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Toxic effects of polystyrene nanoplastics on Cyclotella cryptica in the presence of

environmental concentrations of prometryn
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Abstract: Nanoplastics (NPs) and herbicide prometryn are common pollutants in the marine environments, but
their joint impacts on marine microalgae is unclear. In this study, we investigated the toxic effects of
environmental concentrations of prometryn (500 ng/L) and polystyrene nanoplastics (70 nm, 20, 200, and
2000 pg/L) on Cyclotella cryptica. The results showed that 20, 200 and 2000 pg/L NPs significantly reduced
photosynthetic pigment content, damaged algal cell structure, and hindered the population growth of C.
cryptica. Whereas 500 ng/L prometryn had no significant effect on the early growth of C. cryptica. In the
presence of environmental concentrations of prometryn, NPs-induced growth inhibition was significantly

enhanced, especially after 24 h of exposure; algal density in the prometryn and 2000 pg/L NPs combined
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exposure groups was reduced by 19.4% compared with that of the 2000 pg/L NPs single exposure group.

Moreover, the environmental concentrations of prometryn aggravated the damage of NPs to the algal cells,

which increased the membrane permeability to 1.6 times that of the control group (P < 0.05). Damage to the cell

membrane reduced the ability of algal cells to resist the NPs and thus exacerbated the toxicity of NPs to C.

cryptica. Compared to the 2000 pg/L NPs single exposure, the combined exposure of prometryn and 2000 pg/L

NPs increased the mortality and proportion of anomalous cells by 4.1% and 3.4%, respectively. The results of

this study provide a reference for assessing the hazards of NPs and herbicide pollution on marine primary

productivity.
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group (M-N) and 2000 pg/L NPs exposure group

(0-P)
85 NI NPs 5 55 X0 BeUlh /INER 58 A0 AR R4 il 1=

FH, X AT RE S TS RE WS I 25 76 NPs I, JF
5 A B ik, N ) RS /N A i A )
P, M RG340 B X NPs IR 1)
222 BT A FH A T AL

MINEL 5 NPs G 5252 72~ 144 h I, &
Flb/INER 8 B FE T 5 A e NPs BAMUR 58 E— 2 T
F(E 6B) . BA RERALNAE TR HM L NPs Bt
BBIE T 1.19% ~ 4.94%, % — NGB IEREFE 120 h
Je e B S, 3SR A R R AL BB TR 4 R
6.62%. 7.95% FI 8.43%, #H L H X L ) NPs L
BB INTE T 4.15%. 4.94% F1 4.73%, T
NS5 N B TF R T NPs B85 K Bblb /N IR
M A Le . 7ERER 144 h J5, 3 DNIRG 2
% 20 1 S8 20 B LA AH L NPs B 2 5% 20 53 51
THE T 7.46%. 7.51% H17.86% (& 6C) ., FhHii
SINJG, B 40 A6 T 5 AT 41 M e 491 A 8 2 T
o UE A BBl /NI 8 37 B S RS2 IR N EE, X AT i

6 MAIESEETRERENARERRE TRE/NF

ERCRERE . LT EMR AL f
Fig. 6 Algal density, mortality and proportion of

anomalous cells of C. cryptica under exposure to

different concentrations of NPs after the addition of

prometryn
JER A R iR A I AL N IR A KRS 1) — T
R,

2 O 3 1 M Ae B B M AL
FM B 5 200 pug/L NPs 1 £ % 52 21 1) JiE i
BVETE 24 h JE R EXT IR 1.6 fi5 (P < 0.05,
& 7A), T 200 pug/L NPs Bl 52588 (16 5 75 e
Tt =X RRAL) 1.2 £%(P < 0.05, Bl 2A) . 7
FRE 24 ~ 72 h B, MRS NPs A 2 #8411
ik T 3% 7 %) B PR M HG NPs BALft 55 5% 46 5 i i
¥, TP 240 J5,20 pug/L. 200 pg/L F12000 pg/L
NPs EfL il 22 55 21 19 T 5 336 2 43 ) ok ki HE 4 19
99.7%. 99.7% £ 96.8% (P > 0.05), 1i 3 &
T w21 1Y TR TS M U0 0 o) A AR 6 A 1
94.8%. 88.1% H1 91.7% (P < 0.05, Kl 7B) . Fh#

