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Effects of sewage treatment plant sludge and microplastic

exposure on oxidative stress levels in zebrafish
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Abstract: Objective To investigate the effects of the exposure of sludge from sewage treatment plants and microplastic
extracted from sludge on the oxidative stress levels in zebrafish, so as to put insights into the research into the impact
of sludge and microplastics on human health. Methods Adult wild AB zebrafish were exposed to five groups of sludge
0, 12.5, 25, 50 and 75 g/L) and four groups of microplastics extract from sludge (0, 240, 480, 960/L), with 24 zebraf-
ish in each group. The color, activity and death of zebrafish were observed every day. The contents of superoxide dis-
mutase (SOD), catalase (CAT), glutathione (GSH) and malondialdehyde (MDA) were detected O h, 24 h, 48 h, 72 h, 96 h
and 7 d post—exposure. A two—factor ANOVA was used to analyze the effects of different concentrations and time of
exposure on the indicators above. Results Under 75 g/L sludge exposure, zebrafish began to show mortality at 72 h
and all died after 7 d. The zebrafish in the other sludge groups and all microplastic groups had normal color and activ-
ity, and no mortality was observed. Sludge concentration interacted with exposure time to affect SOD, CAT, GSH and
MDA (P<0.05). With increasing sludge concentration and exposure time, SOD decreased, MDA increased, CAT in-

creased first and then decreased, GSH decreased first and then increased, and GSH continued to decrease since 24 h
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in the 75 g/L. group. The microplastic concentration interacted with exposure time to affect SOD and GSH (P<0.05), but

not CAT or MDA (P>0.05). With increasing microplastic concentration and exposure time, SOD and MDA increased,

CAT increased first and then decreased, the GSH was slightly increased at 24 h and decreased after 72 h. Conclusion

Both sludge and microplastics extracted from sludge can induce oxidative stress damage in zebrafish, and exposure time

and concentration can interact to affect oxidative stress levels. The microplastics extracted from sludge have less effect

on oxidative stress levels in zebrafish than sludge.
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Table 1 Levels of oxidative stress indicators at different time in zebrafish exposed to sludge

TR (/L) BRI SOD/ (U/mg prot) CAT/ (U/mg prot) GSH/ (pmol/g prot) MDA/ (nmol/mg prot)
0 (n=10) 0h 15.41+£1.15 11.89+1.00 21.22+1.63 2.28+0.39
24 h 15.81£1.23 12.07£1.37 20.77+2.13 2.31+0.41
48 h 15.76+1.39 11.93+1.75 19.88+1.76 2.68+0.32
72 h 14.08+1.99 12.72+1.71 21.11+2.39 2.44+0.39
96 h 14.73+1.66 11.27+1.64 21.05+1.78 2.34+0.40
7d 14.26+1.70 12.33£1.03 21.66+2.11 2.40+0.36
12.5 (n=10) 24 h 10.30+1.71" 15.17+2.37" 16.04+2.60 " 3.67x0.24"
48 h 9.93+1.31" 16.47+2.54" 15.25+1.87" 4.17+£0.37"
72 h 9.70+1.42" 13.21£1.74 16.47+2.39 " 4.65+0.13"
96 h 8.89+1.22" 14.32+2.08 " 17.39+2.46 " 4.98+0.26 "
7 d 8.37+0.93" 14.85+3.04 " 19.40+1.89 5.16£0.11"
25 (n=10) 24 h 13.80+1.13 " 11.32+1.38 17.32+2.78 " 4.14+0.43"
48 h 14.49+2.73 14.40+2.61" 20.01+1.24 4.67+£0.29"
72 h 13.39+0.80 15.09+1.96 " 21.49+2.00 5.61+0.30"
96 h 6.78+0.53" 13.02£1.30 21.55+1.49 5.89+0.37"
7 d 6.57+0.35" 6.58+1.41" 19.61+1.39 7.52+0.38 "
50 (n=10) 24 h 10.44+1.22" 10.96+1.37 8.79+1.78 " 3.36x0.38"
48 h 15.21+1.01 13.81+1.74 19.50+2.36 4.68+0.37"
72 h 15.58+0.39 " 13.78+1.71 20.41+1.34 4.88+0.38"
96 h 12.98+0.32" 16.82+2.35" 23.92+2.88 " 5.47+0.24"
7d 7.76+0.24 " 7.16+2.52" 26.40+2.98 " 7.42+0.62 "
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% 1 (£) Table 1 (continued)

