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Abstract A mini model ecosystem mside a vial to study the fate of labeled pesticides was de-
veloped. In this new system, the ecosystem was limited in a 3 mL test tube (1 mL water and
0.5 ¢ sediment) with labeled pesticide- Volatile compounds were trapped by polyurethane cot—
ton which was placed above the test tube. '*CO: released from the ecosystem would be absorbed
by NaO Hin the bottom of the vial. A comparative study of the fate of 9 labeled pesticides, '*C-
DDT, " C-BHC. " C—chlopyrifos. '* C—richlorphon, '"*C-mono crotophos " CHenvalerate, " C-
chlordimeform. * Chensulfuron methyl, and '* C<hlorsulfuron, in marine mini model ecosystem
was conducted.
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Pesticides or organic compounds in ecosystem may have two major ways of loss,
volatilization and biodegradation. Therefore, when studying the fate of pesticides or or—
ganic compounds, both volatilization and biodegradation should be considered. The ap-
proach used in the previous studies was as described by Kearney et al''' in which there
were not only several separate apartments for the absorption of CO2 and volatile com pound
but a model ecosystem as well. With this kind of approach, many valuable data have been
obtained. However, since air flow should be used to drive CO2 and volatile compounds out
of the apartment of the model ecosystem, it is doubtful that whether this system could
represent aquatic environment, especially the marine one’s , because the dissolved oxygen
is rather low in typical marine environment. This paper introduces an assembly mini model
ecosystem inside a vial to study the fate of labeled pesticides or organic compounds, with
which the aforementioned disadvantage can be overcome.

1 Materials and Methods

1. 1 Materials
(1) Labeled pesticides studied pesticides include “c-pDT, “C-BHC, " C—chlopyrifos,

" C-trichlo rphon, " Cfenvalerate, * Cchlordimeform, ' C-mo nocrotophos, “C-bensulfuron

methyl, and "* C—chlorsulfuron.

(2) Scintillation cocktait the cocktail is composed of 6 g of PPO, 500 mL of toluene,
500 mL of Triton X-100, 500 m L. of methyl alcohol.

*  Suported by International Atomic Energy Agency CRP, Contract No. 7933/M C
1997-04-16 , .36
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(3) Liquid scintillation spectrum analyzr Packard Tri-Carb CA 2000/LL
1. 2 Methods

The mini model ecosystent the diagram of the mini model ecosystem for the study of
the fate of pesticides is shownin Fig 1. All the com—
ponents of the system are inside a 20 mL vial which is
commonly used for detection by liquid scintillation
counter. It consists of @O a 4cm glass test tube in— o
side which there are 0. 5 ¢ of wind dried sediment col—

|__polyurethane cotton

14 paper funnel

lected from Daya Bay, 1 mL of sea water and =~ C la- .
est tube

beled pesticides{® a glass base for fixing the tube;3 e a water
a paper funnel containing 100mg polyurethane cotton Ml 1 sediment
(cotton covered with polyurethane) to trap the TN FE “;:S;ase
volatile compounds including parent compounds and
any volatile degradation products; @ 0. 5mL NaOH Fig. | Diagram of the mini
(d= 10% ) in the bottom of the vial to absorb the re— model ecosystem

leased * CO2 from the ecosy stem.

Experiment began in March with the temperature ranging from 16~ 25C. At theend
of 1, 2, and 4 weeks, duplicate samples were collected. The tube was withdrawn from the
vial, SmLof cocktail was added into the vial, and polyurethane cotton was directly put in—
to the vial containing 5 m L of cocktail The radioactivities of the above samples were
counted in Scintillation Spectrum Analyzer. The content in the tube including water and
sediment was transferred into a vial, added with 10 mL of cocktail. After more than 10 h,
this vial was counted for extractable compounds. Then the sediment was washed by 10 mL
methyl alcohol for four times, dried, and the radioactivity of bound compounds was count—
ed by G-M counter. The counts of the sediment was converted to activity which based on
the efficiency of the counter.

Due to selfquenching by the compound of chlorpyrifos, the counts of the radioactivity
of chlorpyrifos were corrected via dilution.

2 Results and Discussions

The fate of the pesticides was expressed as 3 parameters volatile, CO2, and bound,
where the volatile was the radioactivity of the polyurethane cotton, CO2 was the radioac—
tivity in NaO H solution, the bound was that remained in sediment after extraction proce-
dure.