223



634 % # 7

oM F %43 %

P 5 TN A BB /N A B A R 25 A R Rl %
P2 B A AS R RZRDINEE, 170 A o P A 38 DR R i
il 305 B E — 2 AR R T AR 1 B A A R
NPs % 55 23 % Bl /)N 20l 7= A5 S0 ™ 5 f) 254
A L 2 g 2 A T 23— 2 R (A
JE RS B PR AP 1, 4520 M AR A BE 0 1 B, AT
TR /INER 2 B T AR SR X
il RE T R R IBR G % B 2H A R B /N B A R R L
M R R

[ %R

[ #h54+20 pg/L NPs
[ #hH%+2000 pg/L NPs
25¢

[ R
1 #MEE4+200 pg/L NPs

a a
{aa ‘
144

20 g

IR 35 5

= —_

(=} W (=}
i
»

aa a
b
a“aa{a b
24 48 72 96
t/h
1.5 B
a 4 aac a
%‘JI.O- abb 2ab , 23Zdb aiazs bbbel
B b, :
ﬁ cd
Ht
gO.S
0
48 72 96 120 144
t/h

B 7 MANESEREREPKBERRE TRNIF
R BRIRIE M ANEREE TR M

Fig. 7 Membrane permeability and esterase activity of C.

cryptica under exposure to different concentrations

of NPs after the addition of prometryn

224 kL& EFLSEREORSERN
N 20 png/L NPs A R ER 2 . Fh
55 200 pg/L NPs BK &5 %% 5% 2H (1) Chl a & & 15 %
# 2hfEh R EREMCE 8A) . FhH Y
NPs A 22 5 T 8 10T & 5 1928 fAH H NPs B
5 5 N R 2 (& 8C), FMEE M5 20 pg/L
NPs Bk & 2 BR 417 2 58 72 h B B 2R 75 12
20 pg/L NPs 5 2 5% 20 1Y 50.0%, #h H i 5
2000 pg/L NPs G 2 5 4 fE 52 5% 72 h B A9 25 1

J & A 35 3 2000 pg/L NPs Fa o 52 5% 4H 11
17.1%, fE2FR 144 h 5, FP 55 NPs B & 2
75 2 A0 2 1 R S T SRAIC T X R ) NPs BRL 5%
ﬁgﬂo

[ e

[ #5520 pg/L NPs

[ #M5E4+2000 pg/L NPs
10

A
a a
i ab
W
72
t/h

(B

[ #hide
[ #ME#4+200 pg/L NPs

(=} oo

Chl a # ft/mg:L™
N

2 b ab ab ab

144

[SS]

(=]

g
n

g
=3
T

o

be ab a

—_
[
T

ab ap

Chl ¢ & H/mg-L"!
=
®

o
n

72 144

72 144
t/h

8 MANESFREIRENKER R E TR

M) Chla.Chlc MIEARAE
Fig. 8 The content of Chl a, Chl ¢ and protein of C.
cryptica under exposure to different concentrations

of NPs after the addition of prometryn

TEZE% 1440 )5, 20 pg/L. 200 pg/L F12000 pg/
L NPs P % 2 2H I A W0 2% 21 3 (1 5 7% i 10 I
FARE, TN E 5 200 ug/L NPs, $h 5 5
2000 pg/L NPs Pk % 58 41 019 25 11 5T 2 2 )
WEREAL . AT, AERR R B PN R AR A T
NPs X B Fib /N0 35 5 2 ) o AR 2R 1) AS R 5 g B
Jn=E . A, 20 pg/L. 200 pug/L 1 2000 pg/L
NPs S B FZ ) Chl a 1 Chl ¢ FH8AE 72 h 5



