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Behaviors of Engineered Nanoparticles in Aquatic Environments and Impacts on

Marine Phytoplankton

LI Man-lu"?, JIANG Yue-lu'?*"

(1. School of Environment, Tsinghua University, Beijing 100084, China; 2. Shenzhen Key Laboratory for Coastal Ocean Dynamic and
Environment, Institute of Ocean Science and Technology, Graduate School at Shenzhen, Tsinghua University, Shenzhen 518055,
China)

Abstract: Engineered nanoparticles ( ENPs) have shown invaluable societal benefits and applications in drug targeting, biological
imaging and industrial products. ENPs enter the water body through various paths during the processes of production, usage and
emission, therefore the behavior and the biosafety of ENPs in water bodies have atiracted increasing attention. As the primary producer
of ecosystems, phytoplankton provide nutrients, energy and oxygen for both themselves and organisms at higher trophic levels in the
aquatic ecosystems. These primary producers may be exposed to the biological and unpredictable effects of this emergent pollutant to the
aquatic ecosystems. Numerous studies have proved the toxic effects of ENPs on phytoplankton, but the mechanisms of entry into the
aquatic organisms as well as the stability, fate and biotransformation in phytoplankton still remain unclear. Here, we present a review
of the pathways of ENPs entering the water, the subsequent behavior and biological effects of ENPs on phytoplankton with an emphasis
on latest findings and current knowledge. Future research and endeavors shall focus further on the understanding of mechanisms, fate
and transport of ENPs in the aquatic ecosystems.
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Fig. 2 Pathways of ENPs entering the phytoplankton

and the direct and indirect toxication mechanisms
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Chlorella sp. #EATIME 855K B/REA172 h ECy, 434
J£39.35 mg-L'H145. 4 mg-L™"; MLZ T, kit
R AL O, TRL( <5 wm) BOFEPERDN U B /N (72
h EC4, 3 2 100. 4 mg-L ™" F1110.2 mg-L™") , 2
HI45IEAE Clément 25 (IBFSE W AS BB IE. X T
ARFIFH ENPs, Miller %77 43 51 I 441K Tio, F14)
K ZnO [6] B X} Dunaliella tertiolecta .
galbana
pseudonana HATREVESLLS , K BN K TiO, XTiX 4 Fp
e LT R, 40K ZnO T 45 0 5 9 i
B, Castro-Bugallo £ 38 A5 W FH 9 K ZnO

Isochrysts

Skeletonema  marinoi  F1  Thalassiosira

FIANK Y, 0, XF 3 Fhifg A PR lipka ) AT iiia , A sxt
T 40} 5 /N 1 38 25 ( Phaeodactylum  tricornutum Fl
Tetraselmis suecica) , /)23 38 Z 50 P B0~ 40 Mo p8 A=
Y AR (29 40% ) | T3 K1Y Alexandrium
minutum W) S A ] T FRARG 0 R4 R T (i AR ) 2R 32
SN A, H YK ZnO #3500 AR X B SR T
02K Y,0,. Van Hoecke 55 IR KRR R
FEAL I 9K Au %) Pseudokirchneriella subcapitata 1
BEVEEE/NT 3R PSR V2> TR 4K Au. e
Ab, UK TiO, vk FE AR, 16 T BB X B2 Y
R BR RIS (R ).

&1 ENPs 3 iZiFEM 8 F R0

Table 1  Toxic effects of ENPs on phytoplankton

AR ENP L it oo WO
/nm /mg L7 WHRIAER EDEE AMSSHSZAR AR

Ti0, 36, 37, 40-43] 5~10 Gymnodinium breve 9.7" VvV — — v

10 Anabaena variabilis — — — vV v

15 Phaeodactylum tricornutum 10.91* \/ — — —

15 ~20 Dunaliella tertiolecta — X — — —

Isochrysis galbana — X — — —

Skeletonema marinoi — X — — —

Thalassiosira pseudonana — X — — —

21 Pseudokirchneriella subcapitata 2.53" Vv — — —

21 Chlamydomonas reinhartii — — — — Vv

25 Phaeodactylum tricornutum 11.30" % — — —

32 Phaeodactylum tricornutum 14.30" vV — — —

ZnOL37, 38, 41, 44] 20 ~30 Dunaliella tertiolecta — VvV — — —

Isochrysis galbana — 2 — — —

Skeletonema marinoi — Vv — — —

Thalassiosira pseudonana — vV — — —

25 Phaeodactylum tricornutum — VvV vV — Vv

Tetraselmis suecica — X Y — 2

Alexandrium minutum — VvV vV — Vv

<100 Pseudokirchneriella subcapitata <0.05 Vv — Vv —

100 Dunaliella tertiolecta 1.94™ 2 — — —

Al 05! <50 Scenedesmus sp. 39.35° vV Vv - -

Chlorella sp. 45.40° vV vV — —

NiO[45) 20 Chlorella vulgaris 32.28" 2 — VvV —

Si0, [ 10 ~20 Scenedesmus obliquus 388. 1 vV Vv - -

CeO, (30] 25 Chlamydomonas reinhartii — — 2 — X

Y, 04 [38) 30 ~50 Phaeodactylum tricornutum — Vv vV — X

Tetraselmis suecica — 2 VvV — 2

Alexandrium minutum — 2 2 — \

Agl#7, 48] 20 ~50 Microcystis aeruginosa — Vv — — —

50 Chlorella vulgaris — VvV VvV — vV

Dunaliella tertiolecta — 2 VvV — 2

Aul®] 4~5 Pseudokirchneriella subcapitata 1.2~7.5% vV — — —

Tk g 149 <200 Chlorella vulgaris 1.8 Vv x — —

Pseudokirchneriella subcapitata 20" VvV X — —

B e 42, 50] 3.5~4.5 Chlamydomonas reinhartii — — — — vV

11. 69 Chlamydomonas sp. — — 2 — —

23 Thalassiosira pseudonana — X — — —

1) VERTELE

o X FIRATFAE ,—FR SRR ARIGE 5 R BRI 72 h, s FORBEFRISE] Y 96 h
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2.2.2 XOLA RIS

ENPs 25 7 4 g e A AT, s b 1A 2 B s g
BN , BLEERT PRI A 00 VR T LR 2 .
VL £, N Rk 8k 408 (4 ALO, A
Si0, ) I JEAK B JE (AN Ag)  #Rex s B S R &
RPN 44T Lin 20V I E CO, BTNAER S
0, wy 4 W &, & Bl & T & CdSe/ZnS Xt
Chlamydomonas sp. B AE ™ Az BT 5 iy 400 il 4
SR RS 5 me- LA, AR AE R TL
LT, Schwab % HBRAIKAEXT Chlorella vulgaris
FP. subcapitata HEATEEPE SIS W) A SAs 40 OK A
X Z RS CEVEL T B (R 1).
2.3 ENPs XJIF A Y 0 R] R RE R RSO0
2.3.1 YyEm

LIS A f61], K ENPs W% B T 3 i A 4
AR R T K8 D I AR T AR G RE , AT
HOEA R PE B 4 K. Schwab 2561 F TR 44 K 4
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