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Sorplion of acewmiprid «(E)-N 1-[(6-ch loro-3-pyriJyl)rnethyl)-N2-cY<lno-N I-methylacetamidinc). carbcndazim (melhyl 
bcnzimid:lZol-2-ylcarbamale), diu ron (N-(3.4-d ichlorophenyl)-N,N-dimclhyl urea) ;md thiamethoxam (3-(2-chloro-Ihi:lzol-5-
ylmelhyl)-5-mclhyl-[ 1.3.5]oxadiazinan-4-y!idcnc-N-nit roamine) lVas evaluated in llVO 13razilian lropical soils. Oxisol and Em isol. 
from Primavera do Lcsle region, MaIO Grosso State. 13r:llil. To describe lhc so rplÍon process, baleh experimenls were carried OUI. 

Linear and Freundlich isotherm models were used 10 ca lculale lhe Kd and Kj coenicienls from experimental data. The K.t values I-I'ere 
Ulilized 10 cillcul<ne lhe parlilion eoefficienl normalized 10 soil organic c:ubon (K M ). For the peslicides acelarniprid, carbend ... zim. 
diuron and Ihiamcnlhoxan lhe K", (mL g_l) valucs r;mged in both soils from 98 - 3235, 1024 - 2644. 145 - 2631 and 104 - 2877. 
respcctively. From the studied pesticides.. only carbcndazim presemcd eorrelalioll (r l = 0,82 ,l11d P < 0.01) I-I'i th soil organic carbon 
(OC) conlenl. Acelamiprid and lhiamethoxam showed low sorption cocfficienls, rcprescnting li high risk of surraee and ground 
I-I'aler contamination , 

Keywords: Sorption isothcrm : groundwater: organic c:lrbon: High Performance Liquid Chromalography-Diode Arfay D~I~ttor; 
contaminalion . 

Introduction 

Agricu[lure activities have been in lensified for lhe last 20 
years in lhe Brazilian savanna region. The monocultures 
grown thcrc dcma l1d li high degrec of mechanization and 
input ofagrochemica[ s, in pa rticular synthctic pcslicidcs.l'l 
Intcnsive use o f peslicides in agricul turc may cause envi
ronmCl1tal pollution, such as lhe con laminalion o f soi [, 
surface and gro und water and pose risks lo human health 
due to rcsiducs in food and drin king watcr.P 7] Pestic ides 
ClI n foll ow different routes from lhe soil: retention in o r
ganic and/or mi neral soi l fr<1ction , chemical. pholochem
ica l a nd bi ologica l degradatioil , vo latiliZ;lti o n, runoff and 
leaching.l8 1II 

The sorpl ion is an im portant factor regu lal ing peslicides 
behavior in the environmcnt, being usefu[ information to 
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foresee lhe co nwm inatio n potenlia l o f surface and grollnd 
waler 50 il is impo rtant lo lIndersland lhe so rption pro
cesses and ils relationship wilh soi l pllra mcters.112-151 Somc 
pesticide properlies, which influence so rpl ion lo lhe soil 
pa rticles are waler solubi lity. vapor pressure. octan ol-water 
partit ion coemcient and <lcid-basc ionizaliOIl conSI<l 111 for 
ionizablc compo un ds.l l6 101 In lhe soils, mineral composi
lion and soi l o rga nic matter a re im po rtalll facto rs affecting 
sorpt ion o f pesticides.l8,9, 14.21 2111 

In Brazil, carbcndazim , acclamiprid, di uron and Ihi
amcthoxllm are pesticides commoul)' used in cotton 
and soybean crops. However, thCfC are few sludies Ihal 
eval uate their behavio r in lropical climale.Jl1.lJ1 T here 
lIre on ly limited data avai[ab1e o n lhe sorpl io n of 
carbend azllll ,ll ].16.291 diuronI12. 14.I s.JOI i.nd especi a lIy for ac
etllmiprid, and Ihiamethoxam.13 11 Mo reover. studie~ 011 
so rptioll of pesl icides o n d ifferent soil horizons are prac
ticll lly non-exislent. T hus. thi s work ilimed: (i) to deler
mine lhe sorpl ion of acetamiprid , ca rbcndazi m, diuron 
and Ihiamethoxam in two llrazi lian tropical soi [s (Ent isol 
and Oxisol) wilh diffcren t physica[ a nd chemical properties, 
such as so il type. p H. o rganic rnaller and mineral compo
nent s; ( ii) lo compa re the sorption behavior of the studied 
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pesticidc:s with available data from lhe lilcraturc. Th is infor
ITIati on will contribule to lhe betler undcrsllInding a f lhe 
dynamics af pcslicides in tropica l envi ronmcnts. 

