr ) LEBATARD LQE 75 F A v A kehd BBk
Bho R o B EY FAERAIR G TP RO FOR R ERE TR 0 A A5 R

-~

IR Hfo RS BE o G Ay T RokiE RPERFE LK E S A 2
L RTORER 2 F AT R RILF LT 0 AT A AR Ui R

3t (W) 2-3~H 2-6) |

F B AR T AR lilbiﬁﬁl—.? ERAS TN BERE 8
P ok £ BT G LI L AREE 0 TR
rR-R s TR () FRARR 0 XRER LI 2R 26 57 LEFE R

e 2 Lo ANF AR FCE TR TRAEY F AR T AR R s U o 3

Fo AHREE L o 7

WP Al EEAAEA T B4 I FARINR 2 F  1979-2013
J_

EOR B d A FERAUEDT SRR L FER BRI T

%i%\ﬁwﬂw4ﬁ R LT MR AR 5 22 B SRR E 2 5
#oL AT Y () 2-14) -

-




FapER o 2024F122 6P T

T

05:55

(A)
20205 =EIE

R RA NS g

R & BR BR Ih

EiEEIEE
=T
==

L il - .
* - © o g
“‘
-
o
g
w* o™
P
* g - 2
* o " " .. Py - =
- L L - o
»
e 5 1O ok s 6] 25 20
Pa—
.
s—ao—"
.
» -
e o=
g ‘._...._.—03'1_00...- ......... g
T e
- .

(B)

LR E

-t > "“
s
-
-
«
o+
»
o
- %»
» Lo -
o
.“
e
.
_—
-
, -
"
.
...‘.
.
L
N -y
-
—tn—t L . e e — e ———

W 2-14 GEmRFEF 1979-2013 £ Bad 2 FTHRUTHT 2PREF L FH W,
THEI R L IHELIAFTET RO 7 RREB)




b R ERIT E S 2 4 368
MRS F R L 1/10 RS S A § e roit o A

HhE: H ]
M P T T

B R4

7

B SR = e it BIR
v

Bp o
g

HE MR RCAR BHESRCAR SHEESERALE (3)

1 HWGi@ERE 220
2 EAHEFE 498
3 EETLEME 140
4 BETHEE 322
5 BiLEriiEss 170
6 BEWMTREE 323
7 ERGRES 309
8 MEBWmNM 325

? 303
| 10 FMH&EFLE 439
1T SiEmERTE 0

12 BETHE 926
13 HEHHEE 1647
14 HiEmHmEkEE 169
15 EHHREE 28]
16 BEH=RE 1899
17 #EHT=ZE 162
18 BEHARE 1152
19 BERSEDR 193
20 EWHLE 851

87 39.55
196 39.36
54 38.57
124 38,51
62 36.47
17 36.22
110 35.60
115 35.38
106 34.98
152 34.62 ]
135 34.62
319 34.45
574 34.43
58 3432
94 3416
646 34.02
55 3395
388 33.68
65 33.48
286 33.61
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1. Jesus, Fatima, et al. (2022) A review on polycyclic aromatic hydrocarbons
distribution in freshwater ecosystems and their toxicity to benthic fauna. Science of the
Total Environment 820 : 1532827
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2.  Hu, Guangji, et al. (2020) Human health risk-based life cycle assessment of
drinking water treatment for heavy metal (loids) removal. Journal of cleaner production
267: 1219808,
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3. Astatkie, H., Ambelu, A., & Mengistie, E. (2021) Contamination of stream sediment
with heavy metals in the Awetu watershed of Southwestern Ethiopia. Frontiers in Earth
Science, 9: 658737°.
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4. Standard Test Method for Measuring the Toxicity of Sediment-Associated
Contaminants with Freshwater Invertebrates (2020) ASTM international E1706-20'°
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5. Saiki P, Mello-Andrade F., Gomes T., Rocha T. L. (2021) Sediment toxicity
assessment using zebrafish (Danio rerio) as a model system: Historical review, research
gaps and trends. Review Sci Total Environ 793:148633'!.
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6. Hiki K., Fischer F.C., Nishimori T., Endo S., Watanabe H. and Yamamoto H. (2023)
Influence of water exchange rates on toxicity and bioaccumulation of hydrophobic
organic chemicals in sediment toxicity tests. Environmental Science: Processes &

Impacts Issue 32,
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7. Richard Osae, Daniel Nukpezah, Daniel Amoako Darko &Adelina Mensah (2023) Heavy
metal mobility, bioavailability, and potential toxicity in sediments of the Korle lagoon in Ghana.
International Journal of Environmental Studies 80, Issue 6, 1556-157213.
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BRI AF B s EREReEE P 4 §Fr 2a BEL kA 7 (Karmakar
£52016)° 2B RRE €7 %&*#@ﬁm%*ﬁ’mm%a Eap iz g
(Karmakar % > 2016 ; VanDijk % - 2009 ; Stlghan Fo1991)0 IR R B OPE
AR 2 a2 BRI WHFFERS - F 4mpmm.wﬁ*$#5%*
ﬂiﬁ%%@ﬁﬁﬁi#jﬁﬁ’ﬂﬁiﬂﬁ*ﬁ#ﬁ A2 3B E - BFREFL
fpfehd inm g o

9. Ajisafe Monday Peter, O. O. Ajayi, E. O. Abatal, Akinnawo Solomon and M. T.
Oluwalope (2017) Chemical Fractionation of Heavy Metals in the Soil of Auto-Mechanic
Workshops in Akure, Ondo State, Nigeria. Chemical Science International Journal 21(2): 1-
16",

BSF]FHI PR ALETL LA EE TR BE T T OER 4 (3111%) >4
(21.11%) >4% (20.75% ) >4% (12.24% ) >4% (10.73% ) >4% (0.80% ) >4 (0.09% ) -
7 R Ap BT AT < 30 £ TERAR TP RSA ) FR -

10. Zhifeng Huang, Chengyou Liu, Xingru Zhao, Jing Dong & Binghui Zheng (2020) Risk
assessment of heavy metals in the surface sediment at the drinking water source of the

Xiangjiang River in South China. Environmental Sciences Europe 32: 236,

LA P e FERAY KR T BAREP EEHNFTLRECFERE A
Beh %2 kRt A M. AT T LR PR AR RE A \ﬁzﬁ%mk
BB ME Tk R KB DI MEAE S Zn(257.17 mgkg—1) > Pb(102.52 mg kg—1) > As(98.38
mg kg—1)>Cu(71.29 mg kg—1)>-459. >Ni (36.29 mg kg—1)>Cd (23.31 mg kg—1)>Co
(1697 mgkg—1) e izt & £ fhens Gfo kA B L = & 247 (PCA) frid f &AM & 47
@rrake) > B As~Cu~Ni~PbfrZn R Mk 44 1 8 k1 £k fodhdr iodtis
B0 @ Co~CrfeNi Rl %k p p 2Rk - Tt 47 (RDA) 4p I &R ¢ 05 B 7 & fopds
HELBPFE T BFRE - B2 E 2 BY *Zn-PofrAs kR EF > @ Cd o
Co Ap¥tais o 2% @ > {345 Hakanson & 2 i b &g ¥ (RI) frigeo & > G Cd
PR BAEA ST R GITRE 0 F AR




11.Sonia Mahey, Rakesh Kumar, Manik Sharma,Vinod Kumar, Renu Bhardwaj (2020) A
Critical review on toxicity of cobalt and its bioremediation strategies
SN Applied Sciences 2:1279"7.

€ EREEH AT NA 2 o ST T T RS i X e E
glutathione & & Fef #ehy B4 hRl G L2 E B T b LonE & g = e if §
% L ET RS o3 ROS A2 B AP EBERA LA Al T B
R E Rty P RRFEEER - F P BRFEMLER (CorCrMn-Fe~Cu) £77
i 7 2% i A Haber-Weiss f- Fenton reactions & # 4 2 ROS » ;%35 2 fwe ch & i
AF B REEER (4 & Bivsr) BB R4 ROS KT kg8 & wme
2 ¢ Hc % > 4rif i glutathione i 42> Frildid 1t fE o B 8 F9 F B s A F s ROS
A 4 f% > bl4c NADPH % it fis

Active Metals
Redox Non
active Redox
active
1. Haber-Weiss reaction 1. Glutathione depletion,
: . 2. Inhibiting antioxidant enzymes,
- Fentoneaction 3. Binding active sulfhydryl and activating
4. NADPH oxidase
Cellular
damage

W31 §itEFrisEfets tBRFEERE L ROS 2 2 e df #1550 ©




B ETEHER

Pk R 3k R 2 BE

AL EERFTEL PP AR 2023 & 10 7 20 PGk RE R
Feo TR 2024 70 10 PEERKPARLES c HEERPRFI0X X Y o d
PRALT PFR AR EEREL T (R P p R R EOR TER R ] NIEA W104.51C) » $&
ﬁ“%%”iﬁﬁ%ﬁ% a@(@4L4)~ﬂT@amruwﬁ“@4l ® )
feligmedoke ((B4-120 ) » ¢ 327 F1 £ F-AFHUL® » 555 L (B 4-1
~®@@)’ s
0 G = Tougqian river basin
EE AR
PF % o~ ER W
E e (B 4-1 Hsinchu

Science Par!

e Sample locations

Wuhua
Industrial Area

Zhudong
Landfill

ST
W 4-1 FF %0 5% AE R

P i B R gL
FHRE AT REKFE 2 TRRITER
2+ zf?sgaf?é » f 12 parafilm B 3t o 37
PP ZEORR-REp Rhict Y

Extraction of « Extracts analysis

. sediment pollutants ABRLEAERLEEREF
Tougian

river
sediment

MTT assay,
ROS assay,
MMP assay,
* Interstitial water Apoptosis,
ARLF#EREFERE TS Western blot

I ¢ Sediment pollutant
Sampiag Compositions A ERFHAL R F R F)
a analysis

W 4-2 s ERR REERIR




2 REREFEG B
AE SRR ESF 202 Y Srut (2011) 4 ¥ £ A Toxicology In Vitro i
>3 Bo X Ime i dcB 43 17 c R R EFBRUSPRLEFERHFELS RGN 4 C e
AR geE o fumEg - HFRLRIEP O RS DT P N
DMSO &% k&R 5 001 2 1% -

&

| Drying at room temperature |
U

Organic sediment extracts
40 g /300 ml (DCM: Methanol = 2:1)

4
| Ultrasonic bath 30 min |

| Centrifuge 1500 rpm, 10 min |
U

| Vacuum concentration |

| Dissolved in 4 ml DMSO |

| Filter0.22 uM |

Wl 4-3 FHERRREFTIAE

T~ Rk RS AT R
A R J\ﬁ KPR AR S (ST D g o BRI DR RS
#1500 rpm &< 10 #4580 R E ¢ F 7 R fs 2 045 M iR BB iR 0 T i ERAEECE" S
BEILF " o

U
| 30 g sediment / 50ml tube |

| Centrifuge 1500 rpm, 10 min |
{
| Filter 0.45 uM |

{

| Measure the pH value |
&

Acidified by 1% HNO;

(5 ml interstitial water / 0.05 ml HNO;)

U

| Compositions analysis (Heavy metals) |

Wl 4-4 SF9 KR R SRR iR AR

23




g~ FRFERDE
1) B RIF)-FHERZPHE QP
FHEEP TR ET ERRIFA T R4S N kY R A ;%_@
BB iE Aol T (& 4-1,4-2) 7
41 € 2 RHR N

Ak &R RS JmIg

& & (Total Hg) NIEA M317.04B AEF RGBTk
£(Cd)
4 (Cu)
4 (Ni) NIEA M353.02C i/
#(Zn) NIEA M111.01C NG R ek 2
4:(Pb)
£(Cn)
F(As) NIEAS310.64B LR W B Fa R B ES

242 3 BFEBRS N

Pk & dn ®R > 2 S IE
= F@h)E
(Dibenzo(a.h)anthracene)
% (1,2,3-cd)*
(Indeno(1,2,3-cd)pyrene)
% (Naphthalene)

k& (Chrysene) LR E S

— o NIEA M189.01C ) ..
P NIEAM731.00C | T h BT R
(Benzo(a)anthracene) ’ —F AR AT TR

¥ (a)54-ic

(Benzo(a)pyrene)
¥ (b) ¥ 57
(Benzo(b)fluoranthene)
() F 5
(Benzo(k)fluoranthene)
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Q) FHKAFPRGFEAFFTRY

L ICP-MS 4 ip) B MoKk 59 905 § e £ &0 + 55 £ HNOs 37 Bk 3%
SAFFE 500 £ o B~ Mk (3 P) $85 0.01 mL 2 » 3520 % HNOs i3 i i ¢ iF i% i
115 mL 4 F ¢ > e > 499 mL 1% (v/v)4g % HNOs #-4ff £ £ T SmL > 5% 2
e

LN E A

(1) CFi (55 % F5)

Contamination factor, CFi(;* % %]+ ) S ¥ L * 3T Rl L eand 2 5 4k T
38 258 5 1 CFi= Csample / Chackground (Csample * 1 & £ HE B  Chackgromnd © £ £ HE R
TR E "#33:'** R ERMPRETFLFFE) F CRE W IF 2738851
BrAAEFCREA1ID32ZFE  27% 4K B4 F CREZ3F £
THEBFERFL -

(2) PLI(5 % § Fi )

Pollution load index, PLI (i % § = :Fp Ho) o SFAF IR L ERBFER K ITH ST
P E & LA > 38 258 5 D PLI= (CFixCFaxCFsx:CFn) " (CFn & 3% % 82 CF
E)e % PLLE 3 1 FF > %7 ~Fx$7l=ﬁ:—‘_h% F4 3 PLIEX 1 A7 KE
£
;

