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Abstract: With the development of nanotechnology, nanomaterials have been widely used in the anti-bacterial

coating, electronic device, personal care products, and so on. The ecotoxicity of nanomaterials has already become
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one of the research hotspots. To investigate the response and adaptation mechanism of aquatic hyphomycetes to
nano-ZnQ, indoor experiments were carried out to simulate the process of litter decomposition of Populus nigra L.
leaf with different size nano-ZnO (30, 90, and 200 nm) as influence factors. The biomass and metabolic function of
aquatic hyphomycetes under the chronic exposure of nano-ZnO were studied, including sporulaiton rate and com-
munity composition of aquatic hyphomycetes, dehydrogenase and extracellular enzyme activity, pH value, litter de-
composition rate and carbon and nitrogen content. After 46 days of chronic exposure, results found that nano-ZnO
exhibited significant effects on the sporulation rate and community composition of aquatic hyphomycetes. Alatospo-
ra sporulation rate and litter decomposition rate showed a significant negative relationship, indicating that the fun-
gus might be sensertive genus to nano-ZnO. However, Anguillospora and Flabellospora showed a higher sporula-
tion rate when exposed to nano-ZnO. In addition, chronic exposure of nano-ZnO promoted the fungal metabolic
activity of organic nitrogen, but had no impact on organic carbon decomposition. Therefore, the response of aquatic
hyphomycetes to nano-ZnO caused a significant difference on decomposition rate, organic carbon and nitrogen con-

tents of leaf litter among different treatments. In conclusion, this study is expected to provide the essential funda-

ment on the research of nano-ZnO toxicity on the ecological process.

Keywords: Nano-ZnO; aquatic hyphomycetes; leaf litter decomposition; extracellular enzyme activities
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AL FERY R, TR Al 7K e 25, foT FHASCE8 8 75 I 3 e
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1.2 W%t

S BT R V% M B % R A% (Populus nigral L),
MFRFEN, B TR R Z 040 TR W, B A
VERE R SEI A RL PR TR IR T 2015 4F 11 H 3R
W ECTRT R TR] R 00, 4 Gy [l S 56 2, 2 8 oKk
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Fig. 1 Transmission electron microscopy (TEM) images of stock suspensions
Note: (a) 30 nm ZnO, (b) 90 nm ZnO, and (c) 200 nm ZnO.
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Table 1 Determination method of extracellular enzyme activities
JeRN TS e 27 AL
Enzyme Abbreviation Substrate IU definition
EARZ e
T2t WK i CBH QRS- BD-2F 4 — 4 l‘ Rtk E%Ning
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sporulation rate during the chronic exposure
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HHLA R RF 90 130 nm FALFFALFRAHFKPY
HREAREHE-HGE 2, P <0.05), EHAS9K
AL PEAL B AEXT R P B A L X AN e s ORI
Wi 22 5% (HJE 30 nm AL BFA BT 9 1 7% il 6L
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Fb i 3 5 T 200 nm A ALEE(GE 2, P < 0.05), X
B ,30 nm S ALEE A AR GUE 900 -5 R 1
HLAMREART T 200 nm A ALEEL | X 5 VA & A=
Bl AIXERY

JATE IR AR AT, 90 nm AL BE AL BT 75 1
TR, Z R UG 30 nm A ALEE A5 4
200 nm FALEE, U6 L0k 9K E AL BE Y 12 1k B R X
JRTE b A MILRR 1) B i A R 5 R B2, {H 90
nm F LB B (98 V5 B i 2 T 200 nm
SAALEE(EE 3, P < 0.05), X UL K T A A 42
(2K SR AT K A 22 R LA BILBR A I D e R
A2, 2 AAIRIE & AR D E S TYORAL
FEARFRA , HAOK A AL AL BEAH 2 0] - JE W g 22 57
P, X UEEH 200 nm A ALEETE HPOUII IR F 0 X
APVEEAT B R fAE A (0205 18 1 2 i X
PRI HLER AR D R Bt 3 A 2 Ok
H o PR 18 ol 1 0 2 3 T VP4 9 Kb ) AR

R2 FAEMERDHLRASE
Table 2 The content of carbon and nitrogen
of Populus nigra L. leaf litter in the medium

term of the chronic exposure

4k 3 BEH (mg-g") AAH/(mg-g") AL
Treatments C/(mg-g™) N/(mg-g™) Ratio of C/N
%54 Control 4543+1.7° 16.5+0.2° 27.59+0.34%
30 nm 425.6+1.0° 14.9+0.3° 28.59+0.55*
90 nm 423.8+2.5° 15.0+0.2° 28.19+0.43%
200 nm 428.8+2.2° 15.9+0.4° 27.11+0.60°

TE AR B3R 25 b FH ) A7 2 #5422 53 (P < 0.05),
Note: Different lowercase letter denotes significant differences (P < 0.05)

among treatments.

x3 FEHERAHRERE
Table 3 The content of carbon and nitrogen
of Populus nigra L. leaf litter in the final

term of the chronic exposure

Abr W&/ (mg-g") A& E/(mg-g) WA
Treatments Clmg-g™") N/(mg-g™) Ratio of C/N
25 Control  415.5+7.5% 18.9+1.2° 22.16+1.01°
30 nm 4162+43% 17.1£0.3° 24.34+0.62°
90 nm 421.5£10.7* 16.4+0.3° 25.68+0.21°
200 nm 397.0+0.3° 15.7+0.2° 2532+0.25°

2 AN R B3R R 45 A 3R] A7 A S 3 M 25 (P < 0.05),
Note: Different lowercase letter denotes significant differences (P < 0.05)

among treatments.