Materia is and Mcthods 

Chemicals und SOlllrion.f 

Pcslicide primary standards of ca rbcndazi m (97. 0% purity) 
and acctamiprid (95.0%) from Ehrenstorfcr Quality and di
uron (98.8%) and thiamcthoxam (99.5%) from Syngenla 
\\lere acqui red. MClhanol and acclonitrile [Mallinckrodt 
Ult imar, high performance liquid ch romalognlph (I-IPLC)]. 
w;!ter ultrapure grade Milli_QR ( 18 M n em) and anhydrous 
calcium chlo ride (CaCI2. J. T. Ua ker) \Vere used. QU3Tllila
ti ve fllt cr paper (Filtntr) [25 mm diameter and fiber glass 
membrane (Sartori us GM F 3) 47 mm diamelcr and 0.4 11 m 
po rosi!)' were util ized for fihration ofthe solu tion dcriving 
from lhe so rpl ion assay. Stock solulions of each pcsticide 
werc preparcd in acetonilrile at :t concentrat ion leveI of 
100 ~Lg mL~] and mainlained under rerrigc ralion. Work
ing standa rd solulions were prepa red by dilut ing stock so
lut io ns as required, for chromatographic analysis. For the 
sorplion experiments. stocks so lutions wcre prepa rcd fram 
lhe primary standards. in melhanol ai 100 Ilg mL -I . 

Soil .~'umpliflK 

Two Irenches \Vere opcned, one in an Oxi501 and a nolher in 
11!1 Entisol, which we re characterized in lhe soil's ho rizons. 
Sai 1 samples were collected in thrce repl icates in four hori
zons of lhe Oxisol (Ap. A/ U. Uwl and 8w2) and in three 
horizons of Entisol (A, Cl and C 2) from lhe Primavera do 
Leste region , Mato Grosso Slate. Brazi!. 10ca led ai 15°25' 
latitude So uth and 54°32' longi tude West. The chcmical 
:lnd physical propcrtics of lhe soil wcre ch;tr;\cterized usi ng 
methods described by Embrapa.1321 The soil o rganiccarbon 
(OC) was determined by Walkley- Black 's method. 

Sorp,iofl erperiments 

Soil samples were ai r-d ried fo r 48 h. sieved Ihrough a # 10 
metal sieve (Tyler equivalenl9 mesh, opcn ing 2 mm). Sorp
lion assays were performed according to lhe mClhod de
seribed by Souza el al .114) whe rc 5.0 g ofso il was weighed in 
125 mL-erlenmeye r and 25 mL ofcalciull1 chloride (CaCI1) 
solut ion O.Olmo l L- I ",ere added, used as a bllckground 
eleclrolyte to mimic rcalistic soi! ionic strenglh and to 
help Oocculation of elay paniclcs.IIS.Jl) This mixture ",as 
fO rl ified with each peslicide by adding propcr aliquolS of 
stock solutions (c.a. 100 /1.g m L - I) preparcd in ll1 ethanol 
in o rder lo reach increasing eoncentral ions: 1.0; 2.0; 4.0; 
8.0 and 16.0 /1.g mL - I. Thc so ils we re agitaled in a me
chanica l shaker aI 140 rpm fo r 24 hours. 10 reach equi
librium. A li experiments were performed in d upl icale and 
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one bl;lIlk sample was included in e"ery sample batcl! 10 
check for inl erfcring pcak s. Several ,Iulho rs have delllon
SlTalcd lhal gCllenllly pcsticidc equilibri um in lhe blllch 
so lution is reachcd in lcss lhan 24h .)IS.J4.1S) Thcrefore. lhe 
24h-shaking pcriod was chosen . Thc sol ution was filtcrcd 
through a q uanlitalive fill er paper followed by glass fibc r 
membranc (0.45 /.I.m) a nd 1.0 mL aliquo t fram lhe fi llrale 
was Iran sferred lo an aU losampler vial 3nd ana ly ... .ed by 
High Perfor mance Liquid ChromalOgraphy/with Diodc 
Array Delector (HPLC- DAD). 

