
Introduction

Since the industrial revolution, the Earth has been influ-

enced by several human activities, particularly in the 1950s.

Production and use of synthetic chemicals for the develop-

ment of human society is one such activity that has seri-

ously damaged the environment and is difficult to repair [1,

2]. Among all synthetic chemicals, persistent organic pollu-

tants (POPs) are of great concern to the international com-

munity [3]. Its ecosystem damage is a major global envi-

ronmental issue. POPs have the following notable features

in the environment [4]: 

(1) persistence, slow degradation, stay for a long time in

water, soil, sediment and other environmental media,

retained for several years, decades or even centuries

(2) lipophilic, water-repellent, easy to concentrate in the fat

of living, progressively larger along the food chain,

resulting in low concentrations in the atmosphere, water,

soil and eventually enter the POPs through the food

chain at the highest trophic level of the human body. 

POPs cause serious harm to human health [5, 6]. For

example, they have a “carcinogenic”, “teratogenic”, and

“mutagenic” effect and will interfere with the human

endocrine system, giving rise to the “feminization” phe-

nomenon, a class of very important environmental hormone

pollutants [7, 8]. 

OCPs are considered to be semi-volatile, and are trans-

ported in the atmosphere both in the gas and particle phas-

es [9, 10]. Various factors that influence the distribution of

OCPs between gas and particle phases include vapor pres-

sure of the compound, ambient temperature, particle con-

centration in air, and the nature of particles [9]. The distrib-

ution of the OCP compound between the phases plays an

important role in the deposition process [11].

China began to produce organochlorine pesticides

(OCPs) in the 1950s, and this production continued until it
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was banned in the 1980s [12]. However, a number of OCPs

are still being produced and used for non-agricultural pur-

poses (DDT for malaria control and for dicofol production)

[12]. Some OCPs were reintroduced later, such as chlor-

dane in 1988 [13], while others were produced for the first

time, such as lindane in the early 1990s [14]. The concen-

tration of OCPs in China is still high even after it was

banned [15, 16]. It would be challenging to know where

these OCPs come from. However, only limited information

on the sources and environmental behaviors of OCPs is

available. OCP gradients across the air-water interface may

have reversed and large water bodies may currently becom-

ing sources of organic contaminants to the atmosphere. In

this paper, we report the concentration of HCHs; DDTs and

Endosulfans determined simultaneously in air and surface

water from Honghu Lake. Further, this paper aims to inves-

tigate the magnitude and direction of air-water exchange

fluxes of OCPs at Honghu Lake, China. 

Material and Methods

Study Area

Honghu Lake (Fig. 1) is located southwest of Honghu

City at latitude 29º49’N and longitude 113º17’E. Honghu

city is known to be the city of a hundred lakes. Honghu

Lake constitutes 348.2 km2 surface area and is in the shape

of a polygon, stretching across South Hubei Honghu, with

a mean depth of 1.34 m and a maximum depth of 2.3 m

[17]. Hubei province is one of the most well-known fresh-

water districts in central China. 

Air and Water Sampling

Twenty six water samples were collected from thirteen

sampling points (Fig. 1) during February 2005 to January

2006, covering entire seasons. Water samples in the winter

were collected only in the daytime; otherwise they were

collected in the evening during summer seasons. All the

water samples were collected in pre-acid-washed and

cleaned polyethylene bottles of 5 liters capacity, using a

water sampler for taking the water samples from various

depths (<3 m). Water samples were filtered with steel less

steel mesh (50 μm aperture) to remove algae and some sus-

pended particulate matter. Rainwater also was collected

during spring, summer, autumn, and winter seasons. 

Sixty air samples were collected from five sampling

stations around Honghu Lake during the four seasons.

