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Abstract
Degradationanddissipalio!.olDDT(Dichloro-diphenyl-trichloro.ethane)were

investigated at two ociilil;ir, lorin in thssu;h*''d d'intt Savanna and lle'lfe in the

wet hunnid nain ro,"siii... tir'rig.,iu rh.t. were monitored in soil within plastic

cylinders (25cm x to.* o[*.r.r1, .p".ro f .il; i.sm and driven into the soil leaving 3cm

above the ground level in order to prevent ,rn'oi ;;;.;. Extractable and bound residues

ot DDT were determined using Thin Layer iltor..iogtaphy (TLc) and Gas Liquid

ChromatograPhY (GLC)'

Theresultsshowedthatthepatterno{dissipation"fDPTwere^biphasicatthetwo
locat'rons. The rapid and slow phases of Otg"d;['t; occured during.the lirst 3 weeks and

the 4thweekto the end ol the experiment ,*pJ;;t. while extraaable residues decreased'

bound residu". in.,."t]"i *itn ti'" at both l";ilt! up o ttt end of'the experiments' The

ratesoldissipationduringther+1!p.haslanotr''oughoutthewlroleperirrdwerehigherat
ile-lte wirh halt-tives i s"B uno izo ouy. th";;i il;; with hal{-lives of 41 and 388 days

respectively. How"v"-r, if'.i. *", gr.it., tr.ntf*tnution ol DDT into less toxic products"

viz. dichloro-diph..;[il;;;iooEr ..0 diJl;;;'ph;nvl-d'rchloro'ethane (DDD) at llorin

than at lle-lle. Hence, DDT was lound.more ptttiti"litt itt-tl"' lht ttend emphasised the

importanceofsoilractorsespeciallytr..p,esen.eolsorption.l:lg,.toorganicmatter
and clay in determiing',h.;""b,Lnce of fiilil.tl;ding o{DDT'and its deEadation

products to "r.."nJl1il::fiffi;t. 
ilil.tltts ttrtat in lons-term soil lertility and

productivitY.

INTRODUGTIONI rtl'r'uv I rvr! 
r rr -"!r^i^*^" in .larrr land intgnsivg

ln a bid to achieve fmd self-sufficiencv.in 9*:Lfl!-i:::Xllr'311,^-.diohenvl.ln a bid to achieve looo serl-surrrurt'rrvl "' .;;G;tpiacticed. Dichloro.diphenyl.
ueilL[ri; "tich 

reluires:llt 1t-?.:1f:-]i1L. 
^.,".oino 

trooicar;ili;;to'.qtd.c
;?iltl}.:1':Hi#?iffi ii""ffi""di".;1"::lili:nn'mxHJffitrichloro-emane tuur, lu ulrrr wrwer, evvY' ' 

,aitiuaai*rpanO*aAiveboadspedrum
e*gnt *gta"g*;-'.*S *qirnoottlSlll*, ,^ rha rro.vaum€d eountries becausedffitr-*r$ x,l*1**rmmffiffiffi
x:ffiffi,ffi ffi *?$:ffi ;ffi -#;x=q:3*i$-3inxr 

ffi l-ffi +f$e#, ffi ffi
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Hd'hgaruUgerosion,olpesticirtesirrb-bodiesolwatercouldalsobeahealthhEza"3{
sornemrkers bdi#iilboi ,.y '"tb.;;;;il..i 

in trop'icat.as in temperate soils

hcflrse ol high t rp"riul, anJ rainlall r.giJ;' W.tking under laboratory condit'ons'

Ohyh{€ et ar. (rggzi stJ that the d"d;;ti"; oi c'OOr tmk place at mesophilic

tanperatures ** *i,,i,H;ffi,id, e"ti ;i.,.uiar minera*zation and vorati,zation

were lotnd to U. lrp"rt".ipr*.r*. , tfr. ro.. oi OOi carbon lrom the soil system There

b a need to assess lhe factors that might u"ltt..ting the persistence of DDT under field

conditions. This study became necessary ,. ;;l;; il.haracterise the behaviour of DDT

tmder two agroclimatic condit'tons in Ntgern'

