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Abstract—Water, soil and sediment contaminated with 

metolachlor poses a threat to the environment and human health.    
We determined the effectiveness of nano-zerovalent iron (NZVI) to 
dechlorinate metolachlor [2-chloro-n-(2-ethyl-6-methyl-phenyl)-n-
(1-methoxypropan-2-yl)acetamide] in pH solution and the presence 
of aluminium salt.  The optimum dosage of degradation of 100 mlL-1 
metolachlor was 1% (w/v) NZVI.  The degradation kinetic rate (kobs) 
was 0.218×10-3 min-1 and specific first-order rates (kSA) was  
8.72×10-7 L m-2min-1.  By treating aqueous solutions of metolachlor 
with NZVI, metolachlor destruction rate were increased as the pH 
decrease from 10 to 4.  Lowering solution pH removes Fe (III) 
passivating layers from the NZVI and makes it free for reductive 
transformations.  Destruction kinetic rates were 20.8×10-3 min-1 for 
pH4, 18.9×10-3 min-1 for pH7, 13.8×10-3 min-1 for pH10.  In addition, 
destruction kinetic of metolachlor by NZVI was enhanced when 
aluminium sulfate was added.  The destruction kinetic rate were 
20.4×10-3 min-1 for 0.05% Al(SO4)3 and 60×10-3 min-1 for 0.1% 
Al(SO4)3. 

 
Keywords— destruction, kinetic rate, metolachlor,  

nano-zerovalent iron 

I. INTRODUCTION 

 
rganic pollutants which are important contaminants in soil 
water and groundwater, threat ecology system and 

environment.  These pollutants are emitted from various 
sources such as pesticides from agricultural land or chemical 
from production process. 

 Metolachlor [2-chloro-n-(2-ethyl-6-methyl-phenyl)-n-(2-
methoxy-1-methyl ethyl) acetamide] is one of the more 
popular chloroacetanilide and is used a variety of commercial 
blends to control annual grasses and small-seeds broadleaf 
weeds.  A national well wall water survey involving more 
than 6 million private and commercial was indicated a 1% 
detection of metolachlor (approximately 60,000 wells) at 
concentrations of ≥0.03 µL-1 [1].  Surface water have also 
been affected by metolachlor in at least 14 states, with 
maximum 
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concentration of 138 µgL-1 (USEPA, 1987). While attention to 
agrichemical use and the environment has centered on 
mitigating nitrate contamination, this focus may shift, or at 
least broaden as more state and federal regulators became 
attuned to problems associated with pesticide use and can 
recommend or endorse reliable remediation treatments for 
pesticide-contaminated soil and water.  Metolachlor is a health 
hazard, thus it is necessary to remove from environmental [2]. 
There are several methods for treating it such as incineration, 
fenton-oxidation and biodegradation [3].  Although these 
methods are easy but they are expensive. In recently, 
nanotechnology represents a new generation of environmental 
technology that provides high effectiveness solutions to 
environmental cleanup and remediation by using nano-
zerovalent iron (NZVI) (particle size 1-100 nm) as chemical 
reductant [4].  The high effectiveness of NZVI is due to its 
high surface area and surface reactivity which higher than 
microscale zerovalent iron (ZVI) about 10 – 10,000 times. 
Therefore, the objectives of this study were to determine the 
effectiveness of nano-zerovalent iron (NZVI) to destruction 
metolachor and to investigate the effects of the iron dosage, 
solution pH and aluminum sulfate (Al2(SO4)3). 

II. MATHERIALS AND METHODS 

A. Materials 
Nano-zerovalent iron (Nanofer 25S) was obtained from 

NANOIRON,s.r.o.(Czech Republic).  Metolachlor was 
prepared from the commercial product Dual 8E (Syngenta, 
Greenboro, NC).  The chemical structure of metolachlor was 
shown in fig. 1.  Commercial grade-aluminium sulfate 
(Al2(SO4)3) were purchase from Aldrich chemical Co. 
(Milwaukee,WI).  Sulfuric acid (H2SO4) and sodium 
hydroxide (NaOH) were purchased from Fisher Scientific Co 
Ltd.  HPLC grade- acetonitrile was purchase from EMD. 