LA L

= dme bk e s £
rFBRATIE Y w5 HEK-293T » 2 A 85 rfnFimbe » b+ L A fmve > H i
47 FEREE (SVA0) = THhomess 4@ r 10 24 medn fr 8 F45
BERE B mer g 37C 0 5%C020 80% BRA) A& 4% » w4 £ A8 (F
Moo MR AN A S EARIMEE R4 12 % -k (Phosphate buffered saline » PBS)
goRmiz L e 2 =0 FEFAr 05 A 0.05% % F-d fF (Trypsin-EDTA) » i s e j€_
BAr o WiE o &Fhr 05 FAMER AR we T Fa > 2 BHRE AR
24000 rpm B 5 A4 B iR Rl b VU G B ATHERE X R frEER L -

N~ e o i F Rl E (MTT assay)

3-(4 5-cimethylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide (MTT) 5 & ¢ i* & 4 »
BiEimre ¢ ok A YLTa i & fF (Succinate dehydrogenase > SDH) i£#* © » MTT ¢he
¥ kTR g BA A TR h® B R (Purple formazan) - f]* DMSO #-7 §&% % »
EA* kR PIEZER% 35S PR REARR 0 AT e ,;,F,;gs,\rg o ¥ tmre 4
£ 3 80% I 90% & > 4r ~ 0.05% "% v fF (Trypsin-EDTA) I % 37 Civ* 2.7 ¢
b TR F R Y b R B e il £ 0 4,500 cells/well fEA 96 P o
Fanre phiF (s > S 2 2 R R R KR F B4 0T 24 [ P 48 ] P o %%“f*ﬁ?w’" ’
4e ~ 100 pL/well MTT (1 mg/mL) *t 37°C# % $5 15 % 3 /| pFof Fl gk Ae o~ 100
uL/well DMSO #-F J& s chig fo % A 4% f#2 > §1* Microplate reader ™ =Tk £ 540

2N

nm 7P| 96 It Fv o gk HiciE o (BT ahliciE R a‘r“f"t PELeFEE (B4-5)-
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(A) (B) | e | @

orange
formazan
derivative

T T00000000000
\ehyirogensse_7 CCOO..O...Q.I
000000000000
1000000000080
00000000000
100000000000
100000000000
J0oeeeeeeeee

Increasing number of cells per well

Bl 4-5 MTT i€* RET LW I O0.D.540 nm # Rlswie R R MTT it 4 o
(A &g (A)Eurofins company, (B)Sigma-Aldrich®)

1~ BEF ¥ kI 4E (ROS assay)

L EBEF W SRR AF A LAF T E gl £ e A
(Hg) ~ £:(Pb)  45(Cr) « 42(Cd) ~ # (As) ~ 4 (Cu) ~ 4Bi(Fe) ~ B(Zn)& § 5 1 & 4 4o ©
¥ = 9 p& = 7 fig (di-n-butylphthalate, DBP) ~ #8 % = ¥ A& = A ¥ ? fig (butyl benzyl
phthalate, BBP)% ¢ 3 % w4 § (* /R4 20, F)pt A3+ 5 4% DCFH-DA * 1§ ip|’m
2% ¢ B F 3 F 13 s (Reactive oxygen species, ROS) # # o 4 DCFH-DA & » ‘w’z
oo gAimre ? dhigpEd L Bt > R F ki &5 5 DCFH o 2 &40k
DCFH 83| ROS p= > )’j‘*ugzﬂ; ROS % it = DCF> I & 4 % ¢ ¥k #1U¥ NiEiFiE
Hkgme? L35 ROS hA 2 (H 4-6) -

HOgC HO,C HO,C

N X
COzH X CO,H
O O a Actlvation cl O O Cl oxidation cl 4
—_—
HO 0 OH HO 0 O 0

DCFH-DA DCFH DCF

W 4-6 DCFH-DA i § 34 gix% RIL o (& F Bresoli-Obach, Roger, et al., 2018) *' -

v RAEAECT R
7}‘:_@\@4 % ngP\}j;,\/ﬁ:’gf —g;g i h g ,ufn ,#7@5 g_; s} » ¥ Eiaz‘m'gs@;@\qx

ESRLAE e LR AR 1 SN R et U S S L R

B o JC-10 ZH ¥ P E R MMWET =% > F AT JC-10 L AE » e is g

ORI g T 0 RE S F A F k) B FRAMNT 4
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B JC-10 2 A & 2 Atk g e 51 5 #12

HRS G At p » TS F K o {‘ﬁj:
FI# 5n38 e ik (flow cytometry) i iR @

EKppd cngit ¥ E rleie R R it e

B 2R (F_g] 4_7) ° (high mitochondria membrane potential)

¢ Depolarization
.

B 4-7 JC-10 % &3 it = (Healthy cell) p &
dicd F sk ANA= W% (Apoptosis) ¢ F d1%% 4

;.. B . . Apoptotic cell
& % o (*F&F G-Biosciences ComPaHY) (Low mitochondria membrane potential)

* JC-10 monomer
& JC-10 polymer

Lo s F R

O BEE AR LY Rty FARLR cRwre 7 ik dRis 0 £ 1 PBS
A AR w3 & i > T 4oil £ NP-40 > 15 13000 tpm > 4 30 A 4RES 0 b it B
AR chjed Bk o B-F-v Bk 504 Bradfordassay ¥ & {504 » 5 1 cfisample buffer:
®F OSTCa A e d 20 2487 v THA T MR - B3y FHEE N 12%
polyacrylamide # 514 @ & {7 SDS-PAGE » & & % & (s #5% 2 ¢ 3% % 7] PVDF
membrane } > #- PVDF membrane I *t 5%%ti%q 453 ¢ blocking 1 -] B* o #- membrane
o7 {8 4e » $F 2 eh- PRl (primary antibody) > R PR R 2 PR E4ACP R 12
3% 4 £ TBST jFi% 6 = > & 10 A 48 0 2 {8 4e » = & $bl(secondary antibody) 3%
- Al 2 E00 TBST ik 6= > & =0 10 A 4o 4o » ECL 3283 4% & - sdasl
boed R ENE] > s k&R R B9 BT & IR > 12 Image Lab i {7 2 & (] 4-8) -

Tissue cassette
= \ P —Y
@ =N Electrode | | [] Cathode Buffer

b — N Anode Buffer
call Bacterjial chamber ] | Add sample &O 4 (

T Anode Cathode
<~ | |
Lysate/Extracts Pour Gel and Separated
Assambling device Pipet samples and buffer Electrophoresis protein bands
) Y P e P
® @ ©) @ ®

W48 ¢ BL& 34T LW o &P Creative Diagnostics Company)

- =~ L.%"‘A\’}‘-’r
B EEEF T AP HEEEE S 2 t-H5% (two-tailed student t-test) & {7 Bk 5o vb di s
T op<0.05 * & F st B O(* p<0.05; **, p<0.01; and ***, p <0.001) -
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1 iTFE P

6 %R % 2 B
AT TR R R
BenAt 5 A LB

SR E 2 i

Po BB A 7

ine i i R R

(MTT assay)
TR S P

(ROS assay)
AR T R T

(MMPassay)
F o L ELE "
(Western blotting)
1 i3 )i:—"J-"‘A\
" 501 15[25[35|45|55[65|70| 75| 80| 85| 100

( & # %| %| %| %| %| %| %| %| %| %| %| %

& )
(1) 2 = MTTassay > i T_{s F 7 sk & & % &k X%k
H e N
) (2) %8 ROS assay > # P KL 5Bk =45 8 5 Fiw
AL VRS
FranH (1) % = ROS assay > t BRIk = % 4 % Fmic § L R4 hi
B
£ %
(2) 2 S RSB ET R F 0 e R R DR R AR R o
(3) f1* Western blotting > #& B &k 2 $= 3 (i 3 84 o
i

1 e P T2 28 p A faae &u%ﬁ$ HAcigp oo
2‘r‘ﬁﬁiﬂﬁ“JW TN AL ﬁ@“¢mwmw?IUTﬂ%ﬁ—%%
CESEOESUEE S (2)+3"’ LA ()1 TR L (RS R R LA -

30 T RAPE e E R RPORER . B8 TR AP LW M (F T
L'/uﬁﬂm%ﬂ’ﬁﬂﬁﬂﬁééﬁﬁﬁﬁﬁi%é”iﬁﬁﬁiﬂMuP kLT AT

iR 15 B R




CBRERASE

Bedt KB T RN AR BRI E Y KRR RS LR EK ) e
ERE N R REREE Y RORERE AR BEYEFH e AR RSRE
*%110452&#&%%’§%ﬁfﬁ%*¢@11452&u1%%ﬁo

-~ EARBEEOBREYRIET KT I R BRTR MR BORT o gt e B
ﬁhk%*wqam%ﬁna FAFES R S ELAREFEABRE  REYSLCRE

FrLR TR T 0 B RIATH EE LT M2 A K SRR RS 0 R T R

ERREEFAFTE R F = #aﬁi?imﬁ—F ~ v "‘;‘*’mz\%ﬁ s b e )R-
BREFEERE A R F PUE S AL ERCK R AR R A 45 8 R o

CAREEL AR R AR

1. REFEL B

B AR RSEE N ERRE AR A RS T (2 5] L) -
SRR BB N R A R TR e kI RS RIS 4 B4

B AP T U ARG P £ R B AR b e e
& A AR R ORI KT RE T R 2 G RIS 4 R

PIRBFRATRT AR dp R th o A 1 2 R RIRE R A (US EPA)
TR TRE R LT E ERRBIE R A T(E S-1 LB o 4~ 4~ & -t
B2 i US EPA RfpFend R F 42 7 > 3NA IR EGR L 3307 BF 4 g
ood po 7 M EACR P BRIV AR A P R e US EPA Z R -

Higher Between
- Below the

L5 1FE2PREEA AL A BRMSRGERY) | | Mo

A o limit
limit limits

EMA US EPA

i

mE BEIE | MR | ERE 5 s HR | ERE R

Py
BB b b s F s &R R A LR P I Y Y 1EY 1Y

.1]<0.1 <0.1/<0.1
00 | 00 | 00 | 00

15.5(16.4/14.4/23.7|51.4|74.4| 10. 92(9.88| | || 5016.4/14.4|23.7 514744 103| 11 |9.92|9.88| |

i [30.4/28.6/75.9/68.1|15. . . . | | i : . . . . 26.5/28.1|125.5| 24

89.5/ 110 76 106 y o o 5 ‘ . 59.4/61.1(67.8/60.2

19.4/14.4/11.1/14.2|27. . 6[13. o . ‘ . ’ . ¥ . 7112.6/13.6|13.112.1

20.6/29.1/27.4/30.6|19.1 . . b . \ b 6]29. 4130, 11139(20.5/22.120.3/20.5

s 4.252.522.08/2.26/3.16|2. b &k .7 |3 | s |4. o J : 2 .06] 4.5 3.07(2.7 3.42




SRR F HB RPN R AR B R B ALK
P4k~ 8~ dithR ATE LB T T

\EC

—-\

52z@)c @ ¥ RRTIERE FEh (USEPA) “tH| T AR R g
LA KT 748 ~ &~ & e US EPA Lﬁ#ﬁ”_‘éﬁ)ﬁ,“#?\% ,
%ﬁ?ﬁ,\ﬁ\%\ﬁﬁj r'g's"‘:‘ fi/;#m%%/;(z\szrg]) P\?'*{d s

1P G R TR R )
ST T A BA B 4 R iR R MOT R T LE &I G Rl TI(R
& B plE

=P iR

FrlE A

TR R R

10k oy ‘/\ x|

terk B 2 %*ﬂ?ﬁ%ﬂ@ﬁ&ﬁ%ﬁ*%%?%%ﬁ%”mUﬁmA%

Higher Between
o . than the upper and B“'““,‘ ‘,he .
AS2FRE2PEBAEANLEERBRBRERI) | we | o | ET T
EMA US EPA
) Ak | ST . ; FA AT
wg REWA | ma | mam 0% K wm REAA | R | mem PR RAR
%5 K5
R B b o 5| % B[R B R B R R B R AR AR BB 1o b g T AR SRR | AR R AR AR R
H <0.1 <0.1]0.13 <0.1/<0.1 He <0.1 <0.1/0.13 <0.1/<0.1
£ 1 0o 00| 9 00 | 01| | %]o00 00| 9 00 | 01
<0.5/<0.5 <0.5/<0.5
cd 00 | 00 cd _ | 00 | 00
Cu [15.7/16.6|32.3|125.6|27.6|36.4|11.9(11.2|9.76(40.6/35.9|28.2 Cu [15.7/16.6|32.3(25.6/27.6/36.4(11.9 11.2/9.76|40.6(35.9|28.2
Ni [33.2(30.7|202(75.6|23.9(27.1(27.7|30.9|27.9|25.8[32.2|30.4| | Ni [33.2[30.7|202(75.6/23.9|27.1|27.7 30.9/27.9|25.8|32.2|30.4
Zn [92.1] 81 |108|110(317|163|68.1/66.2/56.9/55.7 103 |87.4 Zn (92.1] 81 | 108|110 317|163 |68.166.2/56.9/55.7|103 87.4
Pb [17.912.1]12.2] 13 | 145 [24.1{12.6/13.0/12.5/11.122.1/19.7| | Pb |17.9[12.1/12.2| 13 |145(24.1]12.6/13.0 12.5|11.1 22.1 19.7
Cr [25.6/31.9] 38 [25.5/29.6|28.0[25.0/23.2/19.5/16.1/30.927.6| | Cr |25.6[31.9 38 [25.529.6/28.0(25.0/23.2/19.5|16.1 30.9 27.6
As 4.03|12.24|1.18]2.19(2.37(3.36|3.68(3.90(4.69|4.11 5.12|4.43 As (4.03/2.24|1.18(2.19/2.37|3.36(3.683.90 4.69(4.11 |5.12 4.43

