
ADSORPTION AND DE~ORPTION OF 

METRIBUZIN, TRIFL URAL IN 

AND TRIAZOPHOS ON .SANDY LOAM 
AND CLAY LOAM SOILS 

By 

TAVINDER SINGH 

Thesis submitted to Chaudhary Charan Singh Haryana Agricultural 
University in the partial fulfilment of the requirements 

for the degree of 

MASTER OF SCIENCE 

IN 
CHEMISTRY 

COLLEGE OF BASIC SCIENCES & HUMANITIES 
CCS HARYANA AGRICULTURAL UNIVERSITY 

HISAR 

2001 





CERTIFICATE- I 

This is to certify that this thesis entitled, "Adsorption and desorption 

of metribuzin, trifluralin and triazophos on sandy loam and clay loam 

soils", submitted for the degree of Master of Science in the subject of 

Chemistry to the Chaudhary Charan Singh Haryana Agricultural University, 

Hisar, is a bonafide research work carried out by Mr. Tavinder Singh under 

my supervision and that no part of this thesis has been submitted for any 

other degree. 

The assistance and help received during. the course of investigation 

have been fully acknowledged. 

. A J_fJ..~-~~,~ .. \ 
Y:::.f..\,\,~ ~ 'l' 0\ 

[Dr. V.K. Madan ] 
MAJOR ADVISOR 



CERTIFICATE- II 

This is to certify that this thesis entitled, "Adsorption and desorption 

of metribuzin, trifluralin and triazophos on sandy loam and clay loam 

soils", submitted by Mr. Tavinder Singh to the Chaudhary Charan Singh 

Haryana Agricultural University, Hisar, in partial fulfilment of the 

requirements for the degree of Master of Science in the subject of 

Chemistry, has been approved by the Student's Advisory committee after 

an oral examination on the same. 

~~o\ 
MAJOR ADVISOR 

~ (JS?;-. G_, 2m> ) 

HEAD OF THE DEPARTMENT 

~d ---DEAN, POSTGRADUATE STUDIES 



ACKNOWLEDGEMENT 

.Jt give:l me immen:Je pfea:Ju,.e fo expre:l:J mtt deepe:~l gratitude and 

indebtedne:U to mtt major ..Advi:Jor, ::Dr. Vf. rtladan, -.A:~:Ji:Jtant Re:~idue 

Ckemi:Jt, /or ki:J benevolent guidance, continuou4 kelp, inexkau:Jtible 

encouragement and co-operation tfuougkouf ike cour:Je o/ inve4ligalion4. _).Ji:J 

deep knowledge and critical in.:Jighl:~ are invaluable /or lki:J :Jttedfj . 

.J place on. record mg &in.cere fkank4 lo member:J o/ mfj -.AJvi:Jor'l Commillee, 

Pro/ P.S. Refan., Jormer fieaJ, 2Jeparlmen.l o/ Ckemi:Jtrg anJ Pkg:~ic4, 

::hr. -.A.P. Sharma, Sr. Soil Ckemi:Jl (Colton.}, ::hr. q.S. '/jadav, 

Scienlt:Jl (Gnlomofogy}, ::hr. R._j( Jain, Sr. 'f!emlaologi:Jl, /or !heir 

guidance, valuable &ugge&lion:J and he~ rendered during ike cour:Je o/ 

inve:Jligalion:J. 

Jam extreme/g grate/uf lo ;}),., J.S. fatkpa/, Sr. Pe:~liciJe Ckemi:Jl, 

/or ki:J encouragement and /or providing all iype:l o/ laboratory /aci/;lie:J Juring 

lhe:Je inve:Jligalion:J. 

m, :~in.cere tkank:J are due to 2,.. P.R. '/jad.av, p,.ofe:~:Jor and ..JJeaJ, 

JJeparlmenl o/ Gnlomofogy, ::hr. O.P. 'ff!afik, Pro/e:~:~or, Ckemi:Jtrfj and 

Plupic:J1 /or the co-operation anJ help extended to me. 

J. am :~peciaf/y lhant/uf lo ;}),.. ('ff!r:~.} Sfta:~hi 'fJJaJan, jo,. valuable 

:Juggelion:J, encouragement and in:lpiralion. 

JJ. would /;ke lo expre:l:J m'l gralilude lo 2Jr. ('ffl,.:~.) /Jeena _}(umari, 

:JJ,.. l<ajvir Singk, :JJ,.. -.A.P qupta, :JJ,.. 'ff/.of. Batra, ::hr. m.s 
'fflalik, ::hr. S.IJ. _j(a/iJ/,a,., ::Dr. Sha:~hi Singh and rtlr. Jagdeep /or 

lheir encouragement anJ lime/'1 kelp. 

Jke kelp l'eceived f,.om SJ,. JnJer Raj and Sk. Sfto,.an Singh, fat 
:~la// i:J a~o acknowledged. 



.J am t,;9J,fv tkanlt/uf to 'YJ?~. Baver (_.Y.ndia) oftJ., rlew 2eflt;, 'Yfl~. 

2>e- rlocit, Crop Production r:LtJ., 'ff/umbai and 'ffl~ . ..J./oeche!Jt Sharing 

_Agro Gvo cltJ. (Jerman'!, /o,. 4upp/'Jin.g an.a!'ltica/ g,.aJe o/ mef,.ibuzin., 

lri/furaln an.d triazopho!J, re4peclivef'l. 

Jhi!J acknowledgement would !Jeem mean.ingle:~:~ ;f.J do n.ol l'emembu mv 

paren.l!J fo whom .J owe all fhe 4ucce66 J have achieved 4o /ar,· fhe pre4enf work 

being one o/ them. Jn lhe coul'4e o/ re!Jearch work, lhere were lime!J _j.. /eft low 

in. tJpi,.iltJ; but !J. had a!wa'I!J haJ m'J paren.l!J :~lan.Jin.g behin.J me rochhard, 

4upporlin.g me in. evei''J potJ!Jibfe wa'l. 

'ff!oreove,., the care an.J love :~hown. b'l m'l brolher!J 'f!arin.Jer Singh and 

/Jalwin.Jer Singh a4 weff a4 IJhabi, Jiten.Jer _}(aur worked !the cataftpt:~ to 

m'l pl'e4en.t endeavoul' . 

.J owe a fot o/ m'l nephew Sodder who4e eve,.fa:~lin.g love alwa1J4 cheri4hed 

in. m'l heart during the cour!Je o/:~tuJ'J. 

'fl?,.. _}(_}( Skarma Je4el've4 4pecia/ fhan.h4 /or melicufou4 f'Jpin.g o/ 

man.u4cripl4. 

cfa:~t but not the fea:~t .J wou/J wi!Jh lo lhan.k m'l f,.ien.d4 an.J weff wi4h81'4 

e:~pecia//'1 rf/uke:~h, f!aveen., (/o/J'J, Parveen., ..A4hok an.d ::bavin.Jer 'ff/ehfa 

wko kepi me compan.v during the better pari o/ mv :~tav out here in. ..J./i:~ar and 

made if an. experience, worth remembering /;,fe/on.g. Jhe help an.J f,.ienJ/y 

Ji:~po:~ilion. o/ m'l4en.iol'4 viz. Pa,.mi/, JagJi:~h, SuJe:~h, 'ff!eera 
1 

Sun.ita Jkol'i 

anJ ::btmple i:~ ki,V'I l'emembe,.eJ. 

_Above all, _j. humb4 pa'J m'lgratituJe lo fhe afmighl'l who alwa'l4 9,.aced 

me with lhi!J bfe:~:~in.g:~ 

HISAR 
~,l,)_l..'r\Y\l~Q_}< S1n~h 

[TAVINDER SINGH)] 
January 22. 2001 



CONTENTS 

CHAPTER TITLE PAGE(S) 

1. INTRODUCTION l-4 

2. REVIEW OF LITERATURE 5-31 

3. MATERIALS AND METHODS 32-54 

4. RESULTS 55-95 

5. DISCUSSION 96-110 

6. SUMMARY AND CONCLUSIONS 111-113 

BIBLIOGRAPHY i-xvi 



LIST OF TABLES 

Table No. Title Page(s) 

1. Physico-chemical properties of soils 48 

2. Standard curve data of metribuzin 57 

3. Standard curve data of trifluralin 58 

4. Standard curve data of triazophos 59 

5. Per cent recovery ofmetribuzin from O.OIM 61 
calcium chloride solution fortified at 0.25 
and 0.50 ppm levels 

6. Per cent recovery oftrifluralin from O.OIM 62 
calcium chloride solution fortified at 0.25 
and 0.50 ppm levels 

7. Per cent recovery oftriazophos from O.OIM 64 
calcium chloride solution fortified at 0.25 
and 0.50 ppm levels 

8. Equilibrium study of adsorption of 65 
metribuzin on sandy loam soil 

9. Equilibrium study of adsorption of 67 
metribuzin on clay loam soil 

I 0. Equilibrium study of adsorption of 68 
trifluralin on sandy loam soil 

11. Equilibrium study of adsorption of 
trifluralin on clay loam soil 

69 

12. Equilibrium study of adsorption of 71 
triazophos on sandy loam soil 

13. Equilibrium study of adsorption of 72 
triazophos on clay loam soil 

14. Adsorption and desorption of metribuzin on 74 
sandy loam soil 



15. Adsorption and desorption of metribuzin on 75 
clay loam soil 

16. Concentration of metribuzin in soil and 0.0 I M 76 
calcium chloride solution following adsorption 
and desorption 

17. Freundlich constants, correlation co-efficients 77 
and distribution coefficients for metribuzin 
following the adsorption and desorption 

18. Adsorption and desorption of trifluralin on 81 
sandy loam soil 

19. Adsorption and desorption of trifluralin on clay 82 
loam soil 

20. Concentration oftrifluralin in soil and O.OIM 83 
calcium chloride solution following the adsorption 
and desorption · 

21. Freundlich constants, correlation coefficients and 84 
distribution coefficients for trifluralin following the 
adsorption and desorption 

22. Adsorption and desorption of triazophos on sandy 87 
loam soil 

23. Adsorption and desorption of triazosphos on clay 88 
loam soil 

24. Concentration of triazophos in soil and 0.0 I M calcium 89 
chloride solution following the adsorption and desorption 

25. Freundlich constants, correlation coefficients and 90 
distribution coefficients for triazophos following 
the adsorption and desorption 

26. Regression equations for adsorption and desorption 93 
of pesticides on soils 

27. Summary table for per cent adsorption and desorption 94 
of pesticides on soils 



LIST OF FIGURES 

Fig. No. Title 

1. Calibration curve for metribuzin 

2. A gas liquid chromatogram of standard metribuzin 

3. Calibration curve for trifluralin 

4. A gas liquid chromatogram of standard trifluralin 

5. Calibration curve for triazophos 

6. A gas liquid chromatogram of standard triazophos 

7. Freundlich isotherms for metribuzin sorption on 
sandy loam soil 

8. Freundlich isotherms for metribuzin sorption on 
clay loam soil 

9. Freundlich isotherms for trifluralin sorption on 
sandy loam soil 

10. Freundlich isotherms for trifluralin sorption on 
clay loam soil 

11. Freundlich isotherms for triazophos sorption on 
sandy loam soil 

I 2. Freundlich isotherms for triazophos sorption on 
clay loam soil 



1. INTRODUCTION 

India is the third largest consumer of pesticides in the world and highest 

among the South-Asian countries with pesticides consumption of 54135 MT 

based on 1999-2000 demand (Agnihotri, 2000). Regardless of the method of 

application, large amount of pesticides ultimately find ~eir way into the soil. 

Estimate indicates that as high as 50 per cent of the pesticides applied on the 

foliage fall on the soil depending upon the density of crop and the mode of 

application (Edward, 1972; Khan 1980). Pimental (I 995) reported that less than 

0.1 per cent of the pesticides applied for the pest control reach their target pests 

and more than 99.9 per cent of pesticides move into the environment. Hence,soil 

serves as a major environmental sink of bulk of pesticides used in agriculture. 

Organic pesticides added directly or indirectly to soils undergo a number 

of transformation processes which includes adsorption onto the soil particles, 

microbial degradation, volatilization, plant uptake, leaching and surface runoff 

(Bolan and Baskaran, 1997). It is, therefore, of great interest to gain infonnation 
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concerning the factors that determine the site and duration of pesticides 

residence. 

Among the processes affecting the behaviour of pesticides in soils, 

adsorption is of paramount importance as it helps in determining the fate and 

effectiveness of pesticides in soil environment (Ali et. a/., 2000). Adsorption 

decreases the concentration of pesticides in soil-solution and thereby, render 

them less liable for leaching to ground water and microbial degradation (Bolan 

and Baskaran, 1997). Adsorption also influences the bioavailability of organic 

compounds (Grover et a/., 1979}, thereby controlling directly or indirectly the 

rate of biodegradation, uptake by plants and other biota (Mersie and Foy, 1986). 

Among various soil properties like organic matter, pH, clay content, soil 

temperature etc. organic matter is considered to be the principal component 

involved in the adsorption of majority of organic pesticides (Bolan and Baskaran, 

1997). Since the majority of organic pesticides are non ionic, therefore, it is 

accepted that the adsorption of non-ionic pesticides by soils in aqueous medium 

is essentially controlled by organic matter content (Karickhoff, 1981; Chiou, 

1989). For the adsorption of ionic/polar pesticides, clay minerals, pH of the soil 

solution contribute the most (Green and Karickhoff, 1990; Werkheiser and 

Anderson, 1996; Grey et a/., 1997). 

The distribution (adsorption-desorption) of the active ingredient of a 

pesticide in the soil obviously depends on its chemical nature, mode of 

formulation and size of suspended particles. The concentration (activity of 
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pesticides after sorption on soil) of an organic chemical in the solution phase is 

detennined to a large extent by the solute distribution between solution and 

organic/inorganic solid phases. Adsorption leads to retardation of solute transport 

in both liquid and vapour phases, thus influencing the residence in a given zone 

(e.g. crop root zone), time of arrival at a specified depth (e.g. water table) and the 

rates of mass loss (volatilization, leaching). 

Desorption of pesticides from soil is also an important parameter in 

detennining the pesticide available to the target species, their behaviour in runoff 

streams, mixing in watershed and in ground water pollution (Cohen et al., 1984). 

Thus release (desorption) of pesticides from soil is ~lso of importance for the 

final distribution of pesticides in soil (Farrel et a/., 1999). In addition to the 

adsorption-desorption behaviour of pesticides on soils, the equilibrium studies of 

adsorption of pesticides on soils are also of importance because plant uptake, 

bioefficiency and transport of pesticides depends largely on adsorption­

desorption equilibrium (Raman et a/., 1988). 

The chlorinated pesticides usually persist for longer period in soil and thus 

hannful to successive crops. So these are being replaced by the less persistent 

pesticides. Among these, metribuzin and trifluralin, both herbicides are widely 

used for the control of many annual grasses and broadleaved weed species in 

many useful field crops (Tomlin, 1997). Both the herbicides are relatively less 

toxic. The acute-oral LD50 value of metribuzin is about 2,000 mg/kg body weight 

for rats and above 500 mg!kg body weight for cats. The acute-oral LDso value of 
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trifluralin is more than -10,000 mg/kg body weight for rats and more than 2,000 

mglkg body weight for dogs (Tomlin, 1997). 

Triazophos, an organophosphate insecticide is relatively of recent origin 

which is being advocated for control of many insects-pests of soils and crops 

(Tomlin, 1997). However, triazophos is highly toxic insecticide having acute-oral 

LD50 of 57-68 mg/kg body weight for rats and 320 mglkg body weight for dogs 

(Tomlin, 1997). 

Survey of literature reveals that practically no work has been done on the 

adsorption equilibrium and sorption (adsorption-desorption) behaviour of 

metribuzin, trifluralin and triazophos on soils of Indian region. In order to 

generate information on these aspects, the present studies are planned with the 

following objectives : 

1. Equilibrium studies of adsorption of metribuzin, trifluralin and 

triazophos on sandy loam and clay loam soils. 

2. Adsorption studies of metribuzin, trifluralin and triazophos on sandy 

loam and clay loam soils. 

3. Desorption studies of metribuzin, trifluralin and triazophos on sandy 

loam and clay loam soils. 



2. REVIEW OF LITERATURE 

Metribuzin and trifluralin, both herbicides are effective in controlling 

many important annual grasses and broad leaved weeds in a number of useful 

field crops whereas, triazophos, an organophosphate insecticide, is widely used 

for the control of insect-pests of soils and crops. Survey of literature reveals that 

a lot of work has been done on the adsorption-desorption of herbicides as well as 

organophosphate insecticides. However, very little information is available on 

the adsorption-desorption of metribuzin, trifluralin and triazophos on soils of 

Haryana region. This chapter deals with the analytical techniques employed for 

adsorption-desorption studies of various herbicides (including metribuzin and 

trifluralin) and organophosphate compounds (including triazophos) alongwith 

their adsorption-desorption behaviour on various soils under different 

agroclimatic conditions. The review has been discussed under the following 

heads: 
2.1 Methods of adsorption studies 

2.2 Methods of desorption studies 

2.3 Extraction and clean-up 

2.4 Estimation 



2.5 Adsorption-desorption behaviour 

2.6 Equilibrium studies 

Information available in each step is reco~ded as under: 

2.1 Methods of adsorption studies 

2.1.1 Herbicides 

6 

Harvey (1974) studied the adsorption of 12 dinitroaniline herbicides on 

plano silt loam soils by equilibrating the soils with aqueous solution of herbicides 

in distilled water for 24 h on a gyrotary shaker at I 00 rpm, centrifuged at 5000 g. 

The adsorption studies of trifluralin on three soils viz. Peat, Gilat and Newe 

Ya'ar regions was carried out by agitating the aqueous solution of trifluralin in 

1M CaCh with soils for 24 h in stoppered bottle to avoid volatilization and the 

suspensions were filtered (Horowitz eta!., 1974). Grover eta!. (1979) carried out 

the adsorption studies of 14C-diallate, 14C-tri-allate and 14C-trifluralin on five 

soils viz. Melford loam, Weybumoxbow sandy loam, Regina clay, Indian head 

sandy loam and Asquith loamy sand by shaking the soils with aqueous solution 

of herbicides on an end over end shaker at 32 rpm for 24 h in a cabinet 

maintained at 25°±1 °C followed by centrifuged at I 0,000 rpm for I 0 minutes. 

Jacques and Harvey (1979) studied the adsorption of six dinitroaniline herbicides 

on 10 soils viz. Aldoph, Ferrette, Peebles, Plano etc. by shaking the aqueous 

solution of pesticides with soils for 16 h at 22± 1 oc on a rotary shaker at 400 rpm, 

centrifuged at 1600 rpm for 30 min. The adsorption of metribuzin was studied on 

.eight soils viz. sand + alumina, Quartz sand, sand + Kaolinite etc. by shaking the 
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herbicide solution in 0.0 I M ethanol with soils on reciprocal shaker at I 00 

cycles/min (Lafleur, 1979). 

