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Nanomaterials and Agriculture 
 There has been significant interest in                                      

using nanotechnology in agriculture 

The goals fall into several categories 
 Increase production rates and yield 
 Increase efficiency of resource utilization 
 Minimize waste production 

Specific applications include: 
 Nano-fertilizers, Nano-pesticides 
 Nano-based treatment of agricultural waste 
 Nanosensors 
 Disease suppression 
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CAES Nanotoxicology Program 

www.ct.gov/caes 

 Goal- To assess the effects of engineered nanomaterial exposure in agricultural 
systems. Exposure pathways include nano-enabled agrichemicals and biosolids. 
Focus is on plants but other species included. 

 USDA NIFA Grant 1- “Addressing Critical and Emerging Food Safety                 
Issues.” “Nanomaterial contamination of  agricultural crops.” 

 Obj. 1: Determine the uptake, translocation, and toxicity of NM to crops. 
 Obj. 2: Determine the impact of environmental conditions on NM uptake,   

           translocation, and toxicity to crops. 
 Obj. 3: Determine the potential trophic transfer of NMs. 
 Obj. 4: Quantify the facilitated uptake of pesticides  through                                         

           NM-chemical interactions. 
 

 USDA NIFA Grant 2- Determine the impact of biochar on NM                                  
uptake and toxicity to crops and earthworm species.  
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 A significant knowledge gap exists on the potential transfer of 
engineered nanomaterials from soil to crops and to the 
organisms (humans, non-humans) that consume those crops 

 Some work in aquatic systems 

 Only a few studies in soil with                                                           
NP Au (Univ. of KY); transfer                                                        
and biomagnification noted under                                                     
some conditions 

 Establishing differences between                                           
bulk and NP forms is key to                                                    
understanding exposure 
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Trophic Transfer Studies 

Gardea-Torresdey et al. Environ. Sci. 
Technol., 2014, 48 (5), pp 2526–2540 



 Experiment 1- NP/bulk CeO2 (0 or 1000 mg/kg) added 
to an agricultural loam. 

 Zucchini grown for 28d from seedling. 
 Roots, stems,                                                                               

leaves, and flowers                                                              
analyzed by ICP-MS.  

 Leaves used to feed                                                                           
crickets for 14d. 

 Crickets used to feed                                                                    
wolf spiders for 7d. 

 Insect tissues for                                                                       
ICP-MS; S/TEM-EDS. 
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Objective 3-  Determine the 
trophic transfer potential of NMs  

Hawthorne et al. 2014. Environ. 
Sci. Technol. 48:13102-13109 



NP/Bulk CeO2: Biomass Effects 
 No effect of Ce 

exposure on total wet 
or dry biomass 

 Particle-size specific 
effects evident in root 
mass (decreases 
with exposure), stem 
mass (increase), and 
leaf mass (increase) 

 NP CeO2 reduced 
flower mass 
(reproductive tissues 
by more than 50%) 
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NP/Bulk CeO2: Plant Ce content 
 Soil had background Ce at 21 

mg/kg so Ce present in controls 
 NP-exposed tissues contained 

significantly more Ce than did 
bulk treatments 

 Bulk and NP-exposed roots 
contained Ce at 119 and 576 
mg/kg (dilute acid-rinsed) 

 NP-exposed shoot tissues 
contained 30-53% more Ce 
than bulk plants 

7 www.ct.gov/caes 

Roots

R
oo

t C
e 

C
on

te
nt

 (m
g/

K
g)

0

100

200

300

400

500

600

Control
Bulk
NP 

A

B

 C

Control Bulk CeO2 NP CeO2

Sh
oo

t C
e 

co
nt

en
t (

ug
/k

g)

0

500

1000

1500

Stem Leaf Flower

Control
Bulk
NP

A
B

C

A

B

C

A B C

Shoots

Hawthorne et al. 2014. Environ. 
Sci. Technol. 48:13102-13109. 



NP/Bulk CeO2: Cricket Ce Content 
 Crickets fed bulk Ce contaminated 

leaves contained Ce at 15 µg/kg 
 NP exposed crickets had Ce at 33 

µg/kg 
 Cricket feces for control and bulk-

exposed insects were 250-380 µg/kg 
 Feces from NP-                                                     

exposed crickets                                            
contained nearly                                
1000 µg/kg 
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 All replicates (3 each) of control and bulk CeO2-exposed 
spiders  contained Ce at levels below the LOQ (4.6 µg/kg)  

 Two of the three NP-exposed spiders contained Ce at 8.8 and 
5.9 µg/kg; the third replicate was below the LOQ 
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NP/Bulk CeO2: Spider Ce Content 

Hawthorne et al. 2014. Environ. Sci. Technol. 48:13102-13109. 



