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ABSTRACT

Vln a s s e has b e e n w l de ly r ep l a C l nQ cheml ca l f e r t l I l z e r s ln sU9ar cane
p)a nta t l on s as a SOllr c e o f nutrlen ts. mal n }v po t assl um . De s Pl te It s va l u e as
a fe r tl l lz er . Wh l Ch ha s a lr eadv be @n s hown . the r e ar e ve ry ( eu publlc~ tlon s

a bo u t lhe mob i l l t y of 1 t S c o nstlt u ents a s u e l l a s hel r ~f t ~ct 00
Qr oundwa e r QUa Ilt v .

l n a sUQar c a n e p la ntatI on l o c a t e d o n lhe Bo t ll c a t u dQUlfer rec h a r Qe area. a
r e e e a r c h o r orec t h a a b e c n d e v e l o p e d t o d e t e rm r n e t h e d v n a mr c o f the
c on s tl tuent s o i Vlnasse th r' ough the unsaturat ~d and s arura t ed zones. a lmln~

a t defl n lno t h e a oron oml C rat e o i V l n asse lrrl oat l oll ln order t o p r e s e r v e
thE.- oroundwa t e r q ua ilty .

Geol 0Q1 Ca l and hyd r o ge o l o Q1Ca l surve ys we r e ca r rleó o u t utlll ZlnQ data :ro~

c e c c nve i e a i meth o d s t e t e c t roo e c n e t i s e and e t e c t r or c e r e r i v r t v ) • bor i ne ano
p l e Zo me t e r s .

Th e area wa s dlvl ded lnt o thr ee pl ot s wh e r e vlna s se wa s applled at ra tes o f
1 50 and )00 m3 /he cta re .

A mon l t o rl n Q n et wa s l n s t a l l e d a tt e r t he h ydro q e ol oQ1Ca l c h a r ac te rlz utlon o f
t h e sl te. co n S l S l n o o f mo nltol'lno wel ls. mul t I leveI ple~ometer~.

t en s l 0 me t e r s . !l llc tl on a n d pa o l Y5 1met e rs . Whl Ch a l lo l"l' t he evalua tl on of th e
v e t e r fl o w and eo Lu t e t r e n e n o r t e t i ou t n r o u o n t h e une a t ur-c t e d an'ó e a t ure t e d
z o n e s .

Th lS p ape r s h ow s t h~ p re llml n a ry resu l t ~ o f
me t h o d o l o QY u aed .
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INTIlODUCT ION

Vi na !5g e has
p lan ta t lan .
f urrowB a nd

b e en wl d e l y u s e d as
belnQ mainl v írri oated
s prl nkll n o 5ys t e ms.

a Bou r c e aí nut r i e nt s l n the Buoarcane
b v me ao s of ta nk trucks . InfIltratian

Seve ral a u thor s h ave hlQhl lQ h t e d t he beneficial e ffects of Vl na s s e 0 0 t he
"p r-o d u c t r v i t v af the s u oar cane (AlmeId a . 1962). 00 some chea í c e I cr-oce r t i e e
oi the so11 - suc h à S t he c at l oo excha n Qe capaclty and the avai labilitv of
nu t r r e rrt e (Valsechl a nd Go me s . 1954 ; Nune s et a r r r • 1 981 ) and 00 the
popu l at lons of mlcroorQanl sms ln the so ll (CasarIoí . 1989 ) .

No t wlths tand l no. research on t h e mo b il i t y af the
et e t i í • 1987; Cu nha e t a 1 I 1 . 198 7) a nd ec r eov e r ,
q u all t y (uaee ue e • 198 7) is e t í t i scarce .

v r ne aa e ln 9 01 1s · (Ca ma roo
I t s effect .on oroundwa ter

Su o ar cane plant a t ians a re ma ln l y located i n the Nor t hweste rn area o f t he
State of SAo Pa ul o whe r e recha r oe areâs o f important aquifers - such as t h e
Bauru and the Botuca tu - a re l a c a t e d . Th e la tt e r o ne 15 cons ldered to be the
ma l n Qrou nd wate r su ppl ler i n t h e S t a t e . So me of t he mo s t Important cities in
t h lS reolon a r e e ntIre ! y or par t l a ll y supp lled by th is wa t e r- be a r l n Q
f orma t lon .