The various research workers have studied the adsorption of atrazine on 

various soils by equilibrating the aqueous solution of herbicides in 0.0 I M 

CaC12/0.0IN Ca(N03) 2 with soils for 12-24 hat 27±1°C and centrifuged at 2000 

rpm. for 15 minutes (Raman et al., 1988; Ma et al., 1993; Seybold et al., 1994; 

Sonan and Schwab, 1995; Kumaran and Devi, 1996). Adsorption of three 

herbicides viz. triallate, EPTC and Prometon on Hanford sandy loam and 

Tujunga loamy sand soils were carried out by equilibrating the soils with 

aqueous solution of herbicides using end over end electrical shaker at 40 rpm for 

24 h, centrifuged in a thermostable high speed centrifuge at 14000 for 10 min. at 

25± I oc (Singh et a/., 1990). Alvarez-Benedi et a/. (1998) studied the adsorption 

of three herbicides on three soils by shaking the soils with herbicide solution 

taken on magnetic stirrer, centrifuged at 3500 rpm for 10 min. The adsorption of 

pendimethalin, fluchloralin and oxadiazinon on sandy loam and clayey soils was 

studied by shaking the soils with herbicide solution in 0.01M CaCh solution for 

6 h followed by centrifuged at 6000 rpm for 30 min. (Raj et al., 1999; Rai eta/., 

2000). 

2.1.2 Organophosphates 

Felsot and Dahm (1979) studied the adsorption of four organophosphate 

insecticides viz. 14C-phorate, 14C-parathion, 14C-terbufos and chlorpyrifos on five 

soils viz. Sarpy fine sandy loam, Thurman loamy find sand Clarion, Peat and 
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Harps of Iowa by shaking the soils with aqueous solution of insecticides in 

0.01M CaCh solution for 3 h in glass culture tubes and centrifuged at 1580 g rpm 

for 15 min. The adsorption of methyl parathion on three soils viz. EL-Nanda, Tel 

EL-Kabeer and Tahreer was studied by shaking the soils with pesticid~-solution 

in acetone water (15% v/v) mixture for 4 h followed by centrifuged at 5000 rpm 

for 15 min (Kishk et al., 1979). 

Sharom et a/. (1980) studied the adsorption of 12 insecticides viz. 

chlorpyrifos, parathion, ethion and diazinon etc. on four soils (organic soil, 

sediment, Beverly sandy loam and Plainfield sand) by tumbling the aqueous 

solution of pesticides with soils for 4 h (8 h for organic soil) and centrifuged at 

16,300 g for 1 h. The adsorption studies of oxamyl and dimecron on three soils 

viz. red, alluvial and black was done by shaking soils with aqueous solution of 

oxamyl and dimecron in distilled water for 27 h in polyethylene tubes followed 

by centrifuged at 15000 g for 15 min (Bansal, 1982). Mishra and Joshi (1983) 

studied the adsorption of phosphamidon on four soils viz. red, alluvial, black and 

peat soils by shaking the soils with aqueous solution of pesticide in 0.0 I M CaCh 

solution followed by centrifuged at 2000 rpm for 15 min. The adsorption studies 

of fenitrothion was done on five soils of Canada by shaking the soils with 

pesticide solution in distilled water for 24 h on magnetic stirrer followed by 

centrifuged at 15000 rpm for 10 min (Baarschers eta/., 1983). 

Adhikari and Roy ( 1989) studied the adsorption of methyl parathion on 

Baruipur soils by shaking the soils with aqueous solution of methyl parathion in 
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distilled water on a mechanical shaker fitted in a thermostat at a particular 

temperature followed by centrifuged. Adsorption studies of mevinphos on 20 

soils of Spain was done by keeping the soils in contact with aqueous solution of 

mevinphos for 48 h in a thermostat controlled chamber at 20°C with intermittent 

shaking and centrifuged (Sanchez-Camazano and Sanchez-Martin, 1990). 

Adhikari et a/. ( 1991) studied the adsorption of sumithion on five soils 

viz. Burawan, Kakdwip, Mohitnagar, K.rishnagar and Purilla by shaking the soils 

with aqueous solution of sumithion for 12 h at 30, 24 and l 0°C in a thermostat 

followed by centrifuged. The adsorption for organophosphates (methyl parathion, 

methyl paraoxan, ethyl parathion, ethyl paraoxan) on eight soils (2 Mollie 

Solonetz, 4 humic combisols and I Pellic vertisols) was carried out by keeping 

the soils in contact with aqueous solution of pesticides in deionized water at 

20°C for 24 h in a thermostat controlled chamber with intermittent stirring and 

centrifuged (Sanchez-Martin and Sanchez-Camazano, 1991). 

Rao et a/. (199 I) studied the adsorption of triazophos on black and red 

soils by equilibrating the soils (by contact) with pesticide solution for 2 h, 

followed by centrifuged at I 000 rpm for 15 min. The adsorption studies of 

malathion on two sandy loam soils was done by intennittent shaking of soils with 

aqueous solution of pesticides in distilled water making use of glass stirrer at 12, 

25 and 3 5± 1 oc in a constant temperature electrically heated water bath followed 

by centrifuged at 2,000 rpm for 5 min (Ali eta/., 1994). 
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Mandai and Adhikari (1995, 1997) studied the adsorption of metacid, 

sumithion, methyl parathion and fenitrothion on five soils viz. Bardhaman, 

Purulia, Mohitnagar, Kakdwip and Krishnagar by shaking the soils with aqueous 

solution of pesticides for 12 h in a thermostat at 33, 24 and 10±1°C followed by 

centrifuged. The adsorption of chlorpyrifos on sandy loam and loamy sand soils 

was carried out by shaking the chlorpyrifos in 0.01M CaCh solution with soils 

on mechanical shaker for 3 h followed by centrifuged at 2500 rpm for 15 min. 

(Kumar, 1997). 

2.2 Methods of desorption studies 

2.2.1 Herbicides 

The desorption of chlorsulfuron from four soils viz. Aredale silt loam, 

Cullen clay loam, Ronanoke sandy loam and Kenans ville loam were carried out 

by replacing a known quantity of supernatant with herbicide free O.OIN CaCh 

solution, shaken for 24 h followed by centrifuged and the process was repeated 

for 2 desorption steps (Mersie and Foy, 1986). The desorption studies of atrazine 

from seven soils of Hyderabad and Devanur, Vijayapura and Arkunte regions 

was done by replacing the supernatant with 0.0 1M CaCh solution shaken for 24 

h and centrifuged at 10,000 g for 15 min. This procedure was repeated for 6 

times (Raman et al., 1988; Kumaran and Devi, 1996). Desorption of atrazine 

from sharkey clay soil was also carried out by replacing the 1 0 ml supernatant 

with O.OlN Ca(N03) 2 solution, shaken for 24 h followed by centrifuged and the 

process was repeated for 6 consecutive desorption steps (Ma et a/., 1993 ). 
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The desorption studies of atrazine and its metabolities on Levy silt loam 

soils was done by replacing the 6.5 ml of supernatant with O.OIM CaCh solution 

shaken at 250 rpm for 24 h and then centrifuged at 2000 g for 30 minutes (Mersie 

and Seybold, 1996). Shanti et al.(l997b) studied the adsorption of isoproturon from 

eight soils viz. four Alfisols and four Vertisols by replacing 5 ml of supernatant with 

0.01 M CaCh solution incubated for 24 h and then cennifuged. Desorption of 

pendimethalin from three soils (1 clay and 2 sandy clay loam) was carried out by 

replacing the 2 mi supernatant with 2 ml of 0.01M CaCh solution, shaken for 6 hand 

centrifuged at 15000 rpm for 15 min. The process was repeated for four times (Prakash 

and Devi, 1998). 

The desorption of pendimethalin, fluracholin and oxadiazinon was carried 

out from sandy loam and clayey soils by replacing the supernatant with 20 ml of 

O.OIM CaCh solution shaken for 30 min followed by centrifuged at 6000 rpm for 

30 min (Raj eta/., 1999). 

2.2.2 Organophosphates 

For studying the desorption of parathion from three soils (Dark rendzina, 

Meron and Terra rossa) Saltzman et a/. (1972) discarded the supernatant, 

replaced with same volume of water, equilibrated for I h in centrifuge tubes. The ... 

process was repeated for four times. Wahid and Sethunathan (1978) studied the 

desorption of parathion from 16 soils viz. Pakkali, Kari, Sandy Lateritic and 

Alluvials soils by replacing 5 ml of supernatant with distilled water, shaken for 2 

h and centrifuged. The process was repeated for three times. 
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Sharom et a!. (I 980) studied the desorption of 12 insecticides viz. ethion, 

Chlorpyrifos, and diazinon etc. from four soils (organic soil, sandy loam, 

sediment and Plainfield sand) by replacing 190 ml of supernatant with distilled 

water, equilibrated by tumbling for 4 h followed by centrifuged and the process 

was repeated for four times. The desorption studies of methyl parathion from 

Barapur soil was carried out by immediately replacing 15 ml supernatant with 

distilled water, shaking on mechanical shaker fitted in water thermostat followed 

by centrifuged. The process was repeated for three times (Adhikari and Roy, 

1989). Adhikari eta/. (1991) studied the desorption of sumithion from five soils 

viz. Purulia, Mohitnagar, Kakdwip, Krishnagar and Bardhaman by replacing 10 

ml of supernatant with 10 ml of O.IN KCl solution, shaken for 12 h in a 

thennostat (33±1 °C) followed by centrifuged. The process was repeated for three 

times. 

The desorption of methyl parathion, fenitrothion, metacid and sumithion 

was carried out from five soils (Bardhaman, Purulia, Mohitnagar, Krishnagar and 

Kikdwip soils) by replacing the supernatant with equal volume of O.OIM KCl 

solution, shaken for 12 h in a thermostat followed by centrifuged. The process 

was repeated for 3 times (Mandai and Adhikari, 1995; Mandai and Adhikari. 

1997). Kumar ( 1997) studied the desorption of chlorpyrifos from sandy loam 

and loamy sand soils by replacing supernatant with O.OIM CaCh solution shaken 

mechanically for 3 hand centrifuged. 
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2.2 Extraction and clean up 

2.2.1 Herbicides 

Harvey ( 197 4) extracted trifluralin from distilled water with benzene 

whereas nitralin and oxyzalin were ex1racted by using toluene. n-Hexane was 

used to extract atrazine. EPTC and tri-allate from aqueous solution (O.OIM CaCh 

solution) whereas dichloromethane was used for the extraction of prometon 

(Singh eta/., 1990). Fleming eta/. (1992) used ethyl acetate to extract alachlor 

and metribuzin from deionised water. 

Sonan and Schwab (1995) extracted alachlor and atrazine from 

supernatant (0.01M CaCh solution) by using ethyl acetate. Mixture of ethyl 

acetate: n-Hexane (1:1, v/v) was used to extract anilophos from O.IN CaCh 

solution aqueous solution (Rai et a/., 1998). Raj et a/. ( 1999) used toluene to 

extract pendimethalin, fluchloralin and oxadiazinon residues from 0.0 IM CaCh 

solution. Trifluralin was extracted from water by partitioning it with hexane 

(Goyal, 2000). Rai et a/. (2000) extracted pendimethalin from 0.1 N CaCh 

solution with hexane: acetone (1:1, v/Y) mix1Ure. 

2.3.2 Organophosphates 

Leenheer and Ahlrichs ( 1971) e~1racted parathion from water by vigorous 

shaking it with doubly distilled methylene chloride. Chlorpyrifos from O.OIM 

CaCh solution was extracted by partitioning it with benzene thrice (felsot and 

Dahm, 1979). Sharom et a/. ( 1980) e~1racted nine insecticides viz. chlorpyrifos. 

parathion, ethion, mevinphos, diazinon etc. from water by partitioning with 
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hexane : acetone (4:1, v/v) mixture whereas mevinphos was extracted with 

benzene : acetone ( 4: l, vlv) mixture. Ethyl acetate was used to extract 

fenitrothion from water (Baraschers et al.. 1983). Misra and Joshi (1983) 

extracted phosphamidon from O.OIM CaCh solution by partitioning thrice with 

chlorofonn. Triazophos was e:\:tracted from water by partitioning thrice with 

benzene (Rao eta!., 1991). Beltran eta!. (1995) extracted three organophosphate 

pesticides viz. dimethoate, fenitrothion and methidathion from water by using 

dichloromethane. Chlorpyrifos was e:x1racted from O.OIM CaC12 solution 

(supernatant) by partitioning thrice with benzene (Kumar, 1997). Rani (1998) 

extracted triazophos from canal water by partitioning it with hexane~ thrice. 

2.4 Estimation 

Various analytical techniques used for estimation of herbicides and 

organophosphates includes colorimetric method and chromatographic techniques 

such as thin layer chromatography (TLC)~ gas liquid chromatography (GLC) and 

high perfonnance liquid chromatography (HPLC). Various techniques followed 

for estimation of residues of herbicides and organophosphates are reviewed as 

under: 

2.4.1 Colorimetric method 

Colorimetric method has been widely used for estimation of residues of 

herbicides and organophosphate insecticides. The estimation of the herbicides 

viz. chlorsulfuron, metoxuron. atrazine was done bv measuring the absorbance . '-' 

in the range of standard cun e by the use of spectrophotometer (Shea. 1986: 
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Raman et a/., 1988; Kumaran and Devi, 1996; Shanti et a!., 1997a, b). The 

residues of malathion, parathion. methyl parathion. oxamyl. dimecron. 

mevinphos, sumithon and metacid were estimated by usmg the 

spectrophotometer by various research workers (Bansal, 1982; Adhikari and 

Roy, 1989; Adhikari eta/., 1991; Ali eta!., 1994; Mandai and Adhikari, 1995; 

Mandai and Adhikari, 1997). 

2.4.2 Thin layer chromatography 

Various research workers used the thin layer chromatography for the 

estimation of herbicides residues viz. norpropamide 4-(T rifluoromethyl), 

chlorobenenze, chlorsu1furon and organophosphates viz. phosphomidon, 

dimethoate. malation. dichlorvos and diazinon by coating the thin layer 

chromatography plates with soil slurries and using the mi~1Ure of suitable 

organic solvent with water in different ratios as developer (\Vu et a/., 1975; 

Cocco and Ferrari, 1982; Misra and Joshi, 1983; Mersie and Foy, 1986; Khan 

and Khan. 1986: Arienzo et a/., 1994 ). 

2.4.3 Gas liquid chromatography 

2.4.3.1 Herbicides 

Spencer and Cliath (1974) estimated trifluralin residues by using a 

Beckman GC-5 gas liquid chromatograph fitted with glass column (3m x·43 em) 

and a non-radioactiYe electron capture detector. Harvey tl974) used gas 

chromatograph with electron capture detector and stainless steel column ( 1.52 m 

x 3 .1 mm) packed with 3% SE 3 0 on I 00-120 acid washed, chromosorb W for 
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determination of 9 dinitroaniline herbicides residues. A varian Gas 

chromatograph Model 2440, equipped with a scandium-tritide detector was used 

by Duseja and Holmes (1978) for determination oftrifluralin residues. 

Singh et al. (1990) used a varian 3 700 gas chromatograph fitted \\ith 

nitrogen phosphorus and 6~i electron capture detectors for residues estimation 

of four herbicides viz. atrazine, EPTC, prometom and triallate. Sonan and 

Schwab (1995) used gas chromatograph equipped with nitrogen-phosphorous 

detector for the determination of alachlor and atrazine residues. Rai eta/. (1998) 

estimated anilophos residues by using Hewlett Packard 5890A Series IT gas 

chromatograph equipped with 6~i electron capture detector. Hexazinone and 

simazine residues were estimated by Garcia-Valcarcel and Tadeo (1999) by 

using Hewlett Packard Model 5890 gas chromatograph fitted with nitrogen 

phosphorous detector and fused silica capillary column HP-I (12.5 m x 0.20 mm 

i.d.) and 0.33 IJm film thickness. Raj et a/. (1999) estimated pendimethalin, 

fluchloralin and oxadiazinon residues by using chemito gas chromatograph 

(Model 851 0) fitted with different columns [Pyrex 1.5% OV -17 + 1.95 OF-1 

(200 em x 3 mm), GLT-5% OV-17 (200 em x 3 nun) and capillary BP-10 (25m 

x 0.22 mm] and equipped with electron capture detector. Pendimethalin residues 

were estimated by Rai eta/. (2000) by using Hewlett Packard Model 5890 A 

Series-11 gas chromatograph equipped with 6~i electron capture detector. 
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2.4.3.2 Organophosphates 

Lichtenstein and Schulz ( 1964) used gas chromatograph equipped with 

tritium electron affinity ionization detector and stainless steel column (1.22 m x 

3.00 mm i.d.) packed with 5% DO\V-11 silicone grease on chromosorb-W, 60-80 

mesh for the detection of residues of parathion and methyl par~thion. Chapman 

and Harris ( 1980) and Chapman et a!. ( 1982a, b) analysed residues of terbufos, 

terbufos sulfone and phorate on gas chromatograph fitted with rubidium sulphate 

alkali detctor and glass column measuring 1.80 m x 2 mm i.d. packed with 5% 

OV-1 (for terbufos and its metabolites) and 5% DC-200 (for phorate) on 

Carbowax-20M, 100-120 mesh. Talekar et al. (1983) estimated triazophos 

residues by using gas chromatograph equipped with a Melpar flame photometric 

detector (phosphorus made by 526 m) interference filter. Barcelo et a/. ( 1991) 

used mass spectrometric and gas chromatograph fitted with nitrogen-phosphorus 

detector for estimation of organophosphate residues. Various research workers 

have used gas chromatograph with nitrogen phosphorus and flame photometric 

detector for various organophosphate insecticides including triazophos (Malto et 

a/., 1991: Katagi eta/., 1993; Mohapatra eta/., 1994). Gajbhiye eta/. (1995) 

estimated residues of various organophosphate insecticides using gas 

chromatograph equipped with megabore column HP-1 (10m x 0.53 mm x 2.63 

J.Im) and flame ionization detector (phosphorus made). Wylie and Uchiyama 

( 1996) used gas chromatograph equipped with nitrogen phosphorus and mass 
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selective detector with pulsed splitless injection system for the analysis of 

organophosphate insecticides. 