For so rplion coelTieienl dctcrm ination lhe Linear and 
Fre undlich models were ulili1.ed. Fo r lhe Linear model . 
regression 'lIlalysis was made by plo lling lhe am ounl of 
sorbcd peslicide per uni l o f soi! mass (X / Ms) as a funclion 
oflhe peslicide COnten lralion in lhe solulion in eq uilibrium 
(Ce), as delllonSlTaled in the Eq ual ioll I: 

X 
-= K d. Ce 
M s 

( I) 

In turn , lhe Freundlich so rplion 
mined through Equalion 2: 

isothenn W1IS de ter-

~ = K .Ce l / " 
M s f 

(2) 

wherc. X/ Ms is lhe a mount of sor bed peslieide per un it o f 
soil mass (mg kg- I), Cc is the pcsticidc concentration in 
equi libriulll in the solul ioll (mg L - I), Kf is lhe Freundl ich 
sorption coefficient and I / n is lhe linea rity cocmcie nt of 
lhe isotherm . 

Partition cocmcienl no rmalized to organicearbon (K«) 
was caleulated from K" and the pcrcenlage of organic ca r
bon preStnt in the soil sa mple, according 10 Eq u'llion 3: 

K 
K = --'- x 100 

<>C %CO (3) 

Slulislicu/ unu/y .\ü 

The kruska l-Wal1 is non-parametric leSI W<t S used to com
pa re the K", Kf and I/ n parameters fo r each soil horizon . 
T he relationship between lhose K", Kf and K« valucs with 
p l-l , DC (%OC) and % day content were determi ned by re
gression analysis using lhe Pea rson test CP < 0,05) a imi ng to 
verify lhe infl uence ofthese 50il propc rties on the sorption 
of the st udied peslicides. 

b Ulrumt!nlaliofl unJ I1peruling c(JnJit;ons 

The concentration of pesticides was determined using a 
high performance liquid chromat ograph with diode a r
ray UV detector (HPLC/DAD). Varilm® equippcd with 
a qualernary pump, model 240. au lomal ic injeclor modcJ 
410, variable wavelenglh diode array detecto r (UV-DA D) 
1l10dcl 330 and chromalographic column with stal ionary 
phase OmniSpher CIS (parl icle size 5/~, 1ll) , 2S em long, 4.6 
mm inside dia meter and 3/8 inches of externaI dia meter. 
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Fig. 1. HPLC chromalograrns: (a) standard solut ion of thiarnethOllOarn, c,1rbendazirn. acctamiprid and diuron ai $.0 jlg rnl -I and 
(b) sorplion tCSI of diuron aI 4.0 Il S ml _I. 

For H PLC ana lysis, all ;ll iquol (10 It L) was injcclcd inlO 
lhe co lumn :Ind el utcd a i room temperaturc wi th consta nl 
fl ow rate o f 1.0 mL min - t under lhe following gr:tdient 
co ndit ions: initiating wilh acelonitrile-waler aI 25 :75 lhe 
co ntent of acetoni lrile was increased linearly 10 100% aI 

15 min and held :1\ this composition fo r 3 min o T hc chro
matograms weTC recorded aI :1 wavelen glh of 230 nm and 
retention times were: 5.0 min fo r th iametho;li;an , 5.8 min for 
earbcndazim, 6.2 min for acetamiprid. :md 9.3 min fo r di
uron (Fig. I). The delection and q uanlificalion limits Oflhc 
rnethod were: 0.08 and 0.40 /1-g L - I for Ihiamctho;li;am, 0. 11 
and 0.41 Jlg L- I for ca rbcndazim, 0.06 and 0.40 j~ . g L - I for 
acclam iprid . 0.07 and 0.42/Lg L- I fo r diuron, rcspcctivcly. 

Results and Discussion 

Thc mcan va[ucs of lhe soil samplc properties a re given 
in Tablc I. There was a relalively wide range of OC 
from 0.32 to 1.56% in Oxjsol and f TOm 0.48 to 1.40% in 
Entisol. 

Kaolinitc and gibbsi le weTC lhe major minerais in lhe 
Oxisol horizons Bwl and Bw2, with con lcn lS of 2 19 (13wl) 
and 324 ( 13w2) g kg- I of kaolinile and 182 (Bw l) c 206 
(Bw2) g kg- I of gibbsile. Minor quantitics of gocthile (58 
and 68 g kg- I) and hematilc (6 and 9 g kg- I) werc presen\. 
IrOI1 and a lurn inull1 oxides in lhe OX;501 ho rizons (Ap, Bwl 
e Ow2) r;mgcd from 40 10 52 and f TOm 166 to 280 g kg- 1, 

Table 1. Selected pro~rties of Oxisol and Emisol uscd in sorptton isotherm eJ(periments 

pH 0 0' Satrd C/o)' Cfo},f OC 

SoU H' Deplh (em) H~O CoCI1 (~) 