Thu s beino. due to t he l ack of i nfo r mat io n r e l a t ed t o t he a lterat ion of the
QUal lty af o r oundwa te r caused by t he Vlnasse . it I S i mport ant to e v a l u a t e
th e ef fect s o f t he several dispo sa l s ystems used . s uc h as cha nnel s.
sp r i nk lno. and l nfi l t r ati o n f u r r o ws a nd l a ooo ns .

Thl S pa pe r a lms at asseSS lno t he
oroundwater l n the r e cha roe are
method ol o OY employ e d ln the
cons tl tuents i n t h e u nsaturated
preli mlnar y r esul t s .

effec ts of t he I rrl oatlon USlno Vlnasse o n
o f the Bo t u c a tu AQu i f e r . describino the
s t ud v of t he ~ehavior o f t h e Vl n a s s e

and s a t u r a t e d z ones as wel l as s o me

BELECTION OF THE AIlEA BTUDI ED

The a re a stud i e d was c ho s en d u e t o t he f ac t that i t is l ocated on t h e
Botuc atu Aqu I fer. be c ause it is a st r a t eo i c re o io n fo r t h e p r o t e c t i o n of
thlS i mpo rt a nt wa t e r-bear ino f o r roatl o n l n the Stat e o f S~o Pau lo . Such
eve t.e e , i n its c uu c r c su nc ar e a ( r e charoe ar ea l and in the r e c í on whe r e r t is
c o n f l ne d b y basalt i c f orma ti ons (9 0 pe r cent o f the a qu l f er ) . com~r lses 60l
a f th e Sta t e te rr l t o ry and t ha nks to i t s h lOh po te n tlal. lt 15 t he maln
oroundwater reserv ol r in SAo Pau lo (Ro c h a . 19 8 6 ) .

Other cr l ter la used for t h e s e l e ction of t h e a r e a s t u dled were : shal low
water tabl e (fac llltat l n o borlno ope r ations and e nab ll no QUlcker r e sult s).
homooeneous med ium ( permit ti n o a n e a s i e r i n te r pre ta tlon of res u lts). t he
eXl stence of a loca l d i sch aroe a rea (allowi n o the l dentiflcatlon of the
o raundwat er fl ow patte rn ) a nd c an t r a lled or a bse n t sources o f pollut io n
uph 111 .

Th e a r ea select ed IS loc a t ed ln t h e mu nlci pallty o f Serrana . Stat e o f S Ao
Paul o ( 2 1007 ' Sauth . 47 0 34' We s t : FlQUre 1) .

The cl i ma t e ln t he re oi o n . acco r di n o t o the Koppen c lass l f l c a t l o n. c a n be
sald to p e r t ai n to Group A of mesothermic c l i ma tes. wl th we l l def lned
c haracte r ist i cs durino w r n t e r- (dr y ) and summe r (we t ) (DAEE . 1974 ). Rai nfall
in the area studi ed was 1. 688 millimet e rs i n .1 98 9 . f o ll owi no t he s ame
distr ibutlon patt ern in t h e reQl o n a s a who le.

The area BLudi ed IS 1 , 280 s Qu a re mete ra . wi th fl a t r e li e f . l o c ated wlthin
Us ina da Pedra suoarcane planta~ons .
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F i O. 1 . Lo callzatl on o f the ar ea st ud l e d .

OEOLOOI CAL ANO HYOROOEOLOOI CAL CHARACTERI ZATION

Local oeol o ol ca l and hydrooeoloolcal characterlzatl on 19 almed at
identifYlno and c haracte r lz lno bo t h p hV5 1Ca l ly and c h e ml c a l l y t h e
u n9dtura t e d a nd 5a tur ated z o n e s ln t he area 9tud led . l d e n t l fY l n o t h~

po tentla l poll utants r un~ays wl t hi n s uch z one5 and o r l e n t i no the loca tion o f
monit o rlno equ lpment (US EPA. 1986 ) .