 
 
 
 
 
 
        

 

Fig. 1 chemical structure of  metolachlor  
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B.  Preparation of Nano-zerovalent iron (Nanofer 25s) 
Before using, Nanofer 25s suspension was centrifuged at 

4,000 rpm for 40 min under anaerobic condition.  Then, 
suspension was withdrawn and the solid Nanofer 25s was 
dried by nitrogen gas. 

C. Characterization of Nano-zerovalent iron 
The surface morphology and quantify of  Nanofer 25s were 

studied  by mounting with carbon tabs, sputter-coating with 
gold–palladium, and observing with a Philips: XL30 & EDAX 
scanning electron microscope (SEM) operated at 15 KV 
connected with electron dispersive X-ray (EDX).  

D. Batch experiments 
Batch experiments were conducted to compare the 

efficiencies of NZVI to destruction metolachlor in aqueous 
solution.  Metolachlor solutions were prepared in ultra pure 
water at initial concentration of 100 mgL-1.  The 100 mL of 
metolachlor solution was moved to 250 mL Erlenmeyer flask 
and then 0.5%, 1% and 5% (w/v) of NZVI was added.          
The flask was agitated on an orbital shaker.  Samples were 
collected at 0, 10, 20, 30, 40, 50, 60, 80, 100 and 120 minutes.  
The samples were transferred to 1.5 mL polypropylene micro 
centrifuge and centrifuged at 14,000 rpm for 5 minutes. The 
concentration of metolachlor was determined by high 
performance liquid chromatography (HPLC), hybersil gold 
column connected to a Shimadzu (Kyoto, Japan) photodiode 
array detector with quantification at 220 nm.  The mobile 
phase was 50:50 acetonitrile-water at flow rate of 1.0 mLmin-

1. To investigate the effect of initial pH and effect of 
aluminium sulfate (Al2(SO4)3) on destructions of metolachlor 
by NZVI. Metolachlor solution was adjusted pH at 4, 7 and 10 
using  H2SO4 0.5 M and NaOH 0.5 M before treatment by 
optimum NVZI dosage.  Aluminium sulfate was added at 
0.1%, 0.05%(w/v) with NZVI. 

III. RESULTS AND DISCUSSIONS 

A. Characterization of NZVI 
Fig.1 represents the scanning electron microscope (SEM) 

and electron dispersive x-ray (EDX) image of NZVI.          
The particle morphology of NZVI is roughly spherical and 
aggregated (Fig. 1a).  The element composition of NZVI was 
identified through EDX element mapping (Fig. 1b).              
The element iron was 76.63%. 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Fig. 2 (A) SEM (×50000) and (B) EDX image of NZVI 

 

B. Destruction of Metolachlor by NZVI 
Metolachlor degradation increased as the NZVI dosage 

increased (Fig. 3).  Because of NZVI had the tiny size and 
high surface area.  Therefore, its have a stronger reaction with 
organic pollutant molecules [5].  The destruction of 
metolachlor followed pseudo first-order kinetic reaction.  First 
order metolachlor degradation kinetic rate (kobs) was observed 
as in (1): 

   

   
dt

rMetolachlod ][
  = kobs [Metolachlor]           (1) 

 
The optimum dosage of degradation metolachlor was 1% 

NZVI (Table 1).  The degradation kinetic rate (kobs) was 
0.218×10-3 min-1 for NZVI.  For comparison, degradation 
kinetic rates can be normalized by the specific surface area of 
iron.  The specific surface area for 10 gL-1 iron( 1% w/v) of 
NZVI was 250 m2L-1.  (kobs) = (kSA)a, where kSA is the 
specific reaction rate constant (L m-2min-1), and a is the 
surface area concentration of NZVI (m2L-1) [6].  Specific first-
order rates was 8.72×10-7 L m-2min-1 for NZVI. 

A. 