Trophic Transfer I: Summary     
and Unanswered Questions 

 Ce transfer from soil to plant does differ with particle 
size 

 This greater NP exposure to the plant carries through 
herbivore and carnivore trophic levels 

 Although trophic transfer occurs, biomagnification 
does not (order of magnitude or more decreases at 
each level) 

 Significant release in feces (10 times more than 
tissues) 

 Questions- Why does particle size matter? What form 
is accumulated and transferred? What form is 
excreted? Exposure issues with fecal Ce? 
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 Experiment 2- NP/bulk La2O3 (0 or 500                                 
mg/kg) added to an agricultural loam  

 Lettuce grown for 50d from seedling. 

 Roots and shoots analyzed by ICP-MS.  

 Leaves used to feed crickets and 
darkling beetles for 15 days. 

 Crickets used to feed mantids for                                                        
7-10 days. 

 Arthropod tissues for ICP-MS;                                                               
S/TEM-EDS for tissues. 
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Trophic Transfer II: Lanthanum 
Oxide 



NP/Bulk La2O3: Biomass Effects 
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 La2O3 reduced root mass regardless of particle                               
size 

 La2O3 NPs reduced shoot biomass significantly                                     
more than did the bulk metal oxide 
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NP/Bulk La2O3: Plant La Content 

La root and shoot 
content was unaffected 
by particle size 
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NP/Bulk La2O3: Insect La Content 

La content in crickets 
and cricket feces was 
unaffected by particle 
size 

Cricket

A

B
B

C t l B lk C O NP C O

C
ric

ke
t c

on
te

nt
 (n

g/
g)

0

50

100

150

200

Control
Bulk
NP 

Cricket
Feces

A

B

B

  

 
 

0

5

10

15

20

Control
Bulk
NP 

www.ct.gov/caes 14 

Control           Bulk                NP  

Control           Bulk                NP  

Fe
ca

l  
La

 C
on

te
nt

 (m
g/

K
g)

 



NP/Bulk La2O3: Insect La Content 
La content in mantids and 

beetles was unaffected by 
particle size 
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 NP and bulk cerium trophic transfer                                      
part II- conducted at UTEP with TX soil 
(1000-2000 mg/kg CeO2), kidney bean, 
Mexican bean beetle  

 

 Trophic transfer of NP and bulk CuO-                               
500 mg/kg in soil for 0 or 60 days, lettuce, 
cricket, anolis lizards.  
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Trophic Transfer Studies-           
Ongoing Work 

Majumdar et al; in preparation. 



 Why does CeO2 bioaccumulate in a particle-size specific 
fashion and La2O3 does not? 

 Ion release from metal oxides in                                                                                   
soil? 

 Impact of root exudation on                                                                             
metal oxide dissolution?                        

 Use sensitive “omics” endpoints 
 What is the nature of the                                               

accumulated Ce and La? 
S/TEM-EDX 
Synchrotron (µXRF, XANES) 

www.ct.gov/caes 
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Trophic Transfer Studies- Key 
Exposure and Effects Questions 

Gardea-Torresdey et al. Environ. Sci. 
Technol., 2014, 48 (5), pp 2526–2540 



Obj. 4: Nanomaterial interactions         
with co-existing organic chemicals 

 
 Nanomaterials may represent a novel class of contaminants entering 

agricultural systems directly (agrichemicals) or indirectly (biosolids) 
 Agricultural systems contain a number of other organic chemicals 

and metals 
 Interactions between nanomaterials and these co-existing 

contaminants/chemicals are unknown 
 Could bioavailability of legacy pesticides be affected? A food 

safety issue? 
 Could efficacy of intentional pesticides be affected? An economic 

issue? 
 Five publications since 2012; a sixth in preparation 
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Effect of MWCNT or C60 on weathered 
chlordane/DDE accumulation from soil 

 Soil with 2,150 µg/kg weathered chlordane; 120 µg/kg DDE 
 Chlordane residues summed as 3 components;  cis- 

chlordane (CC), trans-chlordane (TC), trans-nonachlor (TN) 
 Plants- zucchini, tomato, soybean, corn 
 Carbon nanomaterials- C60 fullerenes or MWCNTs at 0, 500, 

1000, or 5000 mg/kg 
 Tissue biomass 
 GC-MS analysis for TC, CC, TN, and DDE content in roots, stems, leaves 
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De La Torre Roche et al. 2013. Environ. Sci. 
Technol. 47:12539-12547 



MWCNTs or C60 differentially impact  
pesticide accumulation by zucchini 

MWCNTs 
decrease the 
accumulation of 
weathered 
residues in a 
dose-dependent 
fashion 

 C60 fullerenes 
have much more 
modest effects 
on residue 
accumulation 
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De La Torre Roche et al. 2013. 
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Conclusions 
 Are engineered nanomaterials an emerging class of 

contaminants in agricultural systems? 

 Exposure may occur directly through NM-containing 
pesticide/ fertilizer formulations, as well as spills, or 
indirectly through the application of NM-containing biosolids 

 Trophic transfer studies shows that particle size specific 
uptake and transfer can occur; biomagnification not evident 

 NM have been shown to significantly impact the fate and 
effects of co-existing contaminants under model and soil-
based conditions 

 Exposure: Long term, low dose studies under                      
realistic conditions are needed  
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“Nano,  
  Nano” 
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