B Fffmmé&%/%/ifﬁ R B B3N AT LRk

- RH R Y BT & S R o @ S iR R E R E sk v

#E (% 53)
£533 FERFHE2PEERA L LGB RRIRE)

o 5

Dry Season Wet Season

Heavy Not Moderately  Heavily Present Heavy Not Moderately  Heavily Present

metals polluted polluted polluted study metals polluted polluted polluted study
Hg <0.23 0.23-0.87 >0.87 <0.1 Hg <0.23 0.23-0.87 >0.87 <0.1-0.139
Cd <0.65 0.65-249  >1249 ND cd <0.65 0.65-249 > 249 <05
Cu <50 50 - 157 > 157 9.88 ~74.4 Cu <50 50-157 > 157 9.76 — 40.6
Ni <24 24-80 >80 159-759 Ni <24 24 -80 >80 23.9-202
Zn <140 140 - 384 >384 59.4-202 Zn <140 140 -384 >384 55.7-317
Pb <48 48 —161 > 161 11.1-27.1 Pb <48 48 - 161 > 161 11.1-145
Cr <76 76 —233 >233 19.1-139 Cr <76 76 —233 >233 16.1 —38.0
As <11 11-33 >33 2.06- 4.5 As <1l 11-33 >33 1.18-5.12




i b (US EPA) #r4] T ek ik 2t & £ F
AT G- I R o p b ARG RS ﬁyﬁﬂ\ﬁgi
AR R (R 5-4) e — Em D o BB AR REE £
B FE(E 55

2543 FEEFRE2FPEBERN L &R R (EPA L)

Dry Season Wet Season

Not
polluted

Present
study

Not
polluted

Heavily
polluted

Heavy
metals

Moderately
polluted

Present
study

Moderately
polluted

Heavily
polluted

Heavy
metals

Hg <18 <0.1 Hg <18 <0.1-0.139

ND <6 <0.5

9.88-74.4 25-50 9.76 — 40.6

159-759 20-50 23.9-202

59.4-202 90 -200 55.7-317

11.1-27.1 40 - 60 11.1-145

19.1 -139 25-175 16.1 —38.0

2.06- 4.5 3-8 1.18-5.12

2557 ESHERNEIFPERREALE

&R R (EETH)

| Larger value ‘ Smaller value

Dry Season Wet Season

AR | ERE MR | EERE

W BB R

<0.1/0.13
00| 9
<0.5|<0.5
00 | 00

27.6|36.4

RBRB| &R TR

<0.1]<0.1
00 | 00

23.9|27.1 309|27.9

26.5/28.1

317|163 66.2/56.9

59.4/61.1

12.6{13.6(13. ; . . 2013 | 145 13.0/12.5

20.5/122.1 25.529.6 23.2{19.5

4.513.07

2.19|2.37

3.90|4.69

d 32 g gHoaF EE 1T

2R o Flptaipw
BRILE &
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L] pE
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- miAEHS
/&, hﬁ; ‘l’m/-;—
AR R Uy ¥ T

B T g\>/€7 )’?EH—;% L vF)k>fg—_,b fi>,ﬁi¢?§" J\ oy
K>B-K o (8] 5-1)- H
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" ” <0.02 <0.02 = = 20 20 20 | 20
£ & 0 0 2 - <0.0 <0.0 <0.0/<0.0
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’ Higher than the upper Between upper and Below the lower limit I ND |
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FERF g AR 917G _@iﬁ%}&&?’# Moo d TP RB LG A
N L, B = , i = )| £% . . — 2 N N , ' 2
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Smaller value

unit: ppb
Dry Season ‘Wet Season
Cr Ni Cu Zn As Cd Hg Pb Cr Ni Cu Zn As Cd Hg Pb
2.764 | 3.305 | 4.605 | 16.88 | 3.709 | 0.057 | ND |1.201 5.447 | 5453 | 10.17 | 5435 | 4587 | 0.138 | ND | 3.147
ki3 b3
2.123 | 1.342 | 3299 | 15.11 | 1.175 | 0.058 | ND |0.643 6.043 | 3.624 | 9.397 | 20.79 | 3.19 | 0.121 | ND | 2.423
1.594 | 0.831 | 3.641 | 32.38 | 1.609 | 0.066 | ND |[0.751 5.603 | 1.997 | 6.099 | 17.69 | 2.466 | 0.127 | ND | 1.784
[£ 838 [£ 838
2.547 | 2.147 | 3.845 | 21.68 | 1.099 | 0.049 | ND |0.872 5.085 | 14.75 | 7.982 | 27.06 | 9.043 | 0.04 | ND | 1.947
2489 | 2.203 | 3.591 | 67.70 | 1.411 | 0.047 | ND |1.054 5.719 | 3.661 | 598 | 1446 | 4242 | 0.104 | ND | 2.007
AR AR
2,647 | 1.252 101 | 123.7 | 1.246 | 0.219 | ND |1.925 4231 | 1.825 | 4.523 | 1045 | 4.012 | 0.069 | ND | 1.347
2.751 | 2.107 | 4.185 | 21.05 | 2.119 | 0.089 | ND |1.182 5939 | 2.53 | 8.719 | 23.72 | 1.858 | 0.167 | ND | 2.284
e ER S
2.843 | 5.205 | 7.038 | 27.90 | 1.661 | 0.087 | ND |0.910 6.185 | 24.59 | 65.09 | 25.74 | 3.075 | 0.588 | ND | 2.168
6.728 | 6.095 | 7.405 | 25.23 | 3.453 | 0.115 | 0.155| 1.23
T T
9.445 | 3.984 | 4975 | 14.11 | 5.015 | 0.173 | 0.086 | 1.487




m e & RGE 0 AR KR R B
?%/m%ﬁﬂ%ﬁé’?éﬁwﬂﬁ‘ﬁ‘ﬁ‘%‘&#ﬁ§&ﬁ%%$F
SRV UL -5 L SRELC YAt EEE. & xR
Bde kAR B ehE £ iRl R T g > 1 R ACRF BN £ R

PRI ST SEE-E 1))

Pﬂ:_l

SPERBB A BPRUARHMAER S P ER R (% 5-8
% 5-8 XY LA RHREE (kW)

ER&HEERAA AR O i Fok

ND

i B 5 e B
ND
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ND

7 (Hg) ND
4% (Cd)
47 (Cu)
£ (Ni)
4% (Zn)
£ (Pb)
4% (Cr)
A (As)

ND ND

ND

ND

ND

ND

0.0042

(Unit : mg/l=ppm)
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LA A

24h Upstream

_%Q_;—

Survival rate(%: )

48h Upstream

Survival rate(%)

{_@—*{t“

E3 Respiratory

=3 Digestive

=3 Nervous

[ Endocrine

1 Urinary
Reproductive

E= Respiratory
[ Digestive
3 Nervous
1 Endocrine
1 Urinary
Reproductive

Survival rate(% )

Survival rate{% )

a
2
3

@
2

o

24h Middle-stream

%7

48h Middle-stream

18 s

E3

E= Respiratory

= Digestive

=3 Mervous

[ Endocrine

1 Urinary
Reproductive

EA Respiralory

33 Digestive

3 Nervous

[ Endocrine

[ Urinary
Reproductive

Survival rate(%:)

Survival rate(%)

24h Downstream

48h Downstream

Em Respiratory

[ Digestive

3 Mervous

[ Endocrine

1 Urinary
Reproductive

E3A Respiratory

=3 Digestive

=3 Nervous

=3 Endocrine

1 Urinary
Reproductive

W 5544 EERLme 3EFPRES (N=3,% p<0.05; ** p<0.01; and ***, p < 0.001)
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2. CERFARF LY

R EY T A BRBIERTE CRE (FAFF) Nt BA AL RS
PRAEEBFAARR o F CRE NI 273 8HFMAEFL 4§ CRERI

P32 AT ZERLYRAFL E CRERY 3 2474 K5ER7 %

f1* USEPA R iri 4B -5 e CRg% (W 5-8) v @i &R

BEY EARPELRERE L MBS

DRk BREEIE SHBEEERE BERWETH

47 (Cu) 4% (Ni) 4% (Zn) £5 (Pb) % (Cr) & (As)
Heavy metals

W58 %k#&CFiE

-1 CFizty L 3kghz PLIGE % 3030 & Bk E 2 B LE 4B
% PLIE [ » 1P £ 735 RBAZL T2 § PLIEA X 1B 27 KET 23
azoa&%?u@%m%%%ﬁﬁ%ﬁ?%ﬁ&%ﬁ@ﬁg:ﬁ%ﬁﬁ»@%&%“
B> S 3E>moe ik v (B 5-9) ,T*%\ﬂ'% KRBT IR FLARRE R KA S

I ERRE>TRIET K HR>BKT o

3.00

2.50

2.00
§ 1.55 Polluted
g 130 <~ (PLI> 1.0)
— 1.00 1.07 :
i 1.00 —_— @

N Unpolluted
0.50 § P
oo -~ S& (PLI < 1.0)
A eE K O % B8 R BRE BREVUET

W59 4 k%% PLI 835 2%

3. sn% 7% % Rl (MTT assay)

4.0 Considerable degree
(3.0=CF <6.0)
© 3.0
% 20 Moderate degree
- (1.0< CF <3.0)
SIRL) &§
" ; N
oo | N AF) IS B Low degree

o

B-A R TR e (HEK-293T) k@4 K Rk S B4 24 PEZE A8 ] PEIS 0 £ H A
ARBRR AL > B e 3R K ABE L L p TPk v > SR> RIE B PR B> R R PUE
% )k

T % () 5-10) o F # e 15 E F BdRiT ICso ik & 0 0.5% DMSO ~ 0.5% & ik 5 B~
B oA R REFER 24 ) PFITS 18T g o




HEK-293T 24H
OimikRiD 8% BIE QBB LE5KBK BERE

survival rate (%)

Medium only | 0.5% DMSO | 1% DMSO |
viIv (%)

HEK-293T 48H
QiR D BREEE DbRESKE BRRLEL

Pleca M o M.

SR et

survival rate (%)

55588968548608]06495 4585655 CHH

e 5\@,

EECELSEELOEEEcs FECtHTs ol

A

&

A\
Medium only 0.5%DMSO 1% DMSO . 0.05

viv (%)

N

e
[
wn

W 5-10 % & 555 AR TRm% 55% (N=3, % p<0.05; **, p<0.01; and ***, p <0.001)

4. E1EF ¥ EIFESE (ROS assay)

B4 R T e (HEK-293T) k&4 K RIEXBP 24 | PFiS > A A i
WA FERM A > BB MERAE L IRAFFUET N BEE e B >m bk v > 8% (B 5-
11) o

D04 ctr-4 E03WI2-3 Wil-4 - 603 IA1-3
Gate (22ny 2 Gawe B2in 2 £ Gate (P2ina £ Gate (P2 inall)

e E N R =i VIR 2L
160.0% l69.0% 95% 80.5% 1.3%

ViR
98.7%

W

JEFRGUET %

W2

W 5-11 BB 4K HS38A4 By 5 i (N=3, %%, p <0.001)




5. R ARWHET =R £ (MMP assay)

#- 4 R T (HEK-293T) f @30 4§ AR 5 P04 24 [ PR 1 0w % cO SR
REBEFTHE LR MEAE L FTEPOR TSR S RIEE LSRR IULET % (R
5-12)

100+
o HO3er-3 o CO3W2-3 . DO3W1-3 E04 D4 FO311-3
80 LE i & .pa R - ip wE) Efaee
18.4% 651.6%| 58.7% 150 6% 494
£ 604 6116%)| & 58.7% 49/4%
E m Sg ig ] H é
20 G e o e L A
0 DMSO ki e [ HIE hBERBE BRREVULTH

Bl 5-12 J B+ 4 K #0515 e SR =8 10 (N=3, %%, p <0.001)

6. % %= (Apoptosis assay)
Bl T m e (HEK-293T) kB 304K AR B4 24 | PF{S > m%e = L A
FHACHFHEERAEL IRAFIUET N BIEE B >mR Bk > Bk (B 5-13)°

1004
o e €06 W21 D0BWI-2 £06D-1 F05 11-1
7 pale (Plinalh . o _Gate (Pt inal  Gate (1 inall o Qe (Pt in al * ate P1in al
Fen =) g T RT = TR > e G| e
= 2 3 % %% i 0% s 67%
& R %4 ) L¥| 4 5
Z 1 P y . oAgR 4 !WF ik 1
& 5 I <% o o o o <%
-3 24 5 2aq Al 9.3 i LN ER
g' e ; : arly % 10am .‘:'i.. Eatl 1] i 1l N Earh * e
- - Edax i ; 5% ) o, _ 3, Eal o A
e el o B T T T T, Y % et
T fa = ) R
o BB E E RA = oF T3
[ 538 M HE B BRFEIUET N

Annexin V

W5-13 & B304 & #.518 chimme b= g (N=3, *** p <0.001)

7. & % L8 (Western Blot)
B4 BTz (HEK-293T) A B34 B KL 5B 24 P> 0 d > L B2 46
RIF RS TARE -
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¥~ juy P RE (Nrf2-Keapl pathway)

B ERE B R AP § d g Y BS (Nrf2-Keapl pathway) > & {7
Nrf2 i& » $|fmre P > B T pFandg iy HO-1 o GPX4 % > 1R b fmie p eng (b
FGeod TR S-14 ¥orurg o Nrf2, HO-1 fo GPX4 % B B § Fui T i R E B g o
27 ROS assay F % 2% 10 ¢