2.4.4 High performance liquid chromatography (HPLC) 

2.4.4.1 Herbicides 

Clay et al. (1988) used Hewlett Packard 1090 HPLC equipped with ODS­

Hypersil column with methanol/water (60:40. v/v) as mobile phase for atrazine 

residues and acetonitrile-water (40:60, v/v) as mobile phase for cyanazine 

residues estimation. Gamerdinger eta/. (1991) estimated three-triazine herbicides 

residues by using Hewlett Packard 1090A HPLC equipped with a diode array 

model ofUV detector with mobile phase [methanol-water (55:45,v/v) buffered to 

pH of6.8] for atrazine and cyanazine, (45:55. v/v) for simazine Ma et al. (1993) 

detennined atrazine residue by using methanol-water l/0:30. V/\·) as a mobile 

phase. Acifluorfen residues were estimated by using varian 5020 instrument 

equipped with a UV-Visible detector with water acidified to pH 3 plus 

acetonitrile as mobile phase (30:70, v/v) (Gennari et a/ .. 1994 ). Ukrainczyk and 

Ajwa (1996) used a variable wavelength detector with acetonitrile-O.IM acetic 

acid (70:30, v/v) as mobile phase for primisulfuron residues estimation. 

Nicosulfuron residues were estimated by using acetonitrile with 0.1° o (vtv} 

phosphoric acid (A) and water with 0.1% ('· ,.) phosphoric acid (B) as a mobik 

phase (Ganzalez and Ukrainczyk, 1996). Pusino eta/. (1997) used a water 501 

liquid chromatograph equipped with a multiwa,·eJength waters 490 
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programmable detector with [acetonitrile + water + methanol (25:70:5 by 

volume, pH 3 )] as mobile phase for imazapyr residues estimation. 

Atrazine and MCP A residues were also estimated by using diode array 

detector with acetonitrile-water (60:40, v/v) and acetonitrile-water (0.02% 

H3P04) as mobile phases, respectively (Socias-Viciana et al., 1999). Harberhaver 

et al. (2000) estimated phenoxyalkanoic herbicides by using UV detector with 

methanol-water mixture (ratio 65:35) with 0.5% acetic acid (isocralic elution) as 

mobile phase. 

2.4.1.2 Organophosphates 

Skelly et a/. (1981) used a method utilizing Zorbex® ODS column with 

acetonitrile-water-acetic acid (82: 17.5:0.5, v/v) as mobile phase and UV detector 

for the estimation of chlorpyrifos residues. Dickinson et a/. ( 1988) used HPLC 

method for the determination of temephos residue in water. The method was 

found to be reliable for measuring concentration of 0.005-5.00 ppm. The 

detection limit was 1 ng at 254 run. Rodriguez et a/. ( 1991) estimated the 

residues of acephate from aqueous extracts of agriculture soils by using a C18 

reverse phase column, a mobile phase of 5% (v/v) methanol-water and UV 

detection at 215 nm. Racke et al. (1996) estimated chlorpyrifos residues from 37 

different soils by using Jl Bandapak C18 column (10 em x 0.8 em) "ith 100% 

solvent A [water : acetonitrile : glacial acetic acid (90:10:0.5, v/v)] to 100% 

solvent B [acetonitrile: water: glacial acetic acid (90:10:0.5. v/v)]. 
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2.4.5 ELISA Technique 

To screen water samples coJJected from the Cameron Highlands, Malaysia 

for the estimation of fenitrothion and chlorpyrifos residues, Nazni et a/. ( 1995 J 

used an ELISA technique (Envirogard Kits). Oubina et a/. (1996) used a 

magnetic particle based ELISA technique for the determination of chlorpyrifos 

ethyl from soil samples and reported that substantial saving time was achieved 

when compared to conventional methods which require a clean up step prior to 

chromatographic determination. 

2.5 Adsorption-desorption behaviour 

2.5.1 Herbicides 

2.5.1.1 Metribuzin 

Several batch-type laboratory studies have been reported high and strong 

adsorption of herbicides on soil organic matter using variety of soils. I elbert et 

a/. (1974) reported that among 21 out of 27 soil properties, including total C. 

CEC and coarse clay content, there was a high correlation between I 50 ( 50° o 

inhibition of fresh weight of cucumber biassay) and metribuzin adsorption for a 

number of soils. Sharon (1974) observed that the distribution co-efficient 

(Kd=0.562 to 31.667) for the adsorption of metribuzin on eight Ontario soils 

were significantly correlated with the soil organic matter content and almost all 

the adsorbed metribuzin was desorbed from mineral soils after six aqueous 

extractions; however, substantial amount of metribuzin remained adsorbed on the 

muck soils after 10 aqueous extractions. Soil organic matter and clay contents 
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were correlated significantly with K values (0.25 to 2.2) as observed from the 

adsorption studies of 14C-metribuzin on 16 soils of lower alluvial flood plain of 

Mississippi river (Savage, 1974). 

The distribution coefficient for the adsorption of metribuzin on eight 

Ontario soils varied from 0.56 for the least adsorptive Fox sandy loam soil to 

31.67 for the most highly adsorptive Learning much soil and most of the 

adsorbed metribuzin was desorbed from mineral soils after 6 aqueous 

extractions; however, substantial amounts of metribuzin remained adsorbed on 

the muck soils after 10 aqueous extractions (Sharom and Stephenson, 1976). 

Savage (1976) reported that metribuzin adsorption was significantly associated 

with clay content organic matter and water content. The adsorption of 14C­

metribuzin on soils increased gradually as soil pH decreased towards the pKa 

values of metribuzin for a number of soils (Ladlie eta/., 1976). 

Metribuzin adsorption on various soil types was reported to be influenced 

more by organic matter content than by clay (Pestemer and Mass. 1977). Filep et 

a!. ( 1979) reported the degree of adsorption of metribuzin on three soils viz. 

chernozem, alluvial meadow and brown forest with clay illuviation soils, was 

influenced mainly by the quantity of the organic and mineral colloids because 

there was no great differences between the colloid content and pH values of the 

investigated soils. 

The adsorption of four triazines herbicides including metribuzin on 

various soils of China were found to be decreased with increasing soil pH 
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(Chang, 1980). The metrabuzin adsorption on Dundee silty clay loam surface and 

subsurface soils was correlated more to clay content of the soils. The 

combination of two variables most related to adsorption was clay and pH and 

metribuzin was easily desorbed in all the soils with <5% of the originally applied 

metribuzin remaining after three desorption treatment (Harper. 1988). Peek and 

Appleby ( 1989) reported that the adsorption of metribuzin and ethyl metribuzin 

on sandy loam soil decreased as pH increased. Organic matter was shown to 

influence the adsorption of four herbicides including metribuzin on various soils 

of Prauge (Kozak and Lopuchin, 1989). Garcia-Valcarcel eta/. (1997) reported 

that there was no correlation between metribuzin adsorption with organic matter 

content for eight Spanish soils. 

2.5.1.2 Trifluralin 

Jacques and Harvey ( 1979) reported that adsorption of trifluralin on 10 

Wisconsin soils (mean ~<oc= 810) increased with increasing soil organic matter 

content. Neither pH nor clay content made any significant correlation with the 

adsorption of trifluralin on five soils viz. Melfort loam. \Veybum oxbow sandy 

loam, Regina clay, Indian head sandy loam and Asquith loamy sand whereas 

adsorption of trifluralin on these soils increased with increasing soil organic 

matter (GrO\·er et a/., 1979). Similar correlation for adsorption of trifluralin with 

soil organic matter was reported by Moyer ( 1979) for 11 North Carolina soils 

(~ = 10,945). This trend was also reflected in the loss of phytotoxicity. 

Ph~totoxicity of trifluralin was less in higher organic matter content soils than in 



23 

lower organic matter content of soils (Grover eta/., 1979). Kenaga (1980) and 

Briggs (1981) used mean Koc values of 13.700 for trifluralin in soils for 

calculation of its bioaccumuJation factor. McCall et a/. (1980) and Rao et al. 

( 1985) used mean Koc Yalues of trifluralin in soils for mobility classification and 

modeling. respectively. The increase in adsorption of trifluralin with organic 

matter was reponed by Peter and Weber (1985) for nine Nonh Carolina soils 

(mean Koc = 4.5631. and by Saunders and Powers ( 1988) for four soils (mean K.,.: 

= 9,543) obtained from ,·arious locations ofU.S. 

Saunders and Powers ( 1988) reported that the mean slopes of initial 

isothenns of adsorption were linear with 1/n values equal to or near 1.0. The 

desorption isotherms, however, were non linear with means of slopes ranging 

from 0.3 to 0.6 depending on the soil type. These data indicate strong resistance 

to desorption or possibly hysteresis. Jolly et al. (1990) reported that organic 

matter has been sho"n to affect trifluralin persistence by increasing the 

adsorption of tritluralin to soil and thus decreasing its degradation. The .... ... 

adsorption of tritluralin was significantly affected by the content of organic 

matter in soils (Zheng and Wang, 1993). Moura Pries-N-de et a/. ( 1997) also 

reported that trifluralin adsorbed on clay soils. rich in organic matter than sandy 

loam soils. Trifluralin adsorption increases with the increase in soil organic 

matter content. The higher Koc values and low desorption from organic 

constitutents indicates that trifluralin is relatively immobile in soil (GraYer eta!.. 

1997). 
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2.5.1.3 Other herbicides 

Hirai and Kawamura (1975) reported that soil organic matter acted as an 

adsorbent for oxadiazinon adsorption on 29 type of paddy soils whereas 

Carringer era/. ( 1975) observed that the adsorption of l 0 herbicides viz. butralin. 

profluralin. norflurazon~ dicamba etc. on soil organic matter was inversely 

correlated (proportional to) with their water solubilities. Jacques (19i7) reported 

that the adsorption of six dinitroaniline herbicides on Wisconin soils was more 

closely related to soil organic matter than to other physical and chemical 

properties of soils. The adsorption of three dinitroaniline herbicides Yiz. 

dinitromine, fluchloralin and profluralin was directly proportional to organic 

matter content and the length of aniline side chain whereas desorption was 

inversely proportional to soil's organic matter content (Akins, 1977). Smit et al. 

( 1980) reported that adsorption of atrazine was found to be decreased with 

increase in pH for three soils of South-Africa. The adsorption of atrazine and 

simazine on three soils (red, black and alluvial) of Karnataka was depended 

mainly on the quantity and nature of organic fraction in the soils lRajanna and 

Devi, 1987). Seybold eta!. (1994) correlated the adsorption of atrazine on the 

five soil viz. Sparta, Plainfield, Tarr, Shawano and Rousseau soils with the 

organic carbon content (Kd = 0.025 to 4.680). The extent of hysteresis during 

adsorption and desorption of atrazine was a function of incubation time for a 

sharkey soil (Ma et at .• 1993 ). 
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Sonan and Schwab ( 1995) reported that atrazine and alachior adsorption 

on five soils viz. Kansas~ Pratt, Kahala, Smolan~ Eudora and Naron regions was 

not related to organic carbon or clay but there was a correlation between sand 

and silt (Koc = 50 to 2950 for atrazine and 37 to 457 for aiachlor) whereas 

Kumaran and Devi ( 1996) reported that adsorption of atrazine increased with 

organic matter addition in three soils and it was favoured by acidic pH in 

Vijayapura soil, whereas the type of clay and native organic matter, contributed 

more towards adsorption in Devanur soil. The adsorption and desorption of 

pendimethalin on six soils viz. Ferralsol, Regosal, Andosol, Fluvisol and 2 

Vertisol was correlated with the physico-chemical properties of herbicides (water 

solubilities and octanoVwater partition coefficient) (Zheng and Copper, 1996). 

They also reported that clay and sand (CEC) of soils play important role in the 

adsorption-desorption of the pendimethalin on soils. 

Jenks eta/. (1998) reported that atrazine adsorption was highly correlated 

with organic matter content and soil pH (Kr,oc = 169 to 3 71 ). Prakash and Devi 

(I 998) also reported that organic carbon content was the most influential 

parameter for pendimethalin adsorption on three soils Yiz. 1 clay and 2 sandy 

loam soils (Koc = 5842 to 6726) and addition of fann yard manure (FYM) 

increases pendimethalin adsorption by soils (Koc = 4548 to 6195) (Prakash and 

Devi, 1998). Socias-Viciana et a/. ( 1999) observed that adsorption of atrazine 

and MCP A on four soil types from Almeria region (South-Eastern Spain) 

increased with increase in organic matter (Mean Koc = 239.8 for atrazine and 
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70.41 kg-1 for MCPA). Raj et a/. (1999) also reported that the adsorption of 

pendimethaJin, fluchloralin and oxadiazinon on clayey and sandy loam soils was 

better correlated with organic matter content of the soils than clay content, as 

organic matter gave high Kx: values for both the soils. 

Sanchez-Camazano eta/. (2000) observed that adsorption oflinuron on 39 

soils was significantly correlated with organic matter content and with clay and 

silt contents for soils having organic matter less than 2 per cent. Rai et a/. (2000) 

reported that the adsorption of pendimethalin on six soils viz. Affsol, Aridisol, 

lnceptisol, Vertisol and Mollisol regions was correlated with the organic matter 

content of soils <Koc = 1926 to 504 I). They also reported that in the organic 

matter free soils, clay content played important role in the adsorption of 

pendimethalin which is further controlled by pH and types of cl_ay. 

2.5.2 Organophosphates 

Felsot and Dham (1979) correlated the adsorption of four 

organophosphate insecticides on five soils viz. clarion, Peat and Harsps regions 

were correlated with the organic matter content (mean Kom = 250-26-JS). They 

also reported that destruction of organic matter resulted decrease in adsorption. 

Kishk et a/. ( 1979) reported that adsorption of methyl parathion on three soils 

viz. El-Nanda, Tel El-Kobeer and Tahreer regions was correlated with the 

organic matter content in the soils. The adsorption of phosphomidon on four soils 

viz. alluvial, black and red soils was correlated not only with the organic matter 

but also with high exchangeable bases and high clay content of the soils (Misra 
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and Joshi, 1983). Baarschers et al. (1983} reported that fenitrothion adsorption 

increased or mobility decreased with increase in percentage organic matter in 

five soil of Canada (KFI5.5 to 354.8}. Reddy and Gambrell (1987} also reported 

that organic matter was the most important single factor affecting adsorption of 

methyl parathion. Valverde-Garcia et al. (1988) observed that adsorption of 

thiram and dimethoate on Andalucian soils seems to be conditioned by soil 

organic matter content, specific surface area and CEC of soils, respectively (Kr= 

1.06 to 13.73). The most important parameter in the adsorption ofmevinphos by 

soil was the clay content, adsorption being facilitated by the clay-organic matter 

complex (Sanchez-Camazano and Sanchez-Martin, 1990). Singh et a/. (1990) 

also reported that the organic matter content of the soils was the most important 

factor which detennined the rate of adsorption-desorption of methyl parathion 

and fenitrothion on four soils. Adhikari eta/. (1991) observed that correlation 

between adsorption and organic matter was positive and significant 

(K=5.00±0.37 to 44.60±3.40). They also reported that increase in temperature 

resulted decrease in adsorption of sumithion on four soils viz. Bardwan. 

Mohitnagar, Krishnagar and Kakdwip regions and negative value of enthalphy 

indicates physical nature of adsorption. Rao et a!. ( 1991) reported that the 

adsorption of triazophos on black soil was higher than red soil which may be 

possibly due to higher CEC, organic matter content, higher surface area and 

higher exchangeable Ca ++ content of black soil (Ko = 43.1 to 70.4, respectively) 

and adsorption of triazophos is minimum at neutral pH, possibly due to direct 
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association of the chemical with the cation over adsorbing surface, thus 

favouring the maximum adsorption. The amount of phosphomidon adsorbed on 

soils (loam and black silty clay loam) was lower in Tarai loam soil than black silt 

clay loam soil and was related to organic matter content, clay content, CaC03 

content, surface area and CEC of the soils. It was also found that phosphomidon 

adsorption was slightly better correlated with clay content than organic matter 

content (Kumari and Singh, 1994). Ali eta/. (1994) reported that adsorption of 

malathion on nvo sandy loam soils was dependent on temperature, pH, organic 

matter, exchangeable cations and clay contents of the soils. 

Mandai and Adhikari (1995, 1997) reported that adsorption of metacid, 

sevin, sumithion was largely controlled by organic matter content whereas in 

case of organic matter free soils (after treatment \\ith H20 2), clay minerals, 

Ah03, Fe20 3 and specific surface area accounts for major variation of the 

adsorption of these pesticides on five soils viz. Kakdwip, Bradhaman, Purulia, 

Mohitnagar and Krishnagar regions. Bolan and Baskaran ( 1997) reported that the 

adsorption of t.tC-phorate on soils of Egmont and Tokomaru reg10ns was 

correlated with the organic matter of the soils. 

2.6 Equilibrium studies 

2.6.1 Herbicides 

Wu et a/. ( 1975) observed that adsorption equilibrium for four pesticides 

on five soils viz. cobb sand, cobb sand + I% organic matter, cobb sand + 2% 

organic matter, silty clay loam and sandy loam was achieved within 8 h. The 
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adsorption equilibrium for metribuzin on eight agronomic and model soils 

approached before 105 min ( <70 day) by keeping the soil in contact with 

metribuzin solution (Lafleur. 1979). Winkel. (I 980) reported that adsorption 

equilibrium for atrazine and alachlor was approached in 12 h for silty clay loam 

soil and in 2~ h for loam soil by keeping the pesticide solution in contact with 

soils .. -\dsorption equilibrium for 14C-2,4,5-T on Palouse and Glendale regions 

soils was approached within 24 h and same time was found to be sufficient for 

desorption equilibrium (Koskinen et al., 1979). Gamerdinger et a/. (1991) 

reported that adsorption equilibrium for three 2-chloro s-triazine herbicides on 

soils of Voloisand and Rainbecks regions was approached in 48 h. Adsorption 

equilibrium of acifluorfen on five soils viz. Entisol, Inceptisol, Andosol regions 

was complete in 16 h and for desorption equilibrium 2 h was found to be 

suffi~ient (Gennari et a/., 1994). Sensi et al. (1997) reponed that adsorption 

equilibrium of imazethapyr on four soils of Trani and Andria regions was 

approached within 20 h by magnetic stirring. The adsorption equilibrium for 

imazethap~T on six soils (clay loam, loamy sand and sandy loam) was reached 

within 20 h (Pusino et a/., 1997 ). Jenks et a/. (1998) reponed that adsorption 

equilibrium of atrazine on Hastling silty clay loam soils of depth upto 30 em was 

approached in ~8 h while the adsorption equilibrium for soils of depth more than 

30 em was completed in 4 h. No significant change was found in pendimethalin 

adsorption on three soils (clay, sandy loam) after 6 h of shaking on wrist action 

shaker (Prakash and Devi, 1998). Bresnahan et al. (2000) observed that the 
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adsorption equilibrium for three pesticides was almost completed within I h of 

mechanical shaking. 

