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Impacts of microplastics on primary producers of lake ecosystems
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Abstract: As a result of the increasing global production and usage of plastics, a large amount of microplastics has been
widely detected in many environmental media, especially in the aquatic environment, causing environmental risks.
Autotrophic organisms including phytoplankton, aquatic plants and some autotrophic microorganisms are the main primary
producer in lake ecosystems, and are the key components of the lake food chain, providing energy and material base for
upstream of the food chain. In addition, as the main primary producers in freshwater, phytoplankton is the most sensitive
component and respond fast to environmental changes. Therefore, phytoplankton was used as indicator for assessing the
status of lake ecosystem function and stability. Understanding the response of phytoplankton to microplastics is crucial for
clarifying the effect of microplastics on lake ecosystem functioning. Here, we summarized the distribution characteristics
(abundance, type, and size) and source of microplastics in global lake ecosystems, and systematically analyzed the effects
and the involved mechanisms of microplastics exposure on the cellular structure, gene expression and growth, as well as the

content of Chlorophyll a and photosynthetic activity of phytoplankton and other aquatic organisms. In summary, the
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microplastics could inhibit the chlorophyll a content and photosynthetic activity of the primary producers. The higher the
dose and the smaller the size, the stronger the inhibitory effect of microplastics. Microplastics could cause cell membrane
damage, DNA damage, regulate the functional gene expression, and inhibit the growth of the primary producers,
simultaneously. The impact of microplastics on primary producers in lakes could subsequently lead to an impact on lake
function. However, the actual level of microplastic concentrations in lake ecosystem was much lower than the dose of
additives in the incubation experiment in lab, and the structure and components of microplastics in lake are more complex
than that in the incubation system in lab. Thus, the direct correspondence between field investigation and indoor incubation
experiment could not be built yet. Therefore, future research should conduct incubation studies with microplastics that are
closer to the environmental concentrations and compositional characteristics in lake ecosystem, and focus on how to build an
efficient linkage of the results obtained in field investigation and indoor incubation experiment. A reliable and universal dose
—effect relationship model between microplastic concentrations and the primary producers should be established to explore
the mechanism of microplastics impact on lake primary producer and productivity, as well as provide scientific support for

clarifying the mechanism of microplastics impact on lake ecosystem functioning.

Key Words: microplastics concentrations; primary producer; cell structure; photosynthesis; Chl-a; dose-effect
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Table 1 Microplastics concentrations in surface water of global freshwater lakes

TRk i

N RAE 15
B . wh m me (e % 5% %k
Lake of microplastics ( Min—Max)/ Shape Type Color Samling' method Country References
(A/m) (pore size)
il JEE 187 1191.70 EAR 13N PE 7 P (50 pm) ] [56]
bR 2867.50 EAR4 3TN PE A P (50 pm) r [56]
K (3400—25800) EARZ3N I AL FREN T (333 um) v ] [57]
B FE ) (5000—34000) 214tk PP PE e P (50 pm) r [58]
Lake Phewa 1510 ESR TN — i P (75 um) JEWR [59]
Lake Baikal 291 [LYSRN PP — T (20 pm) 2 [60]
Lake Maggiore 8.24 [LYERN PE b1l T (50-300 wm) & KH] [61]
Lake Meirama 1.84 EAR42N PES &M T (50-300 wm)  PHBEZF [61]
Lake Neagh 2.27 [LYSRN PE %W T (50-300 um)  E/R>% [61]
Lake Stechlin 4.25 EAR43IN PA e T (50-300 pm)  fHEE [61]
Lake Plastic 0.26 EARZ 3N PES P sl T (50-300 pm)  JIEK [61]
Lake Tahoe 5.44 R AR pP %W T (50-300 wm) FH [61]
Lake Rotorua 1.80 EAR4 BN PVC B T (50-300 um)  FrPG=% [61]
Lake Michigan 0.54 ESR43N pP — T (333 um) XH [62]
Lake La Salada 143.30 214tk — B P (47 um) B[R AE [63]
Lake Hovsgol 0.13(0.01—0.28) g%ﬁ — — T (355 pm) gty [64]