HEK-293T Keap-1
1.59
I e R R
DMSO BKa RS BB ET 3 107 &
@ Keap-1 e T e e | A 2o 3
10 08 10 09 10
0.0= L
ﬁ Nrf2 J W e e — ~ 6‘*@@,&0@%@“%%*4% (N=3)
£ PR
1.0 10 09 L1 L5 . Gl
GPX4

ﬁHO-l g e — W—
1.0 0.7 0.9 1.0 1.4

-» = =

T GPx4 ——— —

Ratio (%)

1.0 1.0 09 1.2 1.2

GAPDH | s S s S s

1.0 09 09 08 0.8

W 5-14 J B>t 4 K 6 510 chdnf B iE3% 4 RE (%, p <0.05 and **, p <0.01)

v T H 24 F e (Kidney injury biomarkers)

SR GAM DL PR TR TRBROPE S A PER T T
§ A 1L(KIM-1) 22 B2-fesk v (B2-M) 1% 3 fhis v 4 = 44 i » 5 5%
FRH N REEOKIM-1 2 P2Mrd BB Y g2 o0 FRES(R 5-15) 7 11 f
NAFIET T G R0 AR TR B KIMA i REFHFALE -

HEK-293T
a3 BRI
DMSO ko ERE B ET N KIM-1 p2-M
2.0 1.5+
TKIMA [ s o v i o |

Ratio (%)

T p2-M | . e e .. A
0 07 10 09 12

GAPDH — — N S —
1.0 0.9 1.1 1.2 1.1

W515 BB ¥4 BSEATHG IS 2RE (5, p<0.05 %, p <0.01; and ***, P<0.001)
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Fo~ s RE ﬁ] 3% (Glucose transporter)
T ARABE B2 By Y o Bl Bt s B A B2 - o F

FAbE 39 SGLT2 112 GLUT2 &B5Y f ff £ b e s fe i@y » 1L add i
5%“ T fro ¥ SGLT2 122 GLUT2 # L& B P& - %’“%g@_ i b h i
@ FRAMP S ES o FHREF(R 5-16) T UG MR FIUET HE F
HFF0 AIME PRE o
HEK-293T
DMSO Hflljﬁ [& B3 ’:’J;Eé E‘iﬁf; SGLT2 . GLUT2
2.0+ T
{} sGLr2 . —— .

10 09 09 13 15 <, T ol
e A v g Z
T GLUT2 | e S v s e | 4 s e

1.0 07 1.0 0.9 1.2

GAPDH | v SSums Sy S s 0* o &,

1.0 09 09 08 0.8

W 5-16 % B4 K50 cha 88K 35 4 RE (%, p <0.05; and **, p <0.01)

AN S EY T- T I3 3-8 T8 8

l. 287k #&
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R Pt 0 P A BB wiss e Sample locations
ARSI Ul | é‘l‘—f\!-" B e
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|53 5 ¢
lﬁ e~ FF‘ g * fk r oz " Hsinchu TEEBEK
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FRP A RAREFAPFAFRT UGN E 2R A FTRIFE SRR Y
MW R ARRARDREF Y od LRBIREDFAER S FRE>E R o
500 05
400 0.4 BRE R E
Eﬂ 3 (Ni) ?'EB =) R
1% (Zn) i o
—‘? 300 s (P:) ;_f 0.3 " K (2t it
E 45 (Cd) ‘g ” :’f(a)!i o
g w44 (Cr) s e
£ 200 =4 (CY) £ 02 = %
g # (A9) g " 5 (1,23-cd) it
© 100 l =RMHY O 0l R YO
0 0 = !
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3. J% 375 F Pl 2 (MTT assay)

#-A 8 TR (HEK-293T) %s;% R Qa7 RS SV SRS G A bk’,#ﬁ]
Bl X B3 24 )| PFR 48 | pF G- BHEEELY 4 L P A0 5L K A A
SEELO S T S ot S IS ii’ﬁ ¥ 4B (K 5-19,5-20,521) - i 4% i 73 78
Fh T [Cso ek B > 0.5% DMSO ~ 0.5% A&k 3B kR » W E F RPEFRF 24 | pF

.
fg 0 A& B =

FLiogRokipit o

HEK-293T 24H HEK-293T 48H
— aon Otk o &2 DiHfkikKaRE ~ 140% OMBko &8 OiERAQER
& 120% . ?_\/ 120% {_ i .
=~ ) I - - ==
© 100% | |5 _I_.} T 1 il et 2 100% | o L ‘I‘ %’_‘ T
S so% A L . = oa0% s + I =2 i d
= 60% ] CU s || S so% ! & Ak IC
; 0% S 50
g5 2% 2 20%
? 0% 0%

Medium| 0.5% | 1% | 0.01 005 01 025 | 05 1 Medium 0.5% 1% | 001 005 01 025 05 )
only |DMSO DMSO} only DMSO DMSO
viv (%) VIV (%)

5-19 ek v A R A FRE R EFRR I TR HEF (N=3,% p<0.05 and **, p <0.01)

HEK-293T 24H HEK-293T_48H

~ 140% O B3E & & B % BRI E < 140% [m] Fﬁ;@i@ﬁﬁ;’ [ 838 R B
S 10w ! S 10% i
o 100% o 100% b
2 sow 2 s l
ERC M. || 5 s E IC
T 0% I|§ Eoa% 50
7 20% 7 20%
0%

: 0%
Medium 0.5% 1% | .05 A 3 .3 1
only |DMSO|DMSO!
viv (%)

Medium H
only DMSO DMSO H

0.5% 1% 0.05 0.25 0.5 1

viv (%)

W520 RERAERFEREZTRAILL TR 3 FF (N=3)
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HEK-293T 24H HEK-293T 48H
~ 140% o R &R T RS G 0% oA R4S .Iﬁiiﬁ%
= 120% o < 120%
L 100% 2 100%
< [+
S so% = 80%
T s S 0% H
= 0% E 40%
-
2 20% 2 2%

0% 0%

Medium! 0.5% | 1% | 001 005 01 025 Medium 0.5% 1% | 001 005 01 025 05 1
only |DMSO|DMSO only DMSO DMSO
viv (%) viv (%)

W 521 @& 4 %2Rk # a5 0nAdss TRme iEd (N=3,% p<0.05; and ***, p <0.001)

4, F1F ¥ kx4 (ROS assay)
# 4 WPt (HEK-293T) o 00 4§ 2R IR 5040 24 | (50 9722 29

;—é,r}g ffjxg—ég , .__/Hg‘?g*ﬁxj\r' SHREERUE ALY G Z/rl“*kk/%%>z\% (B 5-
D2) o

i HEEK O e 2R P 3
o ED4'WI28-4 G0awWI15-4 - AD9 1A25-3
100- g2 § {L 1 in all = 3%
F 22.8% g 89.7%
801 !
< 60
A d - - a
o ' )
g 4 R * Y]
HO4'WI2D-4 B09 1A20-3
20+ % 'sj‘mm N § :\”‘ — YR
N 24.9% . 97.1%
0- I :
H 3
N )
K K
R ¥ ey

B 522 ke B33 R BFERSEEL NFEL R (N=3, %%, p<0.001)

5. s g =R = (MMP assay)

AT me (HEK-293T) kB304 B &Rk R 554 24 [ FFiS > £ B30IF
B iR 5P g m e ol AT R F TR D ARTEPOR T MR BN E ALY S
R A R>IFEE (W] 5-23) -
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HEK-293T

MMP (%)

B 523 R4 k2FEBREEOPRAYET =F L (N=3,*%, p<0.01; ***, p <0.001)

6.0% %=

ML TRz (HEK-293T) A B> 4 B 8RRk R 554 24 | BFis £ B
R R EPenim e k- R B F P > P AigTeBoR e S EIRE ALY S

i k= Fk >4 K (B 5-24)

L Rk o 3N # %

c03W2T-3 D03WHT-3 £0311T-3
g4 ate (P1ina 3 gate (e
2 =L =L
h 6 7%
] 8 LR
BO3 ctrk3 3g Sg o3
_Gate (P1ina
- I S e i i B B i M T Y I i i P
g fiza flaa fiza
“ o CO8W2D-3 E12120-T
§ -Gale (Flina 8 Gate (Plina
2 S

DMSO -

BT T e Y 2 I M N M I N T S i A S
L FlLza FL2A
w2 B . .
Y R e

(Apoptosis assay)

50 1

Apoptosis (%)
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(a) 100 -
Our daily water often comes from rivers, in Hsinchu city, more than 90% of the i A e IS e i B o e o I
. . . . . c_ 31.0% 98.7%
water supply 1s from Touqian river, however, 1t has been contaminated by nearby
industrial waste and garbage pollution. These pollutants not only harm aquatic e ‘
ecosystems and may also contaminate our drinking water. TETETY: R i T e
. .. . . : 0 % W- % W- 0.5% D 0.5%I-1
Sediments deposition at the bottom of water bodies, due to their properties, they 0.5% Ctrl 0-5% W=2 5% W
often accumulate persistent organic pollutants (POPs) like heavy metals and PAHs. O) e, g gmms e s )
These contaminants cause direct harm to aquatic life and can indirectly harm human o esew| | ene%w| | ssaw| | g 4% N
health through bioaccumulation and biomagnification. Furthermore, these pollutants 1 2 w. §
will be released from the sediments back to the water when river conditions change. WMW*W WMMLW c, C, R 20- §
In this study, we collected sediment samples from five locations in Touqian river 0.5% Citrl 0.5% W2  0.5% W-I 0.5% D 0.5%I-1 e,
. 1 o o . o\e ‘50 6° O o
basin, and use HEK-293T and A498 as cell models. The compositions analysis ), BT SO
revealed that heavy metals in sediment are significantly higher than in interstitial water i“ - ' _ a-
and the sediment from industrial area had the highest PLI value. The results of MTT PI W T 2
assay indicated that the industrial area sediment extract significantly decreased cell ;
viability, and the deep sediment samples affect more than top sediment samples. TE 2N
Additionally, the results of ROS assay, MMP assay, Apoptosis assay, and Western blot nmexin v e
showed a significant impact of industrial area sediments on kidney cell lines. Figure 3. (a) ROS assay, (b) MMP assay, (c) Apoptosis assay ¥
- , . . .
After HEK-293T treat with 0.5% DMSO and 0.5% sediment extracts for 24 H, the cell line
. exposed to industrial area sediments exhibited a significant increase of oxidative stress (a) and
Materials and Methods ~ POSEE . s . @
apoptosis (c) , a significant decrease of the mitochondrial membrane potential (b) . (n=3, p-
o <
* Cell lines value < 0001)
Cell name | HEK-293T A498 X Sampling locations Cul W-2 W-1 D LI Figure 4. Western Blot
Type Embryonic kidney Kldney cell Group I. Top sediments (W-2, W-1, I-1, D) KIM-1 e s s v — Western blot analysis of nephrotoxicity biomarker
cell, Human _ |carcinoma, Human G LT id diments (W-2, W-1, 1-2) - — (KIM-1), after exposed to 0.5% sediment extracts
rou . 10D an cCPp SCA1IMmMents - - - 4 | 4 .
P p P ’ ’ GAPDH s s s s for 24H. GAPDH was used as loading control.
TN \_ J
= Touqian river basin
- . Q\ we ;:::E:; e Sample locations ( \
X Flow chart =y \\% X Group II. Top and deep sediments
Tougian river sediment sampling oWl
Hsinchu 3 >00 |
‘ \ 4 \ Science Par Industrial JR L% B 40 jig”) Figure 5. Heavy metals concentration
.. : Area @ m £ (Pb) . . .
Compositions Extraction of I-2 Wuhua = =54 (Cd The total concentration of eight heavy metals 1n
~ analysis sediment pollutants . jodysual Arca g o top and deep sediment samples. According to the
Sediment pollutant \ 4 Zhudong Domestic g 1 - e figure, heavy metals tend to stay in deep sediment.
Interstitial water Extracts analysis Landfill Sewage 0 Top Deep
D
\ 4 \ 4
o Jianshih A
- townsp 0 e e L R
Pollution load index MTT assay, ROS assay Ton B 0-15 om - Deen - D han 45 o Lo o o N
(PLI) MMRP assay, Apoptosis (Top : Between 0-15 cm ; Deep : Deeper than 45 cm) 2 o e oo I R e R io; E %f B e 1T
Kidney dysfunction Hi [
______________________ B I = SO S N R N > I I I SO N S\ > SR S S S N N >
Western blot y & e TS ©6) & e O ) & T )
Figure 6. MTT assay
After 24 H of sediment extracts treating, the survival rate of HEK-293T exposed to the dee
N g p P
sediment extracts exhibited a significant decrease. Reaction for 48 H had the same results. (n=3,
X Group 1. Top sediments *p-value < 0.05, **p-value <0.01, and ***p-value <0.001).
2.0 Figure 1. Pollution load index (PLI) (a) 0.
- s N ) (N o, Yoo, L D A
L l\j\: PLI = (CF;XCF,XCF;X .- CFn)l/n (CF, - contamination Y | W Wk wW TP | ER CHER | w0 | ¥ | B CHR ] o 801 ..
: . . 97.1% - T
T — % factor of ecach sampling site). When PLI<] means ' ‘I‘ g o
=Ry § unpolluted and PLI>1 means polluted. According to the l 2 - y
§ PLI value, the contamination degree of the four sampling R I os/sz o T T g 20 H =l
0.0 : o 0.5%ectrl  \_0.5% W-2Top__0.5% W- 0.5% W-1Top _0.5% W-1 D 5%12 Top _0.5%I1-2 D
W-2 D L1 sites 18 1n order I-1 > D > W-1 > W-2. e — I = Orl—]q,‘?; D 22 O 42 P
\o\‘\zf\\ ’\:‘\\ ;\o@\' \t;$\ ;g\"\vi\"\v:
ARSI IR NN
(a) HEK-293T 24H (b) A498 24H (b) 100-
ow-2 E\’j’-jlgz o Eﬁ%lﬁ N .()Ijjl o . 140% OW-2 BW-1 sD m-l %ZEDB?B'CI:;E"“"J — (9 e 1 i %ZEE}Sﬁg?}ia"J —— \c Oate: P11t %E;}?ﬁg?ﬁﬂm R \(%_:gg-i_”;gfmam — %_Egpl'grgfina[h o A 80
Be oo 3 o 632%  46.5% osangld osBed ] 4634 § wlmE s S
1 0 G TR
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R ° oW ; '“ " o wen ) 0.5%ctrl \_0.5% W-2Top _0.5% W-2 Deep A 0.5% W-1Top _0.5% W-1 Deep A_0.5%1-2 Top 0.5%1-2 Deep J 0l Sl Aid
: S
Figure 2. MTT assay Figure 7. (a) ROS assay, (b) MMP assay SECEIRE
After 24 H of sediment extracts treating, the survival rate of HEK-293T (a) and A498 (b) exposed After HEK-293T treat with 0.5% DMSO and 0.5% sediment extracts for 24 H, the cell line exposed
to the industrial area sediment extracts exhibited a significant decrease. Reaction for 48 H had the to deep sediments exhibited a significant increase of oxidative stress (a) and a significant decrease
same results. (n=3, *p-value < 0.05, **p-value < 0.01, and ***p-value < 0.001). of the mitochondrial membrane potential (b). (n=3, ***p-value < 0.001).
\_ J o\ _/
a2 )
AWm | ° .
 Heavy metals tend to accumulate more in sediments than in the water phase. Cell viability ¥ : @
e Deeper sediments contain higher concentrations of heavy metals. Sediment N
- - - - . - . - —p  ROS level — —p  Apoptosis
e By the pollution load index, the contamination degree in industrial area is the highest. extracts * MMP ¥ pop
e Pollutants extracted from the sediments have been shown to cause damage to kidney cells.
o Future research will focus on identifying the pathways leading to cell damage and kidney dysfunction. Kidney dysfunction < Nephrotoxicity
e More stringent sediment quality indices need to be developed to ensure the safety of our drinking water.
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Abstract

