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• The potential hazards of nanomaterials
to the environment and human health
were widely concerned.

Nanosafety 



Nanosafety 

• Wide-used nanomaterials, heavy exposure

• Nanoproducts, nanowaste enter environment.

• Not aware of the risk of the nanoproducts that 
workers are exposed to



Nanotoxicities are found in animal 
experiments.

SWCNT 
in a macrophage



Granuloma formation post SWCNT



It is theoretically possible that
nanomaterials may produce some
novel toxicity and cause unusual
diseases in humans as observed in
some animal experiments.

Theoretical possibility of  
human toxicity  



A group of patients with   
unusual disease



case sex age Exposure
(M) 

Plural
effusion

Pericardial 
effusion

coatings

1 F 29 13 ++ + Polyacrylate

2 F 47 11 ++ -- PA

3 F 18 13 ++ + PA

4 F 29 12 ++ + PA

5 F 19 10 ++ + PA

6 F 35 10 ++ + PA

7 F 28 5 + -- PA



Case 1



Case 2



Case2



Case 3



Case 3



Case 4



Case 5



Bronchofibroscope

lobus centralis dexte、inferior lobe bronchus principalis dexter



Clinical findings

 Symptoms: shortness of breath.

 Signs: 

• pleural and pericardial effusion.

• pulmonary imflamation

(no effect to antibiotics and glucocorticoids) 

• Pulmonary  fibrosis 

Rapid  and Progressive 



19-yr-female(C5)

 Pleural effusion and pericardial   effusion

 Pulmonary  fibrosis

 Rapid  and Progressive 





• All patients with pleural effusion

• Five out of seven with pericardial effusion.

• Fenestration of the pericardium was performed
in the 19-yr-old female, and 170 mL of light-
coloured fluid was drained.

The group of patients  



Pathology

 Non-specific inflamation

 Macrophage infiltration



Pleural membrane(C3)









Pulmonary Biopsy(C1)







Transbronchial lung biopsy
(C1)







Pleural mebrane(C2)







Lung(C5)



In the begining



18 months later



 Inflamation with inflammatory cells

 Pulmonary fibrosis 

 Granuloma formation of pleural membrane



Common characteristics

 Young females

 In previous good health

 In the same workplace

 Same symptoms, signs 

 Similar  laboratory results

 Bad  result:  2 died, 5 disabled



Clinical findings

 Symptoms: shortness of breath.

 Signs: 

• pleural and pericardial effusion.

• pulmonary imflamation

(no effect to antibiotics and glucocorticoids) 

• Pulmonary  fibrosis 

Rapid  and Progressive 



Analysis of the used coating

 Polyacrylate

 GC-MS: butanoic acid, butyl ester, N-butyl   
ether, acetic acid, toluene, di-tert-butyl 
peroxide, 1-butanol, acetic acid ethenyl
ester, isopropyl alcohol, and ethylene 
dioxide





Nanoparticles in pleural effusion



Nanoparticles in a macrophage







Nanoparticles in micro-vessels







nanoparticles in a vascular 
endothelial cell



Bronchial Alveolar Lavage Fluid 
(BALF)



Nanoparticles in raw material





Speculations and questions 

• What are these nanopartilces and why exist?

• Are  these nanoparticles related to the workers’ 
death and  their multi-organ damage?

• May these nanoparticles pose the damage 
directly or as a carrier?



EDX analysis of nanoparticles in 
pleural effusion



Cytoplasam



Isolation and EDX analysis of 
nanoparticles in a marophaghe





Results and speculations
• Nanosilica entered patients blood vessels,

pulmonary tissues, and their subcellular
organelles, and potentially exerted toxicity.

• Nanosililca may have posed workers multi-
organ damage and death .



Questions ?

Micro-SiO2                    Silicosis

Nano-SiO2 ？？

Toxicity of  nanosilica in animals



More questions ?

Would nanaosilica cause pleural and 
pericardial effusion and the unusual 
toxicity as seen in the reported workers?

Did the workers’ clinical damage result 
from the single toxicity of nanosilica or 
combined role of nanosilica together with 
polyacrylate?



Animals

90 adult male SPF Wistar rats

4–6 weeks old , weights 180 - 220 g. 

Five groups, 18 rats in each group 

Polyacrylate/nanosilica  (PA/NSi)  were 
made by order from Fudan University.



Grouping

 Control group with NS

 Control group with  PA

 3.125mg/kg PA/NPSi 

 6.25 mg/kg  PA/NPSi 

 12.5 mg/kg  PA/NPSi 



Intratracheal instillation



Experimental design

Part 1:  1-week study: 

75 rats terminated at 24h, 3d, and 7d  
post intratracheal instillation

Part 2:  2-week study

15 rats (3/group) for repeated ultrasound 
and CT examinations.



Ultrasound examination  for rats



CT examination for rats



Results



Pleural fluid 
upon dissection

1-1.8ml in each 
pleural cavity



Silica nanoparticles in PA/NSi



Nanoparticles in a rat’s pleural 
fluid



Control (NS) PA/NSi (12.5mg/kg)



PA/NSi (3.12mg/kg) PA/NSi (6.25mg/kg)



PA/NSi (12.5mg/kg)



Reticular fiber staining 



Pleural membranePulmonary fibers

PA/NSi (12.5mg/kg) on d7



PA/NSi (3.125mg/kg)  on d14



PA/NSiControl

Ultrasound   examination



Pericardial effusion



Pleural effusion

Control PA/NSi



Chest CT



Interlobular effusion



Results 

PA/NSi causes pleural and  pericardial 
effusion as seen in exposed workers

Effusion occurred on days 3-5, peaking on 
days 7-10, then decreased and disappeared 
on day 14.

No water was found in control groups of NS 
and  PA .



PA/NSi causes similar toxicity to those  
observed in exposed workers



Conclusions and Indications

• PA/NSi causes pleural and pericardial effusion, 
and pulmonary fibrosis and granuloma in rats as 
seen in exposed workers.

• The unusual  disease  of the reported workers are 
closely related to the exposure of PA/NSi.

• This highlights the urgent need and importance
of nanosafety.



Conclusions and Indications

• This also highlights :

• Some nanomaterials like nanosilica may cause
unusual toxicity upon heavy exposure compared
to their micrometer-sized and bulk counterparts,
which should be taken seriously in the
development of nanoscience and nanotechnology.



Still more questions

Mechanisms of nanosilica causing pleural and 
pericardial effusion

Prevention of the nanotoxicity in nanoexposed  
workers

How to detect and evaluate the damage of 
nanotoxicity in humans?



Nanomaterials : “double-edged sword”, 
more study about its safety and control need!
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