PE: 3 ZJ% Polyethylene; PP . R Polypropylene; PES: 2B Polyether sulfone; PA : RBEIE Polyamide; PVC ;R4 LM Polyvinyl chloride;
P AR ISR SR AR K A B 5 8 S AR O &y, Pump ; T AR I 7E 7K 1A 3R T H 48NS SR , Trawl 5 Pore size : WS P90 15 208 0 119 LA 5 128
AR B A/ m AR A ST R KA P O AN B

HWKEA TR IR Lake Phewa FIRZ Wi i Lake Baika, #6354 1510 F1291 4/m’, R P HiAth i X
FILZE I AW T R & KA VR JETE 0.26—8.24 A/m® Z 18], IO BHR B S AR i I 2 1 T 52
W) Lake Hovsgol (0.13 4~/m*) . X EEIII HR M RHY EZERAY PE A1 PP, 3X 2SS R 2 4 R ™ it i
O B SRR i M S b N O 2 S 2 TS 4 R NS YN o S ) E Ao G N = i g
A, WAz AT R RS AW A SR i, R A RO R A S B R R, B T
fREPETE 1

WA R RGO ENR FE R 20 R R E206 . (1) WA EE B OB A 7= I8 Sk i FEES . BR B TR A 7=
VRSK BT A , K4 T AEOR A, 8 R A & A e 17 (2) K & & 0 KR K
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Fig.1 Mechanisms of microplastics impacts on lake primary producers

ROS: i 4 Reactive oxygen species; SOD : i S (LY fL i Superoxide dismutase; CAT ;i3 % L Catalase ; POD ; i A LW Peroxidase

2.1 WOBRIRI G A A A R

TR X 3 5% ) A0 M R 5 Joe A 6 L I S 22— 120 R A B2 A L i M, BB RS BELAR A 52
HRVE SR B R 1 | A SECENIEER , ROS AP T = BUNRGF RO R e %
DR eSS 2 L B AR LB, L R AN, e A AR T L S B TR I A A e A — RS BT AR
TRREE R ROST | 24 S A NI 175 200 B B PR, 2 15 400 MR PSSl Bl XL 4% )2 2 2 i I s Ak RO E, 772 42 MDA,
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EPS J& Hi 8 1 B R 2 WA Y = o3-SR G ), REAS (i 4t it B JEE S 338 I 4 v 2 1 ) 2 A RE B4R — R 4
PRF) Wl AL L e 1
22 [HOBRIHIGA A DR PR 2K Y5
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KM E a FRADEATEMET 0 R 1 wm TR T SR 38 358 ( Microcystis aeruginosa) Yoty
VEFHAN 5 REEEAH DG HE PR SRk o 5 AR AN B AH DG AU BE D psbA | rbeL, rbeS S5 TEIRIBRL 288 TRk I
A, R ORI XTSRRI SRR 5 2 R BRI R . ORI SR 7 T R R 3k 1
MR 15 RGP AN W32 B R F2 AR AR . B S Bx S OB IN, 7E 2485 78 KJm , RSP KT 400 mm
A i e 2 SRR 2 S BICK B A B ( Chlamydomonas reinhardtii) 2 58825 )& WR 12 1) T RE JE TR 22 B0 H 5 571
(it ek OBRIA REAS L R AR R SRR AR BRI R A WU A R R OB R R R R
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M2 3R a J& PR Y AR A A6 G B %O B3R B 0T DU R AR 75 P2 W AR ) ALK A A 1940
Gbr= 0 BRI RS R GETR IR AR A AE Y SR 3 a SRS IR T BE 2 S BCHA U = R
BB 1 (AR Ak S T SE M A A A8 R GEMBRAG IR L CA RRFIE 2RI, SO A3 0 i = 3
R a o WM SRR B R RSH AR R AT OB IR R M 4 R a
i A IR FE e DR 0 e 8 7 P 1 g kg s L N RS RO R BE S M IR P P R R a
ik, I FLREE ST RS R 58 5 R SH B SRk X FL R i AN B 1 4R, PS XHTK FOAE
Y1V 5L ( Vallisneria natans) M2 2R a o A IAE H IT R BEE R s/ N s, X ] GE 2 i T 258 TUiK
FEYIRLER OB R AREY)NTRIS | 15 BhZ2 06 4 HI B35 A Py T00ER 0 T 2B 5 2 AP o A 72 Ak, AT -5 3005
SAEYEA AR RN A 2 50 SRR E , 2 Ak 0 SR 4 FL BN B2 T R o, Wi
BAHE S TR, ST VR AR A A R a OISR A AR R A RO RHA AT AR A S 4R
SFICE A AR, PRI A R a B i U AR AR S DA Rl R 2R A T B
OB 4R 3 o ST RMHIER 2 (£ 2),
32 [HOBRHIR A B G EE NS PR R