Thus . aUoer borl n o and tr ~nches were used i n o r d e r to a ll ow t he co llec tlon
o f undef orm e d sam p les . De fo rmed sa mpl e s unde rw e n t oranul ation a nal Y91S and
t he resu lts obt alne d showed a n h o mooeneous me d l u m ( O t o 4 5 0 c m) wl t h a n
averaoe o f 89. 9 1 t sand ( bei n o 30 .65 t coar se s and a nd 56.26 t flne sand) .
2 . 85t s.lt and 10 .24t c lay .

Undef ormed anal Y91S h e lpe d determine
poros l ty and t h e wa ter re tentl on curve .

the appar ent density. the to t al

Th e s Ol ls. a s we l l as the sed l ments. c an be c lasslfled as Re d -Ye l l ow Lat osol
wit h p redomina nt Quartz const ltut lo n .

Two elec tr l c s o und lnos we r e carrled out and three o e o e l e c t r i c a l la ye rs we r e
def l ned . The f lrs t o ne (1 .200 ohm /m r eslstlvlty a nd 2 .5 m thl ckness ) wa 5
i nterprete d as b e ino an un5aturated zone o f the Bo t u ca tu Forma tl0n . The
second o ne (4 .700 o hm/m r e sl s t l v lty a nd 28 m thl ckness) lS the satu rated
zone o f the s ame f o rm a t l on . The thlrd layer (60 0 ohm/ m a nd u nde fl ned
thickness ) l S thou oh t t o be par t o f Pll a mból d Fo r ma t l o n . due t o l tS c l a y
conten t o
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Elect romaoneti c tr a n s e c tl o ns c ar rl e d ou t wl th GeO nlC S ' EM- 3 1 and EM-3 4
showed low con d uc t l v i t y ( 0 . 4 to 3 .5 ohm/m . dec re a s l n o wi t h d e pth) up t o 15 m
dep th . Whl Ch c o n f l r ms the e l e c t r o - r e slst l vl ty s OUnd lnQ ln t erp r e t a t l ons .
ThrouQh these methods. l n tru s lve b od l es wer e not o bserved wl th l n the a rea
stud led. whl Ch c h aracte r l zes - wl th the h e l p o i physi ca l data - a p o orl v
stratlfled h omooeneous porous med lum wh e r e d i spe rslo n p r oce 3ses probab l v
occur ma lnl y durl nQ the tran sportatlon of s o l u t e s . T h e low c o n d uc t l v l t v
measur es obt al ne d b y t h e elec t roma o ne t lc e q ul p men t l ndi cat e . for t h e a r ea.
mea~ure9 c ho s e t o backgrou nd va lues .

SlX monl t or lnQ we l ls were bored ln o r d e r to c heck or o u n d wa t e r l e v e I
var l at i ons Whl Ch. trom Nove mb er 1988 t o Ap r l l 19 90 . va rl e d be t we en 1. 70 and
2 .60 mete rs . Poten t l omet r l c maps were drawn i r om the s e d a t a a lm lnQ a t
eval uatl nQ the dl r e ct l on of o r o u n dw a t e r f l ow l n sever a l d l ffer e n t d a t e s .
F IQUre 2 shows o n e of the s e ma ps , wl t h ao l ndlcat lon of t he f l o w dl ~ectl on

(assUm l n Q ao lso tro pic and homoQe oeous medlum ).
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EXPERIMENTAL DELINEATION