Ambient air samples were deployed for 24 h at a height of

10 m using high volume sampler at 1.1 m3·min-1 through

glass-fiber (Whatman EPM2000) filters (20.36 × 25.4 cm)

followed by two 7.8 cm diameter, 7.0 cm thick

polyurethane foam (PUF) plugs. The filters were pre-

washed in hexane and dried at 500ºC for 8 h and then in

desiccators before and after sampling. The filter-paper was

weighed before and after the sample collection to deter-

mine the dust load. The PUF plugs were pre-cleaned by

squeezing with detergent and then with analytical-reagent

grade hexane. The further clean-up of the PUF plugs using

hexane was done in a Soxhlet extractor for 5 d. During the

Soxhlet cleaning, the hexane was changed three times.

After the Soxhlet cleaning, the PUF plugs were checked

for contamination and interfering substances using gas

chromatography with electron capture detection (Agilent

6890 GC-ECD). If the PUF plugs were found to contain

organochlorine residues or interfering substances, they

were further cleaned to remove these residues. The cleaned

PUF plugs were immediately dried in desiccators and then

sealed in polyethylene bags until sampling. After sam-

pling, the PUF plugs were sealed in polyethylene covers

and stored in a deepfreeze at -20ºC prior to Soxhlet extrac-

tion.

Analytical Technique

For the air samples, PUF plugs and filter-paper were

Soxhlet extracted with 50 ml of hexane for 16 h.

Concentrated sulfuric acid was then added to the extract in

a ratio of 1:10 by volume to oxidize organic compounds,

mostly fats. Excess acid was removed by washing with de-

ionized water. The sample was dried by passing it through

a glass column filled with anhydrous sodium sulfate. The

hexane fraction was evaporated to reduce the volume and

was further cleaned using a Florisil column. For the lake-

water, 500 ml of each sample were taken and filtered

through a Millipore system using a vacuum pump. The fil-

tered sample was then extracted with 50 ml of hexane to

obtain the dissolved organochlorine residues in the lake-

water.

OCPs were analyzed by GC-ECD. The instrumental

condition of GC-ECD is an Agilent 6890 gas chromato-

graph equipped with a 63Ni electron capture detector (GC-

ECD) and an HP-5 (30 m × 0.32 mm i.d. × 0.25 μm film

thickness) fused silica capillary column. Nitrogen was used

as a carrier gas at 2.5 ml/min under the constant flow mode.

Injector and detector temperatures were maintained at

290ºC and 300ºC, respectively. The temperature program is

as follows: the oven temperature began at 100ºC (equilibri-

um time 1 min), rose to 200ºC at 4ºC/min, then to 230ºC at

2ºC/min, and at last reached 280ºC at a rate of 8ºC/min,

holding for 15 min. A 2 μl sample was injected into the GC-
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Fig. 1. Map showing Honghu Lake and sampling sites.



ECD for analysis. A six-point response factor calibration

curve was established to quantify the target analyses

(according to a series of standard samples with 10, 20, 50,

100, 150, and 200 ng ml-1 concentrations). Data were

acquired and processed with the HP-3365 Chemstation

software.

Quality Control and Quality Assurance 

(QC/QA)

Method blanks (solvent), spiked blanks (internal stan-

dard compounds were spiked into solvent) and field blanks

were analyzed. No target matters were detected in field

blanks and method blanks.

Surrogate standards were added to each sample to mon-

itor procedural performance and matrix effects. The aver-

age recoveries of the surrogates of TCMX and PCB209

were more than 80%, respectively.

Air-Water Gas Exchange

The two-film resistance model developed by Whitman

[18] and further modified by Liss and Slater [19], Mackay

and Yeun [20], and others to estimate air-water exchange.