% 4 3

MNEE, F: FEREHNEFLEETREACHARDHS LR EGFRZS 635

IR 2 FRAR, FE S I AR MR B P R S, e
035 5 0 B IG AR B A T ok 57, (HL M g 5
20 pg/L NPs B & Z #E4H A Chl a Al Chl ¢ & = 7E
72 h G R E L. e A aR G REMFEL.
BIRYIT A B2 T AR T B A R R 4l
B Rls /N PR 3 52 31 B A R A T s B

3 i

(1)20 pg/L. 200 pg/L F1 2000 pg/L NPs i
T TR RS 3 T ] BB /NI AR K, X AT i A
SRS 3 AR 1, TG 4 B A IR R L OB
fig i i B A B R & G SRR, s
Wi FR ) IR B B o T 500 ng/L b I 55 v B
7 5 0T Bl /NI B Y D) AR T 0 S R, {H 2
R AR L il 15 P O e R 2 M L 197

(2) TEPRBE R B N RV AEAE T, 20 pg/L.
200 pg/L F1 2000 pg/L NPs X Fa b /NP0 8 1 A= K
POHIAE A r s o, 2 88 41 i30T R AR R 40
LU A7) o 2 T, R R I A [RIA, PR
I REASIG TR NPs ZR 58 T BBl /N R 3 32 B i 25
FaAGL43 , 3% AV 38 40 %o ¥ e 1 1 AR, AT
JIEE T NPs X Babl /N R A 2EPEAEH

S E Ak

[1] TIMILSINA A, ADHIKARI K, YADAV A K, et al. Effects of
microplastics and nanoplastics in shrimp: Mechanisms of plas-
tic particle and contaminant distribution and subsequent ef-
fects after uptake[J]. The Science of the total environment,
2023, 164999.

(2] FET8k, sRENE, 4 ¥, 55 R E REH K IR E R g
AR S A P 10 BURRAE S TR AN (0] VR R 4, 2023,
42(3): 362-368.

[3] DAWSON A L, KAWAGUCHI S, KING C K, et al. Turning
microplastics into nanoplastics through digestive fragmen-
tation by Antarctic krill[J]. Nature communications, 2018,
9(1): 1001.

[4] KIRAN B R, KOPPERI H, VENKATA MOHAN S. Micro/
nano-plastics occurrence, identification, risk analysis and miti-
gation: challenges and perspectives[J]. Re/views in environ-
mental science and bio/technology, 2022, 21(1): 169-203.

[5] MATERI¢ D, KJeR H A, VALLELONGA P, et al. Nano-
plastics measurements in Northern and Southern polar ice[J].
Environmental research, 2022, 208: 112741.

[6] WANG M, WANG W X. Accumulation Kinetics and Gut Mi-

croenvironment Responses to Environmentally Relevant Dos-
es of Micro/Nanoplastics by Zooplankton Daphnia Magna[J].
Environmental science & technology, 2023, 57(14): 5611-
5620.

[7] LIZ, DONG S, HUANG F, et al. Toxicological Effects of Mi-
croplastics and Sulfadiazine on the Microalgae Chlamy-
domonas reinhardtii[J]. Frontiers in microbiology, 2022, 13:
865768.

[8] SARASAMMA S, AUDIRA G, SIREGAR P, et al. Nano-
plastics Cause Neurobehavioral Impairments, Reproductive
and Oxidative Damages, and Biomarker Responses in Zebra-
fish: Throwing up Alarms of Wide Spread Health Risk of Ex-
posure[J]. International journal of molecular sciences, 2020,
21(4): 1410.

(9] LI, Z=mits, ph b, 45 GHERL S R G SR AR e
IR G FEEHLHII]. FRBEORRLE, 2021, 47(3): 82-90.