The or oundwate r fl o w d lrectl on ln lhe ar ea 5tudled de!l n ed lhe loca t la n a f
lhe monltorlnQ e q u l p me n f or l h e unsaturated and s aturated z o nes. as s hawn
l n f l Qure 3 . Fo r monl t orl n o o f l h e u n s atu r a t e d z o ne. nIne 9 alI ons wl t h Sl X
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te nslometer s f or the d e t e rm I n a t I an af so i l h u mld ltv a nd tive s u c t lon
IV9 1rnete r s f o r collectino 301 1 so luti on samples. The tenslometers we r e
pos ltloned a t 20. 60 . 100. 140. 180 a nd 220 cent imeters oC dePth. a n d l h e
l ys lm e ters, at 40. 80. 1 20 . 160 a nd 200 centimeters. ln arder to sdmple l h e
so lutes tra n sported bv macropor es a nd c h a n n e l s . s lx pan lvs ime t er s we r e
p laced - three at 50 c e n t l mete r s and three at 150 c ent im eters a f d e pth .

Three multlievel Plezome ters we re Pos l tloned at a t 2 .90 a nd 4 .50 met e r a f or
collectlnQ samples and d et ermlnlnQ punc tual hvd raull c pote nt I aI s .

The area studied was dlvlded lnto thr e e smaller u n i t a . Th e fir at area
r ecelved 150 CUblC metera a f v inasse pe r h ecta re t h e rate common l y
dlsposed by the tank truc ks . ln t he t hl r d a r ea . 300 CUb lC meters o f Vlnasse
per h e ctare were d lsposed - r a t e co r re s POnd l nQ t o the o n e us ed l n the
s p r l nk l l n Q lrrlQat l an . Th e seca nd area did no t re c eive Vl n a s s e .

Th e c o ns t l t u t i o n of t he vinas s e u s e d i s s h a wn on Tab le 1 .

Tab l . 1 : Ch.m~ c . 1 c onat1tut l o n or t h . v1n • • • • (mQ/ l)

TOC

2 1.950 . 0 0

TKN N-NH4 N-N H3 N- NH2

1 3 5 1 2 0 . 08 0 .01

K

1 200

Ca

1 0 7

MO

83

CI S0 4

673 8 1 4

pH

7 .7

PRELI MI NARY RESULTS

One s amplin q was c a r rled o u t ( 11 /22 /1989) befare the l r r l Qa t i a n wl t h the
vlna s se (11 / 23 / 198 9) a nd f o ur sampll n Qs we r e ma d e a e t e r t he lr r l ~ a t l on

(1 2/1 3/1989 . 1 /1 /1 990 . 1 / 31 / 19 90 and 3/15 /1 9 90) fo r t he c o l l ec tlon o f 501 1
s o l u t e and 9roundwater . Ch a r t s a f concentra t i an ve rsus t l me ve rsu s d ep th
were drawn Erom the ana ly ti c al data. a nd t he y s haw t h e behavior a C t he
vlnasse c o mpo n e nts ln the unsa tu rat ed and saturated z o nes . Th e re su l ts
ob talned s how t hat th e conc e ntra t lo n s o f Vl na sse component s we r e Slml lar l n
the three area s with dlff e r e nt irriQat i an r a te s . It wa s prabab ly caus e d b y
t h e l~t~ra l dlspe r s l an l n t he uns a tu r a t ed a nd satu r at e d zones .

F1QUre 4 shaws the Varl a t l on oE t h e conce n t r atian o f c h l orlde. pot a s slum a nd
d15501ved orqanl C ca rbon (DOe) in t he satur at e d z one ln t wo depth s (2 .9 m
and 4 . 5 m) ln tim e . A stronQ v ar l at i on a f t he co nc e n tratl o n o C chlo rid e
(rea Ch lnq 55 mo/I) ln the lawe r depth in the (lrst sampllnQ aft er t he
lrrlgation wi th the Vl na ~ ~ e c a n be o bs e r v e d . Af t e r the t h l r d s a mp l lnq .
carrl ed out 40 d ays a fte r the lr rlgati on wl th the Vlnasse . the
conc entratlons de cr e a s ed contl n u a l l y a nd reached apparently na t ur a l val u e s
(0 . 5 mQ /l ). Wh l Ch hl qh l i Qh t s t he Qr e at mo b lllt y o f thls an l o n. Ou e to the
predominant horlz ontnl f l ow a nd the s ma ll desce ndi n Q ve rti cal compon e nt.
altera tl ons ln the conce n t ra t io n o f ch lor l de ln t he h lgher de pth (4 .5 m)
were on lY fo u nd l n the f ourth s a mp l l n Q. 7 0 d aY9 a ft e r t he l r rlga tl o n .

