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Abstract 

 
The Huay Kapo watershed is located in Phetchabun Province in northern Thailand.                

The area has always been used to cultivate maize (Zea mays L.) by the application of 
atrazine at 1.25-1.56 kg/ ha. The Objective of this study is to monitor atrazine concentrations 
in stream water and stream sediment in the Huay Kapo watershed. Based on the data 
monitored from 15 sample sites each month during the wet season (August-November 2008), 
the average atrazine concentrations in stream water and sediment samples were  4.7 µg/L 
and 27.42 µg/ kg, respectively.  The content of atrazine in stream sediment was 5.87-fold 
significantly higher than that in the stream water.  
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1. Introduction 
 

Thailand has been importing 
great amounts of herbicides.  In 2007, 
atrazine, at an amount of 3,686,650 kg 
was ranked the seventh of the imported 
pesticides to Thailand. It has been 
widely used to control narrow-leaf and 
broad-leaf annual weeds amongmaize, 
sorghum, pine apple, and sugarcane 
plantations in several areas of 
cultivation. Impact on the aquatic 
ecosystems is likely to occur if atrazine 
is transported from cultivated areas by 
runoff or leaching. The Huay Kapo 
watershed, located in Lakdan Sub-
District, Nam Nao District, Phetchabun 
Province in northern Thailand, is 
mostly mountainous (elevation 
between 400-920 m). Atrazine has 
been used intensively for weed control 
in the maize cultivation area in the 
watershed. The watershed is reported 
to suffer from a high rate of soil loss 
(120.15 ton/ha/yr) (Royal Thai Army, 
2008). The average slope is 

approximately 18%. Maize has always 
been cultivated in the area (Zea may L.) 
by the application of atrazine in 
concentrations of 1.25-1.56 kg/ha, which 
has caused atrazine contamination of the 
stream water and the stream sediment. 
The atrazine absorption in the field soil 
and the transportation by means of soil 
erosion are probably the major processes 
which attribute to the atrazine 
contamination of the aquatic environment 
of the watershed.  Atrazine losses by 
runoff water and soil erosion were 
reported previously to be 0.00-31.3 g/ha/yr 
and 0.09-9.82 g/ha/yr, respectively 
(Attanandana and Chanchareonsook, 1999) 
as reported in literature. In order to 
determine the fate of atrazine and its 
distribution in the aquatic environment of 
the Huay Kapo watershed, the atrazine 
residues in stream water and stream 
sediment in the watershed called for 
investigation.  Moreover, the consequent 
results of such a study are useful to 
formulate the impact of atrazine on the 
water quality standard in stream 
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waterways in Thailand and to reduce 
pesticide residues in the aquatic 
environment in the future. Aims of this 
study are to monitor the atrazine 
concentrations in both stream water, 
and the stream sediment on the 
riverbed in the Huay Kapo watershed. 
 
2. Methodology 
 
2.1 Study area  

 
The study of residues of atrazine 

herbicide in stream water and stream 
sediment was performed in the Huay 
Kapo watershed, Lakdan Sub-District, 
Nam Nao District, Phetchabun 
Province, Thailand. The secondary 
data such as land use, topography, and 
community area was compiled from 
the 1:50,000 geographic map of the 
area. The expected data collected from 
the community in the study and 
surrounding areas was pertinent to 
pesticide use, application date of 
pesticide, amount of pesticide applied, 
and the agricultural calendar.  Thirty-
six of the totals of 323 sample 

interviews were with farmers from the 
Huay Kapo community. The remaining 
interviews were done with farmers within 
5 km of the study area.  

 
2.2 Stream sediment and water sampling 

 
The samples of stream sediment and 

stream water were collected from 15 
study sites distributed in Huay Kapo 
watershed, Lakdan Sub-District, Nam 
Nao District, in Phetchabun Province 
(Figure 1). Sampling stations A1-A7 were 
located on the main stream “A” of the 
watershed. Stations B1-B4 and D1 were 
on the first order of streams “B” and “D”, 
respectively in the west of the watershed.  
Stations C1-C3 was on the first order of 
stream “C” in the north of the watershed. 
The monitoring of atrazine concentration 
in stream water and sediment was 
conducted during the wet period from 
August through November 2008, which 
coincided with the application period of 
atrazine by the farmers. The sampling 
periods comprised of 19-20 August 2008, 
19-20 September 2008, 19-20 October 
2008, and 19-20 November 2008.   
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Figure 1 Sampling stations of stream sediment and stream water in the Huay Kapo watershed, Lakdan 
Sub-District, Nam Nao District, Phetchabun Province. 