[10] QI R, JONES D L, LI Z, et al. Behavior of microplastics and
plastic film residues in the soil environment: A critical
review[J]. The Science of the total environment, 2020, 703:
134722.

[11] SERRAO C, MARQUES-SANTOS L F. The genus Artemia,
the nanoplastics, the microplastics, and their toxic effects: a re-
view[J]. Environmental science and pollution research interna-
tional, 2023, 30(35): 83025-83050.

[12] SPILSBURY F D, WARNE M S J, BACKHAUS T. Risk As-
sessment of Pesticide Mixtures in Australian Rivers Discharg-
ing to the Great Barrier Reef[J]. Environmental science &
technology, 2020, 54(22): 14361-14371.

[13] SUPE TULCAN R X, OUYANG W, GU X, et al. Typical her-
bicide residues, trophic transfer, bioconcentration, and health
risk of marine organisms[J]. Environment international, 2021,
152: 106500.

[14] ZHANG R, DU J, DONG X, et al. Occurrence and ecological
risks of 156 pharmaceuticals and 296 pesticides in seawater
from mariculture areas of Northeast China[J]. The Science of
the total environment, 2021, 792: 148375.

[15] YANG L, LI H, ZHANG Y, et al. Environmental risk assess-
ment of triazine herbicides in the Bohai Sea and the Yellow
Sea and their toxicity to phytoplankton at environmental con-
centrations[J]. Environment international, 2019, 133(Pt A),
105175.

[16] WILKINSON A D, COLLIER C J, FLORES F, et al. Acute
and additive toxicity of ten photosystem-II herbicides to sea-
grass[J]. Scientific Reports, 2015, 5(1): 17443.

[17] SLOCOMBE S P, ZHANG Q, ROSS M, et al. Unlocking na-
ture’s treasure-chest: screening for oleaginous algae[J]. Scien-
tific reports, 2015, 5: 9844.

[18] ROBERTS W R, DOWNEY K M, RUCK E C, et al. Im-


https://doi.org/10.12111/j.mes.2022-x-0118
https://doi.org/10.1038/s41467-018-03465-9
https://doi.org/10.1007/s11157-021-09609-6
https://doi.org/10.1007/s11157-021-09609-6
https://doi.org/10.1007/s11157-021-09609-6
https://doi.org/10.1016/j.envres.2022.112741
https://doi.org/10.3389/fmicb.2022.865768
https://doi.org/10.3390/ijms21041410
https://doi.org/10.16803/j.cnki.issn.1004-6216.2021.03.014
https://doi.org/10.1016/j.scitotenv.2019.134722
https://doi.org/10.1007/s11356-023-27868-4
https://doi.org/10.1007/s11356-023-27868-4
https://doi.org/10.1007/s11356-023-27868-4
https://doi.org/10.1016/j.envint.2021.106500
https://doi.org/10.1016/j.scitotenv.2021.148375
https://doi.org/10.1016/j.scitotenv.2021.148375
https://doi.org/10.1038/srep17443
https://doi.org/10.1038/srep09844
https://doi.org/10.1038/srep09844
https://doi.org/10.1038/srep09844

636 PSR S S

oM F %43 %

proved Reference Genome for Cyclotella cryptica CCMP332,
a Model for Cell Wall Morphogenesis, Salinity Adaptation,
and Lipid Production in Diatoms (Bacillariophyta)[J]. G3 (Beth-
esda, Md. ), 2020, 10(9): 2965-2974.

[19] XUE Q, WANG R, XU W, et al. The stresses of allelo-
chemicals isolated from culture solution of diatom Phaeo-
dactylum tricornutum Bohlin on growth and physiology of two
marine algae[J]. Aquatic toxicology (Amsterdam, Nether-
lands), 2018, 205: 51-57.