MATERIALS AND METHODS

Field Studies
ThefieldstudieswereconductedonflatlandattheUniversityo{llorin,llorinand

obalemi Awolo,ivo u.lv."i,v, rre-re in.]!1 
.u[nu*io Guinea Savanna and wet humid

Rainlorest zones ol Nigaia in 1gg1 and lggz respectively. The soil properties and summary

oirr..ttt.t data are shown in Table 1'

ExPerimental Procedures

Theexperimentalsiteswereweededmanuallyandthetrashwasrem.rved.Plastic
d$rders ,...u,infzilm x tocm in oiametl,,-+lced t.5m x 1-5m were driven into the

scilleavhs 3., d;ih.;';;#;;;lt;;'d.'-tl__f,.utnt runoJlloses' Twoweeks later'

te portlln ol soilin each c-ylinde, *..r.-1,..J.i uiitr, rorg DDT in 10ml n-hexane' The

cylinderswe,. r.pi*.lJ.r,* t,orgho*,i. og **ks ol experimentation' Three cylinders

.wererandornlysampledatthestartot,tr'eexperiment(zerotime),.extractedandtakenas
10o/o ol tn. tr..tilnidose. Thereatt.,, ffiiing was done w-e;klv {or the lirst month'

lorthnightly to, tn. nl*ii *ontn., monthly {or ine next month' and bi'monthly for the next

I months. lt ea.n Jlm'pil;;;;;rg., ,ir;; cytino.,, *.re randomlv selected' dus out

ard the soit ,emovJ'Jin."d.to*in.t'r:n of extractable, bound and total residues'

Extraction of Pesticide Residues:

Toextractpesticideresidues,50gsub'samplesolamendedsoilweretakenthroughl0
cycles ol soxhlet.ru"*". *itr r.t-t',.*rlu.lJr,ourr. The bound residue was extracted

hus:

tuno residues w er e d et er m i n e! 1 . 1nlln' 
*l 

: 1tj 1t.10, ::T*:, : l:'Iff i ?Hlil
.#ill:"-f x,ffi ,$[il:ffi,'{ff p.,::1ih*im*r::t:rjlff:*
l*lH',.'-'llTll'H:::ffi""J^:'il-1ttiig'rri:*f ::,n:H;:l;1''3
:*#iiJ""'#,5ffi ;lilll:ffih#1;il,*"i::::i";:5:if.[Tl'i:ffgxtractbnwascarrleooulour tlrlleuwrur wrrrr rr 

ve traces ol acid,

il".P.;;,ins funnet, washd 
l?Y: 

g':*1't]:y5:"51'i":t,'"iloo,o Smrard applied

L,lffi :l[?J"#U$:;fi 1;"1{i+]ii'*:;^i'-*:;entratedtoSmrardappried
urrw vrY' 

l'oe'ietopeo in 5:1 n-hexane-acetone'
bpreparativeTL0 platt . a!-- r-^.^[epatal*e rLv Prare vs 

rtion lactor (BF)o'6'0'9 was carelully
The sillca'gelon the Ogyel91e! Pltt:]nllt^1tl^^,,i{,,^i,,,,, rhe hexane was decanted

*S3'fffl :.ffi $'f ffi ffii;.:1ii;"'Ji'ii, gi. g,' tt 
" 

t'e*.ne w as decanted
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il&Nt *a'gel was agan wastred withhexane twice. The three portions ol hexane were
ffi ard $e vdume redrced trc lmlout of which lulwas rppti.o to the GLC.

Dctcrmlnation of concentrations and types of pesticide residues:
Thc metabolites of DDT extracted were determined by TLC and GLC using Varian

1?00 with 63Ni ECD and Varian Aeqograph linear recorder under the lollowing *id16nr,
olumn, stainless steel(2m x 4mm)packed with chromosorb 80/100 mesh coated with 1olo

ov'17; carrier gas, N, 3Omumin; c-olumn temperalure, 1908; injector and detector
temperatwas, 200;chart speed, 10mm/min. ldentification in the TLCwas by comparison
d RF with ttrose ol authentic standards obtained from the Pesticide Research bentre,
Midti,gan State University, East Lansing, U.S.A. ln the GLC, the types, and quantities oi
lesidues h ex[ac'ls were determined by matding sample peaks witir'the peaks of standard
DDT, DEE and DDD.