F = Kol(Cw – CaRT/H) (1)

...where: R is the universal gas constant, T (K) is the

absolute temperature in Henry’s law constant (Pa m3·mol-1),

Cw and Ca are the dissolved and gaseous concentrations of

target compounds, which are considered to be the measured

air and water concentrations. Kol is determined by mass

transfer coefficients on the air (Ka) and water (Kw) side as

follows: 

1/Kol=1/Kw + RT/HKa (2)

For water side mass transfer, first need to estimate Kw

(cm·h-1) for CO2 from [18] as follows:

Kw (CO2) = 0.45 u10
1.64 (3)

...where u10 is wind speed at 10 m height (ms-1)

From Schwarzenbach et al. [21], air side mass transfer

coefficients Ka are estimated with that of H2O as:

Ka(H
2
O)=0.2 u10+0.3 (4)

and

Ka(x)= Ka(H
2
O)[Da(x)/Da(H

2
O)]

EXP

= (0.2 u10+0.3) [Da(x)/Da(H
2
O)]

EXP (5)

...where:

(6)

This exchange may be further subdivided in to deposi-

tion and volatilization to quantify both components of this

two-way exchange [22].

Results and Discussions

OCP Flux Concentrations in Lake Water 

The concentrations of organochlorine pesticides

(OCPs) in Honghu Lake water is measured in two differ-

ent seasons and has been shown in Table 1. The average

concentrations of HCHs in summer and winter season was

2.97 and 2.36 ngL-1, respectively. The commercial HCHs

are produced mainly in two forms; technical HCHs and

lindane of purified γ-isomer. Lee et al. [23] noted that the

technical grade HCH consists of four isomers; α-HCH (55-

80%), β-HCH (5-14%), γ-HCH (8-15%), and δ-HCH (2-

16%). The technical HCH had been widely used as pesti-

cide all over the world and contains α-HCH as its main

component [24]. 

Even after the ban of technical HCH in China, the con-

centration of α-HCH is present in Honghu Lake (1.23ngL-1

in summer and 0.24 ngL-1 in winter). This may come from

the use of technical HCH, whereas γ-HCH come from both

technical HCH and lindane (almost pure γ-HCH). The ratio

of α-HCH/γ-HCH was 0.9 in the summer season, which

indicates the use of lindane in nearby lake areas. This is

similar to the southern Baltic Sea; where (ratio of α-HCH/γ-

HCH) water was lower than 1.0 because of the use of lin-

dane in the coastland [25]. However, during the winter sea-

son, β-HCH showed the higher concentration, though it has

the lowest water solubility. The atmospheric deposition and

discharge from agricultural activities may be responsible

for higher concentrations of β-HCH in water bodies.

During the summer season, the average value of DDTs

in Honghu Lake was 0.24 ngL-1. Among various metabo-

lites of DDTs, p,p'-DDE and o,p'-DDT concentration was

higher in Honghu Lake (0.10 ngL-1, and 0.07 ngL-1, respec-

tively) which account for 42% and 29%, followed by p,p'-
DDT (21%), and p,p'-DDD (8%) of the total DDTs (Table

1). The average concentration of DDTs is higher in winter

(0.41ngL-1) than the concentration of DDTs in summer

(0.24 ngL-1). Among four metabolites of DDTs, p,p'-DDT

concentration was higher (0.15 ngL-1), accounting for 37%

of the total DDTs, followed by p,p'-DDE (29%), o,p'-DDT

(24%) and p,p'-DDD (10%). Whether it is winter or sum-

mer, concentrations of p,p'-DDE were higher in lake water,

which may be due to aerobic degradation and transforma-

tion of p,p'-DDT. This could be also due to the decompo-

sition of the DDT used in the past [26]. The ratio of p,p′-
DDE/p,p′-DDT could be used to reveal the history period

of DDTs released to the environment. Namely, low ratio of

p,p′-DDE/p,p′-DDT indicates the recent usage of DDTs

and the ratio of o,p′-DDT/p,p′-DDT could show whether

there was usage of dicofol. Therefore, in lake water p,p′-

DDE/p,p′-DDT ratio ranges from (0.8-2) implied that

recent used of DDT. Further, p,p′-DDE and p,p′-DDT were

only detected in the dissolved phase. Therefore, Henry’s

Law constant does not show fluctuation in ratios. 

