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Pesticide-humic interactions are known to have environmental significance in modifying 
the toxicity and mobility of agricultural chemicals. To test this, interaction between 
gamma-hexachlorocyclohexane (gamma-HCH) released from the sand coated with 
gamma-HCH and humic acid was investigated using thin layer chromatography and 
spectral studies such as UV (ultraviolet), IR (infrared), mass and FAB (fast atom 
bombardment) mass spectrometry. These studies revealed the evidence of loose 
interchelation between gamma-HCH and humic acid. The significance of the results in 
relation to detoxification of gamma-HCH in aquatic ecosystems are discussed. 

Keywords; Gamma-hexachlorocyclohexane (gamma-HCH); humic acid (HA); fast atom 
bombardment (FAB) 

INTRODUCTION 

Significant quantities of the pesticide hexachlorocyclohexane gamma- 
isomer can eventually be transported to the aquatic environment 
through agricultural runoff. From an environmental context, humic 
substances present in natural waters, can increase the apparent 
solubility of non-polar compounds, such as gamma-HCH, through 
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surface activity, binding inorganic and organic compounds either by 
covalent bonds, as charge transfer complexes, by hydrogen bonding or 
by Van der Waals interaction (Landrum et al., 1984; Hassett and 
Anderson, 1979; Carter and Suffet, 1982; Piccolo and Celano, 1994). 
Humic substances can also serve as reducing agents and chemically 
alter a pesticide through non-biological transformations. The altera- 
tion is enhanced by the presence of reactive groups such as phenolic 
carboxyl, enolic, heterocyclic, aliphatic OH, semiquinone and stable 
free radicals contained in humic acid (Parris, 1980; Stevenson, 1982). 

Binding of pollutants with humic substances has additional 
environmental implications including effect on biodegradability, 
bioactivity, persistence, leachability, volatility, hydrolysis, photolysis 
and bioaccumulation (Bruggeman, 1982; Wershaw, 1989; Lawrence, 
1989; MacCarthy, 1989; Lumsdon and Evans, 1995). Therefore, in 
view of the environmental significance of humic acid binding with 
hydrophobic chemicals, the interaction between gamma-HCH released 
from the sand coated with gamma-HCH and humic acid was proposed 
in this present paper. 

MATERIALS AND METHODS 

Gamma-HCH, commercial grade of 99% purity, was purchased from 
Sigma Chemical Company, USA. Humic acid (sodium salt) from 
Aldrich Chemical Company (USA) was used also in all the studies, 
and element composition in natural humic acid was found similar to 
Aldrich humic acids. 

Preparation of the Samples 

For hydrophobic interaction between humic acid and gamma-HCH, 
10.0 g of pure acid-washed calcinated sea sand (E. Merck) with 
particle size of 0.1 -0.3mm was used as a simulated sediment. For 
environmental dynamics studies, the sea sand was taken in a conical 
flask and coated homogenously with gamma-HCH (500 pg g-') by 
continuous shaking with the desired amount in n-hexane. The solvent 
was evaporated to dryness under controlled conditions (temperature 
and pressure) to avoid vaporization of gamma-HCH. A 50.0 ml of 20 
pg solution of humic acid was prepared in water and added in the 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
2
 
1
5
 
J
a
n
u
a
r
y
 
2
0
1
1



GAMMA-HCH AND HUMIC ACID INTERACTION 99 

conical flask containing gamma-HCH coated sand. The mixture was 
equilibrated overnight. The product obtained as a result of binding 
was in the liquid phase. It was then lyophilized to find the product in 
solid form. Gamma-HCH, humic acid and the product was then 
subjected to spectroscopic (UV, IR, Mass, FAB mass and thin layer 
chromatographic) studies. 

Chromatographic Studies 

TLC (thin layer chromatography) was carried out on silica gel G 
plates which were developed with hexane, acetone and acetic acid 
(35 : 15 : 2) solvent system and spots were seen with iodine vapour. 

