
S1 

Supplementary Materials 

TiO2, SiO2 and ZrO2 Nanoparticles Synergistically 
Provoke Cellular Oxidative Damage in  
Freshwater Microalgae 
Yinghan Liu 1, Se Wang 1,*, Zhuang Wang 1,*, Nan Ye 1, Hao Fang 1 and Degao Wang 2 

1 Collaborative Innovation Center of Atmospheric Environment and Equipment Technology, School of 
Environmental Science and Engineering, Nanjing University of Information Science and Technology, Nanjing 
210044, China; yinghan_liu@163.com (Y.L.); yenan_nuist@163.com (N.Y.); fh@nuist.edu.cn (H.F) 

2 School of Environmental Science and Technology, Dalian Maritime University, Dalian 116023, China; 
degaowang@163.com 

* Correspondence: wangse@nuist.edu.cn (S.W.); zhuang.wang@nuist.edu.cn (Z.W.);  
Tel./Fax: +86-25-58731090 (S.W. and Z.W.) 

 



S2 

Ch
lo

ro
ph

yl
l a

  (
%

 o
f C

on
tro

l)

0

100

200

300

400
1 mg/L
1 g/L

Co
nt

ro
l

Ti
O 2

Si
O 2

Zr
O 2

Ti
O 2 +

 S
iO

2
Ti

O 2 +
 Z

rO
2

Si
O 2 +

 Z
rO

2

Ti
O 2 +

 S
iO

2 +
 Z

rO
2

A

 

Ch
lo

ro
ph

yl
l b

  (
%

 o
f C

on
tro

l)

0

100

200

300

400
1 mg/L
1 g/L

Co
nt

ro
l

Ti
O 2

Si
O 2

Zr
O 2

Ti
O 2 +

 S
iO

2
Ti

O 2 +
 Z

rO
2

Si
O 2 +

 Z
rO

2

Ti
O 2 +

 S
iO

2 +
 Z

rO
2

B

 

Ca
ro

te
no

id
s (

%
 o

f C
on

tro
l)

0

100

200

300

400

1 mg/L
1 g/L

Co
nt

ro
l

Ti
O 2

Si
O 2

Zr
O 2

Ti
O 2 +

 S
iO

2
Ti

O 2 +
 Z

rO
2

Si
O 2 +

 Z
rO

2

Ti
O 2 +

 S
iO

2 +
 Z

rO
2

C

 

Ch
lo

ro
ph

yl
l a

+b
+C

ar
ot

en
oi

ds
  

(%
 o

f C
on

tro
l)

0

100

200

300

400
1 mg/L
1 g/L

Co
nt

ro
l

Ti
O 2

Si
O 2

Zr
O 2

Ti
O 2 +

 S
iO

2
Ti

O 2 +
 Z

rO
2

Si
O 2 +

 Z
rO

2

Ti
O 2 +

 S
iO

2 +
 Z

rO
2

D

 
Figure S1. Relative levels of chlorophyll a (A); chlorophyll b (B); carotenoids (C) and the total content 
of chlorophyll and carotenoids (D) in S. obliquus exposed to 1 mg/L and 1 μg/L of NPs alone, 1 mg/L 
and 1 μg/L of single NPs in binary combination, and 1 mg/L and 1 μg/L of single NPs in ternary 
combination. 

In the present study, chlorophyll contents were determined using the following empirical 
equations [S1]: 

CA = 12.21OD663 - 2.81OD645 (1) 

CB = 20.13OD645 - 5.03OD663 (2) 

CK = (1000OD470 - 3.27CA - 104CB)/229 (3) 

where CA is the content of chlorophyll a, CB the content of chlorophyll b, and CK is the content of 
carotenoids [S2]. 
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