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Abstract
The presence of DDT and derivatives in the food web of freshwater ecosystems of Rangsit
agricultural area, Pathum Thani Province, Thailand were investigated from June 2004 to May 2007.
By using gas chromatography (GC) with micro electron capture detector (μ ECD), DDT and
derivatives in water, sediment, and fifteen indicator species i.e., 2 producers; Eichhornia crassipes
and plankton (phyto- and zoo- plankton), an herbivore; Trichogaster microlepis (3) 3 omnivores;
Trichogaster trichopterus, Oreochromis niloticus, and Puntius gonionotus, 6 carnivores; Channa
striatus, Oxyeleotris marmoratus, Macrognathus siamensis, Parambassis siamensis, Anabas
testudineus, and Pristolepis fasciatus, and 3 detritivores; Macrobrachium lanchesteri, Pomacea sp.,
and Filopaludina mertensi were measured. Results show low concentration levels (part per billion)
of DDT & derivatives in each food web compartment i.e. water, sediment, aquatic plant, plankton,
fish, and invertebrates. Magnification patterns, i.e. bioconcentration, bioaccumulation, and
biomagnification, based on habitat and foraging behavior of selected freshwater species indicates
that DDT & derivatives can accumulate and be magnified through the food chain from the lowest up
to the highest trophic level. Therefore, the presence of residues and the evidence of magnification
patterns can be observed as ecological indicators for evaluating ecological health risk.
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1. Introduction
In Thailand, organochlorine pesticides (OCPs) had been heavily used for agricultural and
public health purposes starting in the 1950s and reached maximum use in the 1970s through
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the 1990s (Thirakhupt et al., 2006). DDT displays biomagnification, an increase in contaminant
concentration from one trophic level to the next due to accumulation from ingesting
contaminated food (Keithmaleesatti et al., 2007). Although DDT and derivatives had been
banned for agricultural and public health purposes in Thailand during 1983–2001, the
concentration of DDT and derivatives have been detected in soil and water from many main
rivers and agricultural areas (Anat and Paul, 2000; Thirakhupt et al., 2006). These residues are
still slowly being released into aquatic and terrestrial food chains and can reach significant
concentrations in animals at higher trophic levels (Robinson et al., 1967; Keithmaleesatti,
2007). Direct documentation of ecosystem changes as related to management measures, can
be cost and time intensive. Therefore, a more pragmatic approach to communicate information
about ecosystems and to monitor the impact of human activities on an ecosystem is through
the use of ecological indicators. (Osinski et al., 2003)

This study aimed to investigate the residues and magnification factors i.e. bioconcentration
factor (BCF), bioaccumulation factor (BAF), and biomagnification factor (BMF) of DDT and
derivatives in the selected predators and preys in the food web of aquatic ecosystems at Khlong
7 (canal), Rangsit Agricultural Area. Fifteen common organisms were selected as the indicator
species of the food web such as 2 producers; Eichhornia crassipes and plankton (phyto- and
zoo- plankton), an herbivore; Trichogaster microlepis, 3 omnivores; Trichogaster
trichopterus, Oreochromis niloticus, and Puntius gonionotus, 6 carnivores; Channa striatus,
Oxyeleotris marmoratus, Macrognathus siamensis, Parambassis siamensis, Anabas
testudineus, and Pristolepis fasciatus, and 3 detritivores; Macrobrachium lanchesteri,
Pomacea sp., and Filopaludina mertensi. The food web relationship was investigated by
foraging behavior observation in the laboratory aquarium, stomach analysis, and literature
reviews (Nelson, 1976; Rainboth, 1996; Monkolprasit et al, 1997; Vidthayanon, 2002;
Vidthayanon, 2004). The BCF, BAF, and BMF of DDT and derivatives were calculated
throughout the food chain from the lowest trophic level to highest trophic level.

2. Materials and Methods
2.1 Study area and sampling

Rangsit agricultural area is located at the central part of Thailand in Pathum Thani Province.
This agricultural area has a man-made irrigation-network-system consisting of 14 sub-canals
(Khlong). These sub-canals are divided by Rangsit-Prayulasakdi canal into an upper and lower
part. The study area is situated at Khlong 7, a 20-km sub-canal, on the upper part of the
irrigation-network-system. Field samplings and field procedure were conducted following U.S.
EPA (2000) recommendation from June 2004 to May 2007. Triplicate samples of water,
sediment, plankton, aquatic plants, invertebrates and fish were collected monthly from the
upper stream (U), middle stream (M), and lower stream (L) of Khlong 7 (figure 1).

