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Abstract　 A mini model eco system inside a vial to study the fate o f labeled pesticides was de-

veloped. In this new sy stem, the eco system w as limited in a 3 mL test tube ( 1 m L wa ter and

0. 5 g sediment) w ith labeled pesticide. Vo la tile compounds w ere trapped by po lyurethane cot-

ton w hich was placed above the test tube. 14 CO2 r eleased fr om the eco system would be abso rbed

by NaO H in the bo ttom of the v ial. A compara tive study of the fa te o f 9 labeled pesticides, 14 C-

DDT , 14 C-BHC, 14 C-ch lopy rifos, 14 C-trichlo rphon, 14 C-mono cr o topho s 14 C-fenvalera te, 14 C-

ch lo rdimefo rm , 14 C-bensulfuron methy l, and 14 C-chlo rsulfur on, in marine mini model ecosy stem

w as conducted.
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Pesticides o r o rg anic compounds in ecosystem may have two majo r ways o f loss,

v olatili za tion and biodeg radation. Therefo re, w hen studying the fate of pesticides o r or-

ganic compounds, bo th vola ti li zation and biodeg radation should be considered. The ap-

proach used in the previous studies was as described by Kearney et al[1 ] in w hich there

w ere not only several separate apartments fo r the abso rption o f CO2 and volati le compound

but a model ecosy stem as w ell. With this kind o f approach, many valuable data have been

obtained. How ever, since air flow should be used to driv e CO2 and vo latile compounds out

o f the apa rtment of the model ecosystem , i t i s doubtful tha t whether this sy stem could

represent aqua tic env ironment , especially the ma rine ones , because the dissolv ed oxygen

is ra ther low in typical ma rine envi ronment. This paper int roduces an assembly mini model

eco sy stem inside a vial to study the fate of labeled pesticides or organic compounds, wi th

w hich the aforementioned disadvantage can be overcome.

1　Materials and Methods

1. 1　Materials
( 1) Labeled pesticides: studied pesticides include

14
C-DDT,

14
C-BHC,

14
C-chlopy ri fos,

14
C-trichlo rphon,

14
C-fenvalerate,

14
C-chlo rdimefo rm, 14

C-monocrotopho s,
14

C-bensulfuron

methyl , and
14

C-chlo rsulfuron.

( 2) Scintillation cocktail: the cocktail is composed o f 6 g o f PPO, 500 mL o f toluene,

500 mL o f Triton X-100, 500 m L of methyl alcohol.
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( 3) Liquid scinti llation spect rum analy zer: Packa rd Tri-Ca rb CA 2000 /LL.

1. 2　Methods
The mini model eco system: the diag ram o f the mini model ecosystem fo r the study o f

Fig. 1　 Diag ram o f the mini

model eco system

the fa te o f pesticides is show n in Fig 1. All the com-

ponents o f the system are inside a 20 mL vial which is

commonly used for detection by liquid scintillation

counter. It consists of: ① a 4 cm g lass test tube in-

side w hich there are 0. 5 g o f wind dried sediment col-

lected f rom Daya Bay, 1 mL o f sea wa ter and
14

C la-

beled pesticides;② a g lass base for fix ing the tube;③
a paper funnel containing 100 mg polyurethane cot ton

( cot ton covered wi th po lyurethane ) to trap the

volatile compounds including pa rent compounds and

any volati le deg radation products; ④ 0. 5 mL NaO H

(d= 10% ) in the bo t tom of the v ial to absorb the re-

leased
14

CO2 f rom the ecosy stem.

Experiment began in March wi th the tempera ture ranging f rom 16～ 25℃ . At the end

o f 1, 2, and 4 w eeks, duplica te samples w ere collected. The tube w as w ithdraw n from the

vial , 5 mL o f cocktai l was added into the v ial, and po lyurethane cot ton w as direct ly put in-

to the vial containing 5 m L o f cocktai l. The radioactivi ties of the above samples w ere

counted in Scintillation Spect rum Analyzer. The content in the tube including wa ter and

sediment w as t ransferred into a vial, added wi th 10 mL of cocktail. Af ter mo re than 10 h,

this vial w as counted fo r ex t ractable compounds. Then the sediment was wa shed by 10 mL

methyl alcohol fo r four times, dried, and the radioactivi ty of bound compounds w as count-

ed by G-M counter. The counts of the sediment w as converted to activ ity which based on

the efficiency of the counter.