Technological and scientific advancements have generally improved the quality of life, but
they also introduce new, potentially harmful pollutants into the environment. This study
focuses on the tributary of the Touqian River, the Luliaokeng River, that flows through
Wuhua Industrial Park. The Touqgian River 1s the main source of drinking water in Hsinchu.
However, the Touqian River upstream has industrial pollution and domestic wastewater.
The companies in Wuhua Industrial Park claim to treat their wastewater before discharging
it.

Our research 1ndicates that the Luliaokeng River remains significantly contaminated
sediment. Pollution in sediment may be released back into the water by disturbances from
weather or human factors. This ongoing pollution raises concerns about the effectiveness of
current wastewater and sediment treatment practices and the potential long-term
environmental and health impacts on their surrounding area. The persistence of pollutants
in the river ecosystem can lead to biomagnification and bioaccumulation, potentially
affecting human health through the food chain.

Of particular concern are the liver and kidneys, the primary organs responsible for
detoxification in the human body. Toxic substances, including heavy metals and organic
compounds present in the polluted water and sediment, may accumulate in these organs,
potentially causing liver or kidney dysfunction. This study underscores the urgent need for

improved polluted water and sediment management practices and highlights the potential
health risks.

Introduction

Sediment 1s the material deposited at the bottom of the river by gravity. It 1s
composed of various substances, including sand, clay, loam, and other materials.
High-quality sediment plays a crucial role in supporting the self-purification
functions of rivers, contributing to a healthier and more diverse aquatic ecosystem.
However, due to technological and scientific advancements, coupled with
inadequate regulations, new pollutants are increasingly released into rivers from
various sources, such as urban runoff, wastewater treatment plants, industrial
activities, and agricultural practices. When these pollutants enter the river system,
they contaminate both the water and the sediment (Fig.1).

i‘.;-f.

Dietary accumulation
Biomagnification
Bioaccumulation
Bioconcentration

9 Rﬂusﬁ'n sion

humans

@® Heavy metals (HMs)

Health risk

Fig. 1 Sediment pollution sources and biological accumulation.

Contamination of sediment can have far-reaching consequences. If aquatic
plants and fish absorb these pollutants, they can lead to biological toxicity and pose
significant risks to human health. The processes of biomagnification and
bioaccumulation amplify these risks throughout the food chain (Fig.1). As a result,
humans, being at the top of the food chain, may bear the brunt of toxic accumulation,
regardless of whether the pollutants originate from terrestrial or aquatic ecosystems
(Ding et al., 2022).

Taiwan's Ministry of Environment established sediment quality standards in
2012 that encompass 8 heavy metals and 20 organic pollutants. The regulated heavy
metals include mercury, arsenic, copper, chromium, cadmium, lead, zinc, and nickel.
The organic pollutants consist of 16 polycyclic aromatic hydrocarbon (PAH)
compounds and 4 plasticizers. However, these standards do not yet address an
emerging class of contaminants known as per- and poly-fluoroalkyl substances
(PFAS). PFAS are characterized by their hydrophobic and oleophobic properties, as
well as their environmental persistence. These compounds are extensively used 1n
various industries, including technology manufacturing and food packaging. Given
the vast array of PFAS compounds and their widespread use, it 1s crucial to
investigate the biological toxicity they may cause. This research 1s necessary to
inform future regulatory decisions and to better understand the potential
environmental and health impacts of these persistent chemicals.

Effect of Industrial Pollutant in Kidney Cell
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Material and Methods

Sample location Cell line

™~

m Toucian river basin
@® Sample locations

Q)

AR, SN
PARTH .- HEK-293T
wEE N 6 '
ko
Hsinch &R ’
SciencePark
AR £ ©
Y Zhudon Product category Human cells

o Landfill e
® . Homo sapiens
Organism S
MBEBBE N human
®

E3E
Morphology Epithelial
Flow Chart Tissue Kidney; Embryo
[ Extraction of sediment pollutants ]
[ MTT assay ]
HEK-293T 24H 08/28
Dupstream  Omidstream  Wdownstream
- : B .
o Bl e TR omn TR AL e

won |1l A i A

60% e e e e e e S S S **
i i i i i i i e BN

ao% | i g g g g g g g g

20%

0% I I I I I I I I I

0% DMSO 0.5% DMSO 1% DMSO 0.01 0.05 0.1 0.25 0.5 1

v/v (%)

survival rate (%)

HEK-293T 48H

Oupstream  Omidstream  Wdownstream

08/29

160%

120%

80%

o o mn. | |
Al A - 0
o i i i i i I i i I i ' Sl |

0% DMSO 0.5% DMSO 1% DMSO 0.01 0.05 - 0.1 0.25 0.5 1
v/v (%)

survival rate (%)

Fig. 2 MTT of Luliaokeng River upstream, midstream and
downstream for 24 and 48 hours.

*p-value < 0.05, **p-value < 0.01, and ***p-value < 0.001 (n=1)

Discussion and Conclusion

In conclusion, our MTT assay results demonstrate that HEK-293T cells exhibit
increased damage when exposed to downstream sediment which 1s heavy polluted
with industrial wastage. This suggests that the downstream sediment may contain
compounds with cumulative toxic effects on human embryonic kidney cells. These
findings highlight the potential environmental and health risks associated with
prolonged exposure to these sediments. Further research 1s needed to identify the
specific compounds responsible for this toxicity and to investigate the effects on
other cell types and organisms. Additionally, this study underscores the importance of
considering exposure duration in environmental toxicity assessments. For farther
research, we will indicate the pathway of the cell damage, then provide
environmental friendly remediation method for the polluted sediment.
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Introduction

Ke-Ya stream 1s one of the main watersheds in Hsinchu. It is adjacent to the Hsinchu Science Park. Many semiconductor industries and emerging industries around 1t will discharge
industrial wastewater, and some surrounding household sewage will also be discharged into the stream, causing pollution to the sediment in Keya Creek. , and the sediment 1s the
habitat and source of nutrients for many aquatic organisms. Many persistent organic pollutants (POPs) will continue to be deposited in the sediment. When too many pollutants
accumulate in the sediment, May have negative impacts on aquatic life and water quality. Eventually, 1t 1s likely to enter the human body through the food chain and accumulate
harmful substances in the body, causing health hazards.

Among them, after extracting the contaminated sediment and treating 18 cell lines, 1t was found that among the cell lines treated with the sediment extract, the cytotoxicity of germ
cells was the most severe, indicating that germ cells are more toxic than other cells. , are more sensitive, and the reproductive system 1s an important organ for human beings to
continue their offspring.

In previous experiments, ROS and apoptosis tests were conducted using sediment extracts from the upper, middle and lower reaches of Ke-Ya stream and two germ cell lines
(ovarian cancer cell A2780 and testicular cancer cell NCCIT). The results showed that the ROS produced downstream was more severe and leading to cell death.

The Touqgian River watershed 1s the largest watershed 1in the Hsinchu area, and it also supplies water for people's livelihood in the Hsinchu area.

This study aims to further investigate whether the discharge of domestic sewage and industrial wastewater flowing through upstream and midstream areas, as well as the nearby
landfill, affects the health of our drinking water at the two downstream water intake points.

Therefore, 1n this study, we collected 10 sampling points and divided them 1nto three groups, namely surface sediment, surface and deep sediment, and compared the upper, middle
and lower reaches of Luliao River, and conducted MTT toxicity effect assessment. The results It was shown that the sediment extract from the water intake had a better effect on cell
survival than the sediment from the adjacent industrial area. Further analysis found that the poisonous effect of deep sediment on cells was significantly higher than that of surface
sediment, and the toxicity of sediment pollution 1n the lower reaches of Luliao River was more serious than that in the upper and middle reaches. In the future, oxidative stress and
cell apoptosis experiments will be conducted to explore the specific toxicity mechanism of sediment pollutants on cells, as well as to study changes 1n gene expression.

Materials and Methods 0.5% 0.5% 0.5% 0.5%
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Figure 3. ROS assay

HenTAs® Changes of intracellular ROS (iROS) induced by sediment extraction. NCCIT was
T“’ Zhudong Landfil treated with organic extractions from sediments for 24 h. According to the results, the
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Figure 4. Apoptosis assay
Results NCCIT (A) and A2780 (B) was treated with organic extractions from sediments for
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Figure 1 Comparing cell viability between different systems in the human body. 0% DMSO 0.5% DMISO 1% DMSO 1
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than other systems in human body. Data were tested by MITT assay and presented as g o o
mean+ SEM. 1% DMSO was used as the control group. ER S
” 0% DMSO 0.5% DMSO 1% DMSO I:. 0.5 1
A B :
NCCIT 241 2780 241 Figure 5. MTT assay.
Supstream  Smiddlestream W downstream A2780 cells was exposed to organic extracts from Touqian river sediments for 24
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hours, with DMSO treatment as a control. The results indicate that (A) the toxic
effect of deep sediment on cells 1s significantly higher than that of surface sediment.
(B) The cell viability 1n the extraction from the sediment at the water intake 1s
higher compared to that of the industrial area surface sediment extraction. (C) The
cell viability significantly decreases in the organic extracts from downstream
sediments compared to other organic sediment extracts.(p-value < 0.05)

Figure 2. MTT assay. CO” ClllSlOl’l

NCCIT (A) and A2780 (B) cells were exposed to organic extracts from Ke-Ya ® The deep sediment of Touqian river accumulates more pollutants, and the cell toxicity
produced is higher than that of the surface sediment.
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Stream sediments for 24 hours, with DMSO treatment serving as a control. The

results indicated that the cells were significantly impacted by the organic extracts

from downstream sediments, exhibiting a notable decrease in viability compared to o survival ratle<, 1ndlcatjAr:g that t.he Walllter 1n1take 15 clianedr.. 1 b 1 will b
other organic sediment extracts, and the effects were also dose-dependent. (p-value Future work: ROS, Apoptosis, cell cycle, Mitochondrial membrane potential will be

<0.05) performed.
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HIGHLIGHTS GRAPHICAL ABSTRACT

e The first in vitro evidence of sediment
contaminants linked to human male

germ cells.
e Sediment pollutants caused genetic
toxicity to the human male germline. Sediment polluta
. . . +
e Oxidative stress from sediment contam- T
inants damaged human testicular em- Pl
bryonic cells.
o Toxicity signatures include disrupting Male reproductive cells 20
key cellular functions and inducing D
apoptosis. ﬂ
( Motility DNA damage Cell death
 Adhesion & Migrati H2A ylation | i
MOBOT
ARTICLE INFO ABSTRACT
Editor: Henner Hollert In recent years, mounting evidence has highlighted a global decline in male semen quality, paralleling an in-
crease in male infertility problems. Such developments in the male reproductive system are likely due to a range
Keywords: of environmental factors, which could negatively affect the outcomes of pregnancy, reproductive health, and the
Sediment well-being of fetuses. Different environmental contaminants ultimately accumulate in riverbed sediments due to

Environmental pollution
Apoptosis

Male reproductive system
Reactive oxygen species

gravity, so these sediments are frequently considered hotspots for pollutants. Therefore, understanding the
detrimental effects of river sediment pollution on human reproductive health is crucial. This study indicates male
germ cells' high vulnerability to environmental contaminants. There is a strong positive correlation between the
concentration of complex accumulated pollutants from human activities and the reproductive toxicity observed
in human testicular embryonic cell lines NCCIT and NTERA-2. This toxicity is characterized by increased levels of
reactive oxygen species, disruption of critical cellular functions, genotoxic impacts, and the induction of cell

Abbreviations: BSA, Bovine serum albumin; DCF, 2',7-Dichlorofluorescein; DCFH-DA, 2',7'-Dichlorodihydrofluorescein diacetate; DCM, Dichloromethane; DMEM,
Dulbecco's modified Eagle's medium; DMSO, Dimethyl sulfoxide; FBS, Fetal bovine serum; HRP, Horseradish peroxidase; HSP, Hsinchu Science Park; PVDF, Poly-
vinylidene difluoride; ROS, Reactive oxygen species; RPMI, Roswell Park Memorial Institute; SDS-PAGE, Sodium dodecyl sulfate-polyacrylamide gel electrophoresis;
SEM, Standard error of the mean.
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associated with DNA mutation and damage. Apoptosis is often a sub-
sequent response to DNA damage (Wang, 2001). The results of this study
indicate that exposure to higher concentrations of household/industrial
sediment contaminants results in greater DNA damage and cell
apoptosis in the male germline.