2 1 Volatilization

The volatilization of pesticides was consistent with their vapor pressure ( Table 1, 2).
Highest volatilization of the pesticides was observed in BHC with 18 8@ , 30.2% and
31. 780 of the applied radioactivity at the end of 1, 2 and 4 weeks respectively. It was evi-
dent that the volatilization was increased with time. This is consistent with data ofY -BHC
obtained by other researchers. With a vapor pressure of 5. 5% 10 * Pa, Y -BHC has been
shown to undergo rapid volatilization from tropical ecosystemsl} ) Higher volatilization
was also found in Chlopyrifos with 7. 40% , 8 6% and 7. 76% of applied radioactivity at
the end of 1, 2 and 4 weeks. However, it seemed that volatilization of chlopyrifos occurred
in first week and reached equilibrium. The volatilization rates of the other pesticides were
below Po , among which chlorsulfuron and fenvalerate even were O ( Table 2).



Tab. I The vapor pressure of the pesticides (at 206C )!% Pa
Pesticides Trichlor- BHC Ch %or— DDT bensulfuron  mono fenva— .chlc?r—
phon pyrifos methyl  crotophos lerate dimeform
-5
VaPOr g g5 104 559 1003 249 1073 2.5% 105 17X 10-3 2.9% 104 > 9%"(?10 2 9% 10°3
pressure (220)

2.2 Degradation

The pesticides could be divided into 2 groups of the stable and the unstable one.
BHC, DDT, chlopyrifos, chlorsulfuron and bensulfuron methyl are stable pesticides. In
this group, only less than 1% of applied radioactivity became CO: after 4 weeks of incuba—
tion ( Table 2). Trichlorphon, mono crotophos, fenvalerate, chlordimeform belong to the
unstable group, in which rapid biodegradation was detected. The production of CO: was
42. 440 , 15.8%% , 10.8% and 4 9@ for trichlorphon, fenvalerate, mono crotophos
and chlordimeform respectively at the end of 1 week. Trichlorphon was the most unstable
one among the pesticides studied. The CO: production of Trichlorphon was 42 44% ,
44. 1606 and 55. 5%% respectively at the end of 1, 2 and 4 weeks. The degradation pattern
of chlordimeform was different from others. CO2 was increased evenly and steadily, then
reached 31% of the applied radioactivity at the end of 4 weeks. According to the data of 4
weeks, thestability of the second group could be ranked as: mono crotophos, fenvalerate,
chlordimeform and trichlorphon.

2.3 Bound

Pesticides could mineralize as bound compounds ( Table 2). This mineralization in—
creased with time. The bound compounds of trichlorphon, for example, were 0, 1. 2% ,
and 25. 66% of the applied radioactivity at the end of 1, 2 and 4 weeks of the experiment;
and those of bensulfuron methyl were 8. 61% , 16.28% and 18 73 respectively at the
same interval. Highest percentage of bound compound were found for DDT and chlorpyri—
fos. At the end of 1, 2 and 4 weeks, the percentage of bound compound were 18 44% ,
52080 , 54. 1% for chlorpyrifos and 38. 307 , 43. 99% and 42 5% for DDT respective—
ly. At the end of 4 weeks of the experiment, the order of bound compound was chlorpyri—
fos> DDT > BHC> fenvalerate> trichlorphon> mono crotophos> chlordimeform> ben-
sulfuron methyl > chlorsulfuron.

The order of the ratio of bound pesticides to metabolized pesticides at the end of 4
weeks of the experiment was ranked as follows chlorpyrifos 174 71, chlorsulfuron
74. 19, bensulfuron methyl 48. 08, DDT 46. 24, BHC 36. 81, mono crotophos 1. 16, fen—
valerate 1. 01, chlordimeform 0. 69 and trichlorphon 0. 46.

2. 4 Residues in aquatic ecosystem

Pesticides remained in aquatic ecosystem could be estimated by subtracting the ra—
dioactivities of volatile and "* CO2 from total applied radioactivity. The residues of the pesti—
cides, including parent pesticides and metabolites, at the end of 4 weeks of the experiment
were in the order of chlorsulfuron 99. 79% , DDT 98. 31% , bensulfuron methyl 97. 73% ,
chlorpyrifos 91. 93% , mono crotophos 81. 146 , fenvalerate 72. 86% , BHC 67.33% ,
chlordimeform 66. 21% and trichlorphon 44. 18% .