Oxisol Ap 0-20 5.92 4.70 1.56 63 33 21.2 
A I S 20·40 5. 30 4.60 1.47 7. 27 18.4 
Bwl 40·92 5.09 4.90 0.99 63 35 35 .4 
Bw2 92· 178 5.77 5.10 0.32 63 35 109.4 

Entisol A 8·43 5.00 4.30 1.40 66 32 22.9 
C I 52-84 4.98 4.50 0.73 60 '" 54.8 
C2 84--11 4 5.05 4.20 0.48 60 17 77. 1 

·orgalllc carbon; t so ll honzons. 
OC; organic carbono 
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TlIble 2. AI.'t:tamiprid sorption paramctcrs for Frcundlich and Lillc;u modcls wilh COllfidence inlen<al. OifTerenl Cllpil:ll lellas 
within CllCh column denOle significa nl difTcrcnces ai p < 0.05 (Kruskal-Wal1is non-p.1T:lmelric tesl) 

Kd" Kor b Kf' 
Soil lIor. mLg- 1 IC95% 

, 
mLg - t l~gl-t /~g- 1 mL I /~ IC95% " 111'" IC95% ,-

Oxi501 Ap 1.95 A 1.39- 2.5 1 0.889 125 1.99 A 1.49 2.66 0.955 0.98 1 AO 0.79 1- 1.l71 
A/B 1.66 B 1.44- 1.88 0.957 II J 1.77 A 1.40 2.24 0.960 0.955 A O.796- 1.l1 3 
I3 wl 0.97 C 0.92-1.02 0.996 98 LI 1 B 1.0 1- 1.23 0.993 0.956 D 0.891 1.020 
Owl 1.75 D 1. 64- 1.86 0.993 547 1.01 O 0.84-1 .22 0.985 1.263C 1.136- 1.390 

Entisol A 2. 14 E 1.95-2 .33 0.987 15J 2.24 A 1.84--2.74 0.969 0.9701\ O.828- U II 
C I 7.51 F 6.49- 8.53 0.968 1029 5.53 C 4.52- 6.78 0.962 1.209 BC 1.012- 1.406 
C2 15 .53 G 12.20- 18.86 0.925 3235 8.87 D 6.49- 12.13 0.894 1.478 E 1.063- 1.892 

~linear sorpllOIl c~fficll:nl; ~ Kd normalized for org.1nic carbono ' Fn:unlich sorpllon coefficicnt. dlllleanlY. 

respectively. T he cJ"y mi ncral cO m pOSil ion o f Entisol was 
nOI determ ined. 

Sorplio n o f aCela m iprid . carbendazim . d iu ron and Ihi
amethoxa m werc cva luatcd qua nlilalively by lhe Fre
undlich and Li near isotherms, whose rcsuh s a rc shown in 
Tablcs2 10 5. Decreasing Ka values fordiuron.ca rbendazim 
and accla mi prid wÍlh deplh in lhe O xisol was observed . ex
cepl in lhe Bw2 ho ri.wn. in wh ich lhe K" va lues fo r diuron 
a nd acelamiprid increased. In En tiso l. inverse tendcncy was 
obser\'ed; i.c. an increasing sorpt ion (K.,,) o f accta m iprid. 
di uron 3nd th iam clhoxa m wilh depth . excepl for carben 
d azi m. fo r wh ich K" reduced in subsurf;tcc. 

T he K.,. va lues fo r ' Icelamiprid showcd s ignificant CP = 
0.05) d iITcrence am o ng a lI ho rizons in bOlh soi ls (Tab1c 2). 
In A p and A / H horizons. no significant di ITercnce in Kf val
ucs was observed , a s ",cll as in Bw l and Bw2 ho rizons. The 
sorpt ion coemcien ts o f lhis pest icidc showcd no co rrcla tion 
with soil all ributes (Pearson correlalion). 

T he ca rbcndazim K" va lucs in A / B and I1wl horizons 
were significanlly (p < 0.05) di fTcrcn l from Ap and Ow2 
ho rizons of lhe O xisol (Table 3). The K/ valucs showcd 
slat isl ical d ifTcrcnce (p < 0.05) a mo ng a li lhe ho rizons o f 
lhe O xisol and no stll l is l ica l di fTerencc was fo und belween 
lhe C l and C2 horizons o flhe Enl isol. Com paring lhe Kf 
values belween lhe IwO soils, a sim ilar sorp tiol1 W:1S verificd 
in lhe surfacc ho rizon o f lhe Emisol and in lhe IWO IOp 

ho rizons o fl he O xisol (Ap a nd A / (1). The 50rplion Ofl his 
pesl icid c rcduced in deepcr ho rizonsof lhc O.~iso l profi le. In 
the 1\\'0 lo p horil.ons of lhe Iwo soils, ca rbcnd azi m showt.'d 
larger so rpl ioll in relal io n 10 lhe o ther sl ud icd pcsl icides 
(Figs. 2 a nd 3). 