B. Element   Wt%      At% 
C K          14.13     37.64 
O K          9.23        18.46 
F K          76.63      43.90 
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Wang and Zhang [7] reported kSA for synthesized nanoscale 
iron particle was 3.0×10-3 Lm-2h-1 which was higher than kSA 
for commercially available iron particles (generally below 
1.0×10-3 Lm-2h-1).  In conclusion, the higher specific surface 
area, the higher surface reactivity to dechlorinate antrazine by 
nano ZVI. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 Destruction of 100 mgL-1 metolachlor with NZVI  
 
 

TABLE I 
kobs and kSA for destruction of 100 mgL-1  metolachlor by NZVI 

 

Parameter 
kobs 

(10-3min-1) 
kSA 

(10-7 Lmin-1m-2) 

 0.5% NZVI 0.002 0.16 

100 mgL-1 
Metolachlor 1% NZVI 0.218 8.72 

 5% NZVI 0.699 5.59 

 
 

C. The Effect of pH on Metolachlor destructions by NZVI 
The optimum NZVI dosage in destruction of metolachlor 

was used in studying the effect of pHs.  Metolachlor 
destruction rate constant (kobs) increased as the pH decreased 
from 10 to 4 (Fig. 4).  Destruction kinetic rates were 20.8×10-3 
min-1 for pH4, 18.9×10-3 min-1 for pH7, 13.8×10-3 min-1 for 
pH10.  Slower destruction kinetics with increasing pH has 
observed while treating metolachlor [8], nitrite [9] or nitrate 
[10] with NZVI.  Several factors may explain this trend.     
One is the formation of secondary reductants (Fe(II) or Fe(II)-
containing oxides and hydroxides) on the surface of NZVI  
[9]. Various iron hydroxides such as goethite formed at high 
pH passivate the iron surface [8],[11].  Low pH would remove 
these passivating layers from NZVI core and render it free for 
reaction with the halogenated molecules [8],[12]. 
 
 
 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 4 The effect of pH on 100 mgL-1 metolachlor by 1%(w/v) NZVI 

 

D. The effect of aluminum salt on metolachlor by NZVI 
The efficiency of aluminum sulfate (Al2(SO4)3) on 

metolachlor by 1%(w/v) NZVI, shows in fig. 5.  Metolachlor 
degradation rate constants (kobs) were enhanced when Al (III) 
salts were added. Destruction kinetic rate were 20.4×10-3 min-

1 and 60×10-3 min-1 when 0.05%(w/v) and 0.1% (w/v) 
Al2(SO4)3, respectively.  Past researched has shown that high 
concentration of salt can slow passivation by moving the 
reaction products away from NZVI surface [13].  Moreover, 
availability of Al (III) during NZVI oxidation facilitates 
incorporation into the oxidized Fe structure [10],[14] and 
result in release of Fe(II) into bulk solution.  Beside of 
formerly reason, sulfate has been show sustain higher rate 
corrosion, apparently by dissolving the oxide film that coat the 
surface during oxidation [15],[16]. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 The effect of aluminium salt on 100 mgL-1 metolachlor by 
1% (w/v) NZVI 
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 IV

IV. CONCLUSION 

Our result indicated that NZVI had efficiency for 
remediating metolachlor contaminated water.  NZVI [1% 
(w/v)] was successful in removing metolachlor within 2 hours. 
Lowering the pH from 10 to 4 increased the destruction 
kinetic rate of metolachlor by NZVI. Moreover, aluminium 
salt can successfully increase destruction of metolachlor by 
NZVI. Result from this study can be applied to remediated to 
remediate metolachlor contaminated sediment in field. 

 

ACKNOWLEDGMENT 

The authors would like to acknowledge the financial from 
the Research, Development and Engineering (RD&E) Fund 
through National Nanotechnology Center (NANOTEC), 
Nation Science and Technology Development Agency 
(NSTDA), Thailand (Project NN-B-22-CT3-12-52-11). We 
also thank Faculty of Science and Graduate School, Kasetsart 
University ,Thailand for partial financial support and the 
School of Natural Resource Institute of Agriculture and 
Natural Resource, University of Nebraska Lincoln, USA for 
instrumental support. 

REFERENCES   
[1] L.R. Holden, and J.A. Graham, “Results of the National Alachlor Well 

Water Survey,” Journal of Environmental Science and Technology ,vol. 
26,  pp. 935-943, 1992. 

[2] R. F. Spalding, M. E. Exner, D. D. Snow, D. A. Cassada, M. E. Burbach, 
and S. J. Monson, “Herbicides in Ground Water beneath Nebraska’s 
Management Systems Evaluation Area,” Journal of Environmental 
Quality, vol. 32, pp. 92–99, Feb. 2002.  