2.6.2 Organophosphates 

Leenheer and Ahlriches ( 1971) reported that adsorption equilibrium of 

parathion on three soils (Zensville silt loam, Rommey silty clay loam and 

Carlisle muck) was approached after 24 h of mechanical shaking. Adsorption 

equilibrium of parathion on three soils viz. Dark rendzina, Meron and Terra rossa 

reached within I h by keeping the soils in contact with pesticide solution. F elsot 

and Dahm ( 1979) reported that adsorption equilibrium for four organophosphates 

insecticides on five soils (Clarion, Peat, Sharpy fine sandy loam, Thurman loamy 

sand and Harps of Iowa) was approached within 2 h of mechanical shaking. The 

adsorption equilibrium of oxamyl and dimecron on three soils lred, black and 

alluvial) was approached within 27 h of shaking (Bansal, 1982). Adhikari et al. 

(1991) reported that 12 h was sufficient for attainment of sumithion adsorption 

equilibrium on five soils viz. Kakdwip, Mohitnagar. Krishnagar. Purulia and 

Burdwan regions. Adsorption equilibrium for four organophosphate insecticides 

(methyl parathion, methyl paraoxon, ethyl parathion. ethyl paraoxan) on eight 

soils (Mollie solonetz. Humic combisol and Pellic vertisols) was anained within 

1-J h by keeping the soils in contact with pesticide solution and intennittent 

stirring (Sanchez-Martin and Sanchez-Camazano, 1991 ). Rao et a/. (1991) 

reported that adsorption equilibrium of triazophos on black and red soils was 

attained by keeping the soils in contact with aqueous solution of triazophos for 
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1.5 h. The adsorption equilibrium for the adsorption of 14C-diazinon on 25 soils 

of Marismas and Solamanca regions was approached within 24 h ( Arienzo et al., 

1994 ). Mandai and Adhikari ( 1997) reported that the adsorption equilibrium of 

metacid and sumithion on five soils viz. Kakdwip! Mohitnagar, Puru1ia, 

Krishnagar and Burdwan regions was approached within 12 h of magnetic 

stirring. 



3. MATERIALS A.J."\1) l\fETHODS 

Testing of promising insecticides for the control of insect-pests of 

cultivated crops: vegetables: fruits, fodders etc. is the main research activity of 

Pesticide Residue Laboratory of the Department of. Entomology~ CCS Haryana 

Agricultural University, Hisar from point of view of their efficacy, residual 

toxicity and safety to the consumers. Iri present studies. adsorption equilibrium 

and adsorption-desorption behaviour of three pesticides \iz. metribuzin~ 

trifluralin and triazophos on two types of soils viz. sandy loam and clay loam 

have been studied from the point of view of determination of amounts of 

pesticide adsorbed on soil and thereafter its desorption from soil. This chapter 

provides infonnation regarding the materials used and techniques employed to 

achieve the objectives of the proposed studies. Experimental details have been 

provided under the following heads : 

3.1 Physico-chemical and toxicological characteristics of pesticides 

3.1.1 Metribuzin 

Common name Metribuzin 

Chemical name 4-amino-6-( 1 1-dimethvl ethvl)-3-
( methylthio )-i ~2.4-triaiin-5(~ H)-one 



Structure: 

Molecular weight 

Molecular formula 

Chemical family 

Trade name 

Physical state 

Melting point 

Vapour pressure 
(mPa at 20°C) 

Source of anah1ical grade " .... 

Formulation used 

Solubilit)· (g substance in 
I 000 ml solYent at 20°C) 

\\'ater 
Dimethyl formamide 
Acetone 
Dkhloromcthane 
Hexane 

Mode of action 

241.3 

Triazine 

Sen cor 

White crystal with weak characteristic 
odour 

0.058 

M/s Bayer (India) Ltd. 
New Delhi 

70% W.P. 

1.05 
1780 
820 
3-tO 
1 

Selective systemic herbicide. 
TranslocatiOn acropetallv 
in the xylem · 

Toxicity (acute-oral LD50) : 

Rats : 2000 mglko 
Mice : 700 mg/kg;::, 
Cats · : >500 mgfkg 

Ref. The Pesticide Manual (Tomlin, C.D.S., 1997) 
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3.1.2 Trifluralin 

Common name 

Chemical name 

Structure 

Molecular weight 

Molecular fonnula 

Chemical family 

Trade name 

Physical state 

Melting point 

Vapour pressure 
(mPA at 25°C) 

Source of anah 1ical grade . .... 

F onnulation used 

Solubility (g substance in 
1000 ml of solvent at 27°C) 

Water 
Acetone 
Hexane 

Mode of action 

Trifluralin 

a,a,a-trifluoro-2~6-dinitro-N.N­

dipropyl-p-toluidine 

N02 
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N(CH2CH2CH3)2 

355.5 

Dinitroaniline 

Treflan 

Yellow orange crystals 

48.5-49°C (technical >95%) 
42°C (Pure) 

13.7 

De-Nocil Crop Production Ltd., 
Mumbai 

48%EC 

0.001 
>1000 
50-67 

Acts by entering in the hypocotyl 
region and disturbing cell diYision, also 
inhibit root development 



Toxicitv (acute-oral LDsoJ .. 

Rats 
Mice 
Dogs 

>I 0,000 mglkg 
500 mg/kg 
>2000 mglkg 

Ref. The Pesticide Manual (Tomlin, C.D.S., 1997) 

3.1.3 Triazophos 

Common name 

Chemical name 

Structure 

Molecular weight ... 

Molecular formula 

Chemical family 

Trade name 

Physical state 

Melting point (°C) 

Vapour pressure 
(mPa at 55°C) 

Source of anal)1ical grade 

Formulation used 

Triazophos 

3-(0,0-Diethyl)-1-Phenyl thiophos 
phoryl 1 ,2,4-triazole 

313.3 

Organophosphate triazole 

Hostathion 

Pale-yellowish liquid 

2-5 

13 

Ml.s Hoechst Schering Agr Evo Ltd .. 
Gennany 

40%EC 
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Solubility (g substance in 
1000 ml of solvent at 20°C) : 

Water 
Acetone and ethyl acetate 
n-Hexane 

Mode of action 

Toxicity (acute-oral LD;o) 

Rats 
Dogs 

0.003-0.039 
>500 
11.1 

Cholinesterase inhibitor 

57-68 mg!kg 
>320 mg!kg 

Ref. The Pesticide Manual (Tomlin, C.D.S., 1997) 

3.2 Preparation of solutions 

3.2.1 Preparation of standard solutions 
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The standard solutions for the GLC assay were prepared from the 

analytical grade of metribuzin. trifluralin and triazophos. The details of solutions 

are given below : 

3.2.1.1 Preparation of standard solutions of metribuzin 

The standard solutions of metribuzin were prepared by using methanol as 

solvent. 

Stock solution ·A' (100 ppm) was prepared by dissolving precalculated 

(10 mg) amount of pure (99.9%) anal)1ical grade of metribuzin in 100 ml of 

methanol. 

Stock solution · B · was also prepared by using methanol as a solvent. Ten 

ml of • A' and 90 ml of methanol = 10 ppm ( 10 J.lg of of metribuzinlml of 

solution) . 
.. 
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Ten ml of 'B' + 90 ml of n-Hexane = I ppm (1 Jlg of metribuzinlml of 

solution) (stock solution 'C' ). 

Five· ml of ·c~ + 20 ml of n-Hexane = 0.2 ppm (200 ng of metribuzinlml 

of solution) (Stock solution • D ~ ). 

3.2.1.2 Preparation of standard solutions of trifluralin 

The standard solutions of trifluralin were prepared by using n-Hexane : 

acetane (9: 1) miAwre as solvent. 

Stock solution 'A' (100 ppm) was prepared by dissolving 10 mg of pure 

(99.9%) analytical grade of trifluralin in 100 ml of n-Hexane-acetone mixture 

(9:1, v/v) as solvent. 

Ten ml of 'A~ + 90 ml of n-hexane : acetone = 10 ppm (10 Jlg of 

trifluralin/ml of solution) (Stock solution 'B '). 

Ten ml of 'B' + 90 ml of n-Hexane = 1 ppm ( 1 Jlg of trifluralin/ml of 

solution) (Stock solution 'C'). 

Five ml of 'C' + 20 ml of n-hexane = 0.2 ppm (200 ng of trifluralinlml of 

solution) (Stock solution 'D'). 

3.2.1.3 Preparation of standard solutions of triazophos 

The standard solutions of triazophos were prepared by using acetone and 

ethyl acetate as solvent. 

Stock solution 'A' (I 00 ppm) was prepared by dissolYing the 

precalculated amount of anal)'1ical grade (purity 40.7%) of triazophos in I 00 ml 

of acetone. 
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Ten ml of ~A' + 90 ml of ethyl acetate = I 0 ppm ( 1 0 J..Lg of triazophos/ml 

of solution) (Stock solution ~a'). 

Ten ml of ~a' ~ 90 ml of ethyl acetate= I ppm (1 J..Lg oftriazophos/ml of 

solution) (Stock solution 'C' ). 

Five ml of 'C' + 20 ml of ethyl acetate = 0.2 ppm (200 ng of 

triazophos/ml of solution) (Stock solution 'D~). 

3.2.2 Preparation of calibration curve of pesticides 

1, 10. 20, 30, 40, 50 and 100 pg of standard metribuzin, trifluralin and 

triazophos were injected into the gas chromatograph operated under condition 

given under section 3.6. A calibration curve for each individual pesticide was 

obtained by plotting the amount of pesticide injected (pg) along X-axis and 

detector response (area) along Y-axis (Fig. 1 to3). 

3.2.3 Preparation of formulation solutions 

The fonnulation solutions of metribuzin, trifluralin and triazophos were 

prepared for adsorption equilibrium and adsorption-desorption studies of these 

pesticides on soils. 

3.2.3.1 Preparation of formulation solutions of metribuzin 

The metribuzin formulation solutions were prepared from 70% WP by 

using methanol as solvent. 

Metribuzin 70% WP i.e. 100 mg represent 70 mg a.i. of metribuzin. For 

stock solution 'A~ (700 ppm) 100 mg of 70% WP metribuzin was dissolved in 

I 00 ml (700 J.lg/ml of solution) of methanol. 



39 

14.3 ml of"A'- 85.7 ml ofmethanol = 100 ppm (100 J.Lg/ml of solution) 

(Stock solution 'B~). 

Ten ml of ·B' - 90 ml of methanol =:: 10 ppm (10 J.Lg/ml of solution) 

(Stock solution ·c· ). 

Ten ml of ·c' - 90 ml of n-Hexane = 1 ppm (1 J.Lg/ml of solution) (Stock 

solution ·D' ). 

3.2.3.2 Preparation of formulation solutions of trifluralin 

The fonnulation solutions of trifluralin were prepared from 48% EC by 

using Hexane: acetone (80: 20, v/v) as a solvent. 

Trifluralin 48% EC i.e. 1 ml (1 g) represent 0.48 g or 480 mg a.i. of 

trifluralin. Stock solution 'A' (4800 ppm) was prepared by dissolving I ml of 

48% EC trifluralin in 100 ml of hexane: acetone (80:20, v/v) solution. 

1.04 ml of ·A~ 98.86 ml of n-hexane = 50 ppm (50 11g ml of solution) 

(Stock solution 'B'). 

Five ml of· B' ~ 20 ml of acetone = 10 ppm ( 10 Jlg/ml of solution) {Stock 

solution ·c~). 

Ten ml of ·c' + 90 ml of n-Hexane = I ppm (I J.Lg/ml of solution) (Stock 

solution 'D'). 

3.2.3.3 Preparation of formulation solutions of triazophos 

The fonnulation solutions of triazophos were prepared from .JO% EC 

triazophos by using acetone: n-hexane (50:50, v/v) as solvent. 
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Triazophos 40% EC i.e. 1 ml (1 g) represent 0.4 g or 400 mg a.i. of 

triazophos. 

Stock solution ·A' ( 4000 ppm) of triazophos was prepared by dissolving I 

ml (1 g) of 40% EC triazophos in 100 ml of hexane: acetone (50:50, v/v). 

2.5 ml of "A~ + 97.5 ml of ethyl acetate = 100 ppm (100 Jlg/ml of 

solution) (Stock solution 'B '). 

Ten ml of 'B' + 90 ml of acetone= 10 ppm (10 Jlg/ml of solution) (Stock 

solution 'C'). 

Ten ml of 'C' + 90 ml of ethyl acetate = 1 ppm (1 Jlg/ml of solution) 

(Solution solution 'D'). 

3.2.3.4 Active ingredient checking of metribuzin, trifluralin and triazophos 
formulations 

The active ingredient of formulation of each pesticide (Sencor 70% \VP. 

Treflan 48% EC and Hostathion 40% EC) was checked by injecting the stock 

solution 'D' of the formulation in Gas Chromatograph and the data obtained was 

compared by injecting stock solution 'D' of the standard in Gas Chromatograph. 

3.2.4 Preparation of calcium chloride solution 

Preparation of O.IM calcium chloride solution 

11.1 g of anhydrous calcium chloride was dissolved in one litre distilled 

water. 

For preparing O.OlM CaCh solution, 100 ml of O.IM CaC12 solution was 

diluted (with distilled water) to 1000 mi. 



3.3 Reagents 

• Metribuzin analytical grade 

• Trifluralin analytical grade 

• T riazophos analytical grade 

• Acetone (AR) 

• Hexane (AR) 

• Dichloromethane (AR) 

• Ethyl acetate (AR) 

• Methanol (AR) 

• Sodium chloride 

• Anhydrous sodium sulphate (AR) 

• Mineral oil (paraffin) 

• Calcium chloride 

Equipments 

• Digital analytical balance 

• Centrifuge (Remi R-22) 

• Centrifuge tubes 

• Rotary vacuum flash evaporator 

• Glass manifold air evaporator 

• Gas liquid chromatograph (Hewlett Packard Model-5890A) 

Others 

• Cotton 

• Filter papers 

41 
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3.4 Recovery experiments 

In order to test the efficiency and accuracy of the analytical methods of 

residues estimations of metribuzin, trifluralin and triazophos, recovery 

experiments were conducted by fortifying the O.OlM CaC12 solution (at 0.25 and 

0.5 ppm fortification le,·els) with standard solutions of metribuzin. trifluralin and 

triazophos. In 500 ml beaker, 100 ml ofO.Ol M CaCh solution sample was taken. 

The calcium chloride solution was spiked with metribuzin at 0.25 and 0.5 ppm 

levels by adding 25 and 50 Jlg of metribuzin from standard solution. The samples 

were replicated thrice and one control was taken with no pesticide in it. The 

spiked samples were kept for four hours and processed as per details given under 

section 3.5. 

For conducting the recovery experiments of trifluralin and triazophos. 

each set ofO.OIM calcium chloride solution was spiked (0.25 and 0.5 ppm level) 

with standard solutions of trifluralin and triazophos separately, as stated above 

and processed as per details given under section 3.5. 

3.5 Processing of samples 

3.5.1 Extraction and clean-up 

The extraction and clean up of metribuzin. trifluralin and triazophos from 

0.01 M calcium chloride solution containing these pesticides was done as given 

below: 
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3.5.1.1 Metribuzin 

I. 100 m1 ofO.OIM calcium chloride solution containing metribuzin was 

taken in 500 ml separatory funnel and 2 g sodium chloride was added. 

2. Calcium chloride solution was partitioned with dichloromethane : 

ethylacetate (9:1, v/v) mixture thrice (40,25)0ml) and the 

dichloromethane : ethyl acetate layer was collected through anhydrous 

calcium chloride. Rinsin2 was done with I 0 ml dichloromethane : ... 

ethyl acetate mixture. 

3. The dichloromethane : ethyl acetate extract was concentrated to near 

dryness on rotary vacuum flash evaporator by putting one drop of 

mineral oil followed by manifold evaporator and the process was 

repeated three times after rinsing with hexane to eliminate the traces of 

dichloromethane. 

4. The final volume (2 ml) was made in n-hexane for GLC injection. 

3.5.1.2 Trifluralin 

1. 100 ml of 0.01 M calcium chloride solution containino trifluralin was 
~ 

taken in 500 ml separatory funnel and 1.6 ml of cone. HCI was added. 

2. Calcium chloride solution was partitioned with hexane thrice (30, 20, 

20 ml) and the hexane layer was collected through anhydrous sodium 

sulphate. Rinsing was done with 10 ml hexane. 
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3. The hexane extract was concentrated to near dryness on rotary flash 

evaporator by putting one drop of mineral oil followed by manifold 

evaporator. 

4. The fmal volume (2 ml) was made in n-hexane for GLC injection. 

3.5.1.3 Triazophos 

I. 100 ml of O.OIM calcium chloride solution containing triazophos was 

taken in 500 ml separatory funnel and 2 g of sodium chloride was 

added. 

2. Calcium chloride solution was partitioned with hexane thrice (30, 20. 

20 ml) and hexane layer was collected through anhydrous sodium 

sulphate. Rinsing was done with 10 ml hexane. 

3. The hexane eJ\.1raCt was concentrated to near dryness on rotary flash 

evaporator by putting one drop of mineral oil followed by manifold 

evaporator. 

4. The final volume (2 ml) was made in ethyl acetate for GLC injection. 

3.5.2 Calculations of recovery experiment 

Per cent recovery was calculated as : 

Amount of 
standard x 
injected (pg) 

Amount recovered (Jlg) = Area of standard 
injected 

Area of Final 
sample x volume of 
injected sample (ml) 
x Volume of sample 

injected (t.d) 

Amount recovered (Jlg) 
Per cent recovery = X 100 

Amountadded(J.lg) 
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3.6 GLC parameters 

3.6.1 Metribuzin 

i) Model Hewlett Packard Model-5890 A 

ii) Detector Electron Capture 

iii) Column SPB-5 Fused Silica Capillary Column 

30m x 0.32 nun i.d. with 0.25 Jlm film thickness of 

poly (5% diphenyl-95% dimethyl) siloxane 

iv) Temperature ec) 

Oven . 
. . 215 

Injection port: 250 

Detector 300 

v) Gas flow (mllmin) 

Nitrogen 

Through column 2 

Through vent ... 18 

Makeup 65 

vi) Attenuation 6 

vii) Range Zero 

viii) Capillary split ratio: 1:10 

Ref. Smith and Hayden (1982) 
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3.6.2 Trifluralin 

i) Model Hewlett Packard Model-5890 A 

ii) Detector Electron Capture 

iii) Column SPB-5 

Fused Silica Capillary Column 30 m x 0.32 

mm i.d.-with 0.25 11m film thickness of poly 

(5% diphenyl-95% dimethyl) Siloxane 

iv) Temperature ec) 

Oven 180 

Injection port 250 

Detector 250 

v) Gas flows (mVmin) 

Nitrogen 

Through Column 2 

Through vent 18 

Make up 65 

vi) Attenuation 6 

vii) Range Zero 

viii) Capillary split ratio 1:10 

Ref. Anonymous ( 1998) 

3.6.3 Triazophos 

i) Model Hewlett Packard Model-5890 A 
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ii) Detector Nitrogen Phosphorus 

iii) Column HP-1, Fused Silica Column, 10 m x 0.53 mm 

i.d. x 2.65 J.lffi film thickness of methyl silicon 

gum 

iv) Temperature (°C) 

Oven 205 

Injection port 225 

Detector 250 

v) Gas flow (ml min"1) 

Nitrogen 23.0±1.0 

Hydrogen 2.80±0.10 

Zero Air 110.0±10.0 

vi) Attenuation 5 

vii) Range 2 

Ref. Singh et al. (1996) 

3. 7 Equilibrium studies of adsorption of metribuzin, trifluralin and 
triazophos on sandy loam and clay loam soils 

The studies were conducted under laboratory conditions and the details of 

experiments are as follows : 

3.7.1 Procurement of soils 

Sandy loam soil was collected from Research Fann of CCS Haryana 

Agricultural University, Hisar and clay loam soil was collected from Regional 

Research Station, CCS Haryana Agricultural University, Kaul. 
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3. 7.2 Preparation of soils 

The soils were dried, crushed and sieved through 2 mm sie\·e before use to 

remove the plant debris and other extraneous particles. 

