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FINAL REPORT

a. (i) CONTRACT NUMBER: 3197/SD

(ii) TITLE OF PROJECT: Radiotracer studies on the degradation and

dissipation of lindane under Malaysian

environment

(iii) INSTITOTE WHERE RESEARCH IS BEING CARRIED OUT: Uhiversiti

Kebangsaan Malaysia.

(iv) CHEIF SCIENTIFIC INVESTIGfiTOR: Jamaluddin M. Daud

(v) TIME PERIOD CONVERED: 1st September 1982 to 31st August 1983.

b. DESCRIPTION OF RESEARCH CARRIED OUT

c. RESULTS OBTAINED

A. Adsorption of lindane on three Malaysian soils

Materials and methods

The absorption of lindane on three soils of Malaysia was

determined. Benta fine sandy loam, Selangor clay and Serdang

fine sandy clay loam soils were air-dried and passed through a

1-nm sieve. The soils were sampled from the O- to 15-cm depth

and some of their characteristics are listed in Table 1.

The lindane used was 99.9% pure and the radiochemical

purity of *'•c-labelled lindane was 97% (supplied by Amersham

International Limited, England). Solutions of lindane were

prepared with a constant concentration of "C-labelled lindane,

with theremainter *nade up with non-radioactive lindane. Since

the solubility of lindane in water is very low, the solutions

were prepared in the concentration range of 0.06 - 5.00 ug/ml.

The 14C activity was approximately 8000 dpn/ml. All the solutions

contained 0.5% by volume of ethanol.
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Relative adsorption rates were determined by shaking

triplicate 5 g soil samples (oven-dry weight) with 25 ml of a

lindane solution (the initial concentration was 4.0 ug/ml)in

stoppered 50 ml Erlenmeyer flasks for varying periods of time.

Included were soil blanks and standard blanks. The flasks were

imtersed in a waterbath shaker at temperature 30 ± 0.5X. For

analysis, the solutions were centrifugea at room temperature of

27 ± 1°c for 20 min. and 10,000 rpm, and 1 ml portions of the

supernatant liquid were removed and added to 10 ml scintillation

solution which consists of PPO (5 g ) , POPOP (0.1 g), toluene

(500 ml) and Triton X-100 (500 ml). The radioactivity was

determined by using Nuclear Qiicago Mark II liquid scintillation

counter and the counting efficiency was 82%. The difference in

lindane concentration between the blanks and the samples was

attributed entirely to adsorption on the soils.

Adsorption isotherms for the three soils were determined

by shaking 5 g samples (oven-dry weight) with 25 ml of lindane

solutions of varying concentrations in stoppered Erlenmeyer flasks

for 20 hours and rest for 50 hours. Also included were duplicates,

soil blanks and standard blanks. Waterbath temperature was

maintained at 30 ± 0.50C. Analysis procedure is the same as

mentioned above.
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Table 1 : Some characteristics of the three series of

Malaysian soils

Properties

Clay (%)

Silt (%)

Fine Sand (%)

Coarse Sand (%)

Organic Carbon (%)

Nitrogen (%)

pH (H2O)

Surface area
(mVg)
(ethylene glycol
retention icethod)

Benta Fine Sandy
loam
(Typic Argiudoll)

17

31

40

12

2.51

0.35

6.3

98

Selangor Clay
(Typic Tropaquept)

60

23

15

3

1.10

0.07

4.0

271

Serdang Fine
Sandy Clay Loam
(Typic Paleudult)

24

3

59

14

2.19

0.11

4.1

168

Results and Discussion

The normal adsorption isotherms for the three Malaysian

soils at 30 ± 0.50C are presented in Figure 1. It is apparent

that the adsorption isotherms of lindane in water for the three

soil are nearly linear, especially at lower lindane concentrations.

Amongs the three soils, the adsorptive capacity of Selangor clay

soil for lindane is higher than Serdang and Benta soil series.