RESULTS AND DISCUSSION

Soil and Weather Conditions:

.^ The soil physical and ch.emical properties and the weather conditions during the
48'week pericds ol the experiments at llorin and lle-lfe are presented in Table 1 . The soil
at llorin classified as Oxic Haplustall is a sandy loam while that at lle-lfe, an Oxic paleustalf
is a.sandy clay loam. With the higher contents of organic carbon, No.-N, avaiiable p and
exchangeable Ca, the soil at'lle-lle was more fertili than that at lloiin. The weather ai
lle'lle was more humid (29.1rc, 61 .4% B.H. and 800mm mean annual temperature, relative
trumidity and rainfallrespeciively)than that at ilorin (27.1rc,54.6% R. H ;.Ji6;; ;;;
annual rainfall). Despite the lonver mean annual temprerature ol 27.1y at lle-lfe, a higher
rate of evaporation and volatilizatbn would be expected at llorin because of the lower
'relative humidity and longer length ol the dry season.

Degradation and dissipation of C-DDT
The extractable, bounU and total residues of C-DDT expressed at % ol the initial DDT

concentralion applied throughout a period of 48 weeks at llorin and lle-lfe are shown in
Figures 1 and 2. At both sites, the extractable C-DDT decreased rapidly during the lirst 3
weeks to 66.'l% and65.2% respectively and gradually thereafler up to the end of the
experiments. During thisperiod, the concentrations of bound residues increased to 3.2% at
both llorin and lle-lfe, but thereafter increased gradually to l.g% at the end of the
expaiments (Figures 1 and.2). These findings ind'icate that tfre binding of DDT to the soil
atd its dissipation were 

. 
biphasic. The binding {herefore involved dth rapia ,nc sU*

reac{bns at the sorption sites. Because these so-ils are known to lack the more reaclivp 2:I
expanding layer clay minerals (Jungerious and r-evelt, '1964; c:allez et al., .1975), pre rapio
sorptlm site could be attributed lo soil organic matler. The slow binding sites would be dueh the.clay minerals which are less reactive than.organic mafler. Orginic matter ..J;;t
have been lound to be..sites ror binding pesticidel in soil (Harris,"isoz; Briggs, 1gg4,
Madhun elal., 1986). Microbial activity tJnds lo be intense during thl fiist four weeks after
3{ditbn of oganic materials to soil (otayinka and Adebayo, 1gd). i"n.., as iound under
laboratory conditions-(olayinka'et al.,1gg7), this irend in'oi.ates .-,.; f;; ;;l
microorganlsrns in the translormation of DDT.

,
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Table 1: some soil properties and weather condrionr at llorincrd llelle.

PROPTRIIIS

WEAII{IR DATA

IexturolOms

Soillumony
0rgonir &rbon
pH (0.0lll (00,)

lt0rlt
Avoiloble Pt8roy I)
[xclnngeoble &, (

llg ilo

CK

lorqe ond illeon

monfily bmpersture

Ronge ond meon

montly relotive humidiry (R-H.)

Ronge ond meon

monthly ruinfoll

t{umhr ol wrt mon*r

sih,l5Sdoy
Sandy lmm

Oxk Hoplustolf

I.09%

5.2

l3.l mgkg'r

6.3 mgkgr

5.63,0.51 0.y
0.52 cmol kgr

7.23 cmol kgi

2+3loq 27.tt

31BI%;54.6%

l4 56mrn; l6mm

6 monlk

stt,l6f &y
SonlyOoylmm'
(}xk?olEnolf

lJox

15.&ngkg'

&srngkgr

6.8teq0.47
0.55odkg{
8.37 cmolkg'

26-34t29.1t

4[75\,61.4%

5&200&nm;800mm

l0 monilrs.
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At the end of the 3rd week of field expsure, the total residues at llorin and ll+lfe
constituted 70% and 68.4% meaning that 30% and 31.6% respectively of the applied DDT
had dissipated, probably through such processes as leaching, erosion, microbial
mineralization and volatilization. Because of the experimental precautions earlier stated
and the fact that DDT has low sotubitity of about 2ppb (Matsumura, 1g75), microbial
mineralization and volatilizatioin would be the main sources of dissipation. Because the
amounts of bound residues increased with time, the relative contribution of volatilization to

o_



the dissipation ol appliel DDT would tertd to decrease with time. This is in line with the
observation of Olayink ef a/. (1997) under laboratory conditions; Wtrile the extractable
residues decreased-b 47.1o/o and 45.5%, the amounts dissipated were Euivalent to {5.1
and 47.8o/o at the end of 48 weeks at llorin and lle-lfe, respectively.