3. 7.3 Physico-chemical characteristics of soils 

The sandy loam and clay loam soils of experiment were got analysed from 

the Soil Testing Laboratory, Department of Soil Sciences. CCS Hruyana 

Amcultural Universitv, Hisar. Soil characteristics are given in Table 1. 
~ -

Table 1. Phvsico-chemical characteristics of the soils . 
Soil property Sandy loam soil Clay loam soil 
Sand(%) 73.9 29.8 
Silt(%) 9.0 25.2 
Clay(%<) 16.0 45.0 
Texture Loam Loam 

_pH 7.70 7.20 
EC (dSm"') 0.56 0.32 
o.c. (%) 0.65 0.78 
P20s (kg ha"') 30 53 
K20 (kg ha"') 427 30i 

3. 7.4 Adsorption equilibrium studies 

These studies were conducted to detennine the time required to establish 

adsorption equilibrium of metribuzin, trifluralin and triazophos llfi two types of 

soils ,iz. sandy loam and clay loam soils. The details of experiment are as under: 

1. Adsorption equilibrium of metribuzin was achieved by taking 20 g (air 

dried) of each soil in eight conical flasks of 250 mi. 

2. 100 ml ofO.OIM CaCh solution was added in each tlask. 
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3. 25 !lg of metribuzin from stock solution ;C' of formulation was added 

in each flask. 

4. Two blanks (with no soil) in 250 ml conical flasks containing 100 ml 

of 0.0 L\f CaCI2 solution alongwith 25 )lg of metribuzin were also 

taken. 

5. All the I 0 flasks were shaken on a mechanical shaker. 

6. After 1 h of mechanical shaking, two flasks were taken out and soil 

mixture was centrifuged at 3500 rpm for 10 min. Similarly every 

sample (in duplicate) was shaken for 2, 3 and 4 h and soil mix1llre was 

centrifuged at 3500 rpm for 10 min. The blanks were also shaken 

for4 h. 

7. The volume of each supernatant was noted. 

8. Supernatant and blank samples (with no soil) were partitioned with 

dichloromethane : ethyl acetate (9: 1. y/y) mixture as per details giYen 

earlier under section 3.5. 

For adsorption equilibrium oftrifluralin and triazophos 25 Jlg oftrifluralin 

and triazophos (from stock solution 'C" of fonnulation), respecth·ely was 

added as per the above Sr. No. 3. The respective blanks as per the above Sr. 

No. 4 were also taken. The supernatant and blank samples (with no soil) were 

partitioned with hexane as per details given earlier under section 3.5. 
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3.8 Adsorption and desorption studies of metribuzin, trifluralin and triazophos 
on sandy loam and clay loam soils 

For conducting the adsorption and desorption studies of pesticides (i.e. 

metribuzin, trifluralin and triazophos) on two soils viz. sandy loam and clay 

loam, the soil-pesticide contact was established by using batch method (Raj et 

a!., 1999) as under : 

3.8.1 Adsorption studies 

I. Adsorption behaviour of metribuzin was studied by taking 20 g (air 

dried) of each soil in eight conical flasks of 250 mi. 

2. 100 ml ofO.OlM calcium chloride was added in each flask. 

3. 10, 20, 30 and 40 Jlg of metribuzin from stock solution 'C' of 

formulation was added in every sample (in duplicate). 

4. Two blanks (with no soil) in 250 ml conical flasks containing 100 ml 

of 0.01 M CaCh solution alongwith 25 J.~g of metribuzin were also 

taken. 

5. All the 10 flasks were shaken on a mechanical shaker for 3 h (as per 

6. 

7. 

8. 

the equilibrium studies) for adsorption ofmetribuzin on soil. 

After required shaking, each soil mixture was centrifuged at 3500 rpm 

for 10 min. 

The volume of each supernatant was noted. 

Supernatant and blank samples (with no soil) were partitioned with 

dichloromethane : ethyl acetate (9: 1, v/v) mixture as per details given 

earlier under section 3.5. 
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For adsorption studies oftrifluralin and triazophos 10, 20, 30 and 40 p.g of 

trifluralin and triazophos from stock solution 'C' of formulation. respectively 

was added in each set as per the above Sr. N~. 3. The respective blanks as per 

the above Sr. No.4 were also taken. The supernatant and blank samples were 

partitioned with hexane as per details given earlier under section 3.5. 

3.8.2 Desorption studies 

After careful decantation of the supernatant, as described under the section 

3.8.1, the soil left in the centrifuge tube was used for desorption studies. The soil 

from each centrifuge tubes was taken in 250 ml conical flasks and I 00 ml of 

O.OIM calcium chloride solution was added. The mixture was shaken for 3 h on a 

mechanical shaker, followed by centrifugation at 3500 rpm for 10 minutes. The 

supernatant was decanted and 50 ml of supernatant was partitioned with 

dichloromethane : ethyl acetate (9:1, v/v) mixture for meterbuzin and with 

hexane for trifluralin and triazophos as per the details given earlier under 

section 3. 5. 

3.9 Calculations 

3.9.1 Calculations for the determination of residues in the supernatant (i.e. 
O.OIM CaCh solution) 

Residues in the supernatant after adsorption equilibrium studies (Section 

3.7) and after adsorption-desorption studies (Section 3.8) were calculated 

as under: 
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Residues Amount of Area of Final 100 
of standard X sample X volume X 

pesticides injected (pg) injected (ml) 
(J.Lg/ml) -
m Area of Volume X ·1 000 x volume x Per cent 
supernatant standard X of sample of sample mean 

injected injected (mJ) recovery 
(J.Ll) 

3.9.2 Calculations of Ce· and x/m (Ads) and x/m (Des) 

i) Residues data obtained in J.Lg mr1 from supernatant i.e. 0.0 1M CaCh 

solution is called Ce (equilibrium concentration of pesticides i, e. 

metribuzin/trifluralin/triazophos per ml of solution). 

ii) For calculation of residues of pesticides 

(metribuzin/trifluralin/triazophos) in soil after adsorption, Ce was 

multiplied by 100 for calculating the residues in 100 ml of 0.01M 

CaCh solution. This gives the amount of residues remains in 100 ml of 

0.0 1M CaClz solution. 

This amount is substracted from initially added pesticides 

(metribuzin/trifluralin/triazophos) i.e. 10, 20, 30 or 40 J.Lg. It gives the 

amount of residues of pesticides (metribuzin/trifluralin/triazophos) 

remains in soil i.e. adsorbed by 20 g soil. 

iii) The data obtained at (ii) above was divided by weight of soil (20 g). 

This amount is called x/m (Ads) (concentration of pesticides i, e. 

metribuzin/trifluralin/triazophos per g of soil). 

iv) For calculation of residues of pesticides 

( metribuzin/trifluralin/triazophos) m soils after desorption, 
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substracted the residues obtained in 1 00 ml of supernatant after 

desorption of pesticides (metribuzin/trifluralin/triazophos) from 

pesticides adsorbed by soil. It will give the amount of pesticides still 

remained in 20 g of soil after desorption. This amount is divided by 

weight of soil (i.e. 20 g) for calculation of xlm (Des) (concentration 

of pesticides (metribuzin/trifluralin/triazophos) per g of soil after 

desorption). 

3.9.3 Calculation of Kd (distribution co-efficient), Koc (distribution co­
efficient normalized to organic carbon of soils) and Kc (distribution 
co-efficient normalized to clay content of soils) 

The distribution coefficient Kd for each soil was calculated from 

adsorption-desorption data using the following equation: 

:E(x/m.Ce) 

Kd 

Where, 

2: indicates the summation of the values [(Cef and (x/m.Ce)] 

It is evident from literature that among different soil constitutents, organic 

matter and clay play a major role in the adsorption and desorption of organic 

chemicals. Therefore, distribution co-efficients (Kd) were also expressed in 

terms of the soil organic carbon and clay contents using the following equations : 

(Kd X 100) 

% organic carbon 
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Kd X 100 
Kc = 

%clay 

Where, Koc and Kc are the distribution co-efficients based on soil organic carbon 

and clay contents, respectively. 

3.9.4 Calculations of Freundlich's constants 

Freundlich constants for the pesticides (metribuzin, trifluralin and 

triazophos) were calculated by using Freundlich equation given below: 

Where, 

x/m K C lin 
f e 

Taking log on both sides 

log x/m = log Kr + lin log Ce 

xfm, is the concentration of adsorbate (pesticide) per unit adsorbent i.e. 

Ce, is the aqueous phase concentration of pesticide in J..lg mr1• 

Kr and lin are freundlich constants. 

Kr is the measure of strength of adsorption and desorption whereas 1/n 

indicates the degree of linearity between solution equilibrium concentration and 

adsorption/desorption. The constant Kr and lin were detennined from intercept 

and slope, respectively of linear regression equations. 



4. RESULTS 

The results obtained from the present investigations have been presented 

under the following headings : 

4.1 Standardization of analytical techniques for estimation of metribuzin, 

trifluralin and triazophos residues 

4.2 Recovery tests for metribuzin, trifluralin and triazophos in O.OlM calcium 

chloride solution 

4.3 Equilibrium studies for the adsorption of metribuzin, trifluralin and 

triazophos on sandy loam and clay loam soils 

4.4 Adsorption and desorption studies of metribuzin on sandy loam and clay 

loam soils 

4.5 Adsorption and desorption studies of trifluralin on sandy loam and clay 

loam soils 

4.6 Adsorption and desorption studies of triazophos on sandy loam and clay 

loam soils 
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4.1 Standardization of analytical techniques for estimation of metribuzin, 
trifluralin and triazophos residues 

The analytical techniques recommended for estimation of microquantities 

of metribuzin, trifluralin and triazophos were standardized under laboratory 

conditions before adoption for residues estimation. Details about the techniques-

employed for residues estimation in O.OIM calcium chloride solution have been 

discussed earlier under Section 3.5 of 'Material and Methods'. The experimental 

data obtained for the perfection of techniques are given here as under : 

4.1.1 Preparation of calibration curves 

4.1.1.1 Metribuzin 

Per cent fuH scale deflection recorded against different known amounts of 

metribuzin are given in Table 2 and standard calibration curve is given in Fig. I. 

Linear relationship between concentration and area was observed for I to 100 pg. 

Retention time (Rt) obtained for metribuzin was 3.11 min as shown in Fig. 2. 

4.1.1.2 Trifluralin 

Per cent full scale deflection recorded against different known amounts of 

trifluralin are given in Table 3 and standard calibration curve is given in Fig. 3. 

Linear relationship between concentration and area was observed for 1 to I 00 pg. 

Retention time (Rt) observed for trifluralin was 3.06 min as shown in Fig. 4. 

4.1.1.3 Triazophos 

Per cent full scale deflection recorded against different known amounts of 

triazophos are given in Table 4 and standard calibration curve is given in Fig. 5. 
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Linear relationship between concentration and area was obtained for 10 to 100 

pg. Retention time (R1) observed for triazophos was 4.26 min as shown in Fig. 6. 

4.2 Recovery test for metribuzin, trifluralin and triazophos in O.OIM 
calcium chloride solution system 

Untreated samples of O.OIM calcium chloride solution were fortified with 

metribuzin, trifluralin and triazophos separately. The fortification levels of each 

pesticide were 0.25 and 0.50 ppm. The fortified samples were extracted, cleaned 

and analysed as per details given in 'Materials and Methods'. The recovery data 

obtained is presented in Table 5-7. 

4.2.1 Recovery tests for metribuzin in O.OlM calcium chloride solution 
system 

Recoveries (Table 5) of metribuzin varied from 76.08 to 86.46 per cent 

(Av. 81.55±4.26) at 0.25 ppm level and 87.44 to 89.02 per cent (Av. 88.37±0.68) 

at 0.50 ppm level. The overall recovery was calculated to be 84.96±3.41 per cent. 

A correction factor of 1.18 (100/84.96=1.18) was used during calculation of 

metribuzin residues. 

4.2.2 Recovery tests for trifluralin in O.OIM calcium chloride solution 
system 

Recoveries (Table 6) of trifluralin varied from 75.44 to 89.08 per cent 

(Av. 82.11±5.57) at 0.25 ppm level and 86.64 to 88.62 per cent (Av. 87.49±1.02) 

at 0.50 ppm level. The overall recovery was calculated to be 84.80±2.20 per cent. 

A correction factor of 1.18 (100/84.80=1.18) was used during calculation of 

trifluralin residues. 
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4.2.3 Recovery tests for triazophos in O.OIM calcium chloride solution 
system 

Recoveries (Table 7) of triazophos varied from 91.52 to 105.36 per cent 

(Av. 99.01±5.71) at 0.25 ppm level and 93.96 to 112.04 per cent (Av. 

102.08±7.50) at 0.50 ppm level. The overall recovery was calculated to be 

100.55±1.54 per cent. Since the recoveries were 100 per cent, therefore, no 

correction factor was used for calculation oftriazophos residues. 

4.3 Equilibrium studies for the adsorption of metribuzin, trifluralin and 
triazophos on sandy loam and clay loam soils 

The equilibrium studies for adsOJ:ption of metribuzin, trifluralin and 

triazophos on soils viz. sandy loam and clay loam were conducted by following 

the batch method. The results ofthese studies are presented in Tables 8 to 13. 

4.3.1 Equilibrium studies ofmetribuzin ' . \. '~~-:' ~;.. 
'. . 

. . ( ,·\.. ·,. ;:J> 
4.3.1.1 Sandy loam soil ·. i \ ~-~-~CH· ) C 

~. \.. ). 

The initial concentration level of metribuzin (0.25 Jlg/ml"1) in 0.0 IM 

calcium chloride solution reached to 0.151, 0.148, 0.141 and 0.140 J..l& mr1 

(Table 8) after 1, 2, 3 and 4 h of mechanical shaking with sandy loam soil (20 g). 

Thus, the amount of metribuzin adsorbed on soil reached to 0.495, 0.510, 0.545 

and 0.548 J.lg g·• after 1, 2, 3 and 4 h of sandy loam soil-metribuzin contact, 

respectively. The per cent adsorption of metribuzin on soil was 39.64, 40.77, 

43.64 and 43.82, respectively. During this period, the distribution coefficient 

(Kd) was calculated to be3.28 (1 h), 3.45 (2 h), 3.87 (3 h) and 3.91 (4 h). 
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4.3.1.2 Clay loam soil 

The initial concentration of metribuzin {0.25 J.Lg mr1
) in 0.01M calcium 

chloride solution reached to 0.167, 0.152, 0.122 and 0.122 J.Lg ml"1 (Table 9) after 

1, 2, 3 and 4 h of mechanical shaking with clay loam soil. Thus, the amount of 

metribuzin adsorbed on soil reached to 0.413, 0.490, 0.638 and 0.638 J.Lg g·1 after 

l, 2, 3 and 4 h of clay loam soil-metribuzin contact, respectively. The per cent 

adsorption ofmetribuzin on soil was 33.04, 39.19, 51.05 and 51.06, respectively. 

During this period, the distribution coefficient (Kd) was calculated to be 2.4 7 (I 

h), 3.22 (2 h), 5.23 (3 h) and 5.23 (4 h). 

4.3.2 Equilibrium studies of trifluralin 

4.3~2.1 Sandy loam soil 

The initial concentration level of trifluralin (0.25 Jlg mr1
) in 0.01M 

calcium chloride solution reached to 0.184, 0.155, 0.148 and 0.148 Jlg mr1 

(Table 10) after 1, 2, 3 and 4 h of mechanical shaking with sandy loam soil (20 

g). Thus, the amount oftrifluralin adsorbed on soil reached to 1.158, 1.172, 1.176 

and 1.176 J.lg g·
1 

after I, 2, 3 and 4 h of sandy loam soil-trifluralin contact, 

respectively. The per cent adsorption of trifluralin on soil was 92.64, 93. 78, 

94.08 and 94.10, respectively. During this period the distribution coefficient (Kd) 

was calculated to be 6.29 (I h), 7.56 (2 h), 7.95 (3 h) and 7.95 (4 h). 

4.3.2.2 Clay loam soil 

The initial concentration of trifluralin (0.25 J.lg mr1) in O.OlM calcium 

chloride solution reached to 0.192, 0.163, 0.135 and 0.134 Jlg mr1 (Table 11) 
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after 1, 2, 3 and 4 h of mechanical shaking with clay loam soil. Thus, the amount 

of trifluralin adsorbed on soil reached to 1.154, 1.169, 1.183 and 1.183 Jlg g·' 

after 1, 2, 3 and 4 h of clay loam soil-trifluralin contact, respectively. The per 

cent adsorption of trifluralin on soil was 92.32. 93.39, 94.62 and 94.64, 

respectively. During this period, the distribution coefficient (Kd) was calculated 

to be 6.01 (1 h), 7.17 (2 h), 8.76 (3 h) and 8.83 (4 h). 

4.3.3 Equilibrium studies of triazophos 

4.3.3.1 Sandy loam soil 

The initial concentration level of triazophos (0.25 Jlg mr1) in 0.01 M 

calcium chloride solution reached to 0.189, 0.129, 0.126 and 0.126 Jlg mr' 

(Table 12) after 1, 2, 3 and 4 h of mechanical shaking with sandy loam soil (20 

g). Thus, the amount of triazophos adsorbed on soil reached to 0.305, 0.603, 

0.620 and 0.622 Jlg g·' after 1, 2, 3 and 4 h of sandy loam soil-triazophos contact, 

respectively. The per cent adsorption of triazophos on soil was 24.42, 48.25, 

49.60 and 49.73, respectively. During this period the distribution coefficient (Kd) 

was calculated to 1.61 (1 h), 4.67 (2 h), 4.92 (3 h) and 4.94 (4 h). 