SEMHEIEEDER, X — S BRI R A x4
FEbR EABATE] T I0E . 9K SIS 1 2 i (R
PR 5 I R R LE S 2 e TS AL, Bk E LR A
PR Z [ HTC i 3% 22 57+ (FR 3, P < 0.05), 5+ iAf
RLZE A LA, 2 9K E AL B 1 12 2 58 1 K
A= 22 IR LR AR A AL R A D) g S S5 4R o, T X
A HILAB 1) R gt D BE - I I S 532 1), AT i Ak 201 11
PR R L 3 T AL,

2% X HK ( References) :

[1] Farre M, Gajda-Schrantz K, Kantiani L, et al. Ecotoxicity
and analysis of nanomaterials in the aquatic environment
[J]. Analytical and Bioanalytical Chemistry, 2009, 393(1):
81-95

[2] Notter D A, Mitrano D M, Nowack B. Are nanosized or
dissolved metals more toxic in the environment? A meta-
analysis [J]. Environmental Toxicology and Chemistry,
2014, 33(12): 2733-2739

[3] Scown T M, Van A R, Tyler C R. Do engineered nanop-
articles pose a significant threat to the aquatic environ-
ment? [J]. Critical Reviews in Toxicology, 2010, 40(7):
653-670

[4] Colvin V L. The potential environmental impact of engi-
neered nanomaterials [J]. Nature Biotechnology, 2003, 21
(10): 1166-1170

[5] Krauss G J, Sole M, Krauss G, et al. Fungi in freshwaters:
Ecology, physiology and biochemical potential [J]. FEMS
Microbiology Reviews, 2011, 35(4): 620-651

[6] Gongalves A L, Lirio AV, Graga M A S, et al. Fungal
species diversity affects leaf decomposition after drought
[J]. International Review of Hydrobiology, 2016, 101 (1-
2): 78-86

[7] PuG, Tong J, Su A, et al. Adaptation of microbial com-
munities to multiple stressors associated with litter decom-
position of Pterocarya stenoptera [J]. Journal of Environ-
mental Sciences, 2014, 26(5): 1001-1013

[8] PuG, Dul, Ma X, et al. Contribution of ambient atmos-
pheric exposure to Typha angustifolia litter decomposition
in aquatic environment [J]. Ecological Engineering, 2014,
67(6): 144-149

[9] Dul, Zhang Y, Liu L, et al. Can visible light impact litter
decomposition under pollution of ZnO nanoparticles? [J].
Chemosphere, 2017, 187: 368-375

[10] Gottschalk F, Sun T, Nowack B. Environmental concen-
trations of engineered nanomaterials: Review of modeling
and analytical studies [J]. Environmental Pollution, 2013,
181(6): 287-300



424

FhECRT A - GRS AG RS U8 Vi ) Kok Ak I O 45 A R S D) R A 52 ) 157

[11]

[12]

[13]

[14]

[15]

[16]

[18]

[19]

[21]

[22]

(23]

Egon D, Johnson A C, Keller V D J, et al. Nano silver
and nano zinc-oxide in surface waters—Exposure estima-
tion for Europe at high spatial and temporal resolution [J].
Environmental Pollution, 2015, 196: 341-349

Xu Y, Wang C, Hou J, et al. Effects of ZnO nanoparticles
and Zn®" on fluvial biofilms and the related toxicity mech-
anisms [J]. Science of The Total Environment, 2016, 544:
230-237

Xiao Y, Vijver M G, Chen G, et al. Toxicity and accumu-
lation of Cu and ZnO nanoparticles in Daphnia magna [J].
Environmental Science & Technology, 2015, 49(7): 4657-
4664

Ma H, Williams P L, Diamond S A. Ecotoxicity of manu-
factured ZnO nanoparticles—A review [J]. Environmental
Pollution, 2013, 172(1): 76-85

Ferreira V, Raposeiro P M, Pereira A, et al. Leaf litter de-
composition in remote oceanic island streams is driven by
microbes and depends on litter quality and environmental
conditions [J]. Freshwater Biology, 2016, 61: 783-799
Boxall A, Tiede K, Chaudhry Q, et al. Current and Future
Predicted Exposure to Engineered Nanoparticles [M ].
York, UK: Central Science Laboratory, 2007

Gottschalk F, Sonderer T, Scholz R W, et al. Modeled en-
vironmental concentrations of engineered nanomaterials
(TiO,, ZnO, Ag, CNT, fullerenes) for different regions [J].
Environmental Science & Technology, 2009, 43: 9216-
9222