Spectroscopic Studies 

UV studies of all three samples (gamma-HCH, humic acid and the 
product) were performed at Shimadzu UV-260, UV-visible spectro- 
photometer. Beckman IR-model acculab - 10 (4000 - 2500 cm-') was 
used for infrared studies. Mass spectra of the above samples were 
recorded at JEOL JMS - D - 300 with JMA- 2000 data system. Due to 
the polymeric nature of the product, FAB mass spectra of the product 
was recorded on a JEOL SX 102/DA-6000 mass spectrometer/data 
systems using xenon (6 KV, 10 mA) on the FAB gas. The accelerating 
voltage was 10 KV and the spectra were recorded at room temper- 
ature. The m-nitrobenzyl alcohol (NBA) was used as the matrix unless 
specified otherwise. 

RESULTS AND DISCUSSION 

Gamma-HCH and humic acid showed peaks at 266.2 nm and 250 nm, 
when tested separately, while the product had a peak at 250 nm 
(Fig. 1). The UV maxima at 266.2 nm was not found in the product. 
Gamma-HCH and humic acid showed a spot with Rf 0.76 and 0.64 at 
TLC, whereas Rf of the product on TLC was 0.64 indicating possible 
binding between the two. Gamma-HCH showed IR peaks at 
1330cm-' and 2970 cm-' (Fig. 2). Humic acid showed peaks at 
1550 cm-', 2900 cm-' and 3400 cm-' (Fig. 3), while the product of 
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FIGURE 1 Ultraviolet spectra of gamma-HCH, humic acid and product. 

gamma-HCH and humic acid showed peaks at 1600 cm-', 2000 cm-', 
2300 cm-', 2950 cm-'and 3400 cm-' (Fig. 4). The additional peaks at 
2000 cm-' and 2300 cm-' showed the formation of a new product. 
Apart from this, suppression of fingerprint region of the gamma-HCH 
in the product was noticed; this could be due to the polymeric nature 
of the humic acid. The mass spectra of the gamma-HCH, humic acid 
and the product are shown in Figures 5, 6 and 7, respectively. The 
mass spectrum of the product also showed some indication of a weak 
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FIGURE 2 Infrared spectra of gamma-HCH. 
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FIGURE 3 Infrared spectra of humic acid. 
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FIGURE 4 Infrared spectra of the product. 
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FIGURE 5 Mass fragmentation pattern of gamma-HCH 5(a) and 5(b). 

hydrophobic interaction between humic acid and gamma-HCH as 
evident from the change in mass. Since the molecular weight of the one 
molecule of humic acid and one molecule of gamma-HCH did not 
tally with the m/z ratio of the product detected by the FAB (fast atom 
bombardment) mass (Fig. 8) suggesting the possibility of a loose 
interchelation between humic acid and gamma-HCH. Similar ob- 
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FIGURE 6 Mass fragmentation of humic acid. 
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Mass fragmentation pattern of the product 7(a) and 7(b). 

servations were noticed by Chiou et al. (1986) and Sparks (1995), in 
binding of humic substances to organic contaminants, and Misra et al. 
(1996) who studied the binding of gamma-HCH with humic acid in the 
aquatic environment. Further study in this direction is in progress. 
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FIGURE 7 (Continued). 
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FIGURE 8 
product. 

Fast atom bombardment (FAB) mass fragmentation pattern of the 

CONCLUSIONS 

On the basis of loose interchelation between humic acid and gamma- 
HCH, it can be concluded that humic acid may act as an important 
carrier of gamma-HCH in the aquatic environment and may play a 
significant role in detoxification of gamma-HCH in the environment. 
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The studies show that binding with humic acid is a factor regulating 
the bioavailability of pollutants. However, it is felt that data with 
humic acid isolated from the natural habitat will be provided site- 
specific information since Aldrich humic acid may not represent all 
situations (Ghillebaert et al., 1996). 
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