This result was expected since the surface area for Selangor clay

soil is higher than the other two. According to Mills and Biggar

(1969), higher organic carbon content in soil may increase the

adsorption for lindane. For the three soils, Selangor clay soil

has the lowest organic carbon content compared to Serdang and

Benta soil series as listed in Table 1,although it has the highest

adsorptive capacity for lindane. This probably due to the small

difference in organic carbon content (about 1%) and that the

influence of surface area on adsorption is greater than organic

carbon content.
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The rates of adsorption of lindane on the three soils are

shown in Figure 2. it can be seen that the adsorption rate for

each soils was directly related to its adsorptive capacity.

Selangor clay soil showed the greatest adsorption rate since it

has the highest adsorptive capacity as shown in Figure 1, while

Benta soil showed the lowest adsorption rate- The distribution

coefficient for Serdang and Benta soils were almost constant after

2 hours, whereas for Selangor clay soil the equilibrium was still

not established after 4 hours. IhLs probably due to the higher

percentage of clay content in Selangor clay and its large surface

area.

B. Volatilization of lindane from three Malaysian soils

Materials and methods

V&latilization of lindane from Benta fine sandy loam,

Selangor clay and Serdang fine sandy clay loam soils were studied

using closed air flow apparatus similar to the one described by

Farmer, et al.(1972). The soils were air-dried and passed

through a 2-mm sieve. Ten grains of the soils in 28mm x 100mm x 5mm

aluminium pans were treated with either 10, 50, 100, 300 or 500 jig

of non-labelled lindane in hexane along with a constant amount of

"c-labelled lindane. After letting the hexane to evaporate

overnight in a fume cupboard, water was added to the soils by

using a micropipette to bring the initial soil-water content to 10%.

The aluminium pan containing the soil was then introduced into a

250 ml volatilization chamber. The temperature and relative

humidity of the incoming air stream were maintained at 30 ± 0.51CaDd

100% respectively in the chamber. Air flow rate was at 8 ml/sec.

The volatilized lindane was trapped in 25 ml ethylene glycol which

was replaced periodically with fresh one.
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Extraction of lindane was performed by shaking the ethylene

glycol with hexane and water. The hexane extract was dried of **at<5r

by using anhydrous sodium sulphate, made to volume and an aliquot

added to 10 ml scintillation solution (a mixture of PPO (5 g ) , POEOP

(0.1 g ) , toluene (500 ml) and Triton X-100 (500 nil)), Ttie radio-

activity was determined T>/ using a liquid scintillation counter.

The extraction efficiency for lindane was 98.8%.

Results and Discussion

The average vapour densities of lindane for the fiist 24

hours period as a function of lindane concentration and soil type at

30 ± 0.50C and 8 ml/sec, air flow rate are presented in Figure 3..

In general, it can be said that the vapour densities of lindane at

various concentrations are nearly linear. It is apparent that the

vapour density for each soils was inversely related to its adsorptive

capacity (Figure 1). Benta soil which had the lowest adsorptive

capacity, gave the highest vapour density of lindane at various

concentrations and vice versa for Serdang and Selangor soils.

Although Benta soil gave the highest vaptmr density of lindane, it

is very much smaller than the vapour density of pure lindane at 300C

(Spencer and Cliath {1970\ ). It seem that soil with higher adsorptive

capacity toward lindane tend to bound lindane more strongly to its

surface and only a small amount was released in flowing air as vapour.

The rates of lindane volatilization as a function of time

and lindane concentration are shown in Figure 4, 5 and 6 for the

three soils. The initial rates of lindane volatilization from the

three soils were quite rapid. The decrease in rate of volatilization

with time was probably due the lower lindane concentrations at the

soil surface resulted from more rapid initial loss of lindane.

Moreover, the rates of volatilization were greater for the higher

concentration of lindane in the three soils, since higher concentration

of lindane was available at the soil surface. Nevertheless the rate
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of lindane volatilization from Serdang soil is greater than

Selangor clay soil but smaller than Benta soil, which is directly

related to vapour density of lindane for each soil

C. Distribution of lindane in three Malaysian soils as influenced by

water movement by using soil columns.