To summarize, toxins found in household/industrial sediments
induce heightened oxidative stress, impede cell adhesion and migration,
escalate H2A phosphorylation, and lead to apoptosis in male germ cells.
There are some potential limitations of this study, the scientific value of
results obtained from cell lines may not fully reflect the intricacies of
human physiology. Considering these factors in translating in vitro re-
sults to potential impacts on human health indicates the need for further
investigations including studies on animal models and clinical obser-
vations on humans to validate and fully understand the implications of
the results considering potential limitations in the direct applicability of
the results to humans. However, this study represents the first of its kind
to employ a bed-to-bench methodology for evaluating the action
mechanisms of overall environmental pollutants on male germ cells,
thereby offering definitive scientific proof of reproductive stress induced
by environmental factors.

5. Conclusion

Anthropogenic pollutants encompass a broad spectrum of heavy
metals and diverse organic compounds, which are distributed across the
environment, typically in low concentrations. However, the cumulative
impact of these low-dose, long-term exposures to environmental con-
taminants is markedly significant on the male germline. Experimental
findings indicate a reduction in the viability of male germ cells,
impairment of fundamental cellular functions, acceleration of DNA
damage, and eventually culminating in the demise of these cells. The
insights gained from this study are crucial for comprehending the in-
fluence of total environmental pollutants on human health and the
decreasing birthrate. This knowledge is instrumental in meticulously
devising strategies to regulate and mitigate the effects of these detri-
mental components.
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Interface” Next-Generation Communication systems Scarce Data: The Few-Shot Learning Approach
UTS Speaker: Dr. Avinash Singh (online) UTS Speaker: Prof. Andrew Zhang UTS Speaker: Wenbo Xu (online)
11:30-11:45 09:30-09:45 Presentation title: Toward Equity: Reducing Presentation title: New BP Decoder Scheme for Presentation title: Graph-based Referring
Algorithmic Bias in Al-Based Medical Imaging Quantum Codes Expression Comprehension
NTHU Speaker: Asst. Prof. Po-Chih Kuo NTHU Speaker: Tzu-Hsuan Huang (Prof. Ueng, NTHU Speaker: Dr. Jingcheng Ke (online)
Yeong-Luh's PhD Student) .
11:45-12:00 09:45-10:00 Presentation title: Series Game for Better Healthcare |-Presemtatiomtitte: Modern Antenna Technology Presentation title: DSENET: An Object-wise
Empowered Future Wireless Communication” Density-informed Coarse-to-Fine Object Detector
UTS Speaker: Dr. Jaime Garcia Marin (online) for Aerial Image
UTS Speaker: Can Ding (online) Can Ding and
A/Prof. Peiyuan Qin (online) UTS Speaker: Haoran Jiang (online)




UTS Speaker: A/Prof. Diep Nguyen

16:45-17:00 14:45-15:00 Presentation title: All-optical nanoscale temperature | Presentation title: On Poisoning Attacks and
sensing on microelectronics using diamond color Defenses for LSTM Time Series Prediction Models:
centers Speed Prediction as an Example
UTS Speaker: Dr. Trong Toan Tran (online) NTHU Speaker: Prof. Shun-Ren Yang
17:00-17:15 15:00-15:15 Presentation title: Neuromorphic Intelligent Vision Presentation title: “Security and Privacy in
System-on-Chip Blockchain and Al”
NTHU Speaker: Prof.Kea-Tiong (Samuel) Tang UTS Speaker: Dr X. Wang
17:15-17:30 15:15-15:30 Presentation title: 3D Printing Antenna in Package for | Presentation title: Constant-round Blind Classical
mmWave and Sub-Terahertz Communications and Verification of Quantum Sampling
Sensing
NTHU Speaker: Prof. Han-Hsuan Lin
UTS Speaker: A/Prof. Yang Yang (online)
17:30-18:00 | 15:30-16:00
30mins 30mins -
( ) ( ) Break Sydney Hsinchu Venue: BMES301
17:40-19:10 | 15:40-17:10 Low Carbon Water Purification
(90mins) (90mins) Technologies
Venue: Delta R302 UTS Co-Chair Prof. Long Nghiem (online)
18:00-19:30 | 16:00-17:30 | Electric power and energy systems [T el (PR Rt 21
(90mins) (90mins) . 17:40-17:55 | 15:40-15:55 | Presentation title: A Novel, Membrane-free
UTS Co-Chair Prof. Dylan . - .
hai £ Chia-Chi Ch Microfluidic Electrochemical
NTHU Co-Chair Prof. Chia-Chi Chu Separation/Water Purification Platform
NTHU Speaker: Prof. Chi-Chang Hu
18:00-18:15 16:00-16:15 Presentation title: Motor Drives Applied to
Microgrids and Electric Vehicles 17:55-18:10 | 15:55-16:10 | Presentation title: Nanobubble technologies
. for low carbon water/wastewater treatment
NTHU Speaker: Prof. Yuan-Chih Chang UTS Speaker: Dr Ashley Ansari (online)
18:15-18:30 16:15-16:30 Presentatiorll title: D.eveloping H.igh-Efﬁciency .High- 18:10-18:25 16:10-16:25 Presentation title: Investigating How River
Pow'er-DenS|ty Electric Motor Drives for Electric Sediments Mirror Human Health
Vehicles NTHU Speaker: Prof. and Director Hsiu-
Chuan Chou
UTS Speaker: Prof. Youguang Guo
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ATHENS INSTITUTE FOR EDUCATION AND RESEARCH

A World Association of Academics and Researchers
9 Chalkokondili Str., 10677 Athens, Greece.
Tel.: 210-36.34.210 Fax; 210-36.34.209 Email: info@atiner.gr URL: www.atiner.qr

(ATINER) (ATINER)

Athens, 28 December 2023
Hsiu-Chuan Chou
Professor
National Tsing Hua University
Taiwan

Our Ref: BI02024/0701003
Dear Dr. Chou,

| would like to inform you that the selection academic committee has decided to invite you to
speak at our 10" Annual International Conference on Biology, as part of the Annual Academic
Meetings of the Natural Sciences Unit, 22-25 July 2024, Athens, Greece on the topic of:

Effect of Sediment Pollutants on Human Health

Please be prepared for an oral presentation in English only of 15-20 minutes including
discussion. During your presentation you may use PowerPoint. If this is your first presentation at
one of ATINER's small academic events, please read carefully our policy available at
https://www.atiner.gr/policy.

More information can be found at the conference website https://www.atiner.gr/biology.

Confirm your participation by completing the registration before 31 January 2024 at:
https://www.atiner.gr/product/registration.

If you want to book your hotel accommodation with ATINER, please fill the form at
https://www.atiner.gr/hotel-reservation and our administration will respond to your request asap.
Reservations should be made as soon as possible as the offer only stands as long as rooms are
available. If you need more information on the accommodation, please send us an email to
atiner@atiner.gr.

The conference’s social program is available on https://www.atiner.gr/social-program. These
are academic events which give the opportunity to our conference participants to further discuss
the issues developed during the formal sessions and establish academic collaborations with other
scholars from many different countries.

If you want your paper to be considered (peer reviewed) for publication and only then, please
submit your manuscript by 24 June 2024 using our website https://www.athensjournals.gr/paper-
submission following the paper guidelines stated there. For more information, please see point 3 of
our policy on https://www.atiner.gr/policy. Please do not submit your paper if you do not want it to
be published by ATINER.

| look forward to meeting you in Athens.

R EDUS
/'(:Q,‘/‘—‘ -~(<4)\

4%
Yours Sincerely, /& ATINER "NO\
/S/ e - ?\
P o I
i 2 0
G j Z/L‘ “3 & o \‘Z/ Farinio oI J%ﬁ"|
- , \ est. 1995 /n?/
Dr. Gregory T. Papanikos \f’yb“ ' {:E;A”?/
President \'\{E’ =\


User
螢光標示


Ligesa
Bilateral exchange meeting between

Chula Uni and NTHU

Date: 2024/05/10 (Fri)

Location: NTHU Biomedical Engineering and Environmental Sciences Building,
R418

Time Content Remark
9:00-9:10 Prof. Jenyuk Lohwacharin arrival Room 418
9:10-9:20 To begin with welcome speech Host:

Prof. Hsiu-Chuan Chou
9:20-9:40 Speech by Prof. Jenyuk Lohwacharin | Reporter:

(Title TBD) Prof. Jenyuk Lohwacharin
9:40-9:50 Discussion

9:50-10:10 The evaluation of sediment toxicity in | Reporter:

human kidney cell lines. Wei-Y1 Chen
10:10-10:30 | Discussion
10:30-10:50 | Effects of particulate matter in | Reporter:

macrophages under the influence of | Yung-Jui Chen
four seasons.

10:50-11:10 | Discussion

11:40-13:00 | Lunch Time Chou Lab members
13:20-15:00 | Visit the Instrumentation Center at

AES, NTHU
15:20-17:00 | Visit the “Brain Research Center” at

NTHU

17:20-18:30 | Dinner Time

Farewell
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13:30-13:50 13:50-13.55 13:55-14:30
EAd A /RLAIRY +¥-hHRAA HEE 3 %A S FT AR
W 4L S PN i LEPLRSARER RESHEMNL /' HARPAE

g &/ ERELHE

ELH -MAESRER
CRRER B R 2 v dided D

FHRR - MAREARRA
GRARA RF S EMEED
N RF R ARG AN

14:940-15:35

BAFN - TR R
R dolsnatid il T AL F &)

HHRT - RN
(—HERFH— R RR)

15:50-T6:30

TR L FE L EL SRR L)

Bed FTh/BREAHEF=A0SF

AL PGE RA/HLAPAREANBARN
BEEL @08 BRA S ARMBIEA T HETY
AEA ELTBAIGASARERRINT E
BEACHEEAFA S STEAAAURE
AN ERARL /@i B REAIHENEY

BeEENER
T6:30-13:30

RIEA
FELARRA /R ATRBAIAHT R
Wiz
AR A/ AR KEIMRIRUBA RN
fRE ARER /@A PPN IEER
A8 AL/ ERPHNEF —F0| 5§
IR EN/ERP A PR TRLR
g AL/ WNBYARIATAGT
EERTMABA/ MAEARTHTE
o AR/ e IEFATERE
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5/3 14:00-14:30 ESH]] 0 FHE 12
5/3 14:30-17:00 Eé‘éﬁiéﬁﬁ‘éﬁtﬁ%z 3 Hrhs 18 RETIEZED
IR 7 B HERZ
5/10 | 9:30-12:00 &3_% & 3 FrHE i AHE R
--AERERES TR 2 B
5/17 | 9:30-12:00 | EEIZRAIEERTEN 3 FHE i RE FZEAM
5/24 | 9:30-12:00 | IEBERET)I|5E 3 MoE_i@8 | BEEEH
L _ N = HIE 2
5/24  |15:00-17:00| EZEFEANE EERRER 3 ;ﬁ; 5
5/31 9:30-12:00 |FEETTEIImAKOREEG 3 =NhEHEES R EEM
TR TREFEYENSEES MRERE
6/7 9:30-12:00 3 FrHs i .
/ BRAIREAEEE 7 FSCEA
6/7 16:00-18:00 EZEEE 2 EEEYVIES ZNREBE
€50 )| | EMEREMN RS DRESZEM
6/14 | 9:30-12:00 | T ?”g AL 5 I gnsa-
X
6/21 9:30-12:00 HER ) Hrhs 8 1= B BX
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L2 AR m I EE Biochemistry Thesis Award

% 82 Outstanding Award

Paper No Paper Title

C07 (A0029)  Cytotoxicity and human health risk evaluated by whole sediment extraction

Meng Wei Lin, National Tsing Hua University
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NATIONAL TSING HUA UNIVERSITY

Q Colleue of Nu)c‘tar Scnence

EFREBR20245EH R GRFEEIZRE b

RELRH LR T
=5 e Wi | B¥HE | A KA %A 8 AR HE

Microstructure of Electrodeposited Magnesium on Pure Magnesium

T# &
B REERB R AR Sk [ AM-06 SFELE and AZ31 Negative Electrodes after Discharge/Charge Cycles for
ESS
Rechargeable Magnesium Battery

7B AT [ The effects of interfacial water on product selectivity in

A REE R EIB A S WEE |AM-10| HAFP , _ FFH
AES |electrochemical CO2 reduction

-8 A [The toxicity assessment study of sediment pollutants in human kidney

AR R RS Es (aM| AEE | R
AES [cell lines.