TREEWREE (/L) FEFEIN (] SOD/ (U/mg prot) CAT/ (U/mg prot) GSH/ (pmol/g prot) MDA/ (nmol/mg prot)
75 24 h (n=10) 6.45+0.19" 11.54x1.58 11.08+1.93" 3.65+0.44 "
48 h (n=10) 7.27+0.62" 13.73+1.88 13.4741.75" 3.51+0.39 "
72 h (n=8) 7.02+0.45" 13.20£1.52 13.7120.85" 4.46+0.17"
96 h (n=6) 8.18+0.66 " 14.49+2.20" 5.19+0.61 " 5.55+0.78 "
7 d (n=0) — — — —
Fi * 26.894 11.615 25.772 32.789
P <0.001 <0.001 <0.001 <0.001

T R REE R S A EARGIA ; "SRRI (] 50 B2 L4 P<0.05.
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Table 2 Levels of oxidative stress indicators at different time in zebrafish exposed to microplastics

FRERURE (A1) T R (] SOD/ (U/mg prot) CAT/ (U/mg prot) GSH/ (pmol/g prot) MDA/ (nmol/mg prot)
0 (n=10) 0 h 15.28+0.70 11.19+1.23 21.88+1.38 2.20+0.30
24 h 14.88+0.40 11.21£2.13 21.29+1.13 2.31+0.30
48 h 14.73+0.26 11.49+2.49 24.64+3.68 2.33+0.21
72 h 14.97+0.21 12.20+2.11 23.72+2.07 2.30+0.22
96 h 14.98+0.18 12.72+1.83 20.55+1.10 2.18+0.25
7d 15.90+0.93 11.38+2.65 21.63+2.22 2.24+0.27
240 (n=10) 24 h 15.43+0.27" 12.36+1.64 24.63+1.55" 2.34+0.17
48 h 15.18+0.51" 12.78+1.06 26.21+3.45 2.32+0.24
72 h 15.59+0.81 11.90+2.41 22.78+3.43 2.35+0.20
96 h 14.54+0.23 " 11.21+1.37 19.08+1.44 2.27+0.21
7d 15.45+0.29 10.47+1.02 22.47+1.43 2.28+0.13
480 (n=10) 24 h 15.51+£0.37" 13.50+1.02 " 26.00+1.85" 2.83+0.14"
48 h 14.55+0.23 13.22+2.57 25.77+2.08 2.68+0.25"
72 h 14.71+0.76 13.04+1.28 20.16+1.92" 2.76+0.34 "
96 h 14.35+0.73 " 12.47+1.62 19.03+2.16 2.64+0.22"
7d 15.06+0.39 " 11.22+1.01 22.93+0.56 2.88+0.19 "
960 (n=10) 24 h 15.65+0.55 " 12.67+1.56 29.82+3.34 " 3.35£0.29 "
48 h 15.04+0.46 12.25+1.76 24.77+1.50 3.28+0.18 "
72 h 15.61+0.36 11.65+1.26 22.99+2.31 3.21+0.19"
96 h 15.35+0.14 11.16+2.48 19.13+2.15 3.42+0.23"
7d 15.62+0.95 10.73+1.82 20.43+1.94 3.58+0.32"
Fig * 3.638 1.144 8.289 1.565
PAH <0.001 0.327 <0.001 0.105

TE: FORBRERRIE SRS HAR AR IR, " FORTEIZ [H] 15 5 X IR L P<0.05 .



