
Goldschmidt Conference Abstracts A422

Transport and filtration of carbon 
nanotubes in porous media 

DEB P. JAISI
1,2, NAVID B. SALEH

2, RUTH E. BLAKE
1
 AND 

MENACHEM ELIMELECH
2 

1Department of Geology and Geophysics, Yale University, 
New Haven, Connecticut 06520- 8109  
(correspondence: deb.jaisi@yale.edu) 

2Department of Chemical Engineering, Environmental 
Engineering Program, Yale University, New Haven, 
Connecticut 06520-8286 
 
Increasing production and use of nanomaterials and lack 

of regulations for disposal may result in the introduction of 
nanomaterials to soils and ultimately into groundwater 
systems. Because the tendency of nanomaterials to deposit on 
a surface is a key indicator of their fate, bioavailability, and 
reactivity in aquatic systems, we evaluated the transport 
behavior of functionalized single-walled carbon nanotubes 
(SWNTs) in a well defined porous media composed of cleaned 
quartz sand. Our results show that increasing solution ionic 
strength results in an increase of SWNT deposition (filtration). 
This observation is generally consistent with DLVO theory of 
colloidal stability suggesting physico-chemical mechanisms 
play important role in SWNT filtration. However, the lack of 
change of SWNT filtration at low ionic strengths (≤3.0 mM 
KCl) and the incomplete breakthrough of SWNTs in deionized 
water indicate that physical straining is an important capture 
mechanism of SWNTs. It is proposed that the very high aspect 
ratio of SWNTs and their highly bundled (aggregated) state in 
aqueous solutions contribute considerably to the straining in 
flow through porous media. We conclude that both straining 
and physicochemical filtration play a role at low ionic strength 
(<3.0 mM), while physicochemical filtration is the dominant 
mechanism of SWNT filtration at high ionic strength (≥3.0 
mM). Because the classic colloid filtration theory does not 
account for removal by straining, these observations have 
important implications for the prediction of SWNT fate and 
transport in subsurface environments.  

Manganese soil pollution in  
Central India 

N.K. JAISWAL AND K.S. PATEL 

School of Studies in Chemistry, Pt. Ravishankar Shukla 
University, Raipur-492010, CG, India 
(patelks55@hotmail.com) 

 
The native soils in India due to the increased productivity 

of the crops generally began depleting of the micronutrient 
(i.e. Mn, Fe, Cu, Zn, etc.) reserves and the crops started 
responding to micronutrient fertilizers [1]. In central India, the 
soil metal content levels in the surface soil are increasing due 
to huge deposition of the minerals and coal and their 
exploitations. Some micronutrients like Mn is toxic to crops 
when occurring in excess in soil [2]. In the proposed work, the 
available and total Mn levels, correlation with other 
micronutrient, depth profile distribution and 
toxicities/deficiencies in Raipur area (Chhattisgarh state, 
India) over ≈ 2.0x 10 4 km2 is described.  

The pH of soil is around neutrality or slightly acidic and 
found to be in the range of pH 4.70-7. The mean value 
(n=100) of available content of eight micronutrients i.e. Fe, 
Cu, Zn, Mn, Co, Ni, Mo, and S was found to be 305, 3.1, 1.6, 
850, 9.1, 2.8, 1.08 and 200 mg kg-1, respectively. The mean 
value of total content of micronutrient Fe, Cu, Zn, Mn, Co, Ni, 
Mo, and S in soils was 14236, 38, 27, 4921, 85, 25, 3.3 and 
451 mg kg-1, respectively. The mean ratio of available to total 
content of micronutrient i. e. Fe, Cu, Zn, Mn, Co, Ni, Mo, and 
S was 0.03, 0.07, 0.04, 0.18, 0.12, 0.08, 0.13, and 0.55, 
respectively. Their available concentration in soils of Raipur 
area was found to occur in the following decreasing order 
Mn> Fe> S> Co> Cu> Ni> ZN> Mo. Among them, Mn was 
found to be at the highest level. They showed a positive 
correlation between the available and total metal content. The 
total concentration of the micronutrients Fe, Cu, Mn, Co, Ni, 
and Mo increase with depth profile. The available, and total 
level of Mn in soils of this region lie in the range of 113–2330 
mg kg-1, and 1955–7203 mg kg-1 with mean value of 790 and 
4764 mg kg-1, respectively. A 5.7 mg kg-1 and 55.0 mg kg-1 
were reported as the critical limit for Mn-deficiency and 
threshold value of Mn-toxicity for plant growth. All type of 
soils in this region was found to be contaminated with Mn 
above permissible limit The symptoms such as i.e. brown or 
purplish spots on lower part of the stem in cereals and on the 
leaf margins are commonly seen in this region that may be due 
to manganese toxicity. 
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