[20] NOGUEIRA P F, NAKABAYASHI D, ZUCOLOTTO V. The
effects of graphene oxide on green algae Raphidocelis sub-
capitata[J]. Aquatic toxicology (Amsterdam, Netherlands),
2015, 166: 29-35.

[21] WANG S C, GAO Z Y, LIU F F, et al. Effects of polystyrene
and triphenyl phosphate on growth, photosynthesis and oxida-
tive stress of Chaetoceros meiilleri[J]. The Science of the To-
tal Environment, 2021, 797: 149180.

(22 % ¢, TSR, FRasi, 45 RO ARHOBRE AL IRk B A
K B ARG ik A HLRR BT B S M WS 0], 1 PR R
DOI: 10.12111/j.mes.2023-x-0108.

[23] YI X, CHI T, LI Z, et al. Combined effect of polystyrene plas-
tics and triphenyltin chloride on the green algae Chlorella
pyrenoidosa[J]. Environmental science and pollution research
international, 2019, 26(15): 15011-15018.

[24] SENDRA M, STAFFIERI E, YESTE M P, et al. Are the pri-
mary characteristics of polystyrene nanoplastics responsible
for toxicity and ad/absorption in the marine diatom Phaeo-
dactylum tricornutum?[J]. Environmental Pollution, 2019,
249: 610-619.

[25] NANDA M, JAISWAL K K, KUMAR V, et al. Micro-pollu-
tant Pb(II) mitigation and lipid induction in oleaginous mi-
croalgae Chlorella sorokiniana UUIND6[J]. Environmental
Technology & Innovation, 2021, 23: 101613.

[26] LAZAR D. Parameters of photosynthetic energy parti-
tioning[J]. Journal of plant physiology, 2015, 175: 131-147.

[27] SINGH R P, YADAV P, KUMAR A, et al. Salinity-Induced
Physiochemical Alterations to Enhance Lipid Content in
Oleaginous Microalgae Scenedesmus sp. BHU1 via Two-Stage
Cultivation for Biodiesel Feedstock[J]. Microorganisms, 2023,
11: 2064.

[28] GOMES T, ALMEIDA A C, GEORGANTZOPOULOU A.
Characterization of cell responses in Rhodomonas baltica ex-
posed to PMMA nanoplastics[J]. The Science of the total envi-
ronment, 2020, 726: 138547.

[29] CHAE Y, KIM D, AN Y J. Effect of fluoride on the cell via-
bility, cell organelle potential, and photosynthetic capacity of
freshwater and soil algae[J]. Environmental Pollution, 2016,
219: 359-367.

[30] DE ABREU F C, DA COSTA P N, BRONDI A M, et al. Ef-
fects of cadmium and copper biosorption on Chlorella vul-
garis[J]. Bulletin of environmental contamination and toxicol-
ogy, 2014, 93(4): 405-409.

[31] MENG X, WANG F, LI Y, et al. Comparing toxicity and
biodegradation of racemic glufosinate and L-glufosinate in
green algae Scenedesmus obliquus[J]. The Science of the total
environment, 2022, 823: 153791.

[32] MANZI H P, ABOU-SHANAB R A I, JEON B H, et al. Al-
gae: a frontline photosynthetic organism in the microplastic
catastrophe[J]. Trends in plant science, 2022, 27: 1159-1172.

[33] WANG S, LIU M, WANG J, et al. Polystyrene nanoplastics
cause growth inhibition, morphological damage and phy-
siological disturbance in the marine microalga Platymonas hel-
golandica[J]. Marine Pollution Bulletin, 2020, 158:111403.

[34] LEVAK ZORINC M, DEMIR-YILMAZ I, FORMOSA-
DAGUE C, et al. Reconstructed membrane vesicles from the
microalga Dunaliella as a potential drug delivery system[J].
Bioelectrochemistry, 2023, 150: 108360.