- 194 - TG EE2 20234E3 A% 35 &5 38 Prev Med, Mar. 2023, Vol. 35 No.3

3 W i

IEEGEOT, PUARSEAFPTA L RS T
RES, MZ2VNEMRIE, fShERFE LK
Fflr, FEEACNI N . AR BN, 150
T R I ol A ) T 3 BT I £ R N AR AR A
I H 285 0 v FE ANt R] A 22 o520 SOD . CAT. GSH
F1 MDA /K.

SOD JEHUIA B 180 E A 35 1 Qi . —, 2
ABTEF B B IERAT SRR, YPURZ 2 S
SRR, 3 e A A A B Y B AR P A ) SRR
T MBEEFISRE, BEDMAKN SOD i 1k
i, BRASNALIAN, AR B 5 e B #2411 SOD 7K
AR TR IR . YR TR S e B B i
I, R R4 D1 SOD 5 A I, wHk
7 S AR B ) R % S BRI

CAT "I LIEBRAUA N i 2 it AL &, dife
TR 0, MR TR E S Ten, By
CAT {if 7 Wifi 45 2 5 B ] 38 fin 22 58 TS T Rk %
FREE THUBEIRT, BES RN CAT & SRk dsy
R TTIHIREA -2, X5 XIE 55 " W58 ke
DR E SR CAT 1% 7 By 28 fh i 3 — 3,
CAT 1% J1 7+ i B ML 75 5 HLAR 32 2035 e Jl S Bt
AALEER mRNA KPR G, MR sk TS
PWRFET, ik THURCERE ), RIAFEYR
N WEA E SRR, AN, HARHE
XF CAT A —E sE M o ASEIG SR8 F K () S Rk
JEAERFTE 0.02 mg/L LT (TL2R0KR), 1B AiE
A5 U A 2 R AR F 5 P K e 2K LA,
2okl (AR L), 75 o/L 15 REE A
K B AT 0.047 mg/L, Al HEBLSE (50 4R
W, BAEWEN 0.15 mg/L A HIBE D07 M3
B A DY AR EN gl fa ) AR KR R, BAEA
YT R 14.87 mg/L, EEFRHA LWL N
0.14 mg/L, X WAL 54 il ) A AL W KT
AT TR RN R BB R, AT LA A5 1 2 A
WREXTBE St iRy CAT BYFZMIAL /N

GSH RN FHZE NPT T, R AEWIk%
ZEARE " AR BN, YRR TAFEKRETG
Jemt, BE iR GSH KFJe FREE LT, b %
FEI MG, GSH /K- EA THeE, (A A E 2%t
WAHAKF; 45T 75 o/L 5e R E8 )5, GSH KF-7E %
#% 24 h BFFUR MG, = 96 h I A & . ALLEN
O RITRILAE T S H R B - S, YRR

FHBk 24 h B, KBS RN GSH KF-
ORI A THEr, 72 h e R s

HURI AL L RG24, 7=/
(48 A S SR RS e, & AR I Ak
N, MDA BB AR N & AR e A AL R . AR
Wt Eon, BED ik p] MDA /Kbl 15 e 52 82 i [a]
AR SR T ) R = 2 7 €2 Y el B2 R R ER N
MDA 7K-FAEfb a5 2 85 Tiglent—3%, #nisik
K €ER S s s e R SR NS KR AR AT S8 W4 e L)
Aabre iz, fAb ShUERER AT, S50 MDA
CESIGE

PORER I ek SRS S G E R ARG it At i e
BRI, SOD X5 e 2 5 W iusk, CAT MAR{kits
PRI, GSH LB o IXEARUA T R4
PR REIEAE bR BT A SN R ) FAAR R B, vk
BEVSIR BRRG, BEfh 72 h FRGRIIBET:, £ 7d 4
TRFET, TEULTEOLT BT S AL RS b Hh B FE AN
PLOANRE o 11 ) S5 70) V5 e B A Tl e ok o 5 i A
DB I B PR S N FIBRE S 0T, B AN RS bR EI A A1
AL, HUL MDA AKEFhmEfc B, $RmEapbxT
BE A 1) AR AR N A A s i) E 5 TR BN