PotaSSlum cancentratl ans w~re malntalned c lose t o na tu ra l va l u e s ( O. J to 1 . 4
mQ /l). wh r Le DOC's b ehavi or was e i mi La r- t o that o f t he c h lo r ide . r e ec h i nc
conc e nt rat lo n s of 80 mQ /l and 5 0 mq/l ln the l o we r a nd t he hiQhe r de p ths .
r~spe c t l ve l y . Su ch alt eration l n t he con c e n tration o f ca rbo n ln Qr o u nd wat e r s
19 pr obab ly associa ted t o lea c h l nQ of s olub le o rQ a nl C compou nd s o f th e
Vln3S5 e. whi ch has 3 hlQh c o nc e n t r a ti o n of o r Qa n lc mat e r i a l (Tab le 1).
most ly col l o l d a l .

F1QUre 5 shows the behavi o r oi the n lt roQen f orms ln t he Vlna s s e with i n t h e
saturnted zones . SlQnlf l cant varlatlons of the NKT wer e o b s e r v e d f r om t he
t hlrd sampling on, ShOWlnQ a delayed transportatl on oC t h e nl t r o Qe n forms
~ncompa9sed ln t h lS analY~ls compared t o chloride. Al t er a t i ons l n t h e
concentration of NKT wer e not observed fo r the hiqher d e pth Stud l~d up t o
the last sampllnQ .
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l n v i ew o f the QUl ck t r a n s po r t a t l on proce s s o f t he NKT a nd N-N H4 l n th~

u ns at u ra ted z o ne . Q s l g nlf l ca nt n itr l f i ca t l o n process probabl v dId not
oc c ur . be cd u s e t h e conc e n t r a t lons o i n i t r a te l n t he g r ound wa t e r dId no t var y
a nd t he c o ncen trati o n o f nit r at e in the Vlna s s e wa s v er y s ma l l .

FI gu r e 6 s hows t he v a rl a tl on ln the c o nc ent r a t l o n of c hloride a nd po t a s e lum
ln depth l n the un s a tur a t e d z o n e l n d lf f e r en t s a mp li nq r o u t lne s . Af.t e r the
lrr l gatl on wI t h t he Vl n a s s e, the conc e nt r at lons o f c h l o r l d e ln alI d ept hs
(12 /13/ 1989 . 20 d a ys a fte r irrlga tlon) l nerease a ndo a f ter t hlS date.
deere ase aQ a l n . rea c hl nq na t u r a l v a l ue s l n t Ime . Th ls iact shows the QU l c k
leach l n Q o f t h is an lo n l n t he unsatur a t ed z o ne . wh i c h enabled the Qr o wt h o f
t h e l e veIs of c o nce ntrat l on o~s e rve d i n t he satura ted zo ne . The u n satura ted
zone mu s t h ave a cted as a sou r ce o f th lS element f or t he 'Qrou nd wate r f or a
c e r t a l n per lod o f t ime .