 
The stream sediments on the 

river bed were collected with a 
stainless spade with a depth of 
approximately 15 cm. to obtain 
composite samples from each station. 
Such a practice resulted in a total of 60 
stream sediment samples.  All samples 
were kept in black bags to prevent 
photodecomposition and subsequently 
stored in at 4C in an ice storage tank 
prior to transfer to the laboratory (Gao 
et al., 1998). The stream sediment 
samples were dried, ground and sieved 
(diameter of 2.0 mm and 0.5 mm) for 
determining the physical and chemical 
properties (Attanandana and 
Chanchareonsook, 1999).   

Four liters of stream water were 
collected monthly from 15 stations 
during the monitoring period. The 
stream water was sampled one liter at a 
time by means of a glass bottle for the 
atrazine determination at a depth of 30 
cm from the water surface.  A total of 
sixty stream water samples were taken. 

All samples were stored at 4C in and ice 
storage tank and transferred to the 
laboratory within 48 hours (APHA, 
AWWA and WEF, 1992). 

 
2.3 Chemical analysis 

 
The atrazine concentration was 

determined by means HPLC (Ministry of 
Public Health Welfare and Sport, 1996; 
Zweig and Sherma, 1972). The method 
used to measure the atrazine 
concentrations in both the stream 
sediment and the stream water (Baiadul, 
2001; Thurman and Mills, 1998) were as 
follows: 
 

2.3.1 Atrazine in stream sediment: 
atrazine was extracted with a solid phase 
extraction cartridge, SCX-Verti Pak 
cartridge (Vertical, USA). Approximately 
100 g of soil was briefly suspended in         
99 ml. of acetronitrile/water (9:1, v/v), 
prior to the addition of one milliliter     
(0.2 mg/ml. atrazine) of the standard 
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solution and subsequent vigorous 
agitation for five minutes. The samples 
were then filtered through a paper filter 
(Whatman GF/C), with the first 5 ml. 
of filtrate discarded with the remaining 
10 ml. used for the analysis. The 
cartridges were then flushed with one 
column volume of acetic acid (1%), 
prior to the addition of 2 ml. of acetic 
acid (1%). A reservoir was placed onto 
the cartridge with the adaptor prior to 
use. Next, 5 ml. of each sample were 
then mixed with 25 ml. of acetic acid 
(1%) and poured into the reservoir, 
stirred and slowly aspirated through 
the cartridge. The reservoir was then 
washed with 2 ml. of acetic acid (1%), 
after which the cartridge was washed 
with 1 ml. of acetonitrile, followed by 
one column volume of water, and 
finally 1 ml. of 0.1 M dipotassium 
hydrogen phosphate. Between the 
individual rinses, the cartridge was briefly 
dried  for approximately  15 seconds in a  
vacuum. The cartridges were then eluted 
with 2 ml. acetonitrile/0.1 M dipotassium 
hydrogen phosphate (1:1). Finally, the 
samples were filtered with a nylon sieve 
and 2 µL of each sample was injected 
into the HPLC. 

2.3.2 Atrazine in stream water:  
atrazine was solid phase extracted with 
the application of a C18-VertiPak 
cartridge (Vertical, USA). The 
cartridges were conditioned with 5 ml 
of methanol and 5 ml of distilled water 
prior to use. A 1,000 ml sample of 
surface water was briefly passed 
through a suitable glass fiber filter and 
acidified with 2 ml of the concentrated 
hydrochloric acid. The samples were 
slowly forced or aspirated through the 
cartridges, after which they were 
washed with 2 ml. of acetronitrile/ 
water (3:7, v/v) and subsequently dried 
in a vacuum for the duration of 20 
minutes. The cartridges were then 
eluted with 15 ml. of acetronitrile 

concentrate and eluted in a vacuum with 
nitrogen gas. Finally, the samples were 
sieved through a nylon filter and a 2 µl of 
each sample was injected into the HPLC.   