IR 2 DS BUBENE WG B VR X 45 Al bl 0 1 mig S R 710 Bl e P Wi Al 4 0 R 46 T KOk
SRR (F/F,) FOCRG | BRETERTE(F,/F,) B2 R T SRR I I Y6 G s PR B2 e, 2450
PRI RSN b, S RGP I W3 F/F B P/ F OB RRART™ SR 2 A 22 4t E
YRR Y & S8 N 25 RAAE 2255 (£ 2) . #EET 250—1000 mg/L PE FIMEEE ( Scenedesmus armatus )
FHAEBE (Microcystis aeruginosa) G2 2 B EMHMEH . 5—100 mg/L #Y PS(300—600 nm ) £ 5%
T, 3 B A% ( Chlamydomonas reinhardtii ) BYGA 15 1 FEARS — BRI, TR R AL X A T ) R i) i )
ARG SE ) W RST AT RE R B PS MR RAEAE 25 00 50 — NP R 2 RN 4 i 4
FREE  /NRST I TOB AR RESS HE AL N, B SEE SRR b 405 v S A, DTS2 ) V7 I R A0 1 e A TR
M IR G B B SIE AR A IR T Y CO, , Rl CO, A TH FE R IEIVAG PRI A 06 6 1 FH I 1 1 DG it
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Btrz—7 ) ORI R RS S BUNRE ( Chlorella vulgaris ) FIHIFEE ( Scenedesmus armatus ) WHFER) CO, /D,
XA BB F T 35 A 20 2 S %) T SR 1 S S0 R BELAS CO, AR A4 R 4 BT W7 53 ()i A s LI