The K .... va lues fo r ca rbcndazim (Tablc 3) showed lin le 
\'arialion among lhe horizons of O xisol. wi lh highcr val uc 
( 1716 m l g- I OC) in IheAp horizon. wh ilein lhe Emiso l lhe 
so rpl ion w:u I<lrger in lhe C2 horizon (K« = 2640 m l g- t 
O C)o Thosc vul ucs wcrc in agrcement wilh Ih ose fo und by 
Nemelh -Ko nd a cl a1.1I61, who fo u nd a K"" o f 2805 m L gl O C 
fo r Ih is peslicide. Silva and Melol291 obse rvcd Ihal sorplion 
o f carbcndazim in :1 lurf soil depended 0 11 lhc org:m ic mal
Icr co nle nl in higher eX lenllhan o n d ay conlcnl. Berglõf el 
a l1l31 s tudied lhe carbcndazi m sorplio l1 in Vicl mlrllcse soi ls 
wi lh physical and chcmica l properl ies sim ilar 10 lhe soi l 
used here :m d round K .... va lues Ihal ranged from 960 10 
2700 ml g-I. 

T he sorption cocfficic lll Kf fo r carbcndazim prcsen ted a 
correl:llion highly significa nl (r1 = 0.82 and p < 0.01) wilh 
O C con lent in bOlh soi ls. bcing lhe sa rlle verified 10 K" vaI
ues. bU I wil h less signi fi ca ncc( r2 = 0 .97 and p < 0.05). This 
wasconfirmcd by lhe red ucl io n in sorpl io n cocfficienl s wilh 
lhe decrease of o rgan ic carbol1 conlenl dceper d own lhe 
soil profi le (Table 3). To lhe o lher soil allribules. no co rre
lalion was verifi cd . Bcrglõf el a ll1 )1 a lso observed significan! 

Table J . Carlx:ndazim sorption paramelers for Frcund\ich and Linea r modeJs with confidence interval. DifTcrenl capllallcnc:rs within 
cach colurnn denote significant difTc:rence$ at p < 0.05 (Kruskal-Wal1is lIon-parametric tcu) 

Kd Q KO~b Kf' 
Soil Nor. mLg-1 IC95~ 

, 
mLg-! l~gl-l lltg_ l mL lI· IC95% 

, I fI,~ IC 95% r r 

Oxiso\ Ap 26.77 A 23.23-30.31 0.974 1716 34.5\ A 30.20- 39.45 0.977 0.602 A U 0.5 19-0.685 
A I O 15.05 BC 12.62- 17.48 0.962 1024 25.88 B 21.98- 30.4 1 0.954 0.453 A 0.363-0.542 
Bwl 15.5 1 BO 13.78-17.24 0.978 1567 19.82 D 17.58- 22.34 0.976 0.776 B 0.677--0.875 
Bw2 3.66 F 3.4 1- 3.9 1 0.99 1 11 44 1.89 E 1.17- 2.80 0.934 1.395 CE 1.092- 1.698 

Entisol A 3 1.09 A 28.73- 33.45 0.993 222\ 29. [1 AO 24.39- 34.83 0.952 1.165D 0.904-1.495 
CI 13.00 CE 11.46--14.54 0.979 178 [ 8.07 C 6.95- 9.40 0.98 1 1.405 C D 1.230- 1.580 
C2 12 .69 DE 11.73- 13 .65 0.990 2644 8.91 C 7.67-10.35 0.975 1.31 7 DE 1.145- 1.489 

· tin~ar sorplion coelflcient; · Kd lIormatizcd ror orgamc c.arbon; <Freunlich sorpuon eoemcl~nl ; ~ Iin earil }'. 
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Fig. 2. Linear $Orplion isolerms for acctamiprid. earbendazim. diuron and thiamclhoxam in lhe horizons ofOxi$Ol. 

corrclalion among sorplioll coefficien ls o f carbcndazim 
and lhe OC conten\. l-I owever. Ihey verified posi li ve co r· 
rel:Ll io n bClwec n KJ and K" with soi l cl"y content. a r:Lcl 
Ihal was nOI observed in our sludy. 