2.3.3 HPLC analysis: A HPLC 
Young Lin Instrument (type lumene; 
series Acme  9000), equipped with a C18-
4.6×50 mm x 3 µm column and a UV 
detector with a wave length of 220 nm 
was used. The mobile phase was 
acetonitrile/water at a ratio of 60:40 v/v, 
which was applied at a flow rate of 1 
ml/min. The detection limits of atrazine 
for water and sediment samples were set 
at 0.01 µg/L and 0.01 µg/kg, respectively. 
The recovery ratio of atrazine in water 
and sediment were 97.0+0.2% (n=3) and 
98.0+0.2% (n=3), respectively. 
 
3. Results and Discussion 

 
3.1 Atrazine application and 

hydrological condition in watershed 
 

The analysis of the data revealed 
that most farmers (93.7%) perform rain-
fed agriculture. Most of the interviewed 
farmers (95.7%) cultivated maize once a 
year between August and November, 
while 3.5% grew maize twice a year 
between April and November.  The rest of 
the farmers planted three maize crops a 
year.  Most of the farmers (85.7%) use 
agricultural chemicals, whereas atrazine 
was applied in an approximate 
concentration of 1.25-1.56 kg/ha in 
granule  twice per crop for pre planting in 
August and November and mixed with 
other herbicides such as paraquat, 
glyphosate, ametryn, and alachlor for 
spraying during the cultivated crop 
periods. 

Daily rainfall measured at the Lom 
Sak weather station, located 
approximately 20 km. from the Huay 
Kapo watershed for August, September, 
October and November, respectively. The 
corresponding area enjoyed frequent 
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rainfall in August and September. 
Approximately 34.1 mm and 14.5 mm. 
of rainfall were observed at the 
weather station on a sampling day in 

August. The rainfall became less 
significant during September and with the 
start of the dry season in October (Figure 
2).  

 

 
(A) (B) 

 

 
(C)      (D)  

 
Figure 2  Rainfall intensity in the sampling site during the wet season from August (A) to November 
2008 (B), during the wet season from October (C) to November 2008 (D) 
 
3.2 Atrazine residues in stream water 

 
The highest detected concentration 

was  33.80 µg/L at station B2  in 
November, and the detected average 
concentration for stream water samples 
were 6.13, 0.28, 0.24, 12.09 µg/L, 
respectively for August, September, 
October, and November (Figure 3). The 
38 samples of stream water, or 63.3% 

of total stream water samples, were 
atrazine contaminated with an average 
concentration of 4.7 µg/L. Due to the 
villagers in Huay Kapo community using 
water from the stream for domestic 
consumption, there is a risk to their 
health. Such a concentration exceeded the 
standard limit for atrazine concentration 
in potable water set forth by US.EPA 
(2003) and WHO (1973) at 3 µg/L.  

3.2

20.6

1.5 0.9
6 1.8

79.1

34.1

14.5
2.8 0.7

0

20

40

60

80

100

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

R
a

in
fa

ll
 i
n

te
n

si
ty

 (
m

m
)

Date

August 2008

0.2

24.9

6.6 6.3 7 2.9

27.3

67.6

3.2

23.5

6.5 5.7 2 0.9 1.4 3.2 2.7
0

20

40

60

80

100

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

R
a

in
fa

ll
 i
n

te
n

si
ty

 (
m

m
)

Date

September 2008

12
0.5 0.5

7.3 7
0.6

12.5
1.7

7.5
0.8 1.6 5.2 0.7 3.4 0.3

21.4

0

20

40

60

80

100

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

R
a

in
fa

ll
 i
n

te
n

si
ty

 (
m

m
)

Date

October 2008

14.9

0.8 1.8 0.5 1.5
0

20

40

60

80

100

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

R
a

in
fa

ll
 in

te
n

si
ty

 (
m

m
)

Date

November 2008



Environment and Natural Resources J. Vol 10, No.1, June 2012: 42-52 47 
 

 
 

 
 
Figure 3 Average of atrazine concentrations in stream water in the Huay Kapo watershed  between 

August to November 2008. 
 