Z R tAEREARSE
SEATR SUBEFESEARR &

B 5] " Wl | BEHE | AW A T
B A7 [The toxicity assessment study of sediment pollutants 1n human kidney
A B G AE AP RES (AM-17| HAEE :
AES [cell lines.
_ I # % [Development of high-strength nanotwinned Ag films on SiC substrate
BEEFEMAA 34y |BM-03| ekAFALIS :
ESS |for advanced packaing technology
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2024/5/20 T4-2:29 Roundcube Webmail :: [#EUEH]] REE 512 MIB20245ERBUSR HUbF EF

B [FRENEH] FH=EFTEBIB2024;5FEABRUSR-HUbFEESE!
H4E BEiEAFERL <ric@gapp.nthu.edu.tw>
KitE EREkER BEE (HBFFE) <chouhc@mx.nthu.edu.tw>, Chen
Jun-MingPf&$g <chenjunming@gapp.nthu.edu.tw>, EEIZ M\_J‘,f/:’:_l_‘_l_‘
/' \

Hapes

<a921a2003@gmail.com>, EEEE <nfhuangl1219@gmail.com>, G4
18 <cwi8977@gmail.com>

HEHA 2024-03-26 22:29

* USR-HUubZEHER FilAlistE=RE.doc(~79 KB)
* BERNZKEREEEE (FFERES) pdf(~176 KB)

WERKEE R

RELBHA - E5tEE1B20245EKREUSR-HUubst EEE!
TERERRRENWY - FLEE -

Elttl‘j MERBBEERE - Ll&*ﬁﬁ'fﬁﬁﬁ#

. THRRDEKERIGEER  BiB20245FE KEUSR-HUbsTEESE

2 RERERIOETT

3. BIKIETEEENZERE, HETEERKCEFRGRBRERBZRER)

4. FERRAN9(Z)EIfBEIESTES (dooxtE, pdfiES—)RKCERFR(ETFENT, aFFAFER)

E W)

MEE 8§t
!ﬁ%%k%@ﬁiﬁﬂ%ﬁ%l}\

ric@gapp.nthu.edu.tw

03-5715131#33317
0920-814813

https://mx-mail.nthu.edu.tw/roundcubemail/? task=mail& safe=0& uid=84893& mbox=INBOX& action=print& extwin=1 11
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- FE-ZAs ND ND ND ND NEAMSIGe | mgkg  [MDL=0.126
:gi; PHTEXY ND ND ND ND NEAmmioe | mg/kg  [MDL=0.124
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—%(a, K ND ND ND ND NEAMBL0E | mgfkg  MDL=0006
(1,2 3-cd) it ND ND ND ND NEAMBLOC | mg/kg  [MDL=0007
#* ND ND ND 0.160 | NEammioc | mgkg [MDL=0007
i ND ND ND <0.020 | Nigamrosc | mg/kg  [MDL=0007
£(a)B K ND ND ND <0.020 | Meansioc | mgkg  [MDL=0006
#(a)mhit ND ND ND ND NiEamiroe | mg/kg  [MDL=0007
#(b) £ M ND ND ND <0.020 | Nieanmioe | meag  [MDL=0007
EI(3ES V3 ND ND ND ND NEAMmgc | mg/kg  [MDL=0.007
g ii‘-ﬁ? it=(2-7% ND ND ND 0.774 | NMeasmiose | mgkg  [MDL=0170
B P T ND ND ND ND NEAMioc | mgfkg  [MDL=0152
0% =P k=7 ND ND ND ND MEAMBLoze | mg/kg  [MDL=0.126
f‘ai; THTEEF ND ND ND ND NEAMDUGC | mglkg  [MDL=0124
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ik ND <0,020 i NEawmiose | mg/kg  [MDL=0007
¥(a)Bh it ND ND s MEasiotc | mglkg  [MDL=0006
%(a)Bit ND ND ’ MEAMDIoc | mg/kg  [MDL=0007
£(b) ¥ MR ND ND - NEAMmLc | mglkg  [MDL=0007
LK) RMR ND ND . NEANBToC | mg/kg  [MDL=0007
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HEREZEET L (ICP-MS)ATikEHEE

FREES: HBER AR B - EEAZE L SfrE#A 113/1/24

TE\EE Cr Ni Cu Zn As Cd Hg Pb

¥ Sh RS ppb ppb ppb ppb ppb ppb ppb ppb
WA-1 2.764 3.305 4.605 16.88 3.709 0.057 ND 1.201

WA-2 2.123 1342 | 3299 | 15.11 1.175 0.058 ND 0.643
WB-1 1.594 0.831 | 3.641 | 32.38 1.609 0.066 ND 0.751

WB-2 2.547 2.147 | 3845 | 21.68 1.099 0.049 ND 0.872

WC-1 2.489 2203 | 3591 | 67.70 1.411 0.047 ND 1.054

WC-2 2.647 1.252 5.101 123.7 1.246 0.219 ND 1.925
WD-1 2.751 2.107 | 4185 | 2105 [ 2.119 0.089 ND 1.182
WD-3 2.843 5205 | 7.038 | 27.90 1.661 0.087 ND 0.910

WE-1 1.249 nd 2.806 | 117.0 | 0.684 0.014 ND 0.402

WF-2 2.019 1.653 | 2.597 | 4849 | 0.557 0.038 ND 0.661
WK-1 2.730 1.216 5.571 34.83 2.208 0.041 ND 1.067
WK-2 3.271 1231 | 869 | 3436 | 9.018 0.079 1.887 0.880
WK-3 2.118 1271 | 9246 | 2479 | 7.149 0.038 0.858 0.703

753% (& RIEFR (ppb) 0.904 0332 | 0040 | 0260 | o0.001 0.006 0.048 0.068




HHEREEEHED L (ICP-MS)a iR EE

A BEm AR S ER AT - AR Amaf 537 H 113/3/14
A) it
ToE \ B Cr Ni Cu Zn As Cd Hg Pb
R i ppm ppm ppm ppm ppm ppm ppm ppm
SA-1 18.07 10.53 23.77 | 446.0 6.019 ND ND 21.46
SA-2 29.16 51.08 121.1 621.5 8.448 0.613 ND 41.46
SB-1 10.31 21.76 | 4853 | 3352 5.630 4.154 ND 17.87
SB-2 8.007 14.13 108.6 | 618.4 6.004 1.000 ND 31.83
SC-1 ND 9.225 1949 | 499.0 3.587 ND ND 23.81
SC-2 ND 7862 | 4599 | 962.4 3.156 2.225 ND 26.20
SD-1 ND ND 18.71 136.9 6.039 0.373 ND 23.12
SD-2 11.14 6130 | 39.90 | 75.89 4711 5.007 ND 16.95
SD-3 ND 83.49 | 27.30 161.3 3.435 ND ND 19.63
SE-1 18.25 2640 | 25.57 139.7 9.000 9.557 ND 23.93
SK-1 32.02 31.34 11.35 127.7 11.97 ND 1.960 14.17
SK-2 ND 28.52 | 24.70 137.4 7.073 ND 1.002 22.41
SK-3 298.4 977.8 129.7 | 200.9 7.160 ND ND 29.75
75 AR (ppm) 0.034 0.037 | 0.008 | 0.018 0.004 0.001 0.002 0.002




N e x
THIEREEETL (ICP-MS) I thiRigHdsE
FHEES T BERm ARFSEEAL - HEE AR 4Rt ST EHA 113/2/1
A) BT

TTE\BE Cr Ni Cu Zn As Cd Hg Pb
iR ppb ppb ppb ppb ppb ppb ppb ppb
EA-1 ND ND ND ND 2.988 ND ND 5.193
EA-2 ND ND 70.50 ND ND 1.186 ND 25.47
EB-1 ND ND 26.91 ND ND ND ND 12.84
EB-2 ND ND 4788 | 4576 ND 0.619 ND 8.414
EC-1 ND ND 1835 | 30.28 9.236 1.908 ND 94.12
EC-2 ND 109.1 78.10 | 7426 | 4.075 2218 ND 248 8
ED-1 ND ND 23.56 | 43.85 2.309 2.373 ND 12.67
ED-2 ND 76.52 | 74.65 ND ND 1315 ND 107.1
ED-3 ND 1290 | 98.77 | 67.61 4211 3.636 ND 139.7
EE-1 ND 1477 | 3950 | 7683 4.075 0.593 ND 27.28
EK-1 ND ND 60.28 | 58.13 ND ND ND 2.613
EK-2 ND 3947 | 4392 | 509.1 8.285 6.654 ND 98.85
EK-3 ND 90.94 8978 3097 16.03 2.811 3.540 136.0
75522 E (ppb) 18.95 5350 | 3.000 | 4.200 1.850 0.500 0.850 0.950
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51136?12;\ S1130712B | S1130712C | S1130712D RBREAE: B
® R i1
& ND ND ND ND MEAM3I2.048 | mg/kg  (MDL=0031
A 4.69 4.11 3.68 3.90 NIEAS3O.64B | mg/kg
4 9.76 40.6 11.9 112 | Nieasirore | mgikg
4% 19.5 16.1 25.0 232 | Neamitoic | mg/kg
4% ND ND ND ND NEAMiLolc | mg/kg  [MDL=0.169
4 12.5 1.1 12.6 130 | NEamioic | mg/kg
8t 56.9 55.7 68.1 662 | NEamiioc | mgkg
4 27.9 25.8 27.7 309 | NEaminoc | mglkg
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& ND ND ND <0.100 NIEA M317.04B mg/kg |MDL=0031
" 2.24 1.18 2.19 2.37 NEABHSSS | mgfkg
48 16.6 32.3 25.6 27.6 NIEAMITOIC | mg/kg
4% 31.9 38.0 25.5 29.6 NEAMiioe |  mghkg
% ND ND ND <0.500 | MEamiiroe | mg/kg L=0.169
4 12.1 12.2 13.0 145 NEAMNtoC | mglkg
4% 81.0 108 110 317 NEAMILOG | mgkg
30.7 202 75.6 23.9 NIEAMITOIG | mg/kg
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7S Al #
& 0.139 <0.100 2 = NIEA M317.04B mglkg MDL=0.021
g* 3.36 4.03 - u NIEA 8310.64B mg/kg
49 36.4 15.7 P Y NEAMIMC | mglkg
55 28.0 25.6 i " NEAmILNG | mglkg
4% <0.500 ND . . NEAMITolc | mg/kg  [MDL=0.169
m 24.1 17.9 . . NIEAMOTOIC | mg/kg
s 163 92.1 -~ 5 NIEA Mitioic | mg/kg
24 27.1 332 . . NEA M | | mghg
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—%(a,h)H A& ND ND ND ND | NiEasmsiec | mg/kg |[MDL=0005
2r(1,2,3-cd) it ND ND ND ND NiEAMLoac | mg/kg  [MDL=0005
# ND ND ND ND NEA Mo | mg/kg  [MDL=0005
p ND ND ND ND NEAMBrole | mg/kg  [MDL=0005
#(2)B A ND ND ND ND NEA Mo | mg/kg  [MDL=0005
£(a)hit ND ND ND ND NEAmmaS | mgkg  [MDL=0.005
L(b)xsE ND ND <0.020 ND NEAMmiozc | mgfkg  [MDL=0006
R2OOEBE ND ND ND ND NIEAMTLozc | mg/kg  [MDL=0005
gi);&: B=(2-2%| <9500 <0.500 <0.500 <0.500 | Nieamrsiese | mg/kg [MDL=0.117
oK =P ek T ND ND ND ND Niea Msroze | mg/kg  MDL=0.123
MR- FE— ND ND ND ND NEA MBSO | mg/kg  [MDL=0.19
protminst] wm ND ND ND | NEAwmio | mg/kg  [MPL=0109
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(1,2, 3-cd) it ND ND ND ND NEAMBSIOC | mg/kg  [MDL=0005
* ND ND ND <0.020 | NiEAmmstose | mg/kg  [MDL=0005
H ND ND ND ND NEAMSLoC | mg/kg  [MDL=0005
#(a)B K ND ND ND ND NEAMSLoc | mg/kg  [MDL=0005
#(a)BHit ND ND ND ND NEAMISTOC | mg/kg  [MDL=0005
EIGIF T ND ND ND <0.020 | NieAmmioc | mg/kg  [MDL=0006
)R H ND ND ND ND NEA M e | mg/kg  [MDL=0005
i el s 0.805 0.658 623 | NEAmstoc | mg/kg [MDL=0117
WK = F ok = T ND ND ND ND | NEwmsioc | mg/kg  [MDL=0123
WE-FE- 8 ND ND ND ND NEAMBLoC | mg/kg  [MDL=0119
FE-TETEEY | N ND ND ND | NEamnioc | mg/kg [MDL=0109
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=—%(a,h)BH ND ND . ! NEAMISOC |  mgkg  [MDL=0005
2(1,2,8-cd) it ND ND “ - NIEA M | mgkg  [MDL=000S
# 0.041 <0.020 . - NEAMSL2c | mg/kg  [MDL=000S
P <0.020 <0.020 . 1 NIEAMPL01G | mg/kg  [MDL=0005
2B <0.020 ND 3 ; NIEA M0 | mg/kg  [MDL=0005
F(a)Btit <0.020 ND - . N T mg/kg  [MDL=0005
£(b) KB <0.020 <0.020 : . MEAmmLac | mglkg  [MDL=0006
E(k) B8 <0.020 <0.020 . . NIEAM7SL2C | mg/kg  [MDL=0005
TSN <0.500 - : NEAMM ¢ | mg/kg [MDL=0117
MR- FEE-TE | <0500 ND . . NEAM7L02C | mg/kg  [MDL=0123
USSR J TR - ND ND . - NiEAM7sto2c | mg/kg  [MDL=0.119
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x <0.100 <0.100 : ] MEAMSIZOB | mg/kg  (MDL=0.031
w 5.12 4.43 . - NIEA $310.648 mg/kg