4.3.3.2 Clay loam soil 

The initial concentration of triazophos (0.25 Jlg mr1) in 0.0 lM calcium 

chloride solution reached to 0.164, 0.115, 0.105 and 0.104 Jlg mr' (Table13) after 

1, 2, 3 and 4 h of mechanical shaking with clay loam soil. Thus, the amount of 

triazophos adsorbed on soil reached to 0.429, 0.674, 0.726 and 0.730 Jlg g·' after 

I, 2, 3 and 4 h of clay loam soil-triazophos contact, respectively. The per cent 
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adsorption of triazophos on soil was 34.30, 53.92, 58.05 and 58.44, respectively. 

During this period, the distribution coefficient (Kd) was calculated to be 2.61 (I 

h), 5.86 (2 h), 6.91 (3 h) and 7.02 ( 4 h). 

4.4 Adsorption and desorption studies of metribuzin on sandy loam and 
clay loam soils 

The sorption i.e. adsorption and desorption studies of metribuzin on two 

types of soils viz. sandy loam and clay loam were conducted by following the 

batch equilibrium method (Tables 14-17). The results are presented below: 

4.4.1 Sandy loam soil 

4.4.1.1 Adsorption 

At four concentration levels i.e. 0.10, 0.20, 0.30 and 0.40 J.lg mr1 of 

metribuzin solution (I 00 ml), the amount of metribuzin adsorbed on sandy loam 

soil (20 g) was 0.162, 0.309, 0.494 and 0.696 J.lg g-1
, respectively (Table 16). 

Thus, about 30.9 to 34.8 per cent of metribuzin present in solution got adsorbed 

on sandy loam soil. Concentration of metribuzin solutions after adsorption were 

0.067, 0.138, 0.201 and 0.261 J.Lg mr1
, respectively. 

4.4.1.2 Desorption 

After desorption 0.085, 0.189, 0.331 and 0.496 J.Lg g-1 of metribuzin 

(Table 16) still remained adsorbed on sandy loam soil at the above said levels 

and 0.016, 0.024, 0.033 and 0.040 J.lg mr1 of metribuzin got desorbed after one 

desorption cycle at the corresponding levels. The range of desorption was 28.7 to 

47.9 per cent. 



T
ab

le
 1

4.
 

A
ds

or
pt

io
n 

an
d 

de
so

rp
ti

on
 o

f m
et

ri
bu

zi
n 

on
 s

an
dy

 lo
am

 s
oi

l 

A
ds

or
pt

io
n/

 
Io

ni
c 

R
ep

lic
at

e 
W

ei
gh

t 
V

o
lu

m
e 

P
es

ti
ci

de
 

V
o

lu
m

e 
D

es
or

pt
io

n 
st

re
ng

th
/ 

o
f 

o
f 

ad
de

d 
o

fO
.O

lM
 

C
on

ce
nt

ra
ti

on
 

dr
y 

so
il

 
O

.O
IM

 
(J

lg
) 

C
aC

h
 

le
ve

l 
(p

pm
) 

(g
) 

C
aC

h
 

so
lu

ti
on

 
so

lu
ti

on
 

re
co

ve
re

d 
(m

l)
 

af
te

r 
ce

nt
ri

-
fu

ga
ti

on
 

(m
l)

 
A

ds
or

pt
io

n 
O

J 
R

t 
20

 
10

0 
10

 
92

 
R2

 
20

 
10

0 
10

 
92

 
0.

2 
R

t 
20

 
10

0 
20

 
91

 
R2

 
20

 
10

0 
20

 
92

 
0.

3 
R

t 
20

 
10

0 
30

 
92

 
R2

 
20

 
10

0 
30

 
91

 
0.

4 
R

t 
20

 
10

0 
40

 
92

 
R2

 
20

 
10

0 
40

 
91

 
D

es
or

pt
io

n 
0.1

 
R

t 
20

 
10

0 
-

97
 

R2
 

20
 

10
0 

-
99

 
0.

2 
R

t 
20

 
10

0 
-

96
 

R2
 

20
 

10
0 

-
99

 
0.

3 
R

t 
20

 
10

0 
-

98
 

R2
 

20
 

10
0 

-
96

 
0.

4 
R

t 
20

 
10

0 
-

97
 

R2
 

20
 

10
0 

-
95

 

V
ol

um
e 

V
ol

um
e 

o
fO

.O
lM

 
o

f 
C

aC
I 2

 
di

ch
lo

ro
m

ct
 

so
lu

ti
on

 
ha

ne
:e

th
yl

 
ta

ke
n 

ac
et

at
e 

fo
r 

(9
: 1

, v
/v

) 
ex

tr
ac

ti
on

 
af

te
r 

(m
l)

 
pa

rt
it

io
ni

ng
 

(m
!}

 
50

 
78

.0
 

50
 

85
.0

 
50

 
75

.0
 

50
 

81
.5

 
50

 
78

.0
 

50
 

81
.0

 
50

 
78

.0
 

50
 

79
.0

 
50

 
80

.0
 

50
 

80
.0

 
50

 
79

.0
 

50
 

80
.0

 
50

 
82

.0
 

50
 

83
.5

 
--

50
 

75
.0

 
50

 
81

.0
 

R
es

id
ue

 
in

 0
.0

1 
M

 
C

aC
h 

so
lu

ti
on

 
(J

.lg
/m

l)
 

0.
06

3 
0.

07
1 

0.
13

0 
0.

14
6 

0.
18

7 
0.

21
5 

0.
23

1 
0.

29
1 

0.
01

5 
0.

01
6 

0.
02

4 
0.

02
4 

0.
03

 J
 

0.
03

4 
0.

04
0 

0.
04

0 

-- -A
ve

ra
ge

 
re

si
du

e 
in

 O
.O

lM
 

C
aC

h
 

so
lu

ti
on

 
(~

lg
/m

l)
 

0.
06

7 

0.
13

8 

0.
20

1 

0.
26

1 

0.
01

6 

0.
02

4 

0.
03

3 

0.
04

0 

-..
..!

 
~
 



T
ab

le
 1

5.
 

A
ds

or
pt

io
n 

an
d 

de
so

rp
ti

on
 o

f m
et

ri
bu

zi
n 

on
 c

la
y 

lo
am

 s
oi

l 

A
ds

or
pt

io
n/

 
Io

ni
c 

R
ep

lic
at

e 
W

ei
gh

t 
V

ol
um

e 
P

es
ti

ci
de

 
V

ol
um

e 
I >

cs
or

pt
io

n 
st

re
ng

th
/ 

o
f 

o
f 

ad
de

d 
of

O
.O

lM
 

C
on

ce
nt

ra
ti

on
 

dr
y 

so
il 

O
.O

lM
 

(J
.lg

) 
C

aC
h

 
le

ve
l 

(p
pm

) 
(g

) 
ea

C
h

 
so

lu
ti

on
 

so
lu

ti
on

 
re

co
ve

re
d 

(m
l)

 
af

te
r 

ce
nt

ri
-

fu
ga

ti
on

 
(m

l)
 

A
ds

or
pt

io
n 

0.
1 

Rt
 

20
 

10
0 

10
 

91
 

R2
 

20
 

10
0 

10
 

90
 

0.
2 

Rt
 

20
 

10
0 

20
 

91
 

R2
 

20
 

10
0 

20
 

91
 

0.
3 

Rt
 

20
 

10
0 

30
 

91
 

R2
 

20
 

10
0 

30
 

92
 

0.
4 

Rt
 

20
 

10
0 

40
 

91
 

R2
 

20
 

10
0 

40
 

91
 

D
es

or
pt

io
n 

0.
1 

Rt
 

20
 

10
0 

-
95

 
R2

 
20

 
10

0 
-

97
 

0.
2 

R,
 

20
 

10
0 

-
98

 
R2

 
20

 
10

0 
-

99
 

0.
3 

Rt
 

20
 

10
0 

-
95

 
R2

 
20

 
10

0 
-

97
 

0.
4 

R,
 

20
 

10
0 

-
98

 
R2

 
~
0
-

-
10

0 
-

99
 

L
_

_
 
-
-

-
-
-

-
-

-
-

-
~
 

V
ol

um
e 

V
ol

um
e 

o
f0

.0
1

M
 

o
f 

C
aC

h
 

di
ch

lo
ro

m
et

 
so

lu
ti

on
 

ha
ne

:e
th

yl
 

ta
ke

n 
ac

et
at

e 
fo

r 
(9

: 1
. v

/v
) 

ex
tr

ac
ti

on
 

af
te

r 
(m

l)
 

pa
rt

it
io

ni
ng

 
(m

l)
 

50
 

78
.0

 
50

 
65

.0
 

so
 

68
.0

 
50

 
82

.0
 

50
 

81
.0

 
so

 
78

.0
 

so
 

81
.0

 
50

 
81

.0
 

so
 

82
.5

 
50

 
79

.0
 

so
 

79
.0

 
50

 
79

.0
 

50
 

79
.5

 
50

 
81

.0
 

so
 

84
.0

 
50

 
78

.0
 

~
-

-
-
-
-
·
·
-

-

R
es

id
ue

 
in

 O
.O

IM
 

C
aC

h
 

so
lu

ti
on

 
{J

.lg
/m

l) 

0.
06

2 
0.

06
8 

0.
12

0 
0.

13
3 

0.
18

2 
0.

18
9 

0.
24

6 
0.

26
2 

0.
01

4 
0.

00
8 

0.
02

3 
0.

01
7 

0.
03

6 
0.

03
3 

0.
05

3 
0.

04
0 

-
-
-
-

A
ve

ra
ge

 
re

si
du

e 
in

 O
.O

IM
 

C
aC

h 
so

lu
ti

on
 

Cl
lgt

inn
 

0.
06

S 

0.
12

7 

0.
18

S 

0.
25

4 

0.
01

1 

0.
02

0 

0.
03

S 

0.
04

7 
-
-
-
-

....
.:! 

V
I 



T
ab

le
 1

6.
 

C
on

ce
nt

ra
ti

on
5 

of
m

et
ri

bu
zi

n 
in

 s
oi

l a
nd

 O
.O

IM
 C

aC
h 

so
lu

ti
on

 fo
llo

w
in

g 
th

e 
ad

so
rp

ti
on

 a
nd

 d
es

or
pt

io
n 

(p
pm

) 

So
il 

In
iti

al
 c

on
ce

nt
ra

tio
n 

of
m

et
rib

uz
in

_(
J.

lg
 m

r'
) 

0.
10

 
0.

20
 

S
an

dy
 lo

am
 

C
e 

(A
ds

)' 
0.

06
7 

0.
13

8 

xl
m

 (
A

ds
)"

 
0.

16
2 

0.
30

9 

C
e 

(D
es

}-
' 

0.
01

6 
0.

02
4 

x/
m

 (
D

es
t 

0.
08

5 
0.

18
9 

C
la

y 
lo

am
 

C
e 

(A
ds

) 

X
/m

 (
A

ds
) 

Ce
 (

D
es

) 

xl
m

 (D
es

) 

1.
 

2.
 3.
 

4.
 5.
 

0.
06

5 
0.

12
7 

0.
17

3 
0.

36
7 

0.
01

1 
0.

02
0 

0.
11

7 
0.

26
6 

-
-

C
on

ce
nt

ra
tio

n 
(j.

.tg
 m

r1 ) 
of

m
et

ri
bu

zi
n 

in
 s

ol
ut

io
n 

fo
llo

w
in

g 
ad

so
rp

tio
n.

 
C

on
ce

nt
ra

tio
n 

(J
lg

 g
·1 ) 

of
m

et
ri

bu
zi

n 
in

 s
oi

l 
fo

llo
w

in
g 

ad
so

rp
tio

n.
 

C
on

ce
nt

ra
tio

n 
(j.

.tg
 m

l"
1 ) 

o
f m

et
ri

bu
zi

n 
in

 s
ol

ut
io

n 
fo

llo
w

in
g 

de
so

rp
tio

n.
 

C
on

ce
nt

ra
tio

n 
(J

lg
 g

·1 ) 
of

m
et

ri
bu

zi
n 

in
 s

oi
l 

fo
llo

w
in

g 
de

so
rp

tio
n.

 
V

al
ue

s 
ar

e 
av

er
ag

e 
o

f t
w

o 
re

pl
ic

at
es

. 

0.
30

 

0.
20

1 

0.
49

4 

0.
03

3 

0.
33

1 

0.
18

5"
 

0.
57

4 

0.
03

4 

0.
40

3 

0.
40

 

0.
26

1 

0.
69

6 

0.
04

0 

0.
49

6 

0.
24

5 

0.
73

2 

0.
04

6 

0.
50

1 

I I 

'-
.)

 

0'
1 



77 

Table 17. Freundlich constants, correlation coefficients and distribution 
coefficients (Kd, K0c, Kc) for metribuzin following adsorption 
and desorption 

Freundlich constants, Sorption data 
correlation coefficients SandJ' loam I CJ(!yloam 
and distribution Adosrption data 
coefficients 
Kr, Ads (ml g"') 2.76 3.37 

1/n 1.06 1.08 

r 0.99 0.99 

Kd (ml g·1) 2.52 2.94 

Koc (ml g·1
) 387.69 376.92 

Kc(ml g"1
) 15.75 6.53 

Desorption data 

Kr, Des (ml g"1
) 227.92 11.25 

lin 1.91 0.99 

r 0.99 0.98 

Kd(ml g·1
) 10.17 11.84 

Koc(ml g·') 1564.62 1517.95 

Kc(ml g·1
) 63.56 26.31 
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4.4.1.3 Sorption isotherms 

All replicates (for adsorption and desorption) were averaged. The data 

were fitted by linear regression to the log form of empirical equation : 

log x/m = log Kr + lin log Ce 

Where, 

Kr and lin are Freundlich constants and 

x = amount (J.tg) of pesticide adsorbed by soil (20 g). 

m - weight of soil (20 g) 

equilibrium concentration of the solution (J.tg mr1
) 

The various regression equations for adsorption and desorption isotherms 

of metribuzin, trifluralin and triazophos are given in Table 26. Values of Kr and 

1/n were obtained from calculated regression equation of a straight line as the 

intercept and slope, respectively. 

The values of Freundlich constants Kr (Ads), lin, distribution coefficients 

Kd, Koc, Kc and co efficient of correlation (r) for adsorption of metribuzin on 

sandy loam soil were 2.76 ml g·•, 1.06, 2.52 ml g·•, 387.69 ml g·•, 15.75 ml g·• 

and 0.99, respectively (Table 17). Desorption isotherms represents the amount of 

metribuzin still remains adsorbed on per gram of soil as a function of equilibrium 

concentration of solution after one desorption cycle (Fig. 7). ·The values of Kr 

(Des), lin, Kd, Kcc, Kc and r for desorption of metribuzin from sandy loam soil 

were calculated to be 227.92 ml g"1
, 1.91, 10.17 ml g . ., 1564.62 ml g"1, 63.56 ml 
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g-1 and 0.99, respectively (Table 17). The adsorption and desorption isotherms 

are shown in Fig. 7. 

4.4.2 Clay loam soil 

4.4.2.1 Adsorption 

At four concentration levels as used in case of sandy loam soil i.e. 0 .I, 

0.2, 0.3 and 0.4 J.Lg mr1 of metribuzin solution (1 00 ml), the amount of 

metribuzin adsorbed on clay loam soil (20 g) was 0.173, 0.367, 0.574 and 0.732 

J,tg g-1
, respectively (Table 16). Thus about 34.5 to 38.2 per cent of metribuzin 

present in solution got adsorbed on clay loam soil. Concentration of metribuzin 

solutions after adsorption were 0.065, 0.127, 0.185 and 0.245 Jlg mrl, 

respectively (Table 16). 

4.4.2.2 Desorption 

After desorption 0.117, 0.266, 0.403, 0.501 Jlg g·1 of metribuzin (Table 

16) still remained adsorbed on clay loam soil at the above said levels and 0.011, 

0.020, 0.034 and 0.046 J.Lg mr
1 

got desorbed after one desorption cycle at the 

corresponding levels. The range of desorption was 27.6 to 32.0 per cent. 

4.4.2.3 Sorption isotherms 

The values of Freundlich constants Kr (Ads), 1/n, distribution coefficients 

Kd, Km:, Kc and r for adsorption of metribuzin on clay loam soil were 3.37 ml g-1, 

1.08, 2.94 ml g-
1
, 376.92 ml g·

1
, 6.53 ml g-1 and 0.99, respectively {Table 17). 

The corresponding figures for desorption of metribuzin from clay loam soil were 

11.25 ml g-
1
, 0.99, 11.84 ml g·1

, 1517.95 ml g-1, 26.31 ml g· 1 and 0.98, 
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respectively (Table 17). The adsorption and desorption isotherms are shown in 

Fig 8. 

4.5 Adsorption and desorption studies of·trifluralin on sandy loam and 
clay loam soil 

The sorption i.e. adsorption and desorption studies of trifluralin on two 

types of soils viz. sandy loam and clay loam were conducted by following the 

batch equilibrium method (Tables 18-21). The results are presented below: 

4.5.1 Sandy loam soil 

4.5.1.1 Adsorption 

At four concentration levels i.e. 0.10, 0.20, 0.30 and 0.40 J.lg mr1 of 

trifluralin solution ( 1 00 ml), the amount of trifluralin adsorbed on sandy loam 

soil (20 g) was 0.464, 0.939, 1.422 and 1.900 J.Lg g·1
, respectively (Table 20). 

Thus, about 91.9 to 95.0 per cent oftrifluralin present in solution got adsorbed on 

sandy loam soil. Concentration of trifluralin solutions after adsorption were 

0.008, 0.012, 0.016 and 0.020 J.lg mr1
, respectively (Table 20). 