Materials and methods

Benta fine sandy loam, Selangor clay and Serdang fine sandy

clay loam soils were used in this study, The soils were air dried

and ground to pass through a 1 mm sieve prior to use.

The solutions of lindane were prepared by mixing stock

solutions of ^C-labelled and unlabelled lindane in acetone-n-hexane

(1:1 v/v).

Cast acrylic columns 6 mm in diameter and 15 cm long were cut

into 1 cm sections, reassembled and held together with tape prior to

filling with soil. Dry soil was packed into the columns by tap and

fill method. The top 1 cm zone for the three soils was removed and

0.75 mg lindane in acetone-n-hexane (1:1 v/v) was added to each of

the soils. After the solvent had evaporated from the soils in a fume

cupboard, the soils were thoroughly mixed and put back on top of the

columns.

The columns were leached continuously with 300 ml of water

at such a rate that the soil surface was at water saturation without

an apparent head. When all the water had been added, the soil

columns were sectioned into 1 cm zones. The soil of individual zones

was mixed thoroughly, and two weighed samples of the soil were placed

directly into counting vials. The lltC-labelled lindane activity was

determined by a liquid scintillation counter in the presence of soil

(as reported by Ehlers et al.(1969)). The scintillation solutions
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used was 20 ml of a mixture consisting of 10.4 g PPO and 166 g

naphthalene dissolved in 800 ml xylene, 800 ml dioxane and 473 ml

absolute ethanoi. The actual total activity of 1 ''Olabelled

lindane in the soils were determined by a successive extraction with

the scintillation solution using soil samples with different lindane

content and plotted against the c.p.m. determined in the presence of

the soils. The moisture of individual zones was determined in

paralled trials in which only water was added to the columns. The

total concentration of lindane adsorbed and in solution in each

section is reported as microgram of lindane per gram of oven-dry soil.

The experiment was performed at 27 ± 10C.

Results and Discussion

Figure ? shows that lindane did move in soil when leached

with water. It is evident that the movement of lindane in soil

columns was influenced by soil type when the same amount of water

was applied to the soils. The greatest movement of lindane was in

Benta soil followed by Serdang soil and little movement was detected

in Selangor clay soil. This might be due to the high adsorptive

capacity of Selangor clay as shown in Figure 1. As mentioned by

Ehlers et al.(1%9) that with an increase in water content in soils,

the lindane molecules are apparently displaced from the adsorbing

surface by water molecules, thus allowing a higher diffusion rate.

Since the adsorptive capacity of Selangor clay soil is higher than

Serdang and Benta soils, its movement was the least.

It is also noticed in Figure 7 that the movement of lindane

tailed in small concentrations for a few cm. depth before deminishing

completely. This is probably caused by eddy diffusion due to

channelling in the soil beds.
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D. Degradation of lindane in three Malaysian soils

Materials and methods

Benta fine sandy loam, Selangor clay and Serdang fine sandy

clay loam soils were air dried, passed through a 1 ran sieve and 20 g

samples were placed in test tubes (25 mm x 200 ran). The test tubes

containing the soil samples from each type were divided into three

series so that three different treatments could be nade. In the

first treatment the soil samples received 0.1 nCi1'1C-labelled lindane

(in 0.1 ml ethanol) and 300 ng non-labelled lindane as a carrier per

20 g of soil, flooded with distilled water (25 ml) and plugged with

cotton. In the second treatment, the same amount of labelled and

non-labelled lindane were added, except that moisture content of the

soil samples was kept at 75% of the field moisture capacity of each

soil. This is for the purpose of comparing the degradation of

lindane under upland and flooded soil conditions. In order to

evaluate the significance of biodégradation of lindane in flooded

soils, samples of the three soils were sterilized after treated in

the same way as for the first treatment. All samples were incubated

at 30 ± 0.50C. At 15 day intervals up to 90 days after the addition

of lindane, three replicate tubes of each soil were removed and the

amount of lindane present was determined quantitatively after

extraction process.