2.2 Sample extraction and clean up
2.2.1 Extraction of OCPRs in water—Using liquid-liquid extraction (LLE) as described
in APHA (1975), the total amount of each surface water sample, 800 mL, was filtered with
Whatman® filter paper (i.d. 70 mm) then poured into a 2-L separatory funnel. For the first
LLE, the mixture of 100 mL n- hexane and dichloromethane (1:1 v/v) was added and shaken
vigorously for 2 min before 2-phase separation. The water-phase was drained from the
separatory funnel into a 1,000 mL beaker. The organic phase was carefully poured into a glass
funnel containing 20 g of anhydrous sodium sulfate through a 200-mL concentrator tube.
Following the second and third LLE, the water-phase was poured back into the separatory
funnel to re-extract with 50 mL of the same solvent mixture. The extract was concentrated to
the volume of 2 mL under a gentle stream of nitrogen using Turbo Vap® evaporator, and then
analyzed with Gas Chromatography with micro Electron Capture Detector (GC-μECD) (2.4).
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2.2.2 Extraction of OCPRs in sediment—Each sediment sample was well-mixed and
dried in circulating air at room temperature without sunlight exposure for 3–4 days. Dried
sample was ground and sieved (500 μm) to remove stones and shells (Pridmore et al., 1992).
Using accelerated solvent extractor (ASE, Dionex Canada Ltd. Oakville, ON, Canada); 5 g of
the sediment sample was mixed with 5 g anhydrous sodium sulfate (1:1 w/w) and placed into
a 34-mL ASE-vessel, then extracted with 1:1 v/v 95% n-hexane: dichloromethane. The sample
was preheated for 5 min and extracted at 100°C with a pressure of 1,500 psi for 10 min. Finally,
the sample was purged with nitrogen for 60 sec.

To remove sulfur contamination as previously described in Pan et al. (2004), the elute was
cleaned with 30-cm chromatographic column by packing 6 g of florisil layer between 2 g of
activated copper powder and 10 g of anhydrous sodium sulfate layer. Three fractions of eluents
were used specifically: 50 mL of 6% and 15% of diethyl ether in petroleum ether, respectively.
The elution rate was 5 mL/min by gravity. The eluates were collected in concentrator tubes
and the volume was reduced to 2 mL under a gentle stream of nitrogen for quantification with
GC-μECD (2.4).

2.2.3 Extraction of OCPRs in plankton—The extraction method was modified from
DeLorenzo et al. (2002). The plankton mass was separated from an aliquot (30 mL) by
centrifugation (2500 rpm. for 30 min). The supernatant was decanted. The plankton pellet was
then washed with deionized water and recentrifuged twice as before. Afterward, the plankton
pellet was weighed using a 4-digit balance, dissolved in 2 mL methanol and vortexed. An equal
amount of hexane was then added and the contents were mixed. After phase separation, a 1-
mL aliquot of hexane layer was transferred for clean up. A florisil Solid Phase Extraction (SPE)
cartridge was applied for clean up using three fraction eluents: 10 mL of 6% and 15% of diethyl
ether in petroleum ether, respectively (Caleste Matos Lino and Irene Noronha da Silveira,
1997; Alvin and Lau, 2004). The elution rate was 1 mL/min by gravity. The eluates were
collected in a concentrator tube and volume was reduced to 2 mL under a gentle stream of
nitrogen for quantification with GC-μECD (2.4).

2.2.4 Extraction of OCPRs in aquatic plants—Using Accelerated Solvent Extraction
(ASE), a mixture of 1:1 v/v 95% n-hexane:dichloromethane was used as an extracting solvent.
Five grams of blended aquatic plant was mixed with 20 g anhydrous sodium sulfate contained
in the ASE-vessel. ASE conditions were the same as for prior sediment extraction. Following
the pigment removal, the same clean up technique during the plankton extraction was used and
then the sample will be analyzed by GC-μECD (2.4)

2.2.5 Extraction of OCPRs in invertebrates—Using the standard operating procedure
(SOP) for determination of chlorinated pesticides, PCB Arochlor(s) and PCB congeners in fish
and biological tissue (AOAC, 2002); the whole body of each invertebrate tissue was
homogenized. A 5 g sample was mixed with 10 g anhydrous sodium sulfate in the ASE-vessel
and then extracted with n-hexane:dichloromethane (1:1 v/v) using ASE (Aaron et al., 2003;
Thongkongoum, 2005). Following the removal of fat and pigment, the same clean up technique
during the plankton extraction was used and then the sample will be analyzed by GC-μECD
(2.4).