Due to self-quenching by the compound of chlorpyrifos, the counts of the radioactiv ity

o f chlo rpy rifos w ere co rrected via dilution.

2　 Results and Discussions

The fa te o f the pesticides w as expressed as 3 pa rameters: vo latile, CO2 , and bound,

w here the vo la tile was the radioactiv ity of the polyurethane cot ton, CO2 was the radioac-

tivi ty in NaO H solution, the bound was that remained in sediment af ter ex t raction proce-

dure.

2. 1　Volatil ization
The vo latilization of pesticides was consistent wi th thei r v apor pressure ( Table 1, 2) .

Highest v olatili za tion of the pesticides w as observ ed in BHC with 18. 80% , 30. 29% and

31. 78% of the applied radioactiv ity at the end o f 1, 2 and 4 w eeks respectiv ely. It w as evi-

dent tha t the volati li zation w as increased wi th time. This is consistent wi th data o fγ-BHC

obtained by other researchers. With a vapor pressure of 5. 59× 10
- 3

Pa, γ-BHC has been

shown to undergo rapid volati li zation f rom tropical ecosystems
[2～ 4 ]

. Higher v olati li zation

w as also found in Chlopy rifos wi th 7. 40% , 8. 69% and 7. 76% of applied radio activi ty a t

the end of 1, 2 and 4 w eeks. How ever, i t seemed tha t vo latilization o f ch lopy ri fo s occurred

in fi rst w eek and reached equi librium. The vo latili za tion ra tes o f the o ther pesticides w ere

below 1% , among which chlo rsulfuron and fenvalerate even w ere 0 ( Table 2) .
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Tab. 1　 The vapor pressure of the pest icides ( at 20℃ ) [5]　　　　 Pa

Pesticides
T richlo r-

phon
BHC

Ch lo r-

pyrifo s
DDT

bensulfuron

me thy l

mono

cro tophos

fenva-

lerate

chlor-

dimeform

Vapor

pressure
9. 98× 10- 4 5. 59× 10- 3 2. 49× 10- 3 2. 53× 10- 5 1. 73× 10- 3 2. 93× 10- 4

2. 93× 10- 5

( 22℃ )
2. 93× 10- 5

2. 2　 Degradation

The pesticides could be divided into 2 groups of the stable and the unstable one.

BHC, DDT, chlopyrifos, chlo rsulfuron and bensulfuron methyl are stable pesticides. In

this g roup, only less than 1% of applied radioactivi ty became CO2 af ter 4 w eeks o f incuba-

tion ( Table 2) . Trichlorphon, mono cro tophos, fenvalerate, chlo rdimeform belong to the

unstable g roup, in which rapid biodeg radation w as detected. The production of CO2 was

42. 44% , 15. 84% , 10. 83% and 4. 96% fo r t richlorphon, fenvalera te, mono crotopho s

and chlo rdimefo rm respectiv ely at the end o f 1 w eek. Trichlo rphon w as the most unstable

one among the pesticides studied. The CO2 production of Trichlorphon was 42. 44% ,

44. 16% and 55. 54% respectiv ely a t the end o f 1, 2 and 4 weeks. The deg radation pat tern

o f chlo rdimefo rm w as dif ferent f rom others. CO2 was increased evenly and steadi ly , then

reached 31% of the applied radioactivi ty at the end of 4 w eeks. According to the data of 4

w eeks, the stabili ty of the second g roup could be ranked as: mono cro tophos, fenvalera te,

chlordimefo rm and trichlorphon.

2. 3　 Bound

Pesticides could minerali ze as bound compounds ( Table 2) . This minerali zation in-

creased w ith time. The bound compounds o f t richlorphon, for ex ample, w ere 0, 1. 29% ,

and 25. 66% of the applied radioactivi ty at the end o f 1, 2 and 4 w eeks of the experiment;

and those of bensulfuron methy l w ere 8. 61% , 16. 28% and 18. 75% respectiv ely at the

same interval. Highest percentage o f bound compound w ere found fo r DDT and chlo rpy ri-

fos. At the end of 1, 2 and 4 weeks, the percentage of bound compound w ere 18. 44% ,

52. 08% , 54. 12% for chlo rpy ri fo s and 38. 30% , 43. 99% and 42. 54% fo r DDT respectiv e-

ly. At the end of 4 w eeks of the experiment , the o rder of bound compound w as: chlo rpy ri-

fos> DDT > BHC> fenvalerate> trichlorphon> mono cro tophos> chlo rdimefo rm> ben-

sulfuron methyl > chlo rsulfuron.