The Kd and KJ \'al ues for diuro n showcd signific:ml Cp = 
0.05) dilTerence amo ng lhe IWO soil ho rizon s. excepllo KJ 
va lues in lhe Oxisol A / I) horizon a nd Entisol CI horizon. 
Sorplion of diuro n was larger in lhe Ap horizon oft he Ox· 
isol. bcing lhe opposile observed in lhe Enlisol (Table 4). 
Thc K..., values oflhedi uro n ranged f TOm 145 10263 1 m L 
g- l OC (mean , 968), indiclLting inlermediary mobi[ity. Sim· 
ilar results were fo und by So uza ct al.[J41 and C;lracciolo el 
aJ.,l JOl while Liy"nage el al.I1S1 and Oliver el a l.[121 o bscrved 
lowcr values o rKoc. varying fro m 55 lo 962 mL &- 1 (mean. 
407) and 225 to 1179 m L g- l (mean of 599), respeclively. 

No correlation belween K, and Ká values wilh soi l ato 
Iributes were observed, while Koc showed posi live correia· 
lio n (r2 = 0.897; p = 0.006) wi lh day/Oe rat io. Th is result 
diverges fro m theolle observed by S OUZ.I el a1. [l4] who fo und 
positivc co rrclalion of KJ and Koc on[y wilh o rga nicca rbon 
o r an Ult iso1. According 10 Karickh oW361 for a minera l/ 
o rga nic carbo n ratio o f less Ihan 30, mineT<11 conlribulions 

for sorption can be reduced , despite d ay con tent o probably 
duc 10 minera l blockage by the o rganic maner.!l11 

The gencr:ll ij'.a ti o n Ihal lL ppcars in lhe literalure is Ihat 
lhe mOSI impo rlanl soil propcrl y alTt."Cting sorption o f pes· 
licides is lhe OC conlent. Non· hydroph obic intcractions. 
neverlheless. clln contribule 10 lhe sorplion under some 
condilions. Th is appears lo occur wilh highly polar o r ion· 
izab[e compounds and is more a pparcnl for soils wi th low 
OC and high day con lenlpa) 

Thc mcch íl nisms involved in lhe so rption af pesticides 
10 o rganic lIlíltter have no l bcc n d ea rly demonslraled. So i! 
o rg;tn ic malte r is a comp[ex and hClcrogcnco us mixl urc o f 
humic subslances. polysaccha ridcs, lign in. sim pie carbohy· 
drates. lipids. pro tci ns and organ ic acids. a nd can be assoei· 
alcd to a luminum·silicates, a luminum and iro n hydroxide. 
and other inorganic compo unds in soi l.[27.38.391 I-Ience. nOI 
on ly lhe organic maller conlem bUI also ils composi lion 
infl uences sorption . 

Thc Ih ia methoxam so rption (Tablc 5) in lhe Ox iso [ wa s 
variablc. wi lh si milar values in A/ U and Bw2 horiZOIl S. 
Howc"cr. in Ihc Enl iso [ Kd and KJ showed significanl di ]"· 
rerence (p < 0.05) belwcen Ap. e l and e2 horizons. No 
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Fig, J. l inear sorplion isoterms for acetamiprid. c:\ rlxlldazim. diuron and Ihiame lho.~ a m in lhe Entisol honzons. 

corrclation ofsorpl ion cocfficicnl ofll1 i5 Rfsticide ",ilh soi l 
aHribules was obse r\'cd . Cumpbell ct al.[ 11 stud icd lhe \hi
a rncn lnoxam sorplio n in IWO H awaiian 50 11s, where Kf vai· 
uesorO.7 1 and 2.82J,g l- I/11 g- t mL 11" wcrc oblil incd . Thcsc 
va lucs are similar to lhose round in lhe horizons in lhe Ox
isol and in lhe IwO firsl horizons a f lhe [ nl iso l. 

The linea rity a f sorption isotherm reprcscnted by 
I I n from Freundlich eq uation was vcrificd tcsting lhe 

hypothcsis I / n . 1 fO f cach soil ha rizon. using thcS tudenfs I 
leSI (Table 6). For lhe horizons where the hypothcsis l / n · 1 
WlI S rejected. pcsticides so rpt lo n coeOicicn ts werc indepen
denl on solu tion concentration, being obscrved with highcr 
Creq ucncy Cor acc tamiprid and Ih iarnethoxarn . Th:!1 beh:w
io r is rnore comrno n when sorplio n occurs by hyd rophobic 
proccssl40I , o r the pesticide conce nlrmion range used in lhe 
sorpl ion Icst w:u nO I sufficicnt to identiCy lhe iso lherm type. 