2.2.6 Extraction of OCPRs in fish—Five grams of homogenized fish was mixed with
anhydrous sodium sulfate to remove water. Mixed fillet was placed into the ASE-vessel. The
mixture of hexane:acetone (3:1 v/v) was used as the extracting solvent with the same operating
condition as described previously in the sediment extraction (AOAC, 2002; Zhuang et al.,
2004; Rohitrattana, 2005). The same clean up technique that was used during the plankton
extraction was used and then the sample will be analyzed by GC-μECD (2.4).
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2.3 Gas chromatography analysis
An Agilent 6890N GC equipped with micro Electron Capture Detector (μECD) was used for
the quantification. Compound separation was completed using DB-35MS fused silica capillary
column (30 m length, 0.25 mm i.d., 0.25 μm film thickness) coated with 35% diphenyl
polysiloxane (J&W Scientific). Sample quantification was performed using multiple external
standards. 1.0 μL of sample was injected into the GC on splitless mode with 0.75 min vent
delay. The injector and detector temperature were maintained at 260 °C and 300 °C,
respectively. The oven temperature was initially maintained at 100 °C for 2 min, and then
programmed to increase at 12 °C/min to 280 °C and held for 10 min. Total run time was
calculated to be 27.00 min. For optimum performance, the ultra-high-pure (UHP, 99.999%)
helium was used as carrier gas with a flow rate at 2 mL/min linear velocity, and nitrogen (UHP)
was set at 60 mL/min as make-up gas.

2.4 Quality control
DDT and derivatives peaks and retention times were confirmed with DB-1701 fused silica
capillary column (30 m length, 0.25 mm i.d., 0.25 μm film thickness) coated with 14%
cyanopropylphenyl and 86% diphenyl polysiloxane (J&W Scientific). A calibration curve
using the external mixed standard of DDT and derivatives was performed for each compound
to be quantified at concentrations of 5, 10, 20, 50, and 100 ng/mL. Calibration standards were
run every 10 samples and all measurements were performed in the ranges of linearity found
for each compound. The limit of detections (LODs) and the limit of quantifications (LOQs)
were calculated from DDT and derivatives mixed standard to give a response of 3 and 10 times
the signal/noise ratio and in the order of 0.002–0.04 ng/mL and 0.01–0.10 ng/mL, respectively.
The validation data showed quantitative recoveries at the 10 and 50 ng/mL fortified raw
matrices i.e. water, sediment, fish, Lanchester’s freshwater prawn, freshwater snail, and
vegetables were in the range of 77–116, 86–91, 82–109, 88–103, 78–106, and 71–103%,
respectively. The precision of the matrices were in the range of 4.22–7.64, 1.87–3.69, 4.99–
7.59, 3.74–7.52, 1.42–8.38, and 5.06–8.60% RSD, respectively. The method detection limits
(MDLs) were determined by multiplying the appropriate (i.e., n-1 degree of freedom) one-
sided 95 percent Student’s t-statistic (t0.95) by the standard deviation (SD) obtained from seven
replicate analyses of spiked matrices containing 50 ng/mL of DDT and derivatives. MDLs of
this study were in the range of 0.002–0.003, 0.66–0.74, 1.06–1.40, 1.46–3.32, 0.64–3.89, and
1.93–2.34 ng/g wet wt. for DDT and derivatives in water, sediment, fish, Lanchester’s
freshwater prawn, freshwater snail, and vegetables, respectively. We considered the methods
to be reliable to quantify the concentration of DDT and derivatives in those aquatic organisms
following the AOAC Peer Verified Methods Program (1993).