The technical endosulfan mixture contains approxi-

mately 70% α-Endosulfan and 30% β-Endosulfan. Both

isomers of Endosulfan undergo degradation to form

Air-Water Gas Exchange of Organochlorine... 871
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Compounds

Lake water (ng/L)

Concentration in air

(pg/m3)
Summer season Winter season

Range Mean Range Mean

α-HCH 0.35-3.43 1.23 0.06-0.81 0.24 52

β-HCH 0.12-0.60 0.33 0.49-1.72 1.12 9

γ-HCH 0.33-2.74 1.31 0.23-1.61 0.66 51

δ-HCH nd -0.89 0.10 nd -1.29 0.33 51

ΣHCHs 0.94-7.04 2.97 0.79-4.00 2.36 163

p,p′-DDT nd -0.15 0.05 0.07-0.24 0.15 105

p,p′-DDE 0.04-0.18 0.10 0.06-0.28 0.12 44

p,p′-DDD nd -0.06 0.02 nd -0.15 0.04 17

o,p′-DDT nd -0.26 0.07 nd -0.26 0.10 159

ΣDDTs 0.06-0.48 0.24 0.15-0.83 0.41 325

α-Endosulfan nd -0.44 0.08 nd -0.06 0.02 103

β-Endosulfan nd -0.29 0.08 0.02-0.12 0.07 20

ΣEndosulfan nd -0.73 0.16 0.02-0.14 0.10 123

Table 1. Organochlorine pesticides exchange flux data in air and water.

nd: Not detected

ΣHCHs: sum of α-, β-, γ- and δ-HCHs

ΣDDTS: sum of pp′-DDE, pp′-DDD, pp′-DDT and op′-DDT

ΣEndosulfans: sum of α-Endosulfan and β-Endosulfan 

Seasons Spring Summer Autumn Winter Whole year

Rainfall amount 357.4 mm 371.6 mm 240.1 mm 144.9 mm 1,114 mm

Compound
Dry 

deposition

Wet 

deposition 

Dry 

deposition

Wet 

deposition

Dry 

deposition

Wet 

deposition

Dry 

deposition

Wet 

deposition

Total dry

deposition

Total wet

deposition

α-HCH 9.6 83.4 11.1 66 18.1 117.9 9.3 48.9 48.1 316.2

β-HCH 19.8 133.2 17.1 100.9 28.8 179.7 26.4 73.2 92.1 487

γ-HCH 48.4 225.2 31.3 144.9 42.3 158 15 94.3 137 622.4

δ-HCH 70.9 179.2 20.1 76.3 42.6 136.3 19 74.2 152.6 466

∑HCHs 144.4 621 79.6 389.5 131.9 591.9 69.8 290.6 425.7 1893

p,p’-DDT 64.6 232.7 45.6 76.3 44.4 76.9 44.9 64.1 199.5 450

p,p’-DDE 15.5 17.4 14.3 11.6 49.8 24.2 33.8 35.3 113.4 88.5

p,p’-DDD 15.1 36.1 9.2 11.6 20.3 13.4 17.5 2.0 62.1 63.1

o,p’-DDT 55.1 176.7 34.3 722 35.6 123.7 26.5 13.1 151.5 1035.5

∑DDTs 146.6 462.9 103.5 820.3 150 238.3 122.7 114.5 522.8 1636

α-endosulfan 10.1 12.4 9.3 25.9 14.2 20.9 7.3 24.2 40.9 83.4

β-endosulfan 47.9 82.1 15 49.2 54.1 113.7 28.2 41.9 145.2 286.9

∑endosulfan 54.7 94.6 24.2 76.3 68.3 134.6 35.5 65.6 182.7 371.1

Table 2. Organochlorine pesticide subsidence quantity in Honghu Lake (ng·m-2).