The half'lives lor C-DDT dissipation at llorin and lle-lfe for 0-3 weeks, 4-48 weeks and
0-48weekswere41,1391 and388days,38, l412and3T0daysrespectively.Hence,DDT
dissipated somewhat faster at lle-lfe than llorin during the first three weeks and on the
average throughout the 48 weeks of lncubation. A more spectacular difference in dissipation
rates was expected considering the contrasts in the weather conditions in llorin and lle-lfe.
However, Yeadon and Perfect (1981)teported similar dissipation rates for DDT in Nigeria.
The very slow rates of DDT dissipation at both sites between the 4th and 48th weeks were
expected after the initial very rapid phases of dissipation. The lralf-live during this period
would be more relevant than the 3weeks or overall half -lives to the deiq:rmination of the
persistence dt OOt in soil. These results show that DDT is not as persistent in these soils
as in temperate soils as reported by Nash and Woolson (1 967) and Bayer, and Gish (1 980).
The lower temperature regime'would be the main factor accounting for the phenomenal
persistence of DDT reported in the temperate zone (Olayinka et al.,1gg7).

Degradation Products of G-DDT
The degradation products of C-DDT applied to sandy loam and sandy clay loam soils

at llorin and lle-lfe respectively and the patterns of releasg of such products are shown in
Figures 3 and 4. The concentrations of the major degradation products which were found
to be dichloro-diphenyl-ethylene chluide (DDE) and dichloro-diphenyl-dichloro-ethane (DDD)

increased with time up to the end of the 48th week of experimentation. The patterns of
degradation and dissipation of DDE and DDD were found to be similar at both locations.
The first product of DDT degradation DDE was first detected at the end of the 3rd week at
llorin and lle-lfe. While the products of DDE degradation, DDD was Qetected at the end of
the 1st week at llorin, it was not detected until the end of the 6th week at lle-lfe. The lag in
the transformation of DDE to DDD at lie-lfe might be due to the higher contents of organic
matter and clay which would have increased the energy of binding in the soil. This could be
supported by the fact that while undegraded DDT and its degradation products,made up
19.1% and 28% of the extractable residues at llorin at the end of the 48th week,
corresponding values at lle-lfe were 27.1% and 17.5% respectivply (Figures 3 and 4).
Hence, the two degradation products constituted 59% and 39% of the extractable reskiues
at the end of the expefiments at llorin'and lle-lfe respectiveifu. Organic matter and clay are
known to be active sites for binding pesticides in soils (Briggs, 1984; Harris, 1967; Madhun
etaL, 1986). Although the rate of dissipation of DDT was higher (tr/r= 295 days) at lle-lfe
than at llorin (t1/, = 309 days), undegraded DDTwas more persistenCe atllqlfe.
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coNGLUSTONS
These results ir$icate hat thE processes of degradalion and dissipalion of GDDT

were biphasic urider the humid and subhumid climates of llelfe and llodrl r*pec{ively. The
rapid phase lasted for about three weds while the slow phase lasted bf the remair{ng
period of the experiments. This pesticide dissipated faster at llelfe (t1/, = 370 days) than at
llorin (t1/, = 388 days). However, there was greater transformalion of DDT inb less bic
products, nhmely DDE and DDD at llorin than ll+lfe. Hence, DDT was fourd to be more
persistent at lle-lfe. This trend emphasized the imprtance of soil factors especially fie
presence of sorption sites due to organic matter and clay in determining the persistence of
DDT. The binding of DDT and its degradation products to exchange sites could have
deleterious effects on long{erm soil fe{ility and productivity.
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