Piccinno F, Gottschalk F, Seeger S, et al. Industrial pro-
duction quantities and uses of ten engineered nanomateri-
als in Europe and the world [J]. Journal of Nanoparticle
Research, 2012, 14: 1-11

Pradhan A, Seena S, Pascoal C, et al. Can metal nanopar-
ticles be a threat to microbial decomposers of plant litter
in streams? [J]. Microbial Ecology, 2011, 62: 58-68
Batista D, Pascoal C, Cassio F. How do physicochemical
properties influence the toxicity of silver nanoparticles on
freshwater decomposers of plant litter in streams? [J]. Ec-
otoxicology and Environmental Safety, 2017, 140: 148-
155

Graca M A S, Birlocher F, Gessner M O. Methods to
Study Litter Decomposition [M ].
2005

Marvanova L P C, Cassio F. New and rare hyphomycetes

Springer Netherlands,

from streams of northwest Portugal. Part I [J]. Cryptoga-
mie Mycologie, 2003, 24: 339-358

Cochran V L, Elliott L F, Lewis C E. Soil microbial bio-
mass and enzyme activity in subarctic agricultural and
forest soils [J]. Biology and Fertility of Soils, 1989, 7(4):

[24]

[25]

[26]

(28]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

283-288

Hoostal M J, Bidart-Bouzat M G, Bouzat J L. Local adap-
tation of microbial communities to heavy metal stress in
polluted sediments of Lake Erie [J]. FEMS Microbiology
Ecology, 2008, 65(1): 156-168

The Allison Lab. Enzyme Assays for Fresh Litter and Soil
Adapted from Bob Sinsabaugh Lab [R/OL]. [2017-10-31].
http://allison.bio.uci.edu/protocols

Olson J S. Energy storage and the balance of producers
and decomposers in ecological systems [J]. Ecology, 1963,
44(2): 322-331

Santo N, Fascio U, Torres F, et al. Toxic effects and ultra-
structural damages to Daphnia magna of two differently
sized ZnO nanoparticles: Does size matter? [J]. Water Re-
search, 2014, 53(8): 339-350

Duarte S, Pascoal C, Alves A, et al. Copper and zinc mix-
tures induce shifts in microbial communities and reduce
leaf litter decomposition in streams [J]. Freshwater Biolo-
gy, 2010, 53: 91-101

Pradhan A, Silva C O, Silva C, et al. Enzymatic biomark-
ers can portray nano CuO-induced oxidative and neuronal
stress in freshwater shredders [J]. Aquatic Toxicology,
2016, 180: 227-235

Adam N, Schmitt C, Bruyn L D, et al. Aquatic acute spe-
cies sensitivity distributions of ZnO and CuO nanoparti-
cles [J]. Science of the Total Environment, 2015, 526:
233-242

Rashid M I, Shahzad T, Shahid M, et al. Zinc oxide nano-
particles affect carbon and nitrogen mineralization of
Phoenix dactylifera leaf litter in a sandy soil [J]. Journal
of Hazardous Materials, 2017, 324 (Pt B): 298-305
Tripathy N, Hong T K, Ha K T, et al. Effect of ZnO nan-
oparticles aggregation on the toxicity in RAW 264.7 mu-
rine macrophage [J]. Journal of Hazardous Materials,
2014, 270(8): 110-117

Savoly Z, Buzanich G, Pepponi G, et al. The fate of
nano-ZnO and its bulk counterpart in the body of micro-
scopic nematodes: An X-ray spectrometric study [J]. Mi-
crochemical Journal, 2015, 118: 80-87

Wu B, Wang Y, Lee Y H, et al. Comparative eco-toxici-
ties of nano-ZnO particles under aquatic and aerosol ex-
posure modes [J]. Environmental Science & Technology,
2010, 44 (4): 1484-1489

Li W M, Wang W X. Distinct biokinetic behavior of ZnO
nanoparticles in Daphnia magna quantified by synthesi-
zing 65Zn tracer [J]. Water Research, 2013, 47(2): 895-
902

Bour A, Mouchet F, Cadarsi S, et al. Toxicity of CeO,



158 £ 0F # M ¥ 13 E

nanoparticles on a freshwater experimental trophic chain: polluted streams may have high ability to cope with the
A study in environmentally relevant conditions through oxidative stress induced by copper oxide nanoparticles [J].
the use of mesocosms [J]. Nanotoxicology, 2016, 10(2): Environmental Toxicology and Chemistry, 2015, 34: 923-
245-255 930

[37] Bour A, Mouchet F, Cadarsi S, et al. Impact of CeO, nan- [39] TIlili A, Jabiol J, Behra R, et al. Chronic exposure effects
oparticles on the functions of freshwater ecosystems: A of silver nanoparticles on stream microbial decomposer
microcosm study [J]. Environmental Science-Nano, 2016, communities and ecosystem functions [J]. Environmental
3: 830-838 Science & Technology, 2017, 51(4): 2447-2455 L 4

[38] Pradhan A, Seena S, Schlosser D, et al. Fungi from metal-