Endosulfan sulphate [27]. The concentration of α-endosul-

fan and β-endosulfan was higher in summer than winter,

indicating deposition of endosulfan in water body. The α-

Endosulfan isomer, which is more volatile than the β-endo-

sulfan, can easily dissipate into the atmosphere [28]. This

may suggest that atmospheric transport and deposition (by

runoff) will be the sources of endosulfan in Honghu Lake.

Furthermore, wastewater discharge from agricultural and

industrial sources is the main pollution source in Honghu

Lake [17].

OCP Flux in Atmosphere

The compositions of organochlorine compounds,

including its isomers and metabolites, are considered to be

a useful tool for understanding the formulation types, origin

and transport pathways, etc. The concentrations of OCP

isomers in air are shown in Table 1. The organochlorine

compounds contamination pattern found in rank concentra-

tions were the DDT>HCH>endosulfans. The value of HCH

residues in air was found to be between 9 and 52 pg·m-3.

The DDT residues in air range between 17 and 159 pg·m-3.

Furthermore, the ratio of p,p′-DDE/p,p′-DDT in air was 0.4,

indicating the recent used to DDT. However, o,p′-
DDT/p,p′-DDT ratio was 1.5, implying that dicofol was

used in surrounding Honghu Lake.

Endosulfan is persistent in the environment [29], and its

isomers can transport through air from one place to anoth-

er. The concentration of α-Endosulfan and β-Endosulfan

was 20 and 103 pg·m-3, respectively. The source of endo-

sulfan may be attributed to its intensive use in rice fields.

And other studies found the high emission and residues of

α, β-endosulfan in agricultural soil in China [30].

Concentration of OCP in Wet 

and Dry Deposition

According to the phase state and process, there are 3

manners of OCP exchange between water and atmosphere

i.e. grained phase deposition (dry deposition plus wet

deposition), dissolved wet deposition, and water-gas inter-

face exchange. The former is controlled by atmosphere

grain and rainfall belongs to a non-dispersion process,

while the later is caused by molecular random movement

belonging to a dispersion process. Table 2 shows the

organochlorine pesticides flux concentration in wet and

dry depositions in a year. After calculating these values, it

clearly shows the amount of OCPs in dry particulate mat-

ter and also in wet deposition form. Flux from dry and wet

deposition was calculated using the wind speed and tem-

perature collected from Hubei meteorological bureau.

Honghu Lake area of 348.2 km2 whole year rainfall was

1,114 mm during 2005-06. Total HCH concentrations were

higher in wet deposition (1,893 ng/m2) than dry deposition

(425.7 ng/m2), clearly showing that during the rainfall time

atmospheric OCPs deposit to the water body. Therefore,

DDT and endosulfan concentration was also higher in wet

deposition.

Exchange Quantity

Air and water are the planet’s two most important flu-

ids, the atmosphere and water layers playing a complemen-

tary role in the migration and transformation of compounds.

The contact between air and water interface is huge. The

exchange of semi-volatile organic compounds in the natur-

al environment is an important behavior of gaseous sub-

stances in the water-air interface. This process consists of

two completely opposite effects, i.e. absorption of OCPs by

water and volatilization of OCPs by the atmosphere. When

volatilization is greater than absorption, the lake will be the

atmospheric pollution. On the contrary, absorption is

stronger than volatilization; the atmosphere will be the

lake's pollution. In china after the ban of technical HCH 20

years ago, the air concentrations vs. flux of α-HCH in the
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Honghu Lake region were higher during March (1,348 ng

m-2·m-1), October (1,277 ng m-2·m-1), and November (1,160

ng m-2·m-1) as shown in Fig. 2a. However, δ-HCH was more

deposited in the water body compared to other HCH iso-

mers.

The present study showed that more volatilization vs.

flux of p,p′-DDE metabolite in Honghu Lake atmosphere

concentration was 380 ng m-2·m-1 (Fig. 2b). It shows the

recent uses of DDT and dicofol in and around Honghu

Lake. This observation indicated that after the implementa-

tion of Chinese chemical industry standards for dicofol, it

still is found in the environment [12].