The order o f the ra tio o f bound pesticides to metabolized pesticides at the end of 4

w eeks of the experiment wa s ranked as fo llow s: chlo rpy rifos 174. 71, chlo rsulfuron

74. 19, bensulfuron meth yl 48. 08, DDT 46. 24, BHC 36. 81, mono cro tophos 1. 16, fen-

valerate 1. 01, chlo rdimefo rm 0. 69 and trichlo rphon 0. 46.

2. 4　Residues in aquatic ecosystem
Pesticides remained in aquatic ecosystem could be estimated by subtracting the ra-

dio activi ties of v olati le and
14

CO2 from total applied radioactiv ity. The residues of the pesti-

cides, including pa rent pesticides and metaboli tes, a t the end o f 4 weeks of th e experiment

w ere in the o rder of: chlo rsulfuron 99. 79% , DDT 98. 31% , bensulfuron methyl 97. 73% ,

chlorpyrifo s 91. 93% , mono cro tophos 81. 14% , fenvalera te 72. 86% , BHC 67. 33% ,

chlordimefo rm 66. 21% and trichlorphon 44. 18% .

Chlo rsulfuron is representativ e of sulphonylurea herbicides. Repor ts have appeared

showing tha t this herbicide w as chemical ly stable in alkaline env ironment and`carry-over’
f rom one year to the nex t can occasionally resul t in damage to succeeding sugar beet and

o ther crops. Studies w ere ca rried out to study i ts persistence in prai rie field soil; af ter 95
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Tab. 2　 Fate of pesticides in mini model ecosystem　　　 　　　　 Bq

Pesti-

cides

To tal

ac tiv ity
Items

1 w eek
Activity /%

2 w eek
Activ ity /%

4 week
Activ ity /%

DDT 2 139. 3
Vo la tile

CO2

Bound

5. 8( 0. 27)
1. 2( 0. 05)

819. 3( 38. 30)

8. 4( 0. 39)
8. 5( 0. 40)

941. 0( 43. 99)

16. 1( 0. 77)
19. 7 ( 0. 92)

910. 0( 42. 54)

BHC 1 971. 6
Vo la tile

CO2

Bound

370. 6( 18. 80)
4. 0( 0. 20)

210. 4( 10. 67)

597. 1( 30. 29)
17. 1( 0. 87)

556. 8( 28. 24)

626. 5( 31. 78)
17. 5( 0. 89)

646. 0( 32. 76)

Chlo r
pyrifo s

3 166. 0
Vo la tile

CO2

Bound

248. 3( 7. 84)
6. 8( 0. 21)

583. 7( 18. 44)

275. 3( 8. 69)
4. 6( 0. 14)

1 649. 0( 52. 08)

245. 8( 7. 76)
9. 9( 0. 31)

1 714. 8( 54. 16)

T rich-
lo rphon

1 247. 1
Vo la tile

CO2

Bound

8. 7( 0. 69)
525. 6( 42. 44)

0( 0)

7. 9( 0. 64)
550. 7( 44. 16)
16. 1( 1. 29)

3. 5( 0. 28)
692. 7( 55. 54)
320. 0( 25. 66)

Monocro-
tophos

3 008. 8
Vo la tile

CO2

Bound

0. 6( 0. 02)
325. 9( 10. 83)

5. 6( 0. 02)

2. 2( 0. 07)
356. 7( 11. 86)
479. 3( 15. 91)

0. 2( 0. 01)
567. 2( 18. 85)
660. 1( 21. 94)

Ch lo r-
dimefo rm

2 027. 7
Vo la tile

CO2

Bound

10. 0( 0. 49)
100. 6( 4. 96)
433. 9( 21. 40)

7. 8( 0. 39)
282. 8( 13. 95)
322. 9( 15. 92)

43. 3( 2. 13)
641. 9( 31. 66)
443. 1( 21. 85)

Fenva-
ler ate

589. 6
Vo la tile

CO2

Bound

0( 0)
93. 4( 15. 84)
106. 6( 18. 09)

0( 0)
145. 0( 24. 60)
157. 1( 26. 65)

0( 0)
160. 0( 27. 14)
161. 9( 27. 45)

Ch lo r-
sulfuron

2 489. 6
Vo la tile

CO2

Bound

0( 0)
2. 6( 0. 10)

231. 1( 9. 28)

0( 0)
4. 5( 0. 18)