Uith reQard t o pota SS lum. a strono i ne r ease o i l t S conc e n t r a t lo n ln thp.
d ep t h o f 80 c m ln t h e f lrst s a mpl lnq af t er the lr rl gatl on wlt h the Vlndss e
c a n be no t e d . a nd lt proQresslvel y q oes ba c kwa r d s . reachlng ba c Kgrou nd
val ues i n t he s u b s e Qu e n t sa mpll nQs . Ho wever . t h e l e a c hl nQ o f such e lement
WdS no t o b s e r v e d f o r hI qher dep t hs. a nd t h i s reduct l on in conc e nt r a t lon a t
80 c m I S p roba bl y a ~ so c l a t e d to t he remov a 1 b y t he s UQa r c a ne . Th l S fac t wa s
a l s o o bs erved by Cunha et al l l ( 1 9 8 6 ) i n a sImIlar 5 01 1. t ho uqh Or l Ql nat ed
o f more a rQ l l l a ceous material . Such re t en tl o n o í t he pot a ssl um at 80 c m and
t h e later r e mov a 1 by the suqar c a n e e x p l a l n 5 t h e non-alte r a tl on o f the
Qua llty o f qrou nd wa ter wl t h reqa rd to thi s e leme n t o as obse r v e d l n F I gUre 4 .

CONCLUB IONB

Al t h o u g h p r el l ml n a r y . t he r esu l t s o b t a l ne d l n t hl S 9tud y a l l o w u s t o
conc lude that. f or aqr onoml C l rrlga tlons wl t h v Ina sse l n s o l l and per meab l e
s e dl men t s . t he chl orlde. t h e o r g a n l c c arbon o and t h e ammon ium a nd o r Qa nlC
nl t r o g e n appe a r as elemen t s t ha t i mpo s e a r l s K to th e g r oundwate r Qua llt Y ~

The c h a nc e s o i alt eratl on o i t h e c o nc e n t r at l o n l e v eI s o f potass lum l n t he
Qrou nd water I S r emote . l n vl e w o f the retentl on o i th l s e leme n t by the
un s a t u r a t e d z o ne . even ln 50 115 wlt h l o w c a t lo n e xc ha nq e ca p ac l t y (CEC) s uc h
as the o ne s t u d l e d . ln such s l tuatlan . t he po tassl u m rema lns a v a l l a b l e lO be
a bso r be d b y the ~uqar c a ne . redu c lng t h e probab ll lt y a f the unsa tura ted zo ne
to a e l a s a sou rc e o f thl~ e lemen t f or the q ro u nd wate r . a ~ obse r v e d f or t he
chl orld~ .

The f o l l ow lnQ steps o i t h l s study must . l n v l ew a f the p rel l ml na r y r esuits .
pay attentl on to the Poss lb le tr ans fo r matlon o f s o me e lements o CCu r r l n g ln
th e unsa t u r a ted and s atu rated z o n e s. such a s nltrog e n Whl Ch. a i t h o uq h
p red omlnan t ly orqa n lc l n the Vl nasse . c ano th rou qh a n lt r lf l c a tl o n process o
r each t OX l C l eve Is a s a n I tr a t e .

ln v lew o i the hlQh c o nc e n t r a t i o n a f o t h er elements l n t he Vl na sse . such a s
s u l p h u r . c a lC lum. s odlum and o t h e rs . l t lS lm po rt ant to l ncl ud e these ln l he
mo n l t o r a t l o n t o be c arrl ed o u t .

A mo r e deta i led fo ll o wl n g o i the tr a n s po r t atlon o i th e e lements comp rls l n g
t he Vlnas se l n t h e s aturated zo n e mu s t be carr l eà o u t . wl t h t he l n s t all a t lo n
o f a h lqhe r nu mber oi mu l t lleve ls and decred s lnq or the ln te rva l be t Yeen
s a mpl lnqs. enabllng t hus a bette r c ha r ac t e rl z a t lon o i t he mec n a nlsms o f
ho rI z o n t a l a nd v e r tIcal t ranspo rtatl on o i the s e e l e me nts .

Mat h e ma t l c a l mo à e l s wl l l b e u s e d l n o r d e r to p r e dl c t t he proqr e ss o i t h e
Vlna s s e compone n t s l n t he unsatura ted anã s atu ra t ed z o n es . enab l l ng th e
sl mu latl on o i the d I f fe r e n t lr rlga ted rales u sed ln th lS s t ud y . al rnln g at
e valuat inq t h e r l sks of po l l u tl on o i q r oundyate r .
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