α-Endosulfan (640 ng m-2·m-1) was found to be more

deposited in Honghu Lake (Fig. 2c) and the present study

results are similar to another study [31]. The more

exchange of OCPs may happened due to the geographical

proximity of the tropical countries, which still have large

amounts of residues of these pesticides. Hence, these may

removed rapidly from the surface water bodies to the

atmosphere due to volatilization. 

Conclusion

The present study clearly demonstrates that exchange of

organochlorine pesticides (OCPs) takes place between the

atmosphere and water body in Honghu Lake. The higher

transportation rate of DDTs revealed a stronger tendency to

transfer DDT contaminants from water to air. This implies

that Honghu Lake water bodies principally act as a source

of OCPs, while Honghu Lake passively received OCPs

from the atmosphere. 

References 

1. CARVALHO F.P. Agriculture, pesticides, food security and

food safety. Environ. Sci. Policy 9, 685, 2006.

2. TAYLOR M.D., KLAINE S.J, CARVALHO F.P., BARCE-

LO D., EVERAARTS J. Pesticide Residues in Coastal

Tropical Ecosystems: Distribution, Fate and Effects. Taylor

& Francis Publ., CRC Press, London 576, 2003.

3. EPA. Persistent Organic Pollutants: A Global Issue, a Global

Response. Website. http://www.epa.gov/oia/toxics/pop.htm

2002.

4. LIU H., QU J., RUIHUA D. R., RU J., WANG Z. A bio-

mimetic absorbent for removal of trace level persistent

organic pollutants from water. Environ. Pollut. 147, 337,

2007.

5. PUFULETE M., BATTERSHILL J., BOOBIS A. FIELDER

R. Approaches to carcinogenic risk assessment for poly-

cyclic aromatic hydrocarbons: A UK perspective. Regul.

Toxicol. Pharm. 40, 54, 2004.

6. ZAKARIA M.P., TAKADA H., TSUTSUMI S., OHNO K.,

YAMADA J., KOUNO E., KUMATA H. Distribution of

polycyclic aromatic hydrocarbons (PAHs) in rivers and estu-

aries in Malaysia: Widespread input of petrogenic PAHs.

Environ. Sci. Technol. 36, 1907, 2002.

7. OBERDORSTER E., CHEEK A.O. Bender at the beach:

Endocrine disruption in marine and estuarine and estuarine

organisms. Environ. Toxicol. Chem. 20, 23, 2000.

8. YOUNES M. Specific issues in health risk assessment of

endocrine disrupting chemicals and international activities.

Chemosphere 39, 1253, 1999.

9. BIDLEMAN T.F. Atmospheric processes. Environ. Sci.

Technol. 22, 361, 1988.

10. WANIA F., MACKAY D. Tracking the distribution of per-

sistent organic pollutants. Environ. Sci. Technol. 30, 390,

1996.

11. JUN L.I., ZHANG G., SHIHUA Q.I., LINGLI G.U.O.,

XINGHI P. Polycyclic aromatic hydrocarbon deposition to

and exchange at the air-water interface of Luhu, an urban

lake in Guangzhou, China. Chin. J. Geochem. 25, 189, 2006.

12. QIU X.H., ZHU T., YAO B., HU J.X., HU S.W.

Contribution of dicofol to the current DDT pollution in

China. Environ. Sci. Technol. 39, 4385, 2005.

13. HU J.X. Strategy for phase-out POPs pesticides in China.

Sino-Italy Joint Project, UNDP Project CPR/01/R51/

A/CC/31 2004.

14. LI Y.F., CAI D.J., SINGH A. Technical hexachlorocyclo-

hexane use trends in China and their impact on environment.

Archives Environ. Contaminat. Toxicol. 35, 688, 1998.