R2 WEMNHRESRENRETENZM

Table 2 Effects of microplastics on primary producers in lake ecosystem

N N Fiilks IR TR y .
Ziare s Job R REHE i
Test organism Type Size Concentration/ Exposure Effect References
o (mg/L) time/h ’ N
=fatata ik FEMRATR R a ik, WEREAT
Phaeodactylum tricornutum Ps Ipm 0.1, 1,10 120 I F/F Al [74]
L7\ $ RGO A 16 1 R R 4 40
Chlorella pyrenoidosa P 01, 1 jam 10100 0 [ 5 [7s]
JNERBE Chlorella vulgaris A
R Scenedesmus obligus PS 0.02 pm 1.8—6.5 24 FEHEA1ER [76]
REARAT %K a & F; 40 0 16
BBNER 55 M2 AR K O A 1
Chlorella pyrenoidosa bs 15 pm 2,10, 30 240 TN BE 5t £ 5 AH O 3t A 5 5 (78]
KF-
P ACH: REARIT R a & i BRI A 1E
P! — 2 1 24 ;
Chlamydomonas reinhardtii S 300600 nm 5,25, 30, 100 0 JHUEPE ; AR A4 5 [85]
B ACHE Z GRS BRI O
Chlamydomonas reinhardtii PE, PP 4001000 pum 400 1680 B BT SR BN A o B RGA [88]
S8 Spirodela polyrhiza ) 0, 10, 100, AR A 5 5% B AR 45 T g
(L.) Schieid pve 387 pm 1000 168 tug (8]
Gt - N A T AR R a
Ceratophyllum demersum L. Ps, cd 100 nm 3, 10 336 S I L A [91]
WS Scenedesmus armatus 250. 500
FiEdre o PE 22300 pm T 672 A MDA [92]
Microcystis aeruginosa
FHEMHSE Scenedesmus obliquus PS 0.07 pm 0.22—150 504 FRARIT 22 2 a S i IR K [93]
I ek o
FEGER PS 10 nm I 192 WG @ R WA K [94]
Microcystis aeruginosa
LErE B AT Pt A K BRI 4
Microcystis aeruginosa PS, Pb 10 nm ! 192 a Bl fH/NTF 5 [94]
INEREE Chlorella vulgaris PS 0.5 wm 1 03?800 480 AR SR o & i il K [101]
KB AW Chlamyd s
HACH Chlamydomonas PVC 50—100 pm 10—200 9 PRI o 7l [102]
reinhardtii
PefRm 2k % o ik F/F, B
JUHRSE Eichhornia crassipes PS 100 nm 0.1, 1, 10 672 e v 103
= ’ HRETH o
e S TATE IR S i
% Hydrilla verticillata PS, BPF 100 nm 1, 10 384 WA 21 B A [107]
i AR . 0,1,5, REARIT 42 a i s PRI AL
Skeletonema costatum Pve 1 pm 10, 50 96 AR K [108]
FICH Dunaliella tertiolecta
114 1| VA Ao S
Mhﬁc@ %Mé PS 0.05—6 um 25, 250 72 e [109]
Thalassiosira pseudonana
JNEKEE Chlorella vulgaris
S L2
]‘E*,J‘Mmz . PE 63—75 um 25, 50, 100 504 VB R KA Rl K [110]
Raphidocelis subcapitata
M Utricularia vulgaris PS 500 nm 0—10 360 FEARM 25628 a S 4 AR K [111]
W Scenedesmus armatus PE, OC 250300 125 672 AV K EDES 2]

SRR M icrocystis aeruginosa

PS. K L Polystyrene ; Ph #f lead ; Cd: 4 cadmium; BPF: X{} F Bisphenol F;0C . A HLI54Y) Organic contamination; F /F, EERSE 1 e K m o a, H
W F,=F,~Fo: A F, HEKRIOE™ 5
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3.3 OBRENAA S RGN E KA

TR0 BT 0 2 K B0 B S A ] 5 L 2 4 A R0 3840, 00 sk 23 1 R
PR 1 wm B9 PS XA SRR ( Microcystis aeruginosa ) B A=AV FH 52 B0 &0 35 %) 37 s AR 4 (2—10 mg/
L) SRR ROl X PR TR 14 A A VR R 1 AR 1 mm Y PVC X St
B AERBA B, 5N, RO 1 wm BGOERN R Z ] 7 S e e i AR G, B8R 96 /NI S B
KA K IH R m ik 39.79% "% | KRR T 400 mg/L ) PP T, 3€ 14 &K 3 ( Chlamydomonas reinhardtii ) =+ Y
TN 189%™ THHRL 55 986 2K 0 ML 1 W o 2 oo 288 2 K 1) T2 B R DR 0 e o SR A T A I
BRSO R ARRIE SR (%4, IR e A T BR T IR A, — 2 7 e 1 S R R B A1 0
KWK, AT, SRR KT 10 mg/L I OB RHRE S 52 (o A 2 e 26 A K X P RE 5 (R R Y 2
REEABHIA G SRR AT DUIAE S B2 AR K ST AR A R