The method used for the extraction of residues in the soils

gave recoveries of 93 to 98% from standard soil, water, and lindane,

and was as follows. The soil and water from each of the test tubes

were transferred to a 1 liter volumetric flask by repeated washing

with a total of 200 ml acetone, shaken for 10 min. and allowed to

stand for 1 hour. After the addition of 20 ml hexane (AR grade) to

each flask, the contents were shaken for 10 min. and the volume was

made up to 1 liter with 2% Na2SOi, solution. After a further 10 min.

shaking, the mixture was allowed to stand overnight to permit complete

separation of the two layers.
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For qucintitative determination of parent compound (lindane)

in the residues, the hexane fraction was separated by thin layer

chromatography (silica gel G-60 as adsorbent) together with A.R.

gradelindane as a reference compound. The developing solvent was

acetone-n-hexane (5:95). The reference compound was located by

spraying with an ethanolic solution of 0.085% silver nitrate and 2.5%

ammonium hydroxide and subsequent exposure to ultraviolet lirht.

The silica gel areas of the samples in the chromatoplate opposite the

reference compound was scraped off carefully into test tubes and the

parent compound.was eluted in hexane. An aliquot was added to 10 ml

scintillator solution which consists of PPO (5 g), POPOP (0.1 g),

Triton X-100 (500 ml) and toluene (500 ml), and the radioactivity

del-'.nnined in a liquid scintillation counter.

Results and Discussion

The rates of disappearance of lindane from the three soils

under upland and sterilized flooded conditions were very small

compared to the soil under non-sterilized flooded condition (Figures 8,9,10

and Table 2). These results indicate that the lindane was degraded

biologically. The most rapid degradation occurred in Benta soil,

followed by Serdang and Selangor soils. Earlier reports show that

anaerobic bacteria were involved in the rapid degradation of lindane

in flooded soil condition (MacRae et al.(1969), Sethunathan et al.

(1969)). The microorganisms require a reduced, anaerobic condition

before .,y can function in lindane degradation as reported by

Yoshida and Castro (1970) in which a more rapid fall in redox potential

favoured the rapid anaerobic degradation of lindane. Siddaramappa

and Sethunathan (1975) also found that lindane decomposed rapidly

when the redox potential of soils were lowered to a range of -40 to

-100 mV following flooding. One of the factor which accelerates the

lowering of redox potential is a high content of organic matter in the

soil (Ponnamperuma (1964)). This provide an explanation for the

highest degradation rates of lindane in Benta soil which has the

highest content of organic matter compared to Serdang and Selangor soils.

The sams result was reported by Yoshida and Castro (1980).
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Previous reports elsewhere have indicated the exceedingly

long persistance of lindane in upland (unflooded) soils

(Lichtenstein et al (1971); Stewart and Chisholm (1971); Chisholm

and MacPhee (1972)). This means under upland soil conditions, very

little lindane, if any, was degraded during the incubation period.

It is also apparent that anaerobic microorganisms are more active

than aerobic microorganisms in the degradation of lindane. Therefore

losses of lindane from the upland and sterilized flooded soil samples

can be attributed largely to volatilization (MacBae et al.(1967)).

Losses due to volatilization were greater for sterilized flooded

samples compared to upland sanples for the three soils as listed

in Table. 2. This was expected since the vapour density of lindane

was greater in wet than in dry soils as reported by Spencer and

Cliath (1979V and lindane molecules might also lost by codistillation

during water evaporation from flooded soils.

No attempt was node to identify the disintegration products

due to the nonavailability of reference standards.

90

Table 2: The percentage of lindane remained in three Malaysian
soils after 90 days of incubation at 30±0.5°C and
its half-life.