[35] NAM S H, IL KWAK J, AN Y J. Quantification of silver
nanoparticle toxicity to algae in soil via photosynthetic and
flow-cytometric analyses[J]. Scientific reports, 2018, 8: 292.

[36] ZHENG X, YUAN 'Y, L1 Y, et al. Polystyrene nanoplastics af-
fect growth and microcystin production of Microcystis aerugi-
nosa/J]. Environmental science and pollution research interna-
tional, 2021, 28:13394-13403.

[37] i, ZRAe s, sk, S5, BT = AN DL S0 5758 XK
Hh 16T B 5 5 QAR R PR AN (0], TR IR RL 22, 2022,
41(5): 683-688.

(AR HNEE)


https://doi.org/10.1534/g3.120.401408
https://doi.org/10.1534/g3.120.401408
https://doi.org/10.1534/g3.120.401408
https://doi.org/10.1016/j.aquatox.2018.10.004
https://doi.org/10.1016/j.aquatox.2018.10.004
https://doi.org/10.1016/j.aquatox.2018.10.004
https://doi.org/10.1016/j.aquatox.2015.07.001
https://doi.org/10.1016/j.scitotenv.2021.149180
https://doi.org/10.1016/j.scitotenv.2021.149180
https://doi.org/10.1016/j.scitotenv.2021.149180
https://doi.org/10.1007/s11356-019-04865-0
https://doi.org/10.1007/s11356-019-04865-0
https://doi.org/10.1016/j.envpol.2019.03.047
https://doi.org/10.1016/j.jplph.2014.10.021
https://doi.org/10.3390/microorganisms11082064
https://doi.org/10.1016/j.scitotenv.2020.138547
https://doi.org/10.1016/j.scitotenv.2020.138547
https://doi.org/10.1016/j.scitotenv.2020.138547
https://doi.org/10.1016/j.envpol.2016.10.063
https://doi.org/10.1007/s00128-014-1363-x
https://doi.org/10.1007/s00128-014-1363-x
https://doi.org/10.1007/s00128-014-1363-x
https://doi.org/10.1016/j.scitotenv.2022.153791
https://doi.org/10.1016/j.scitotenv.2022.153791
https://doi.org/10.1016/j.tplants.2022.06.005
https://doi.org/10.1016/j.bioelechem.2022.108360
https://doi.org/10.1038/s41598-017-18680-5
https://doi.org/10.13634/j.cnki.mes.2022.05.019

	1 材料与方法
	1.1 纳米塑料与扑草净
	1.2 微藻培养
	1.3 暴露实验与样品采集
	1.3.1 NPs单独暴露
	1.3.2 扑草净单独暴露以及与NPs联合暴露
	1.3.3 样品采集

	1.4 藻细胞密度测定和形态拍照
	1.5 流式细胞仪分析
	1.5.1 微藻死亡率与异形细胞比例
	1.5.2 细胞膜通透性和酯酶活性

	1.6 光合色素含量和叶绿素荧光参数测定
	1.7 蛋白质和可溶性糖测定
	1.8 丙二醛和超氧化物歧化酶测定
	1.9 扫描电子显微镜分析
	1.10 统计分析

	2 结果与讨论
	2.1 不同浓度NPs暴露对隐秘小环藻的影响
	2.1.1 藻密度变化
	2.1.2 死亡率和异形细胞比例变化
	2.1.3 细胞膜通透性和酯酶活性变化
	2.1.4 光合色素含量和叶绿素荧光参数变化
	2.1.5 蛋白质和可溶性糖含量变化
	2.1.6 丙二醛和超氧化物歧化酶含量变化
	2.1.7 藻细胞形态变化和扫描电镜分析结果

	2.2 扑草净存在下NPs对隐秘小环藻的影响
	2.2.1 藻密度变化
	2.2.2 死亡率和异形细胞比例变化
	2.2.3 细胞膜通透性和酯酶活性变化
	2.2.4 光合色素含量和蛋白质含量变化


	3 结 论
	参考文献