[3] K.B. Gregory, P. Larese-Casanova, G.F. Parkin, and M.M. Scherer, “ 
Abiotic transformation of hexahydro-1,3,5-trinitro-1,3,5-triazine by 
Fe(ll) bound to magnetite,” Journal of Environmental Science and 
Technology, vol. 38, pp. 1408–1414, Jan. 2004. 

[4] Y-P Sun, X. Li, J. Cao, W. Zhang, and H. P. Wang, “Characterization of 
zero-valent iron nanoparticles,” Journal of Advances in Colloid and 
Interface Science, vol. 120, pp. 47–56, May. 2006. 

[5] X-Q Li, D. W. Elliott, and W-X Zhang, “Zero-Valent Iron Nanoparticles 
for Abatement of Environmental Pollutants: Materials and Engineering 
Aspects,” Journal of Critical Reviews in Solid State and Materials 
Sciences, vol. 31, pp. 111–122, 2006. 

[6] T. Johnson, M .M . Scherer, and P. Trantnyek, “Kinetics of halogenated 
Organic Compound Degradation by Iron Metal,” Journal of 
Environmental Science and Technology, vol. 30, no. 8, pp. 2634-2640, 
Jul. 1996. 

[7]  C-B Wang, and W-X Zhang, “Synthesizing Nanoscale Iron Particles for 
Rapid and Complete Dechlorination of TCE and PCBs,” Journal of 
Environmental Science and Technology, vol. 31, no. 7, Jun. 1997. 

[8] T. Satapanajaru, S.D. Comfort, and P.J. Shea, “Enhancing Metolachlor 
Destruction Rates with Aluminum and Iron Salts during Zerovalent Iron 
Treatment,” Journal of Environmental Quality, vol. 32, pp. 1726-1734, 
Sep. 2002. 

[9] M.J. Alowitz and M.M. Scherer, “Kinetics of Nitrate, Nitrite, and Cr(VI) 
Reduction by Iron Metal,” Journal of Environmental Science and 
Technology, vol. 36, no. 3, pp. 299–306, Jan. 2002. 

[10] Y.H. Huang, T.C. Zhang, P.J. Shea, and S.D. Comfort, “Effects of Oxide 
Coating and Selected Cations on Nitrate Reduction by Iron Metal 
Journal of Environmental Quality, vol. 32, pp. 1306–1315, 2003. 

[11] T . Satapanajaru, P.J. Shea, and S . Cmfort, “Green Rust and Iron Oxide 
Formation Influences Metolachlor Dechlorination during Zerovalent 
Iron Treatment,” Journal of Environmetal Science and Technology,  vol. 
37, pp. 5219-5227 , Oct. 2003. 

[12] T. Dombek, E. Dolan, J. Schultz, and D. Klarup, “Rapid reductive 
dechlorination of atrazine by zero-valent iron under acidic conditions,” 
Journal of Environmental Pollution, vol. 111, pp.  21-27, Dec. 1999. 

[13] J. Farrell, M. Kason, N. Melitas, and T. Li, “Investigation of the Long-
Term Performance of Zero-Valent Iron for Reductive Dechlorination of 
Trichloroethylene,”  Journal of Environmetal Science and Technology,  
vol. 34, no. 3, pp. 514–521, Dec. 1999. 

[14] U. Schwertman and R.M. Cornell, Iron oxides in the laboratory,        
New York: VCH Publication, 1991.  

[15] E.J. Reardon, “Anaerobic Corrosion of Granular Iron: Measurement and 
Interpretation of Hydrogen Evolution Rates,” Journal of Environmental 
Science and Technology, vol. 29, pp. 2936-2945, Oct. 1995. 

[16] B. Gu , T.J. Phelps,  L. Liang, M.J. Dickey, Y. Roh, B.L. Kinsall, A.V.  
Palumbo, and G.K . Jacobs, “Biogeochemical Dynamics in Zero-Valent 
Iron Columns:Implications for Permeable Reactive Barriers,” Journal of 
Environmental Science and Technology,  vol. 33, pp. 2170-2177, Nov. 
1999. 

 
 