Soil type

Benta fine
sandy loan

Serdang
fine sandy
slay loan

Selangor
clay

Percentage of lindane remained in
soils after 90 days

Upland soil
(75SJ1MCl

70.3

74.7

77.7

Non-sterilized
flooded soil

0.6

2.4

5.:

Sterilized
flooded soil

59.9

66.6

70.9

Half-life of
lindane in
non-sterilized
flooded soi l

(days)

10.5

23.5

34.5
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E. Residue of lindane in paddy plants under Malaysian conditions.

Materials and methods

Field experiment

Two paddy varieties Mahsuri and Kadaria (MR27) were

transplanted in a prepared plot under normal flooded field conditons,

on October 9, 1982. The soil type was Serdang fine sandy clay

loam. Irrigation, fertilization and soil management were carried

out as practiced in the field. The plants (16 of each variety)

was treated with 3 kg/ha lindane as 5% dust on December 11, 1982;

simulating local agricultural practices. In order to obtain 5%

dust, a commercial preparation containing 50% technical grade

lindane was diluted with inert talc powder. A calculated amount

was taken in a spray bottle and benzene was added, "c-labelled

lindane (specific activity 82 mCi/mmol in hexane) was also added

and stirred well. The solvent was allowed to evaporate and dust

was taken in a small amount of water and sprayed to the plants.

This amounted to 6.0 mg non-radioactive lindane and 3.5 ng

"C-labelled lindane (equivalent to ca.1 |iCi) per plant.

The plants were harvested on February 17, 1983 by cutting

about 5 cm above the soil surface and dried in sunlight. Soil

samples were taken from the upper 15 an layer and air dried. The

total rainfall during growth of paddy was 788 mm and daily

temperature range was 23°C to 320C.

Sample preparation, extraction and analysis

Before analysis, the soil was thoroughly mixed, plar,' s

were chopped into fine pieces, and seeds were dehulled to separate

the grain from the hull. The weight and moisture content of each

sample was measured. A known amount of soil, plant, grains, or

hull was extracted with acetone using a Soxhlet extractor for 4
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hours. The extracting solvent was then transferred to a 1 liter

volumetric flask and hexane was added. The flask was shaken for

10 minutes, rest for 1 hour and then the mixture was made up to 1

liter with 2% Na2SO., solution. After a further 10 minutes shaking,

the mixture was allowed to stand overnight to permit complete

separation of the two layers. The hexane layer was then removed

and concentrated to about 5 ml with a rotary vacuum evaporator.

The extraction efficiency for lindane from various samples range

from 91 to 98%. The extracts were then analyzed by liquid

scintillation (LS).

For quantitative determination of parent compound (lindane)

in the residues by LS technique, the hexane fraction was first

separated by thin layer chromatography on silica gel G - 60

together with A.R. grade lindane as a reference compound. The

developing solvent was acetone-n-hexane (5:95). The reference

compound was located by spraying with an ethanolic solution of

0.085% silver nitrate and 2.5% ammonium hydroxide and subsequent

exposure to ultraviolet light. The silica gel areas of the samples

in the chromatoplate opposite the reference compound was scraped

off carefully into test tubes and the parent compound was eluted

in hexane. An aliquot was added to 10ml scintillator solution and

the radioactivity determined in a liquid scintillation counter.

Results and Discussion

Lindane residue in soil andplant of Mahsuri and Kadaria

paddy varieties are shown in Table 3. The amount of lindane

residue detected in Serdang fine sandy clay loam soil was lower

than in the paddy plants. The hull also contained a higher

concentration of lindane than the soil and grain. The higher

lindane concentration in paddy plants as compared with that of the

soil suggests that lindane can be absorbed by and translocated

into various plant parts.
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Table 3: Residue of lindane (mg/kg) in Serdang soil,

paddy plant and its products

Variety

Mahsuri

Kadaria (MR 27)

Soil

0

0

005

.005

Plant

0

0

.028

.031

Hull

0.017

0.021

Grain

0.003

0.004

Data are means of three determinations

The results on the concentration of lindane in rice grain

showed very close agreement with those reported by Rosario and

Yoshida (1976) and Lee and Kim (1981). The tolerance limit set

by the United States Pood and Drug Mministration for lindane in

cereals ranges from 0.3 to 0.5 mg/kg, and the Japanese tolerance

limit of total hexachlorocyclohexane for brown rice is 0.2 mg/kg.