The noticeably high levels of  
concentration of atrazine in stream 
water above 3 µg/L was found in 15 
samples, or 39.5% of the 38 samples, 
collected in August and November, 
while only 61.13% of the samples 
collected in September and October 
had detectable concentration levels 
with a maximum of 1.0 µg/L.  These 
findings coincide with the pattern of 
atrazine usage by the farmers. The 
agriculturalists generally apply larger 
amounts of atrazine in the months of 
August to November, whereas less 
atrazine is usually applied in 
September and October, This pattern of 
usage is reflected by the levels of 
atrazine concentrations in the stream 
water during the monitored period. 
Detected atrazine concentrations in the 
Huay Kapo watershed are in line with 
previous studies.  The report on 
atrazine concentrations in stream water 
and stream sediment in the Klong E 
Tao Sub watershed, Nakorn 
Ratchasima Province, Thailand, 
revealed a range of approximately 0.03 
µg/L to 4.45 µg/L (Saenpan, 2005).  In 
Kansas, USA, atrazine concentrations 
were previously reported to be 
detectable throughout the year with a 
maximum concentration of 22.0 µg/L 
in early June. This measurement 

coincided with maximum runoff and 
erosion (Kansas Department of Health 
and Environment, 1998). Among the 
stations, atrazine concentrations were 
different, this is  potentially  due to the 
diverse local topography, occurrence of 
rainfall, rainfall intensity and atrazine 
application in the sub basin (Figure 3). In 
August, atrazine was mainly detected in 
stream water of the C tributary with 
concentration levels in the range of up to 
approximately 30.8 µg/L, which 
corresponds to the reported atrazine 
concentrations in a local stream in Kansas 
USA (Kansas Department of Health and 
Environment, 1998). However, the 
highest atrazine concentration (time-
weighted) from the field runoff over a 
period of 60 minutes of rainfall event was 
reported as  449 µg/L. The decrease in 
Atrazine concentrations in  the tributary 
water along  main stream A becomes 
lower  further downstream  due to the 
probable dilution with the watershed 
discharge which correlates  with the 
significant precipitation  on the day of 
sampling. This also corresponds to the 
reported atrazine concentration in the 
aforementioned local stream in Kansas 
USA (Kansas Department of Health and 
Environment, 1998). Data points such as 
A3 and B1 potentially reflect the use of 
insignificant amounts of  atrazine locally. 
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Whereas in November, the majority of 
atrazine in the watershed was detected 
in main stream A  and tributary B. The 
elevated concentration level exceeded 
30 µg/L in tributary B. The rainfall 
data illustrated in Figure 2 suggests the 
watershed discharge consists mainly of 
base flow, whereas no field runoff  is  
expected.  Possible sources of atrazine 
load in this stream water are the 
irrigation return flow and point source 
discharge of locally used atrazine. The 
field observation revealed that some 
farmers directly washed atrazine 
containers in the stream B in 
November.  
 
3.3 Atrazine residues in stream 
sediment 

 
Elevated atrazine concentration 

in stream sediments were detected in 
most parts  of the watershed except in 
downstream main river A in August. 
The average concentration of atrazine 
for 43 detected stream sediment 
samples (equivalent to 71.7% of total 
stream water samples) was 27.4 µg/kg 
with the highest over 100 µg/kg. 
Atrazine residues in each station varied 
differently   probably due to its 
application in each station and stream 
characteristics as in the concentration 
of stream water. Atrazine residues in 
the stream sediments in each month 
also related to atrazine application 
periods when it was used in granule 
form for pre planting in August and 

November. Detected average 
concentrations in the stream sediments 
were 44.74, 24.97, 8.35, 30.62 µg/kg, 
respectively for August, September, 
October, and November (Figure 4).  

Since the parent material of the 
soils in the assessed areas consisted of 
sandstone, most of the  stream sediments 
were found to be  sand with low contents 
of organic matter (0.45%) and low levels 
of clay content (4.02%). The soil erosion 
process and sediment transport in the 
stream are responsible for the coarse 
texture of the sample of stream sediments 
in the river bed (Chunkao and Tungtham, 
1993). The stream sediments were slightly 
acid with a pH 6.5. Since the atrazine 
adsorption is an exothermic reaction and 
the equilibrium of the reaction of solids 
and liquids occurred at a pH level of 6.1, 
the adsorption of atrazine in the 
suspended solids  is potentially due to the 
main process of atrazine contamination in 
the aquatic environment (Meakins et al, 
1994; Kovaios et al., 2006). Furthermore, 
atrazine is likely to be absorbed by algae 
or biofilm at the bottom of the stream 
(Alvord and Kadlec, 1996). Reported 
atrazine concentration in the stream 
sediment in China and Western 
Mediterranean Sea in the estuary 
sediment were found to be in range from 
0.008 µg/kg (Gfrerer et al., 2002)  to 82.0 
µg/kg (Gómez-Gutiérrez et al., 2006). In 
Thailand, the reported atrazine 
concentration in the stream sediment was 
in an approximate range of  1.00 µg/kg  to 
179 µg/kg (Saenpan, 2005). 
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Figure 4 Average concentration of atrazine in soil sediment in Huay Kapo watershed between 