Table 4. Diuron sorpl ion p,Lrarnclers fo r Frcundlich und Linear modcls wilh confidence inlerval. Differcnt capitallellers wilhin 
each column denOle significunt d ifTcfi:nccs aI p < 0.05 (K rus t al· Wa11is non, p:Lfamctric ICSI) 

Kd lJ Koc b XI' 
Soil flQr. m L g- I I C 9.5% 

, 
mL I; J /lg l-I /" , - 1 II/L 1/ . l e 9.5% " II"J IC9.5% '" 

O.'!.isol Ap 14.3 1 A 12.80- 15.82 0.98 1 911 18.07 11 15.96- 20.46 0.974 0.748 A 0.647-0.848 
AIB 2.65 B 2.27- 3.03 0.965 180 4.29A 3.50- 5.25 0.953 0.8 18A8 0.670-0.967 
Uwl 1.44 C 1.41 - 1.47 0.999 145 1.27 C 1.20- U 5 0.998 1.058 D 1.02 1- 1.095 
Bw2 8.42 O 7.25- 9.59 0.967 263 1 6.65 D 5.65- 7.83 0.971 1.091 C 0.936- 1.246 

Entisol A 4.34 E 3.58- 5. 10 0.950 lIO 9.25 E 8.5 1- 10_02 0.986 0.629 E 0.569-0.690 
C, 4.58 F 4.28-4.88 0.995 627 4.26 A 3.22- 5.6 1 0.957 1.054 BC O.I!J2- 1.277 
C, 10.99 G 8.95- 13.03 0.943 2290 16.]7 F 12.08- 22. 18 0.849 0.790 BC 0.519- 1.06 1 

- linear sorpL lon coefficll~n l ; ~ K f.I norl1lalQed for organic carbono ' Fl'C'un!ich sorpL ion cocllicienl: J hneamy. 
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Tablc 5. Thiumcthoxa m sorplion par"melers for Freundlich and Linear modds with conndcncc intervalo DifTcrenl c;lpilal letlcrs 
within each column denOle significam difTerences ai p < 0.05 (Kruskal-Wallis non.pmamclric ICSI) 

Kd" Koc b Kf' 
SoU Ilor. ml-g - I IC95% 

, 
m L g - 1 /lgl-l /"g - l mL 11" IC95% 

, 11<1' IC95% ,- ,-

Oxisol ,\ p 1.63 B 1.52-1.74 0.992 lO. 2.02 A 1. 72- 2.38 0.984 0.924 A 0.818- 1.031 
A/B 3.41 A 3.20-3.62 0.993 232 3. 16C 2.6 1 3.85 0.971 1.052 A Be 0.902- 1.20 1 
Bw l 1.27 C 1.25- 1.19 0.958 128 0.86 B 0.70- 1.08 0.977 1.UISD 0.990- 1.272 
Bw2 3.02 A 2.64-3.40 0.972 944 2.07 A 1.65- 2.59 0.97 1 1.170 B 1.005 1.335 

Enlisol A 1.92 D 1.88- 1.96 0.940 137 0.7 B 0.47- 1.06 0.956 1.419 DE 1.148- 1.690 
C, 3.61 E 3.22- 4.00 0.980 495 1.37 D 1.02- 1. 84 0.968 1.554 E 1.325 1.783 
C, 13.81 F 12.77- 14.85 0.992 2877 11.1 4 E 9.64-12.88 0.976 1. 195 CD 1.026- 1.364 

"lincar sorpllon cocfficicnl: · Kd nom.ali7.cd for organlc carbon: ' Frcunhch sorpllon cocfficlCnl; ~ 1incariI Y. 

For carbendazim sorption 10 lhe firS I Ihrce ho rizo ns and 
for diu ron 10 Ihc fi rsl IwO horizons of Oxisol , Ihc I I n con
slant was smaller Ihan I, showing Ihal lhe 50rplion coe(· 
ficiem of Ihose peslicides decrease as solulioll concen lra
tion increascs, wh ich is characteristic fo r polar moleculcs 
and for cationic forms ofbasic compounds such;\s cíl rben
dazim (p Kb = 4.2). T he same was obscrved fo r diuron in 
Ap horizon of lhe Entisol. For the o lher horizons of the 
IWO slud ied soi ls in which lhe constan l ! I n was higher Ihan 
I. an increase in so rption coefficicnls :t S lhe pesticides con
centralions in Solulion incrcasc was obscrved. rcpresenting 
Ihc inilia! pllrl of an S ty pe i so lherm .l~ ll 

In Entiso!, Ihc 50rpllon of carbendazlm was linear only 
in lhe A horizon with high oe con lenl. T he opposite was 
observed in lhe el and C2 horizons. where lhe o rga nic 
carbon con len l wassmll ller, indicaling a change in so rption 
mechanism. 