47 35.9 28.2 ; ; NIEAMULOC | mglkg
| 30.9 27.6 a - NIEAMIILOIC | mglkg

4% ND ND “ - NEAMITLOC | mg/kg  [MDL=0169
4 22.1 19.7 ‘ ; NEAMIILOIC | mg/kg

r 103 87.4 r - NEAMILOC | mglkg

o 322 30.4 - : NEAMILOC | mglkg

=% (a,h)B K ND ND ; . NEAMISMIC | mekg  [MDL=0005
2p (1,2, 3-cd) it ND ND i . e Mo | mgkg  [MDL=0005
* <0.020 <0.020 . - A Moie | mg/kg  [MDL=0005
3 <0.020 <0.020 - . MEA M|  mgxg [MDL=000S
¥ ()8t i <0.020 ND . 3 NEA Mrsio2e | mg/kg  [MDL=0.005
¥(a)Btit <0.020 ND - 5 NMEAMgnc | mgkg |MDL=0005
F(b) B <0.020 <0.020 . : NEAMTSLoc | mglkg  [MDL=0006
R (R)EBHE <0.020 <0.020 - 1 NEAMSec | mg/kg  [MDL=0005
S o 0.758 - - NEANTSLoC | mglk

AR = P Bk = T ND ND : . NEAMtae | mg/kg  [MDL=0123
MR- Fak— 28 ND ND & & A M |  mg/kg [MDL=0.119
NI ND ND ; ’ NEAMProc | mg/kg  [MDL=0109
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HHEREEEHED L (ICP-MS)a iR EE

A BEm AR S ER AT - AR Amaf 537 B 4 113/9/3
A) it
ToE \ B Cr Ni Cu Zn As Cd Hg Pb
R i ppb ppb ppb ppb ppb ppb ppb ppb
WA-1 5.447 5.453 10.17 | 54.35 4.587 0.138 ND 3.147
WA-2 6.043 3.624 | 9397 | 20.79 3.190 0.121 ND 2.423
WB-1 5.603 1.997 6.099 17.69 2.466 0.127 ND 1.784
WB-2 5.085 14.75 7982 | 27.06 9.043 0.040 ND 1.947
WC-1 5.719 3.661 5.980 14.46 4.242 0.104 ND 2.007
WC-2 4231 1.825 | 4.523 10.45 4.012 0.069 ND 1.347
WD-1 5.939 2530 | 8.719 | 23.72 1.858 0.167 ND 2.284
WD-2 4.891 36.08 1428 | 24.29 4.160 0.115 ND 1.845
WD-3 6.185 2459 | 65.09 | 25.74 3.075 0.588 ND 2.168
WE-1 5.124 3.753 6.619 15.23 4.604 0.115 ND 1.853
WF-1 5.823 1.157 | 4.660 18.12 1.463 0.104 ND 1.657
WEF-2 6.250 0.598 3.793 12.17 1.628 0.104 ND 1.628
WG-1 6.728 6.095 7.405 | 25.23 3.453 0.115 0.155 1.23
WG-1# 7.569 1.836 8.459 | 23.30 6.166 0.029 0.060 1.886
WG-2 9.445 3.984 | 4.975 14.11 5.015 0.173 0.086 1.487

07 A5 IR R (ppb) 0.904 0.182 0.066 0.638 0.020 0.030 0.006 0.126
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AERERTE BEE)S3EE (RPI) BB #EE 2019/10~2024/08)

@ ESHABEOMA X #1{E | Shift | EEBBEDUTE -

1 2023/10
@ EE(ZEE) 8.5 mo/l

2020/01 2020/05 2020/09 2021/01 2021/05 2021/09 2022/01 2022/05 2022/09 2024/01 2024705

- ZE(ETE) FLEEE = HEERE « 85

IERAAE RS BED)I5258 (RP]) IEB#BELE (2019/10~2024/08)

@ EEEIBEUMA - X R | Shift | EHSEOLITRS -

y A
1 2023/10
@ FE(EME): 8.5 mg/L
2 1.1 mgL
T T 1 T T § :

T T T T
2020/01 2020/05 2020/09 2021/01  2021/05 2021/09 2022/01 2022/05 2022/09

2024/01 2024/05

- E5EZTE) EEREE =MEIEE ~£5

SR EOK O (BRACE M AAE) Rl BT 151580 (RPI) IHB B2 E (2019/10~2024/08)

@ EBENBEUARA - ¥ B | Shit | EEBETLUTE -

A

2023/10
; @ BE(FiTE) 7.3 mgn
T T T T T T T T HEREE:3.2 mon
2020/01 2020/05 2020/0% 2021/01 2021/05 2021/09 2022/01 2022/05 2022/09 20 @ FHEERE: 15.2 moL 2024/01 2024/05
® 55057 mgrL

- EE(ZEE) ECREE = HIEE 57

ok Ep

AEBERING BED)I;5E58 (RPI) IBEB#EE (2019/10~2024/08)

@ EEEWEETNA - X £ | Shift | HESETAUTE -
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® BE(EFTE): 8.3 mot
FIEREE: 1.5 mgn

2020/01  2020/05 202009  2021/01  2021/05  2021/08  2022/01  2022/05  2022/09  2023/01  2023/05 2023/ @ FHEEE 41 mgn
® E5:0.02 mgn

- BE(BESH) =LEEE =H¥ZER &5

MERAERD BED) 5258 (RPI) IEB#822E (2019/10~2024/08)

@ EWEWEEAMA - X B | Shit | EBSEILTFS -

2024/07
® EE(EFE) 9.5 mg/t
ELEEE 1 mon
T T f T T T T T T T T T @ B

EE8: 15.2 marL
2020/01 2020/05 2020/09 2021/01 2021/05 2021/09 2022/01 2022/05 2022/09 2023/01 2023/05 2023/ @ E5:0.02 mgL

ID\ ./ >

- ZEEDTE EEREE = BZEE «~E5

P TEENK O (AR ACZE M AAE) Alis EE)I 5452 (RPI) JEE B2 E (2019/10~2024/08)

@ ERipMBEUARA - X H{E | Shift | EEBZETUFH -

| 2024/07
® EE(EE2)83 man
HEBEE: 1 mgn

‘ ‘ ‘ ‘ ‘ ‘ ‘ ! ! ‘ ‘ T @ BREHE: 47 mo1
2020/01 2020/05 2020/09 2021/01 2021/05 2021/08 2022/01 2022/05 2022/09 2023/01 2023/05 2023/ ® 55:0.03 mgn
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	壹、 前言
	本計畫預期建置一個清淨水質監測與預警平台，利用人類細胞的生化數據開發環境污染評估指標，對於應對現今環境污染的問題具有重要意義。期望此方法成為先進的污染辨識方式，以提升環境污染的鑑定效能。此計畫不僅具有重要的研究價值，更能協助提早發現環境當中的潛在危機，並及時採取適當措施、制定有效的治理方案，有助於改善河川水質，保護水生生物的棲息環境與民眾健康，為創造健康的河川水質環境奠下良好的基礎。
	貳、 研究目的
	一、 專案之背景與目的

	依據環境部 110 年的統計數據顯示，國內 25 條重要河川總長 2,257.8 公里，其中中度污染部分佔 20.3%，總計458.7 公里；嚴重污染的河段則佔 3.6%，總長 82.1 公里。綜合國內河川整體情況觀察，過去兩年內河川污染程度呈現惡化趨勢，因此需要相關單位持續努力，以改善這一現象 (圖2-2)。
	以頭前溪作為專案場域的主因在於，大新竹居民喝的水大部分來自頭前溪的「隆恩堰」和「湳雅取水口」，但整體流域環境卻非常不堪。瑞士洛桑管理學院(IMD)在全球國家競爭力評估報告中，將公共污水下水道普及率列為生活品質評比項目之ㄧ，不過，財政部公布綜所稅統計最富有的新竹縣、市的公共污水下水道普及率，都只有 20%左右，不少家庭生活污水與事業廢水就這樣直接排入溪流。不僅遠後於歐美各國，相較於鄰近的亞洲其他地方，如新加坡(100.0%)、韓國(90.1%)及日本(73.7%)，有一段不小的距離，與全國公共汙水下...
	2017 年，五位普通媽媽因家中自來水味道異常，自發前往頭前溪源頭進行調查，發現上游存在垃圾堆和工業廢水排放。隨後，她們開始積極宣導，動員民眾力量向監察院舉發，並啟動公投連署。監察院調查報告直言，「新竹縣政府輕忽該掩埋場位於頭前溪水系水質水量保護區，下游並設有自來水取水口，造成自來水取水之安全風險疑慮。」掩埋場早在 40 年前就被劃入頭前溪水的自來水保護區，2006年 7 月停用後，新竹縣府卻以「暫置」名義繼續堆置垃圾。在輿論壓力下，縣政府耗時一年半移除了 6,382 噸垃圾。然而，事件關注度降低...
	自2018年起，全台過量垃圾無法進入焚化爐處理，只能露天堆放於清潔隊或掩埋場，導致至少形成100座垃圾暫置場。新竹縣的新豐和竹東兩處掩埋場尤為突出，其中新豐掩埋場是最大的垃圾山，五年內自燃火災發生了71次，周邊居民和下風處的新竹科學園區苦不堪言。新豐掩埋場鄰近水源保護區，竹東掩埋場雖在2020年初一度清除所有暫置垃圾，但隨後又有大量垃圾湧入，堆積至邊坡底部，宛如瀑布般傾瀉，嚴重影響環境衛生。每逢汛期或雨季，垃圾滲透液流入旁側溝渠，再匯入頭前溪水系的沙坑溪(如箭頭所示)，進一步加劇污染問題，凸顯出加...
	另外，監察院的調查中指出，依據自來水法，自來水水質水量保護區不得有污染性工廠，但頭前溪保護區內有六家，包括亞洲水泥、國產建材，科技業的矽格、旭磊科技、微矽電子，以及位於五華工業區內的封測廠台星科。五華工業區始建於民國六十年代，位於芎林鄉山窩地（頭前溪中游段），靠近新竹科學園區，主要承接相關衛星公司，尤以半導體台星科、工業材料和汽車零組件業者居多。各廠區沿著鹿寮坑溪建立，其工業廢水匯入鹿寮坑溪，逐漸流入頭前溪。在 2020年，新竹縣政府提出「芎林鄉五華工業區設置編定變更計畫」，力爭中央補助，在鹿寮坑...
	二、 專案之重要性

	環境部及新竹縣市環保局在頭前溪上下游設置了8個監測站，每月提供監測數據，以掌握河川水質的變化。圖2-8顯示竹東大橋測站自2019年10月至2024年8月間的河川污染指數（RPI）變化，呈現出水質波動劇烈。以溶氧（DO）為例，測值範圍從2021年6月的7.6 mg/L到2024年4月的12.5 mg/L，長期處於過飽和狀態（25℃下>8.4 mg/L）。湳雅取水口測站的溶氧測值甚至曾達到23.1 mg/L（2021年4月），同時間的生化需氧量（BOD5）也達到10.7 mg/L，顯示頭前溪水質變化大...
	(A) 竹東大橋測站
	(B) 湳雅取水口(取代溪洲大橋)測站
	圖2-8 2019/10~2024/08歷年河川污染指數變化趨勢圖(圖資來源:環境部全國環境水質監測資訊網)

	調查是環境復育的第一步，環境品質管制標準，往往先有空氣，水質，有害廢 棄物及土壤污染，最後才輪到底泥品質規範。其主要原因是底泥污染源的追溯最為困難，其對環境的傷害也最不容易被察覺。隨著科技廢棄物日新月異，一一鑑定與評估各式特定新興汙染物緩不濟急，真實環境更是同時存在各種管制與未知的有害物質，因此底泥是研究複合型環境累積污染。執行本計畫之目標效益敘述如下：
	環境部的專案核心價值在於喚起民眾對土壤和其他水體底泥污染問題的環境認定與環境行動。目前關於底泥生物累積毒性的研究與致病機轉探討主要限於水棲生物或鳥禽類，因為醫學研究倫理的限制，目前以人類個體建立環境污染物和人類健康風險之間的因果關係幾乎不存在。然而，有時警示其他生物指標並不容易引起人們的共鳴，又因為不同生態區域存在不同的生物指標，導致警示標準多種多樣，缺乏統一性。所幸在執行人體健康評估的藥理和毒理研究時，通常以哺乳動物細胞系，特別是人體細胞，做為代理整個器官，甚至全個體的研究材料，以提供有價值的信息3。
	參、 文獻探討
	肆、 研究方法與過程
	十三、工作進度甘特圖

	伍、 結果與討論
	豐水期時，當對照國內環境部所訂定的底泥指標，發現在豐水期樣品中檢測到鎳、鋅、鉛檢測值超過規範下限值，其中鎳的檢測值甚至高於規範的上限值;其他五種重金屬汞、鎘、銅、鉻、砷的檢測值皆低於規範的下限值或沒有檢測到(表5-2左圖)。而在美國國家環境保護局 (US EPA) 所制定的底泥規範重金屬檢測結果分析發現，除了鎳、鋅、鉛檢測值達US EPA規範的重度汙染之外，部分採樣點的鎘、銅、鉻、砷也高於中度汙染的規範值(表5-2右圖)。同樣由此得知不論是枯水期或是豐水期都觀察到國內環境部對於底泥汙染物的規範較U...
	3. 間隙水樣品重金屬分析：
	4. 萃取液樣品重金屬分析：
	5. 萃取液中具有腎毒性的重金屬：
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