4 WERSEMFTEMESSENHBESREREVRETENEBEERLI

TR B LU SR B R AR PE AR SRR A, 45 L 25 5 W B 4% 25 MLRN TS HILTS Gy, 91 Jn 2 4 )i
P F FEAMEE NG Y (POPs) 251718 sk sl i Y i i Sy i 8% T ELBE S R ez i SR Bk
SRS A 5 Y 0 2515 FHINARI AL FE A R B A, ORI AL Rk RGE B, DL RO IR
JIE pH BT AT R MR R I B LAt Y5 e EE R R T AR SRR ERBE T O R R e —
A TR, 571 I F A 4 4 R T 1 =2 1 S ok e e 5 R T IR A TR Y S AR B R W B A T A B B iR
SRR AR RS ) L 2R T BRI B SRR AR AT R, AT R T W B 4 T R RN e K M A BLTS e Y g
FIUETE KA pH AR Ak 23 5 i A 5 R At Y5 Y g A R B AR ) L B 4 TR S T A B T Bl
pH A3 KNI aE 17 R Bt AR WA ST N, PR A 0 el et Al 5 4% 0 %) W A 2o R T 8 o 5 9 104 1 1
R

SRHE S AE AR i R T SR IR YA (a5 | BRI SR LA BN R, B a1 SRk S ) P 3L A R
P, AR T VAR A LN & T e AU TR0 X BB VS Y W BE S N ) X ) G A 7 o B A A5 A
WEPHAL I, 5 T T e I P 25 S 363k, RO A VE W, I XS ik R a F AU A AR K 0 30 i 4R
S TN SR A A S R BRI T B I RE R G 7 Y RO R SR A BRI R R, B
Bl Nt A K R 28 38 a 3 18 1Y 52 W B i 38 70.43% A 64.09% , 376 2 T 1 38 R B4 R A9 11
il

5 IREE

FIRITE S Br PR3 PO Sl SR A5 S AR rp 7 S T AR B AR BT S R e B I 5 |, I o A R
S R AN R SRS LT, 255 T RE B R ISRV B2 5 AE A2 DR 2K XoF 3 JEE 20 A1 R 00 75 i BT 26 55 )
WA A S RGN OB B AW AL, ib k= REEMTIRABIDIFE . P, i ok S b S PrRam 58 b 28kt
e HE S5 I0ITA A 25 AR G 1V 22 8] AR AW DG AR o X7 TS H AR B & N A RE R SR AT AN TE

1758 IR SR A5 R R W], OB i 52 TR D 9 AR 7 3 A MO Al Al RE TR 0K AR DL R Ik 7= 5 Y
MERER a i JCEE TR A A S RS e MR, X LERT IO 5 2 TAR R T R R AL TR
GRS ()2 S N IR SCIR VNI A R & AR R T S BRaf e vh O OB & i JF R Z 2R
W B o i , S AU [ 5 | SR AN B — | JEvk S WS BRIA A= 25 R ST OB R & B RRHIE 5 BRIk B A
L I E N BOER R T OB A B AR B W R, 1 i N R S g AR A A
PG R 7 22 (6] f 70 B -S5O 5% 2R IS BEAR A el S5z W W01 400 20 A 77 3 X R S AR i 7 1) S5 B 56 00, S JE V%
SR LS R GETIREMIFIRL . PRI, ZE R R ARSI LA J5 Tl R TR ABIESE -

(1) TR GERYEFAMOLIN S, I 4w A A 00 A0 00 B, o AT 2R 25 R 00 v GO R B0 Y R A 4 T
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Mo I, 3 AT AR A R G BRI OB R R B T RS SEAEAE , 2 A R AL, BE— 2 A S K RE A
I PR R SR I RS TIOR8 43 A R X WA R A 7 s

(2) PSS D REE TR Wy E 1 2 N SR 5000 . H RIS TRUBRIN AR 25 R GE I RE A7 R 2 23l
1k o B X SRS FE 2S5 A W A 7 BRSOV R () RN , the = 36F Ty B ik e R W) ) LRI R A [
WA EES 5 AT T ROBE A [ i 7 A BF 5T I8 k=2 T 58 A K- T AR RR A 7 vk
JEE VLI RS F) S 45, D3 e 2 P SR SR AT 04 ol B AR ) T MO A i DI 12 5 T T e S 4 e e e e S
PR RV G R o TEARSETT R 28 N B IR S0 Y [T I, 10 25 0 — SR AR A5 UM s 5 B i A IR S e, o
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