August to November 2008 
 
3.4 Relation of atrazine residues in 
stream sediment and stream water 
 

The results from these observations 
revealed the concentration of atrazine in 
the stream sediments to be 5.87 fold of 
that in the stream water. Based on these 
results, the levels atrazine residues 
present in stream sediments for each 
month were determined in respect of 
concentrations as follows: The highest 
concentrations were established in 
November, followed by August and 
September with the lowest 
concentrations in the month of 
October. The concentration levels of 
atrazine residues in stream water were 
found as follows: the highest 
concentrations levels in August, 

followed by the months of November and 
September, while October revealed the 
lowest concentration levels.  However, 
atrazine residues both in the stream 
sediments and in the surface water were 
quite evident in August and in November 
(Figure 5) which likely reflects the 
application of greater levels during 
November and August than September 
and October when atrazine was mixed 
with other herbicides. Seanpan (2005) 
found that if there was insufficient rainfall 
intensity to induce runoff, decrease in the 
levels of atrazine in stream water would 
occur by dilution effect (Cann, 1995). 
However, soil particles that adsorbed 
atrazine were suspended in runoff and 
deposited at the bottom of streams.   

  

 
Figure 5  Average of atrazine concentration levels in the stream sediments and the stream water  in 
the in  Huay Kapo watershed. 
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The concentration of atrazine in 
the stream water does not largely 
reflect the absorption of atrazine in the 
stream sediments. Such an absence of 
correlation is likely to be due to the 
divergence of in the time scale between 
the atrazine transport in stream water 
and the sorption kinetics in the water 
sediment system. Atrazine transport in 
stream water is influenced by the field 
conditions such as tillage practice, 
pesticide application method, amounts 
of precipitation, the timing of the 
atrazine application (Watanabe et al., 
2007), as well as the stream 
characteristics at each station. 
Pesticides concentrations found in 
stream sediments were approximately 
1-100 folds of those of the surface 
water (Pimpan, 1989). Conversely, the 
atrazine sorption process occurs in a 
relatively short period such as 24 hours 
(Apiwatkaroon, 2005). Upon the fresh 
application, levels of atrazine 
contamination were established in both 
the sediments and the stream waters. 
The residues determined in the 
sediments subsequently decreased over 
a period of a fortnight (Figure 5). 
However, levels of atrazine residues in 
the surface water were only marginally 
reduced during the identical time frame 
(Figure 3).  These findings correlate 
with the decrease of pesticide 
concentration present in both the 
stream sediment and the stream water 
(Rice et al., 2004). 
 
4. Conclusions 

 
The average atrazine 

concentration in the stream sediment 
and the surface water in the Huay 
Kapo watershed were determined to be 
27.4 µg/kg and 4.7 µg/L, respectively.  
As many as 15 samples (39.5%) of the 
surface water contained atrazine 
contamination levels in excess of the 

maximum limit permissible for potable 
water (3 µg/L).  The atrazine residue 
levels established in the stream sediment 
was 5.87 fold of that found in the surface 
water.  Subsequently, after its application, 
atrazine was adsorbed in upland soils and 
rapidly transported from the elevations 
into the aquatic environment.  Atrazine 
residue in the sediments was degraded by 
50% within a month, this significant 
decrease helped attain minimal levels of 
residue in stream water l within an 
identical time period. Further studies of 
conditions which favor atrazine 
desorption from the stream sediment to 
the surface water are called for in order   
to analyze the toxicity of atrazine in 
aquatic plants, since atrazine has the 
potential to inhibit the photosynthesis 
process of aquatic plants, which 
negatively impacts the aquatic ecology.  
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