Chlorsulfuron is representative of sulphonylurea herbicides. Reports have appeared
showing that this herbicide was chemically stable in alkaline environment and‘ carry-ever
from one year to the next can occasionally result in damage to succeeding sugar beet and
other crops., Studies were carried out to study its persistence in prairie field soil; after 95
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Tab. 2 Fate of pesticides in mini model ecosystem Bq
Pesti-  Total Ttems 1 week 2 week 4 week
cddes activity ems Activity Po Activity Mo Activity Mo
Volatile 5.8(0.27) 8 4(0. 39) 16. 1( 0. 77)
DDT 2139.3 CO, 1. 2(0. 05) 8 5(0. 40) 197 (0. 92)
Bound 819 3(38. 30) 941. 0( 43. 99) 910. 0( 42. 54)
Volatile 370 6(18. 80) 597. 1( 30. 29) 626. 5(31. 78)
BHC 1971.6 CO 4. 0(0. 20) 17. 1( 0. 87) 17. 5( 0. 89)
Bound 210 4(10. 67) 556. 8( 28. 24) 646. 0( 32. 76)
Chlor Volatile 248.3(7. 84) 275. 3( 8. 69) 245. 8(7.76)
.l;” 3166.0 CO, 6. 8(0.21) 4 6(0. 14) 9.9(0. 31)
pyrtos Bound 583 7(18. 44) 1 649 0(52. 08) 1 714. 8( 54. 16)
Triche Volatile 8. 7(0. 69) 7.9(0. 64) 3.5(0.28)
1 ““h 1247.1  CO, 525 6(42. 44) 550. 7( 44. 16) 692. 7( 55. 54)
orphon Bound 0(0) 16. 1( 1. 29) 320. 0( 25. 66)
M Volatile 0. 6(0. 02) 2.2(0.07) 0.2(0.01)
0“%‘3{0‘ 3008.8 CO, 325.9(10. 83) 356. 7( 11. 86) 567. 2( 18. 85)
tophos Bound 5.6(0.02) 479. 3( 15. 91) 660. 1( 21. 94)
Chlor Volatile 10 0(0. 49) 7.8(0. 39) 43.3(2. 13)
& f‘” 2027.7 CO, 100. 6( 4 96) 282. 8( 13. 95) 641. 9( 31. 66)
rmetorm Bound 433 9(21. 40) 322.9( 15. 92) 443, 1( 21. 85)
F _ Volatile 0(0) 0( 0) 0( 0)
lenva 580.6  CO 93. 4(15 84) 145. 0( 24. 60) 160. 0( 27. 14)
erate Bound 106 6(18. 09) 157. 1( 26. 65) 161. 9( 27. 45)
Chlor Volatile 0(0) 0( 0) 0( 0)
H‘” 248.6 CO, 2.6(0. 10) 4.5(0.'18) 5.2(0.21)
sulturon Bound 231. 1(9 28) 287. §( 11. 56) 387. 8( 15. 58)
Bensul- Volatile 7. 0(0. 45) 13. 8( 0. 89) 29. 3( 1. 88)
furon 1558.4  COn 1. 2(0. 08) 2.5(0. 16) 6. 1( 0. 39)
methyl Bound 134.2( 8 61) 253. 6( 16. 28) 292. 3( 18. 75)

: . - 6
weeks some 2 percent of the radioactivity was still in the form of chlorsulfuron’®. It was

also shown that 3%~ 16% herbicide applied in May of one year was still detectable in the
top 10 cm of soil a year later. By measuring the rate of degradation of chlorsulfuron in five
soil of different pH values and at three depths, a half-ife of longer than 600 days was
recorded in some soil with pHvalues above 7. 0°). Our results are consistent with these in—
vestigations, chlorsulfuron is also persistent in marine environment. Our previous studies
also demonstrated that the herbicide was not bio-accumulative one (unpublished data).

However, since the effective toxic concentration of chlorsulfuron to plantis very low, its
effect on biota, especially on marine plants, should be further studied-

DDT is one of the most persistent and highest bio—accumulative pesticides. Our previ-
ous result showed that DDT could rapidly accumulate in fish, upon the exposure of the
fish to " CDDT for one day, about 94% of the DDT in water had already accumulated in
fish"'. Because of its intensive use in 1950 s and 19605 in the world, the DDT residues are
still detected, in spite of its use banned or restricted in most of the countries from the
1970s"". Tt has been recognized that its behavior in the tropical environment may differ
significantly compared with temperate countries. Varcaand Magallonglg] have demonstrat—
ed that the half life of DDT in tropical zone was about 6 months to 1 year, much shorter
than in temperate ne, which was about 10 years. Our present results suggest that the
half life of DDT in South China be longer than 1 year. Further studies arein progress for
better understanding the fate of this pesticide in our subtropical zone.

Tejada et al™ have studied the fate of some carbon—14 labeled pestcides in a model
rice paddy ecosystem.  Results showed that chlorpyrifos has strong, affinity to the soil,
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with an average of 91% absorption. . C—monocrotophos degrades rapidly in the soil. W hile
it was not detectable at the 25 cm soil evel after 2 weeks, it took another 2 weeks to de—
grade to non-detectable levels at the 50 cm depth, and up to 73 days, at the 125~ 175 cm
depths. Our present results for chlorpyrifos and monocrotophos was well consistent with
the above report.

Trichlorphon is unstable and easy to be degraded by microorganisms in the environ—
ment. Its high production of '*COz implies that the bound compound might not be the par—
ent pesticide orits metabolites. Thus, its residues, including parent pesticide and metabo—
lites, should be much less than 44. 18% as shown above, because the * CO2 released from
the pesticide might be assimilated by microorganisms in the ecosystem.
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