15. JAWARD F.M., ZHANG G., NAM J.J., SWEETMAN A.J.,

OBBARD J.P., KOBARA Y., JONES K.C. Passive air sam-

pling of polychlorinated biphenyls, organochlorine com-

pounds, and polybrominated diphenyl ethers across Asia.

Environ. Sci. Technol. 39, 8638, 2005.

16. QIU X.H., ZHU T., LI J., PAN H.S., LI Q.L., MIAO G.F.,

GONG J.C. Organochlorine pesticides in the air around

Taihu Lake, China. Environ. Sci. Technol. 38, 1368, 2004.

17. HONG S., LI T., REN X., ZHUANG Y. H., FENG N.,

WANG T. Study of the change of water quality for a lake in

central china. Water and environmental journal 24, 165,

2010.

18. WHITMAN W.G. The two film theory of gas absorption.

Chemical Metal Engineering. 29, 146, 1923.

19. LISS P.S., SLATER P.G. Fluxes of gases across the air-sea

interface. Nature. 274, 181, 1974.

20. MACKAY D., YEUN A.T.K. Mass transfer coefficient cor-

relations for volatilization of organic solutes from water.

Environ. Sci. Technol. 17, 211, 1983.

21. SCHWARZENBACH R.P., GSCHWEND P.M., IMBO-

DEN D.M. Environmental Organic Chemistry. John Wiley,

New York, NY, USA. 1993.

22. MACKAY D. Multimedia Environmental Models: The

Fugacity Approach, 2nd ed, Lewis, Boca Raton, FL, USA.

2001.

23. LEE K. T., TANABE S., KOH C. H. Distribution of

organochlorine pesticides in sediments from Kyeonggi Bay

and nearby areas, Korea. Environ. Pollu. 114, 207, 2001.

24. QIU X., ZHU T., WANG F., HU J. Air-Water Gas Exchange

of Organochlorine Pesticides in Taihu Lake, China. Environ.

Sci.Technol. 42, 1928, 2008.

25. WIBERG K., BRORSTROM-LUNDEN E., WANGBERG

I., BIDLEMAN T.F., HAGLUND P. Concentrations and

fluxes of hexachlorocyclohexanes (HCHs) and chiral com-

position of a-HCH in environmental samples from the

southern Baltic Sea. Environ. Sci. Technol. 35, 4739, 2001.

26. DARCO G., AKOTO O., OPPONG C. Persistent

organochlorine pesticide residues in fish, sediments and

water from lake Bosomtwi, Ghana. Chemosphere 72, 21,

2008.

27. SHIVARAMAIAH H. M., SANCHEZ-BAYO F., AL-

RIFAI J., KENNEDY I.R. The fate of endosulfan in water.

J. Environ. Sci. Health, Part B: Pestic., Food Contam., Agric.

Wastes 40, 711, 2005.

874 Devi N. L., et al. 



28. GUERIN T.F. A biological loss of endosulfan and related

chlorinated organic compounds from aqueous systems in the

presence and absence of oxygen.  Environ. Pollut. 115, 219,

2001.

29. NRC. National Research Council Canada, Endosulfan: Its

Effects on Environmental Quality Subcommittee on

Pesticides and Related Compounds, NRC Associate

Committee on Scientific Criteria for Environ Quality,

Report No. 11, Ottawa, Canada. In:

http://pmepccecornelledu/profiles/extoxnet/dienochlor-

glyphosate/endosulfan-exthtml 1975.

30. JIA H., SUN Y., LI Y.F., TIAN C., WANG D., YANG M.,

DING Y., MA J. Endosulfan  in china 2-emissions and

residues. Environ. Sci .pollut. Res. 16, 302, 2009.

31. WILKINSON A.C., KIMPE L.E., BLAIS J.M. Air-water

gas exchange of chlorinated pesticides in four lakes span-

ning A1, 205 meter elevation range in the canadian rocky

mountains. Environ. Toxicol. Chem. 24, 61, 2005.

Air-Water Gas Exchange of Organochlorine... 875