AT RS e S LRI B Rk T 175 & B
RN AN B N, I B E R, S
LR VIRENS e AW C=AT(TR =91 % N UL 0F 7 & NG H e RaeL |
PR AL D B0 7 5 BT B i BRAL 2 TR
XK, NTROBRIAERHTRY . MELLR AR AL B )5 Y 75
MR E S, WA, R THRTT MY R E R
A5, BRUETS e BT T RE S A S e YA ARk
AVERSECERAVES KK DERBOEA R, Fhk
(1477 AR FR TG e B 5 P Hr A ROt AR PR BE T
FRL R, PRI AR

Sk

(1] ATz BT s KA 5 i ib e SLs G RA (0] . %
TSR, 2022 (7): 73-76.

(2] skfB4s, skek, LR . 5 IR B R bR F A HLIS Qe i
BHACUR LS RSO [T] . ZASIE TR, 2022, 29 (2):
183-198.

[3] ZOU Y, YE C, PAN Y.Abundance and characteristics of micro-
plastics in municipal wastewater treatment plant effluent: a case
study of Guangzhou, China [J] . Environ Sci Pollut Res Int,
2021, 28 (9): 11572-11585.

[4] LI X, CHEN L, MEI Q, et al. Microplastics in sewage sludge
from the wastewater treatment plants in China [J] . Water Res,
2018, 142: 75-85.

[5] wmae, GOR%E, BREE . HBehE B a3 50 i ik 5T JF e



BT EESE 20234F 3 A4 35 553

Prev Med, Mar. 2023, Vol. 35 No.3

+ 195 -

[10]

[11]

()] . WBFEEA:, 2020, 32 (8): 800-804.

BT, T, AR, S R I EL S A B L BT
FEdtig [J] . WipfEEs, 2023, 35 (3): 218-221.

THOMPSON R C, OLSEN Y, MITCHELL R P, et al.Lost at sea:
where is all the plastic? [J/OL] .Science, 2004, 304 (5672)
[2023-02-10] ‘https://doi.org/10.1126/science.1094559.
CONSTANT M, BILLON G, BRETON N, et al.Extraction of mi-
croplastics from sediment matrices: experimental comparative anal-
ysis [J/OL] .J Hazard Mater, 2021, 420 [2023-02-10] .https://
doi.org/10.1016/j.jhazmat.2021.126571.

FRIDOVICH 1.Superoxide radical and superoxide dismutases [J] .
Annu Rev Biochem, 1995, 64: 97-112.

MOREL Y, BAROUKI R.Repression of gene expression by oxida-
tive stress [J] .Biochem J, 1999, 342 (Part 3): 481-496.

XIE D, LI'Y, LIU Z, et al.Inhibitory effect of cadmium exposure
on digestive activity, antioxidant capacity and immune defense in
the intestine of yellow catfish (Pelteobagrus fulvidraco) [J] .
Comp Biochem Physiol Toxicol Pharmacol, 2019, 222: 65-73.
CALABRESE E J, BALDWIN L A.The hormetic dose-response

[15]

[17]

[18]

model is more common than the threshold model in toxicology
[J] Toxicol Sci, 2003, 71 (2): 246-250.

fPHERL, ARSRB) . B TR AW I ZR G A B A0 T B 1
FEoMWARL (3] . KA, 2022, 46 (6): 903-913.
BRI, RELG ki, A EANSEERE R 35T 4
A VEREE MU R SRR (] . Aess=a4le, 2019,
9 (3): 44-50.