3. Results and Discussion
Low concentrations of DDT and derivatives were found in water (0.02 ng/mL) and higher
concentrations of DDT and derivatives were found in sediment (12.05 ng/g). This is because
they are less soluble, but they are well-trapped in sediment particles (Thirakhupt et al., 2006).
Mean concentrations of DDT and derivatives in fish, vertebrate organisms, ranged from 4.16
to 57.66 ng/g wet wt., which increased through the higher trophic levels of the food chain. The
highest amount of DDT and derivatives residues were found in carnivore fish species, C.
striatus which is the top predator of food web. In contrast, the lowest residue levels of DDT
and derivatives were found in the omnivores, P. gonionotus. Furthermore, macroinvertebrate
species, bottom feeders, can be exposed to contaminants either from sediment or water through
their diet; this resulted in higher concentrations of DDT and derivatives found in Pomacea sp.,
M. lanchesteri, and F.mertensi.

Siriwong et al. Page 4

Ecol Indic. Author manuscript; available in PMC 2010 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Aquatic macroinvertebrates have long been used as indicators of environmental conditions.
They are species-rich, respond to a broad range of environmental conditions, and are relatively
immobile and live in close contact with both bottom sediments and the water column, thereby
having the potential for exposure to stressors via both sediment and aqueous pathways (Brazner
et al., 2007). In this study, the primary consumers such as Pomacea sp., M. lanchesteri, and
F. mertensi showed a BAF of 4.0, 4.4, and 6.6, respectively for DDT and derivatives.

Aquatic vegetation is also an excellent indicator of the health of aquatic ecosystems, in both
inlands and wetlands (Albert and Minc, 2004; Brazner et al., 2007). The BCF for DDT and
derivatives were measured in E. crassipes, macrophyton as a producer, which was 462.5. This
BCF was compared with values found in other plant species such as Chaetomorpha linum,
which was 10,460 (Pérez-Ruzafa et al, 2001) which is much greater than this study observed.
This may be due to differing plant uptake of lipophilic contaminants (Siriwong et al., 2007).

This study found DDT and derivatives in plankton (phyto- and zoo- plankton) and reported a
BCF of 182.5, as compared to Siriwong et al. (2008). This indicates that the presence of
organochlorine pesticide residues in plankton in this agricultural area may have been a result
of historical usage and some illegal usage at the present time. For plankton-eating invertebrate
such as M. lanchesteri, the BMF (M. lanchesteri/plankton) for DDT and derivatives was 14.5. The
BMF of plankton-eating fish for DDT and derivatives was 1.1 for P. gonionotus, 6.5 for P.
siamensis, 3.5 for T. trichopterus, and 6.5 for T. microlepis.

Fish have long been included as key indicators in the assessment of biotic integrity in streams
(Lyons, Wang and Simonson, 1996) and their ecological significance in Great Lakes coastal
wetlands (Jude and Pappas, 1992) has recently generated interest (Wilcox et al., 2002; Uzarski
et al., 2005). In regards to fish BMF, the uptake of contaminants generally takes place from
water moving across the respiratory surface and from food ingestion (Borgå et al, 2001). DDT
and derivatives presented an increase in BMF (BMF > 1.0) through the food web including
both interspecific relationship and intraspecific relationship trophic levels due to rapid and high
efficient energy transfer coupled with lipid content in predators (Norstrom et al., 1988).
Remarkably in broad perspective, the more prey species along the food chain that were taken
up, the lower the BMF value between fish and their prey. The BMF (C. striatus/P. fasciatus) and
BMF (P. fasciatus/P. gonionotus) for DDT and derivatives were 4.0 and 3.5, respectively, while the
BMF (C. striatus/P. gonionotus) for DDT and derivatives was 13.9. On the other hand, the
contaminants may be eliminated through metabolism and excretion resulting in
biomagnification reduction (Borgå et al., 2001) as seen with BMF (P. gonionotus/E. crassipes) for
DDT and derivatives which were less than 1.0. This phenomenon is called trophic depletion
or trophic dilution (Newman, 1998).

In conclusion, the environmental data from this study provides a better understanding of the
fate of DDT and derivatives in tropical aquatic ecosystems. Although these DDT and
derivatives were banned, their residues are still circulated and magnified in multiple food chains
over different trophic levels. BAF, BCF, and BMF can be observed as ecological indicators
for evaluating ecological health risk, especially for DDT and derivatives, which can cycle in
the environment and the organism.
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Figure 1.
Map of Rangsit agricultural area, Pathum Thani Province, Thailand. The sampling stations are
at Khlong 7; where (U) = upper stream, (M) = middle stream, and (L) = lower stream
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