Linear sorption ofaceta miprid wasobserved in a lmost a li 
horizons of lhe Oxisol, except in Bw2 llnd in lhe A horizon 
of Emisol. In lhe horizons where OC con lenl was equlI l o r 
higher Ihall 1%, lhe sorption behavior of Ihis peslicidc was 
linear; 0 11 the olher hand in lhe horizons with oe con lenl 
lesser Ih>-ln 0. 73% lhe so rplio n WlIS non-linea r. T hus. ei ther 

Table 6. Slulislical analysis of the hypothesis or 11n t- 1 by Stu· 
dent"s I Lt'Sl 

Pesricidl!s 

H ori:Olls A C~/amiprid C"r/n'm!a:: lI/I DÍlIfOI1 Thllllll /.'Iho:.;om 

Oxisol 
Ap NS" < I <I NS 
A / B NS <1 < I NS 
Bwl NS <1 > 1 NS 
Bw2 > 1 > 1 NS > 1 

Entisol 
A NS NS < I > 1 
CI > 1 > 1 NS > 1 
C2 > 1 > 1 NS > 1 

- NS = nOI sig!li li canl aI p < O.OS. 

mineral fraclion contribules significan lly lo rClcnlio n of 
Ihi s peslicidc or ils molecules were sorbed by specific silcs 
of lhe o rganic maller.l l 9) 

For diuron. in the thrcc horizons with low o e content 
(<1 %) sorplion da la bch:\\'ed linearly whi le ro r oe la rgcr 
lha o 1.4%, I In WIl S Icss Ihan I and fo r oe con len l approx
imalely I, I In was grcaler Ihan I . Shcng el a l.l1 '1) observed 
non-li neari lY of lhe sorplion iSOlherm fo r low concenlra
tions of this peslicide in a si ll loa m soil wi lh 1.2% CO. 

Thi:unelhox:lm showed linear behavior in ali hori.tOns of 
the Oxisol, except in lhe Ilw2, with a value of 1 In higher 
Ihan I in Ih is horizon and in ali ho rizons of lhe Entisol. 
This pcslicide showed low sorption in leracti oll wil h so il 
consliluems, panicula rly in lhe Oxiso l. No correlalion of 
so rplion coefficienlS with all ribu les o f soils was observed . 
corroborali ng lhe low sorplÍon showcd by Ihis peslicide in 
lhe horizons of bo lh sludied soils. 

For lhe Sludied pcslicides, among lhe horizons o r bOlh 
soils a varialion up to 30 limes in Koc va lues was observed. 
This. in addi tion to lhe probablc ch:tnge in so rpl ion mecha
Ilism as a function ofo rganiccarbon conten l, bringsdoubls 
aboullhe applicabilily o rthis coeniciclll lo eVill ualc lhe po
tcnlÍal of groundwalcr co nlllm ina tiotl. 

Conclus iOlls 

T hc Sludied pesticidcs showed di ssi mila r sorpl i"c behav
ior in Oxiso l and Enlisol. Acetami prid and thiamclhoxam 
showed low sorplion cocfficicnts. indicaling grcalc r po ten
lia I orcontamination ofground and surrace water. The pes
licides so rplion in lhe Oxisol ho rizons decrcase wi th dcpth . 
while in En tisol an increase in so rplion was obsc r\'cd in 
deeper horizo ns, except fo r carbcndazim. 

Significam correlalion of lhe sorplion of cllrbend :lzim 
wilh 50il o rganic carbon contem in lhe honzons of Oxisol 
and En lisol was obscr"ed. T he sorplion coenicients of ac
elamiprid, Ihiamcthox:ul1 and di uron showcd no significan t 
corrclalion wil h soil o rganicca rbon conlen l. indicaling Lhat 
in leraction of these pcsticides wi th Ihc mineral cOllsliluenls 
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a f lhe Ox isol and Entisol rni ght p lay an imporlanl ro le in 
lhe so rplion processo 
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