4.5.1.2 Desorption 

After desorption 0.442, 0.906, 1.379 and L883 J.lg g·• of trifluralin (Table 

20) still remained adsorbed on sandy loam soil, at the above said levels and 

0.005, 0.007, 0.008 and 0.013 J.Lg ml"1 of trifluralin got desorbed after one 

desorption cycle at the corresponding levels. The range of desorption was 3.0 to 

5.2 per cent. 
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Table 21. Freundlich constants, correlation coefficients and distribution 
coefficients (Kd, Koc, Kc) for trifluralin following adsorption 
and desorption 

Freundlich constants, Sorption data 
correlation coefficients Sandy loam l Clay loam 
and distribution Adosrption data 
coefficients 
Kr, Ads (ml g-1

) 966.05 418.11 

lin 1.58 1.37 

r 0.99 0.99 

Kd (ml g-1
) 87.37 89.86 

Koc (ml g-1
) 14091.94 11520.51 

Kc(ml g·') 546.06 199.69 

Desorption data 

Kr, Des (ml g-1
) 845.17 242.77 

lin 1.39 1.13 

r 0.94 0.97 

Kd(ml g- 1
) 138.13 143.37 

K0 c(ml g·1
) 21250.77 18844.87 

Kc(ml g· 1
) 863.31 319.71 
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4.5.1.3 Sorption isotherms 

The values of Freundlich constants Kf(Ads), 1/n, distribution coefficients 

Kd, K0 c, Kc and coefficient of correlation r for adsorption of trifluralin on sandy 

loam soil were 966.05 ml g·1, 1.58, 87.37 ml g· 1 ~ 14091.94 ml g·
1
, 546.06 ml g-

1 

and 0.99, respectively (Table 21). The values for Kr (Des), 1/n, Kd, Koc, Kc and r 

for desorption of trifluralin from sandy loam soil were calculated to be 84S.l7 

ml g·1, 1.39, 138.13 ml g·1, 21250.77 ml g·1, 863.31 ml g-1 and 0.94, respectively. 

The adsorption and desorption isotherms are shown in Fig 9. 

4.5.2 Clay loam soil 

4.5.2.1 Adsorption 

At the four concentration levels as used in the case of sandy loam soil i.e. 

0.10, 0.20, 0.30 and 0.40 J.lg mr1 oftrifluralin solution (100 ml), the amount of 

trifluralin adsorbed on clay loam soil was 0.464, 0.945, 1.421 and 1.898 J.lg g·1
, 

respectively (Table 20). Thus about 92.8 to 94.9 per cent of trifluralin present in 

solution got adsorbed on clay loam soil. Concentration of trifluralin solution after 

adsorption were 0.007, 0.011, 0.016, 0.020 J.Lg mr1, respectively. 

4.5.2.2 Desorption 

After desorption 0.444, 0.900, 1.377 and 1.838 J.lg g"1 of trifluralin (Table 

2
0) still remained adsorbed on clay loam soil, at the above said levels and 0.004, 

0.008, 0.009 and 0.012 J.Lg ml"1 got desorbed after one desorption cycle at the 

corresponding levels. The range of desorption was 3.1 to 4.3 per cent. 
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4.5.2.3 Sorption ~sotherms 

The values of Freundlich constants Kr (Ads), 1/n, distribution coefficients 

Kd, K0 c, Kc and coefficient correlation r for adsorption oftrifluralin on clay loam 

soil were 418.11 ml g"1
, 1.37, 89.86 ml g"1 11520.51 ml g·l, 199.69 ml g" 1

, 

respectively (Table 21 ). The corresponding figures for desorption of trifluralin 

from clay loam soil were 242.77 ml g·1
, 1.13, 143.37 ml g·1

, 18444.87 ml g-1
, 

319.71 ml g·1 and 0.97, respectively (Table 21). The adsorption and desorption 

isotherms are shown in Fig. I 0. 

4.6 Adsorption and desorption studies of triazophos on sandy loam and 
clay loam soils 

The sorption i.e. adsorption and desorption studies of triazophos on two 

types of soils viz. sandy loam and clay loam were conducted by following the 

batch equilibrium method (Tables 22-25). The results are presented below : 

4.6.1 Sandy loam soil 

4.6.1.1 Adsorption 

At four concentration levels i.e. 0.1, 0.2, 0.3 and 0.4 Jlg mr1 oftriazophos 

solution (1 00 ml), the amount of triazophos adsorbed on sandy loam soil (20 g), 

was 0.302, 0.531, 0.781 and 0.969 Jlg g"1
, respectively (Table 24). Thus, about 

48.5 to 60.4 per cent of triazophos present in solution got adsorbed on sandy 

loam soil. Concentration of triazophos solution after adsorption were 0.040, 

0.094, 0.144 and 0.206 Jlg mr1, respectively. 
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Table 25. Freundlich constants, correlation coefficients and distribution 
coefficients (Kd, K(lc' Kc) for triazophos following adsorption 
and desorption 

Freundlich constants 
' 

Sorption data 
correlation coefficients Sandy loam I Clay loam 
and distribution Adosrption data 

'-coefficients 
Kr, Ads (ml g·') 3.03 3.54 

1--. 

1/n 0.72 0.69 
"'--
r 0.99 0.99 

I-. 

Kd (ml g· 1) 5.09 5.87 -l<oc (ml g·1
) 783.05 752.59 

f.-

I<c(ml g·') 31.81 13.04 

"--
Desorption data 

I<r, Des (ml g·1
) 

t--. 
7.38 6.30 

1/n 0.84 0.79 ..._ 

r 
0.99 0.99 

t--

Kd(ml g·') 11.75 11.24 t--

l<oc (ml g·') ._ 1807.69 1441.28 
l<c(ml g·') .__ 73.44 24.98 

90 
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4.6.1.2 Desorption 

After desorption 0.223, 0.374, 0.559 and 0.669 J.Lg g·1
, of triazophos 

(Table 24) still remained adsorbed on sandy loam soil, at the above said levels 

and 0.016, 0.031, 0.044 and 0.060 J.Lg mr1 oftriazophos got desorbed after one 

desorption cycle at the corresponding levels. The range of desorption was about 

26.2 to 31.0 per cent. 

4.6.1.3 Sorption isotherms 

The values of Freundlich constants Kr (Ads), 1/n, distribution coefficients 

Kd, Koc, Kc: and coefficient of correlation r for adsorption of triazophos on sandy 

loam soil were 3.03 ml g·1
, 0.72, 5.09 ml g·t, 783.05 ml g·1

, 31.81 ml g"1 and 

0.99, respectively (Table 25). The values for Kr (Des), lin Kd, l<oc, Kc and r of 

desorption oftriazophos from sandy loam soil were 7.38 ml g·1, 0.84, 11.75 ml 

g·t, 1807.69 ml g·1
, 73.44 ml g·1 and 0.99, respectively (Table 25). The 

adsorption and desorption isotherms are shown in Fig. 11. 

4.6.2 Clay loam soil 

4.6.2.1 Adsorption 

At the four concentration levels as used in case of sandy loam soil i.e. 0.1, 

0.2, 0.3 and 0.4 J.lg mr• oftriazophos solution (100 ml), the amount oftriazophos 

adsorbed on clay loam soil (20 g) was 0.336, 0.608, 0.859 and 1.093 Jl& g·1, 

respectively. Thus, about 54.7 to 67.3 per cent of triazophos present in solution 

got adsorbed on clay loam soil. Concentration of triazophos solution after 

adsorption were 0.033, O.o78, 0.128 and 0.181)!g mr', respectively (Table 24). 
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4.6.2.2 Desorption 

After desorption 0.250, 0.443, 0.595 and 0.758 11g g·' of triazophos still 

remained adsorbed on clay loam soil at the above said levels and 0.017, 0.033, 

0.053 and 0.067 11g mr1 of triazophos got desorbed after one desorption cycle 

(Table 24) at the corresponding levels. The range of desorption was 25.7 to 30.7 

per cent. 

4.6.2.3 Sorption isotherms 

The values of Freundlich constants Kr (ads), 1/n, distribution coefficients 

Kd, Koc, Ke and coefficient of correlation r for adsorption of triazophos on clay 

loam soil were 3.54 ml g·I, 0.69, 5.87 ml g·t, 752.59 ml g·t, 13.04 ml g·
1 

and 

0.99, respectively (Table 25). The corresponding values of these constants for 

desorption oftriazophos from clay loam soil were 6.30 ml g·', 0.79, 11.24 ml g·
1
, 

1441.28 ml g·1, 24.98 ml g'1 and 0.99, respectively (Table 25). The adsorption 

and desorption isotherms are shown in Fig. 12. 

4. 7 Summary of results 

The various regression equations for adsorption and desorption isotherms 

of metribuzin, trifluralin and triazophos on sandy loam and clay loam soils are 

given in Table 26. From the values of intercept and slope, the values of Frendlich 

constants Kr and lin, respectively for adsorption and desorption were calculated 

which are given in Table 17, 21 & 25. 

The summary of per cent adsorption and desorption of metribuzin, 

trifluralin and triazophos on sandy loam and clay loam soils are given in Table 
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27 · The overall aver~ge of per cent adsorption of pesticides on both soils was 

highest in trifluralin (94%) followed by triazophos (56.5%) and metribuzin 

(35%). The average of per cent desorption trom both soils was minimal m 

trifluralin (3.8%) followed by triazophos (28.7%) and metribuzin (33.7%). 



5. DISCUSSION 

The results presented in the chapter 4 have been discussed under the 

following heads : 

5.1 Standardization of analytical techniques and its adoption for estimation of 

metribuzin, trifluralin and triazophos residues in O.OlM CaCh solution 

5.2 Recovery tests for metribuzin, tritluralin and triazophos from fmtified 

0.01M CaCh solution 

5.3 Adsorption equilibrium studies 

5.4 Adsorption-desorption studies 

5.1 Standardization of analytical techniques for estimation of residues of 

metribuzin, trifluralin and triazophos 

5.1.1 Metribuzin 

The analytical data obtained by processing known amount of standard 

l11etribuzin has been presented in Table 2. Calibration curve given in Fig.l 

indicates a linear relationship between peak area and amount injected from 1 to 

100 pg. Retention time (Rt) of metribuzin peak was 3.11 min. Hyzak and 

Zimdahl (1974) reported the retention time of metribuzin 3.00 min using GC­

tritium foil ECD with glass column (122 em x 2 mm) packed with 80-100 mesh 

chromosorb Gaschrom Q coated with 5°/o OV-101. Smith and Hayden (1982) 
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reported the retention time for mclribuzin 3.35 mm usmg Hewlett Packard 

571 3A gas chromatograph equipped with a 63 Ni detector and glass column (I .5 

m. x 4 mm.) packed \\'ith I 00- I 20 mesh ultra-bond 20m. Zimdahl el a/. ( 1994) 

reported the retention time or metribuzin 3.00 min using GC-ECD equipped with 

glass column (122 em x 2 mm) packed with 5% OV-101 on 80-100 mesh 

packing. Thus. the retention time of 3.11 min in our studies was found to be 

correct. Keeping in view the repeatability of responses, sharp and well resolved 

peaks of metribuzin, the GC technique was considered satisfactory for the 

adoption in the present investigations. 

5.1.2 Trifluralin 

The analytical data obtained by processing known amounts of standard 

trifluralin has been presented in Table 3. Calibration curve given in Fig. 3 

indicates a linear relationship between peak area and amount injected from 1 to 

100 pg. Retention time (Rt) of trifluralin peak was 3.06 min. Smith (1979) 

reported the retention time of trifluralin 2.00 min using GC-ECD (Hewlett 

Packard 5713) equipped with packed glass column (1.5 m x 4 mm) with 100-120 

Inesh ultra-bond 20m. The probable reason of slightly more Rt in our studies may 

be attributed to capillary column measuring 30 m and relatively low flow rate (2 

Inl/min) of nitrogen through capillary column as compared to 40 mllmin flow 

rate of argon containing 5% of methane through glass column of 1.5 m length by 

Smith ( 1979). Keeping in view the repeatability of responses, sharp and well 

resolved peaks of trifluralin, the GC technique was considered satisfactory for 

the adoption in the present investigations. 
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S. 1.3 Triazophos 

The analytical data obtained by processing known amounts of standard 

triazophos has been presented in Table 4. Calibration curve given in Fig. 5 

indicates linear relationship between peak area and amount injected from I 0 to 

100 pg. Retention time of triazophos peak was 4.26 min. Singh et a!. (1996) 

reported the retention time of triazophos 1. 76 min using GC-NPD equipped with 

a packerd glass column having stationary phase 3% OV-17 coated on 

chromosorb W (HP, 100-160 mesh). The retention time of 3.76 min for 

triazophos was reported by Rani (1998) using GC-NPD equipped with megabore 

column. Vijayalakshmi et al. (2000) reported the retention time of triazophos 

4.58 min by using a chemito 8610 HT GC-fitted with thermoionsation detector; 

Using megabore capillary column (30 m length). Thus the retention time of 4.26 

min in our studies was found to be correct. Keeping in view the repeatability of 

responses, sharp and well resolved peaks of triazophos, the GC technique was 

considered satisfactory. 

S.2 Recovery tests 

Prior to taking up analysis of the test samples of O.OIM CaCh solution 

(supernatant) for quantification of their residue contents, recovery tests were 

Perfonned for validation of analytical methodology to be adopted. The recovecy 

data obtained in two levels of fortification in respect ofO.OlM CaCI
2 

solution has 

been discussed below : 
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5.2.1 Metribuzin 

0.0 I M CaCl2 solution fortified at 0.25 and 0.50 ppm levels with 

metribuzin, gave average recoveries of 8 I .55±4.26 and 88.37±0.68 per cent, 

respectively (Table 5). The recovery of metribuzin from water was about 98 per 

cent as reported by Fleming eta/. (1992). Southwick eta/. ( 1995) reported 95 per 

cent recovery of metribuzin from water samples. The recoveries obtained in 

present studies are comparable with the recoveries reported by other authors. 

Renee, the recoveries in the present investigations were considered satisfactory 

and the techniques adopted for residual analysis of metribuzin in O.OlM CaCh 

solution. 

5.2.2 Trifluralin 

0.0 I M CaCh solution samples fortified at 0.25 and 0.50 ppm level with 

trifluralin gave average recoveries 82.11±5.57 and 87.49±1.02 per cent, 

respectively (Table 6). Lee and Chau (1983) reported that average recovery of 

seven herbicide including trifluralin from distilled water and natural water were 

between 82 to 104 per cent at two fortification levels. The average recovery of 

trifluralin from water was found to be more than 80 per cent fortified at 0.1 ppm 

Jevei by Goyal (2000). The recoveries obtained in present studies are comparable 

With the recoveries reported by other authors. Hence, the recoveries in the 

Present investigations were considered satisfactory and the techniques adopted 

for residual analysis oftrifluralin in O.OIM CaC12 solution. 



100 

5.2.3 Triazophos 

O.OIM CaCI2 solution samples fortified at 0.25 and 0.50 ppm JeveJs with 

triazophos gave average recoveries 99.01±5.71 and 102.08±7.50 per cent, ._ 

respectively. Malto el a/. ( 1991) reported average recoveries of 10 

organophosphorous insecticides including triazophos more than 85 per cent form 

natural water. Rani ( 1998) reported that the average recoveries of triazophos \Vas 

88 per cent at 0.25 to 0.50 ppm levels, respecti\·ely. Rao (2000) reported 85 per 

cent recovery of triazophos from coconut water fortified at 1 ppm leveL The 

recoveries obtained in present studies are comparable with the recoveries 

reported by other authors. Hence, the recoveries in the present investigations 

Were considered satisfactory and the techniques adopted for residual analysis of 

triazophos in O.OIM CaCh solution. 

5.3 Adsorption equilibrium studies 

S.3.1 Metribuzio 

The amount of metribuzin adsorbed on sandy loam soil in I h was 0.495 

f.lg g·l which reached to 0.548 J.lg g·1, in 4 h (Table 8). However, in case of clay 

loam soil the corresponding amounts were 0.413 J.Lg g·1 in 1 hand 0.638 J.Lg g·1 in 

4 
h (Table 9). This clearly indicates that rate of adsorption of metribuzin was 

faster in clay loam soil than sandy loam soil. The values of distribution 

coefficient Kd for both soils was found to be constant after 3 h of soil-metribuzin 

solution contact. This shows that the adsorption equilibrium of metribuzin on 

both types of soil reached almost in equal time (3 h). 
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5.3.2 Trifluralin 

The amount of trifluralin adsorbed on sandy loam soil in 1 h was 1.158 Jlg 

-1 I 
g which reached to 1. I 76 11g g· in 4 h (Table 1 0). However, in case of clay 

loam soil the corresponding amounts were 1. I 54 11g g·1 in I h and 1.183 Jlg g·i in 

4 h (Table II). This indicates that rate of adsorption of trifluralin was almost 

same in clay loam and sandy loam soil. The values of distribution coefficient Kd 

for both soils was constant after 3 h of soiJ-trifluralin solution contact. This 

shows that adsorption equilibrium of trifluralin on both types of soil reached 

almost in equal time (3 h). 

The literature on adsorption equilibrium of metribuzin and trifluralin is 

not available. However, various research workers have reported different times 

for adsorption equilibrium of various herbicides. Since, rnetribuzin and trifluralin 

belongs to triazine and dinitroaniline groups, therefore, some of the adsorption 

equilibrium studies of herbicides belonging to these groups have been discussed. 

Prakash and Devi ( 1998) reported that no significant change was found in the 

adsorption of pendimethalin on three soils (I clay, 2 sandy loam soils) after 6 h 

of shaking on wrist action shaker. The adsorption equilibrium of atrazine on silty 

clay loam soil ofupto 30 ems depth reached in 48 h while adsorption equilibrium 

on subsurface soil i.e. soil of below 30 ems depth was completed in 4 h (Jenks et 

al. 1998). Wrinkle (1980) reported that the adsorption equilibrium for atrazine 

Was completed after 12 h for a silty clay loam and after 24 h for loam soil. The 

adsorption equilibrium for three 2-chloro-triazine herbicides on soils of Valois 
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and Rainbecks region approached within 48 h as reported by Gamerdinger et a/. 

(1991). 

5.3.3 Triazoplws 

The amount of triazophos adsorbed on sandy loam 'soil in 1 h was 0.305 

J.lg g·l which reached to 0.622 J.lg g"1 in 4 h (Table 12). However, in case of clay 

loam soil the corresponding amounts were 0.429 Jlg ·g-1 in 1 h and 0. 730 p.g g"1 in 

4 h (Table 13). This clearly indicates that rate of adsorption of triazophos was 

faster in clay loam soil than sandy loam soil. The values of distribution 

coefficient Kd for both soils was constant after 3 h of soil-triazophos solution 

contact. This shows that the adsorption equilibrium of triazophos on both types 

of soil reached almost in equal time. Rao et a!. (1991) reported that the 

adsorption equilibrium of triazophos on black and red soils was attained in 1.5 h 

by keeping the soils in contact with aqueous solution oftriazophos. 

The various research workers have reported the adsorption equilibrium 

time from 1 to 24 h for various organophosphates on soils of different 

agrocJimate regions. However, some of them have been reported here. 

Saltzman et a/. (I 972) reported that the adsorption equilibrium for 

adsorption of parathion on three soils viz. Dark rendiza, Meron and. Terra rosa 

Was approached within I h by keeping the soils in contact with pesticide solution. 