Since the level of lindane in the grain was far below the tolerance

limit mentioned above, it is expected that the residues will be

brought to a much smaller concentration after polishing and washing

as reported by Lee and Kim (1980).

The percentage of recovered x''C-labelled lindane activity

for the two paddy varieties is shown in Table 4. Only 1.8% and

2.1% of the applied xl*C-labelled lindane activity was recovered

in the Mahsuri and Kadaria paddy varieties respectively. The rest

of the applied lindane was probably lost by processes such as

volatilization, penetration in soil and degradation under flooded

soil condition as mentioned in parts B, C and D of this report.

No attempt was made to identify the degradation products due to

the nonavailability of reference standards.
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Table 4; The percentage of recovered "c-lindane for

two Malaysian paddy varieties

Plant

Hull

Grain

Percentage of recovered "c-lindane activity

Mahsuri variety

1.1

0.6

0.1

total = 1.8

Kadaria (MR 27) variety

total =

1.1

0.8

0.2

2.1

d. CCNCUJSIONS DRAWN

The data and charts presented in this report reveal that

lindane is short persistence in flooded soil condition but it

is a systemic insecticide particularly for paddy plants.

However, lindane residues in rice grains of the two Malaysian

paddy varieties are smaller than the tolerance limit set by

United States Et)A. Dissapearance of lindane in flooded soils

can be attributed largely to microbial degradation and the rest

by volatilization. Under non-flooded soil condition, the lost

of lindane is mainly due to volatilization from soils. The

rates of lindane volatilization from soil at 30±0.5°C are

directly related to concentration and vapour density of lindane

but inversely related to soil adsorptive capacity. Lindane

might also dissapear due to its penetration deeper into soil

under leaching conditions, but this distribution is inversely

related to the soil adsorptive capacity.



e. LITEKATUBE BEFEFENCES

Mills, A.C., Biggar, J.W., Soil Sci. Soc. Amer. Proc., 33
210.(1969).

Farmer, W.J., Igne, K., Spencer, W.F., Martin, J.P., Soil Sci.
Soc. Amer. Proc., 36, 443, (1972)

Spencer, W.F., Cliath, M.M., J. Agr. Food Chem., IQ, 529, (1970)

Ehlers, W., Letey, J., Spencer, W.F., Farmer, W.J., Soil Sci.
Soc. Amer. Proc., 33, 505, (1969)

Mac Rae, I.e., Raghu, K., Bautista, E.M., Nature, 221, 859.(1969)

Sethunathan, N., Bautista, E.M., Yoshida, T., Can. J. Microbiol.,
25, 1349,(1959)

Yoshida, T., Castro, T.F., Soil Sci. Soc. ftner. Proc.. 3£, 440,(1970)

Siddaramappa, R., Sethunathan, N., Pestic. Sci, 6_, 395,(1975)

Ponnampenma, F.N., Dynamic aspects of flooded soils and the
nutrition of the rice plant, p. 295 - 328. In Symposiun on the
mineral nutrition of the rice plant. Johns Hopkins Press,
Baltimore (1964).

Lichtenstein, E.P., Fuhremann, T.W., Schulz, K.R., J. Agr. Food Chan.,
19, 718, (1971)

Stewart, D.K.R., Chisholm, D., Can. J. Soil Sci., 5±, 379, (1971)

Chisholm, D., MaePhee, A.W., J. Boon. EntomoL, 65(4),1010, (1972)

Rosario, D.A.D., Yoshida, T., Soil Sci. Plant Nutr., 22 (1), 81, (1976)

Lee, S.R., Kim, Y.H., IAEA - TECDOC - 243, p. 55 - 62, IAEA, Vienna
(1981).