EROGLU A, DOGAN Z, KANAK E G, et al. Effects of heavy
metals (Cd, Cu, Cr, Pb, Zn) on fish glutathione metabolism
[J] .Environ Sci Pollut Res Int, 2015, 22 (5): 3229-3237.
ALLEN T, RANA S V.Effect of arsenic (Aslll) on glutathione—
dependent enzymes in liver and kidney of the freshwater fish Chan-
na punctatus [J] .Biol Trace ElemRes, 2004, 100 (1): 39-48.
Wi, W, W, % BRSO REAZh R R K
XA R R L] R, 2021, 37 (4):
145-154.

GUTTERIDGE J M. Lipid peroxidation and antioxidants as biomark-
ers of tissue damage [J] .Clin Chem, 1995, 41 (12): 1819-1828.

KfEE: 2023-01-04 fEEIBHA: 2023-02-10 AX4iE: UK

(E#:% 189 T1)

[12]

[13]

[14]

(18]

B, XU, 2/, S RIS R G 12 e Y
BB (1] SRBETAIRE, 2017, 7 (5): 408-412.
RUCKERL R, SCHNEIDER A, HAMPEL R, et al.Association of
novel metrics of particulate matter with vascular markers of inflam-
mation and coagulation in susceptible populations-results from a
panel study [J/JOL] .Environ Res, 2016, 150: 337-347.

e N RSE A EPRBEOR P, [ 5 Bk B A SR . FR
e S ARE: GB 30952012 [S] . bt fhEIFEERI
AL, 2012

GHOSH R, JOAD J, BENES I, et al. Ambient nitrogen oxides ex-
posure and early childhood respiratory illnesses [J] .Environ Int,
2012, 39 (1): 96-102.

e, SEROK, B, A BUN RS xR RFET Y 5
WREFE (1] . BB, 2023, 35 (1): 11-16.

ZHANG H, NIU Y, YAO Y, et al.The impact of ambient air pol-
lution on daily hospital visits for various respiratory diseases and
the relevant medical expenditures in Shanghai, China [J/OL] .Int
J Environ Res Public Health, 2018, 15 (3) [2023-02-08] .
https://doi.org/10.3390/ijerph15030425.

X, BRrE, AN, A5 RO RIS K5 LR
BRI 12w MR RO [J] . RS BALEE, 2018,
35 (2): 124-130.

BAREY, TRLE, CEK, & . BTG Y S L IR R
GEPR I TSI F AT (1] BRSO, 2021,

[22]

[24]

[25]

38 (1): 23-29.

AR, R0, S RATTRERIES ERGE R 1
SIS HSCHRERTSE [T]) . TBjPEE, 2016, 28 (2): 165-167.
UNAL E, OZDEMIR A, KHANJANI N, et al.Air pollution and
pediatric respiratory hospital admissions in Bursa, Turkey: a time
series study [J/OL] .Int J Environ Health Res, 2021 [2023-02—
08] .https://doi.org/10.1080/09603123.2021.1991282.

BAI'L, SU X, ZHAO D, et al.Exposure to traffic-related air pollu-
tion and acute bronchitis in children: season and age as modifiers
[J] .J Epidemiol Community Health, 2018, 72 (5): 426-433.
SONG J, LU M, ZHENG L, et al. Acute effects of ambient air
pollution on outpatient children with respiratory diseases in Shijia-
zhuang, China [J/OL] .BMC Pulm Med, 2018, 18 (1) [2023-
02-08] .https://doi.org/10.1186/s12890-018-0716-3.

LIU P, WANG X, FAN J, et al.Effects of air pollution on hospi-
tal emergency room visits for respiratory diseases: urban—suburban
differences in Eastern China [J/OL] .Int J Environ Res Public
Health, 2016, 13 (3) [2023-02-08] .https://doi.org/10.3390/
ijerph13030341.

DI CICCO M, KANTAR A, MASINI B, et al.Structural and func-
tional development in airways throughout childhood: children are

not small adults [J] .Pediatr Pulmonol, 2021, 56 (1): 240-251.

KFEHE: 2022-11-08 fEEIBHA: 2023-02-08 AX4wiE: #HRCH