287. 8( 11. 56)

0( 0)
5. 2( 0. 21)

387. 8( 15. 58)

Bensul-
furon

me thy l
1 558. 4

Vo la tile
CO2

Bound

7. 0( 0. 45)
1. 2( 0. 08)

134. 2( 8. 61)

13. 8( 0. 89)
2. 5( 0. 16)

253. 6( 16. 28)

29. 3( 1. 88)
6. 1( 0. 39)

292. 3( 18. 75)

weeks some 2 percent of the radioactiv ity w as sti ll in the fo rm of chlo rsulfuron
[6 ]

. It w as
also show n tha t 3%～ 16% herbicide applied in May o f one yea r w as stil l detectable in the

top 10 cm o f soil a year later. By measuring the rate of deg radation o f chlo rsulfuron in five

soil o f dif ferent pH values and a t three depths, a half-li fe o f longer than 600 days w as
recorded in some soil wi th p Hvalues above 7. 0[6 ] . Our results are consistent with these in-

vestiga tions, chlo rsulfuron is also persistent in marine env ironment. Our previous studies

also demonstrated that the herbicide was no t bio-accumulative one ( unpublished da ta ) .

How ever , since the ef fectiv e tox ic concentration of chlo rsulfuron to plant is v ery low , i t s

ef fect on bio ta , especia lly on marine plants, should be fur ther studied.

DDT is one of the most persistent and highest bio-accumulativ e pesticides. Our previ-
ous result show ed that DDT could rapidly accumula te in fish , upon the expo sure of the

fish to
14

C-DDT fo r one day, about 94% of the DDT in w ater had already accumulated in
fish

[7 ]
. Because of i ts intensiv e use in 1950s and 1960s in the w orld, the DDT residues a re

stil l detected, in spi te o f i ts use banned or rest ricted in most of the countries f rom the
1970s

[8 ] . It has been recognized that it s behavio r in the t ropical environment may dif fer
signi ficant ly compared w ith temperate countries. Varca and Magallong

[9 ]
have demonst ra t-

ed tha t the half life of DDT in t ropical zone w as about 6 months to 1 year, much sho rter
than in temperate zone, w hich was about 10 yea rs. Our present results suggest that the

half life of DDT in South China be longer than 1 year. Fur ther studies a re in prog ress for
bet ter understanding the fate of this pesticide in our subtropical zone.

Tejada et al
[10 ]

have studied the fate of some ca rbon-14 labeled pestcides in a model
rice paddy eco sy stem. Results show ed tha t chlo rpy rifos has st rong af fini ty to the soi l,

96 中山大学学报 (自然科学版 ) 　　　　　　　　　　　　　第 37卷



w ith an average of 91% absorption.
14

C-monocrotophos deg rades rapidly in the soil. W hile

i t was no t detectable a t the 25 cm soil ev el af ter 2 w eeks, it took another 2 w eeks to de-
g rade to non-detectable lev els a t the 50 cm depth, and up to 73 days, a t the 125～ 175 cm

depths. Our present results fo r chlorpyrifo s and monocrotopho s was w ell consistent wi th

the above repo rt.

T richlo rphon is unstable and easy to be deg raded by microorg anisms in the envi ron-
ment. Its high production of 14 CO2 implies that the bound compound might not be the par-

ent pesticide o r i ts metabo li tes. Thus, i ts residues, including parent pesticide and metabo-

lites, should be much less than 44. 18% as shown above, because the
14

CO2 released f rom
the pesticide might be assimila ted by microo rg anisms in the ecosy stem.
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研究标记农药归宿的微型模拟生态系统

钟创光 　陈舜华　 Carvalho F P　赵小奎

摘　要　建立了 1种适合于研究标记农药归宿的微型模拟生态系统 . 该系统集中在 1闪烁瓶内 , 瓶中置

1玻璃试管 , 管内装入 1 mL水和 0. 5 m L沉积物以及标记农药 . 试管上置聚氨酯棉花吸收挥发物 , 生物代

谢产生的 14 CO2由闪烁瓶中的 NaOH吸收 . 利用这一系统研究了 DDT, 六六六 , 毒死蜱 , 敌百虫 ,久效磷 ,

杀灭菊酯 , 杀虫脒 , 绿磺隆和苄嘧磺隆等 9种 14 C标记农药在微型海洋模拟生态系统中的归宿 .

关键词　微型模拟生态系统 , 标记农药 , 归宿

分类号　X 171
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