The adsorption equilibrium for chlorpyrifos on five soils viz. Clarian, Sarpy fine 

sandy loam, Thurman loamy fine sand, Peat and Harps of Iowa was approached 

in 2 h (Felsot and Dahm, 1979). Sanchez-Martin and Sanchez-Camazano (1991) 
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reported that adsorption equilibrium for methyl parathion and ethyl parathion on 

eight soils (Mollie solonetz, Humic combisol, Pellic vertisols) was attained 

within 24 h by keeping the soils in contact with pesticide solution and 

intennittent stirring. Leenheer and Ahriches ( 1971) observed that adsorption 

equilibrium of parathion on three soils viz. Zensville silt loam, Rommey silty 

clay loam and Carlisle much was approached after 24 h of mechanical shaking. 

5.4 Adsorption-desorption studies 

5.4.1 Metribuzin 

The per cent adsorption of metribuzin on sandy loam soil ranges from 

30.9 to 34.8 (Av. 33.5) as compared to 34.5 to 38.2 (Av. 36.5) in case of clay 

loam soil (Table 27). However, the per cent desorption from sandy loam soil was 

28.7 to 47.5 (Av. 37.1) as compared to 27.6 to 32.0 (Av. 33.7) from clay loam 

soil. The data clearly show that adsorption of metribuzin on clay loam soil was 

higher as compared to sandy loam soil. On the other hand, per cent desorption 

from clay loam soil was lower than sandy Joam soil which clearly indicates that 

herbicide i.e. metribuzin bind with clay loam soil more finnly than sandy loam 

soil. This may be probably due to more adsorption capacity of clay loam soil as 

compared to sandy loam soil due to its large surface area, higher cation exchange 

capacity, organic matter and clay content. 

Savage (1976) reported that the metribuzin adsorption was significantly 

associated with clay content, organic matter and water content. Metribuzin 

adsorption on various soil types was reported to be influenced more by organic 
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matter content than clay (Pestemer and Mass, 1977). Filep et a!. (I 979) reported 

that the degree of adsorption of metribuzin on three soils viz. Chemozem, 

Alluvial meadow and Brown forest illuviation ~oils was mainly influenced by 

organic matter. Kazak and Lopuchin (I 989) reported that organic matter was 

shown to influence the adsorption of four herbicides including metribuzin on 

Various soils ofPrauge region. 

5.4.2 Trifluralin 

The per cent adsorption of trifluralin on sandy loam soil ranges from 9 I .9 

to 95.0 (Av. 93.9) as compared to 92.8 to 94.9 (Av. 94.1) in case of clay loam 

soil (Table 27). However, the per cent desorption from sandy loam soil was 3.0 

to 5.2 (Av. 3.8) as compared to 3.1 to 4.3 (Av. 3.7) from clay loam soil. Unlike 

llletribuzin, the per cent adsorption and desorption oftrifluralin from sandy loam 

soil as well as clay loam soil was almost identical. 

Grover eta!. (1979) reported more than 90 per cent adsorption of three 

herbicides viz. di-allate, tri-aUate and trifluralin in aU the five soils viz. Melford 

.loam, Weyburanoxbow sandy loam, Asquith loamy sand, Indian clay Joam. They 

also reported that due to high per cent of adsorption, the transport of these 

herbicides, especially triallate and trifluralin as a result of water flow would be 

minimal under field conditions. 

S.4.3 Triazophos 

The per cent adsorption of triazophos on sandy loam soil ranges from 48.5 

to 60.4 (Av.53.5) as compared to 54.7 to 67.3 (Av. 59.5) in case of clay loam soil 
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(Table 27). However, the per cent desorption from sandy loam soil was 26.2 to 

31.0 (Av. 28.8) as compared to 25.7 to 30.7 (Av. 28.7) from clay from soil. The 

data show that adsorption of triazophos on ~lay loam soil was higher as 

compared to sandy loam soil while the per cent desorption was almost identical 

from both soils. The data revealed that like metriburin, triazophos also bind with 

clay loam soil more finnly than sandy loam soil which may be probably due to 

more adsorption capacity of clay loam soil as compared to sandy loam soil due to 

its large surface area, higher cation exchange capacity, organic matter and clay 

content. The effect of two different soils on per cent adsorption oftriazophos was 

discussed by Rao et a/. ( 1991) who reported that the adsorption of triazophos on 

black soil was higher than red soil which may be possibly due to higher CEC, 

organic matter content, higher surface area and higher exchangeable Ca ++ 

content. 

Among the pesticides viz. metribuzin, trifluralin and triazophos, the 

average values of adsorption on both soils viz. sandy loam and clay loam at four 

concentration levels were 94 per cent for trifluralin followed by 56.5 per cent for 

triazophos and 35 per cent for metribuzin. However, desorption was 33.7 per 

cent for metribuzin followed by 28.7 per cent for triazophos and 3.8 per cent for 

trifluralin. The results indicate that trifluralin got strongly adsorbed by both 

types of soil followed by triazophos and metribuzin. The decrease in per cent 

adsorption in the order trifluralin > triazophos > metribuzin may be possibly due 

to increase in their water solubility in the order trifluralin (<0.001 gilt) < 
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triazophos (0.039 g/Jt) < metribuzin (1.2 gilt). Thus we can say that per cent 

adsorption of pesticides on soil is inversely correlated with their water solubility. 

Raj et a/. ( 1999) also reported that the adsorption of three herbicides viz. 

pendimethalin, fluchloralin and oxadiazinon on sandy loam and clayey soils was 

inversely proportional to their water solubilities. The· adsorption of 12 

insecticides viz. leptophos, ethion, chlorpyrifos, carbofuran, lindane etc. on four 

soils viz. organic soil, Big Creek sediment, Beverly sandy loam and Plainfield 

sand was inversely related to their water solubilities (Sharom et al., 1980). 

Strong adsorptive nature of trifluralin may be possibly due to presence of 

two polar N02 groups having following resonance structures 

of---~ 
+~0 

-N·~ -
~0 

thus increasing the bonding sites for adsorption whereas this kind of polar groups 

are not present in metribuzin and triazophos. 

5.4.4 Freundlich isotherms 

The adsorption-desorption isothenns of metribuzin, trifluralin and 

triazophos on sandy loam and clay loam soils are shown in Figs. 7-12. 

The adsorption of these pesticides on both soils were found to be linear 

and in close agreement with the Freundlich equation i.e. : 

xlm = Kr Ce lin 

Where Kr and lin are empirical adsorption constants specific to each soil­

pesticide interaction being considered, xlm is the adsorbed pesticide on soil (J.Lg 
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g'') and Ce is the pe-sticide concentration (f.lg mr1) in solution phase. A linear 

relation was obtained when Jog x/m (on Y-axis) is plotted against log Ce (on X­

axis) for each pesticide-soil system, where slope and intercept provides values of 

1/n and K~ respectively (Table 17, 21, 25). The magnitude of Kr express the 

adsorption capacity for adsorbate for the system having comparable lin values. 

The values of 1/n provides an idea of intensity of adsorption with nature of 

adsorbate for a given adsorbent. 

The values of Freundlich constants Kr (Ads) for adsorption of these 

pesticides viz. metribuzin, trifluralin and triazophos were in the range from 3.37 

to 418.11 for clay loam soils and 2.76 to 966.05 for sandy loam soil. The values 

of 1/n were in the range 0.69 to 1.37 for adsorption of pesticides on clay loam 

soil and 0. 72 to 1.58 for sandy loam soil. The values of·Freundlich constants Kr 

<Des) for desorption of these pesticides viz. metribuzin, trifluralin and triazophos 

Were in the range from 6.30 to 242.77 for clay loam soil and 7.38 to .845.17 for 

sandy loam soil. The values of 1/n were in the range 0. 79 to 1.13 for clay loam 

soil and 0.84 to 1.9 i for sandy loam soils. The difference in values of adsorption 

constants for two soils can be attributed due to difference in organic matter 

contents. Felsot and Dahm ( 1979) observed a positive correlation between Kr and 

organic matter content & cation exchange capacity of four soils for different 

insecticides. 

Within three pesticides of our study, the highest K,. values (highest 

adsorption) of trifluralin showed that trifluralin has probably very low potential 
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to migrate through t~e soil profile (leaching ) or over the soil surface (runoff) 

with moving water whereas the low Kr values {lower adsorption) of metribuzin 

indicate that it may leach to lower surfaces. Various research workers have 

reported different values of Freundlich constants (Kr, 1/n) for metribuzin, 

trifluralin and triazophos adsorption on different soils. Savage (1974) reported 

that values of Kr varies between 0.25 to 2.20 for adsorption of metribuzin on 16 

soils of lower alluvial flood plain of Massissipi River and correlated the Kr 

Values with clay content and organic matter content. The Freundlich constant Kr 

Varies between 0.562 for the least adsorptive soil (Fox sandy loam) to 31.667 for 

the most highly adsoq>tive soil depending on the organic matter present in the 

Soil (Sharon, 1974). Grover eta/. (1979) reported the Freundlich Kr values from 

96-315 for adsorption of trifluralin on five soils viz. Melford loam, 

Weybumoxbow sandy loam Regina clay, Indian head sandy loam, Asquith 

loamy sand. The Freundlich Kr value for adsorption of triazophos was higher for 

black soil (13.71) as compared to Red soil (6.86). This may possibly be due to 

difference in organic matter content in black soil (1.65%) and Red soil (1.24%) 

rRao eta!. 1991 ]. 

In our studies of adsorption-desorption of trifluralin and metribuzin on 

sandy loam and clay loam soils, the values of 1/n are slightly more than unity 

Which are consistent with those reported for adsorption-desorption studies of 

Pendimethalin, fluchloralin and oxadiazinon on sandy loam and clayey soils (Raj 

eta/., 2000) and for adsorption of trifluralin on Plano silt loam soil (Jacques and 
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Harvey, 1979). However, the values of 1/n obtained in our study for adsorption-

desorption of triazophos on sandy loam and clay loam soils are less than unity 

Which are consistent with as reported by Prakash and Devi (1998) in their study 

of adsorption and desorption of pendimethalin on clay and two sandy clay loam 

soils. Felsot and Dahm (1979) also reported that lin values for adsorption of four 

organophosphates on five soils of Iowa were less than unity. 

The values of Freundlich constant Kr (Des) obtained during desorption of 

metribuzin, trifluralin and triazophos are higher than their respective adsorption 

values. This is because of large amount of pesticide still retained after desorption. 

Similar observations were also reported by Felsot and Dahm (1979), Adhikari et 

al. (1991) for adsorption-desorption behaviour of chlorpyrifos, ethion, phorate 

etc. for various soils. 

5.4.5 -Distribution co-efficients 

The values of Kd for adsorption of these pesticides were in the range from 

2.94 to 89.86 for clay loam soil. The respective values for sandy loam soils were 

2·52 to 87.37. The values of Koc for adsorption were in the range from 376.92 -to 

11520.51 for clay loam soil as compared to 387.69 to 14091.94 for sandy loam 

soil. The values of Kc for adsorption were in the range from 6.53 to 199.69 for 

clay 1 ·1 oam sot as compared to 15.75 to 546.06 for sandy loam soil. Similar to 

our results, the various research workers have also reported the higher values of 

l<ci.and lower values of Koc and Kc for clay loam soil (soil having high organic 

carbon) as compared to sandy loam soil (soil having low organic carbon). Raj 
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et a/. ( 1999) reporte~ that Kcl values for adsorption of three herbicides viz. 

pendimethalin, fluchloralin and oxadiazinon was higher for clayey soil than 

sandy loam soil. They also reported that Koc, Kc values for adsorption of the 

herbicides are more in sandy loam soil than clayey soil. The values of Kd.. for 

desorption of pesticides were in the range from 11.24 to 143.87 for clay loam soil 

and 10.17 to 138.13 for sandy loam soil. The values of.Koc for desorption were in 

the range from 1441.28 to 18444.87 for clay loam soil and 1564.62 to 21250.77 

for sandy loam soil. The values ofKc for desorption were in the range from 24.98 

to 319.71 for clay loam soil as compared to 63.56 to 863.31 for sandy loam soil. 

Similar to our results, Raj eta/. (1999) reported that Ktlvalues for desorption of 

three herbicides were higher for clayey soil (having more organic carbon) than 

sandy loam soil (having low organic carbon). They also reported that Koc and Kc 

values for desorption were higher for sandy soil than clayey soil. 

Among the three pesticides viz. metribuzin, trifluralin and triazophos, the 

values of Kd, Koc and Kc were highest for trifluralin fo~lowed by triazophos and 

metribuzin which also indicate that trifluralin has strong adsorptive nature 

followed by triazophos and metribuzin. 



6. SUMMARY AND CONCLUSIONS 

Research studies were carried out under laboratory conditions to study the 

adsorption equilibrium and adsorption-desorption behaviour of metribuzin, 

trifluralin and triazophos on sandy loam and clay loam soils. 

During these studies, adsorption equilibrium of all the three pesticides viz. 

metribuzin, trifluralin and triazophos on two soils viz. sandy loam and clay loam 

soils were studied at 0.25 Jlg mr1 concentration level of pesticide taken in O.OlM 

CaCh solution (100 ml). The soil pesticide solutions were shaken for 1, 2, 3 and 

4 h for studying the time required to reach the adsorption equilibrium. The 

adsorption studies were conducted at four concentration levels i.e. 0.1, 0.2, 0.3 

and 0.4 J.lg mr• of pesticides taken in O.OIM CaCh solution. }he soil-pesticide 

solutions were shaken on mechanical shaker for 3 h as per the equilibrium 

studies. The soil-pesticide solution (20 g soil, 100 ·ml CaClt_ solution) were 

centrifuged at 3 500 rpm for 10 min. The supernatant were separated out. The 

supernatant were processed as per the methods given in "Materials and Methods" 

for the estimation of residues of metribuzin, trifluralin and triazophos by Gas 

Chromatograph. From the amount of residues remained in 0.01 CaCh solution, 
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the amount of pestiddes adsorbed on soils was calculated. For desorption studies 

of pesticides from soils, the soil left after centrifugation in adsorption studies, 

was shaken on mechanical shaker with fresh-.O.OIM CaCh solution (100 ml). 

From the amount of residues obtained in O.OIM CaCh solution, per cent 

desorption of each pesticide in both soils was calculated. 

Retention times (Rt) observed for metribuzin, trifluralin and triazophos 

were 3.1 I, 3.06 and 4.26 min, respectively. The average recovery of pesticides in 

O.OIM CaCh solution at 0.25 and 0.50 ppm fortification levels was about 85 per 

cent for metribuzin, 85 per cent for trifluralin and I 00 per cent for triazophos 

(Table 5-7). The finding of investigations are summerised below : 

6.1 Adsorption equilibrium studies 

I. The adsorption of metribuzin, trifluralin and triazophos on sandy loam 

and clay loam soils was completed in 3 to 4 h (Table 8-13). 

2. Rate of adsorption for metribuzin, trifluralin and triazophos was more in 

clay loam soi1 as compared to sandy loam soil. 

6.2 Adsorption-desorption studies 

1. Per cent adsorption of metribuzin w:as more on clay loam soil as compared 

to sandy loam soil. However, per cent desorption of metribuzin was less from 

clay loam soil as compared to sandy loam soil (Table 27). 

2. Per cent adsorption and desorption of trifluralin on both types of soils viz. 

sandy loam and clay loam soils was almost identical (Table 27). 
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3. Like metribuzin. per cent adsorption oftriazophos was more on clay loam 

soil as compared to sandy loam soil. However, the per cent desorption from clay 

loam soil was almost same as compared to sandy loam soil (Table 27). 

4. The order of adsorption and desorption of aJI the three pesticides on two 

soils viz. sandy loam and clay loam soils was as follow : 

Adsorption Trifluralin (94%) > triazophos (57%)> metribuzin (35%) 

Desorption Trifluralin (4%) < triazophos (29%) < metribuzin (34%) 

5. Graphs plotted between log Ce (concentration of pesticide in solution) Vs 

log x/m (concentration of pesticides in soil) taken on X and Y axis, respectively 

were found to be linear (r-0.94-0.99). This indicates that Freundlich equation 

was best fitted for adsorption and desorption of metribuzin, trifluralin and 

triazophos on both types of soils (sandy loam and clay loam). 

The values of distribution co-efficients Kd for adsorption and desorption 

of these pesticides were higher for clay loam soil than sandy loam soil. Among 

the three pestici'cles, the values of Kd were highest for trifluralin followed by 

triazophos and metribuzin. 

Conclusions 

The adsorption of trifluralin was highest (94%) in both types of soils 

followed by triazophos (57%) and metribuzin (35%) whereas desorption of 

trifluralin was minimal (4%) followed by triazophos (29%) and metribuzin 

(34%). Due to strong adsorptive nature of trifluralin, it has probably low 

potential to migrate through the soil profile (leaching) or over the soil surface 

(run-off) with the moving water. However, metribuzin due to low adsorptive 

nature may le~to lower surfaces. 
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Approximately 250 

Laboratory studies were conducted for the adsorption equilibrium of 

three pesticides viz. metribuzin, trifluralin and triazophos on two soils viz. 

sandy loam and clay loam soils at 0.25 Jlg mi·' concentration level. The 

adsorption and desorption studies were conducted at four concentration 

levels viz. 0.1, 0.2, 0.3 and 0.4 Jlg ml·1 of pesticides taken in 0.0 IM CaCI
2 

solution. Retention times (Rt) observed for metribuzin, trifluralin and 

triazophos were 3.11, 3.06 and 4.26 min, respectively. The average 

recoveries of pesticides in 0.01 M CaC1
2 

solution at 0.25 and 0.50 ppm 

fortification levels were about 85 per cent for metribuzin, 85 per cent for 

trifluralin and I 00 per cent for triazophos. Rate of adsorption of these 



pesticides was mote in clay loam soil as compared to sandy loam soil. 

However, the adsorption equilibrium of these pesticides on both types of 

soils was completed in 3 to 4 h. The per cent adsorption of metribuzin and 

triazophos was more on clay loam soil as compared to sandy loam soil. 

Wheres, adsorption of trifluralin on both types of soils was almost same. 

Per cent desorption ofmetribuzin was less from clay loam soil as compared 

to sandy loam soil. However, per cent desorption oftrifluralin and triazophos 

from both types of soils was almost identical. Among three pesticides, 

trifluralin adsorbed strongly on both soils followed by triazophos and 

metribuzin. The order of average per cent adsorption was trifluralin (94%) 

> triazophos (57%) > metribuzin (36%). The average per cent desorption 

was in the order trifluralin ( 4%) < triazophos (29%) < metribuzin (34%). 

Due to strong adsorptive nature of trifluralin, it has probably low potential 

to migrate through the soil profile (leaching) or over the soil surface (run-

off) with the moving water. However, metribuzin due to low adsorptve nature 

may leach to lower surfaces. 
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