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ABSTRACT

Ai mi ng t o pr o vi de a gl obal diagno s i s o f the actual t hre a t of polluti on to t he
most i mpo r tant aq uifers o f the State of Silo Paul o . Bra s i l . due to its
intens ive indust r i a l i zation a nd a g r icul t ure practi c e s. thre e gove rnment
ins ti tuti ons - the Instituto Geo logico ( Geologi c a l I ns t i t u t e). the CETESB
( Envi ronmental Sa ni t.a r v Technol ogy Co mpa ny) a nd the DAEE (Wa t er a nd El e tri cal
Energ y Departmen t ) - c a r r i e d ou t a r e gional s u r ve y f or defi ning t he aquifers
vulnera bi l i t y t o pol lu t i on ~nd f or r ecord ing a nd r a nking the potential
contaminant sou r c e s .

Thi s paper des cribes t he r e sults o f thi s s u r ve y . e xcludi ng the metropo litan
area of the c ity o f Silo Paul o. Mo r e t ha n 500 industries we r e r ecorded and
ranked a c c ord i ng t o their low. moderate o r high potential contaminant load f or
impacting g roundwa te r. Thirty one aq uifer units were defined and a 1: 500 .000
scale vulnerabili ty map wa s produced.

Critical areas ~ere defined and r e commended a s being pr i ority s i tes fo r t he
adoption of con t r ol measures.
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INTRODUCTION

analysi s . vu l nera bi l i t y ma ppi ng

No~adaY s . over 20.000 deep wel l S and a n i nmeasul'able numbe r o f s hall o w. hand ­
dug we l l s furni sh wat er f o r pu b l i c supply. i ndustrial use and c rops irrigation
i n the State o f sa o Pau l o .

The intensi ve degrees of ind ustrializa t ion and agriculture pr a c t i c e s . tog e t he r
with the i ndiscri mi nate ground wa t er abstraction r egime ha ve . however .
thre atened t he usually e xcel l e nt na t ural qual i ty of t he s e i mportant wa t e r
rese r viours. thus de manding the u rge n t adoption of planning and contr o l
measures before they become i r reparabl y damage d .

In orde r to provide a global d i agno s i s of the pol l uti o n thre a t o f the most
i mpo r tant a q uifers of t he St ate of SAo Pa u l o . thre e gove r nme nt ins t i tu t i ons .
the Ins t i tut o Geologico ( Geol o g ical Ins ti t ut e ) . the CETESB i Envi ronmental
Sanita ry Tec hnology Co mpa ny ) and t he DAEE ( Wat er and El e t r i c a l Energy

236



The tw o compo nents of th~ aqui fe r vulnerabi lity involve kn owl edg e o f many
a q ui fe rs intr ins i c c ha racte ristics. li ke perme a bil i t i e s ( hid raulic
cond uctivities> . porosi ties . ca t ion e xc ha nge capacity . u nsatu rated zone
mine ral composition . a nd thic kne ss o f unsaturated zon. etc .. info r mations
usua ll y no t a vailab l e .

,AQU IFER POLL UT IO N VULNERA BILI T Y
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Fig. 1. Conceptua l scheme of groundwater pol l uti o n risk
t mod I f i od from Eo s t.er , 1987)

For t his r e a s o n an e mpi r ical me t hodo l o g y ( Foster .
e val uation of a q ui fe r pollut i on vulnera bi l i ty wa s
o nly thre e d i screte and fu damen t a l s tages usual lY
all of t he intrins ec a q uife rs pro pe r ti e s .

1987) proposed fo r the
used ( Fig. 2). I t i nvo l ves
avai lahl whi ch summar i zes

The first compone nt. a nd mo s t fund ame n t a l . is groundwa t~ r occu rence . in te r ms
of the a qui fe r Degre e of c o nfi neme nt. The hi gher the confinement deg ree . t he
s mall er the aqui fe r vu l nerabi l ity. The c ritic cases a re thus . unconfi ned
wat e r - t abl e aquifer~

The seco nd f a c t o r i s t he Overal l li t hology o f the o ve r l yi ng str a t a. Thi s
s c he me wa s bui l t cons ide ring t he intrins e c hyd r o l o gi c a l and geoc he mic a l
proper t i e s of the litol ogies . t hei r degre e o f fi ssuring and consolida t i o n.

The third factor i s the De p th to the g ro und wate r t a bl e or str i ke (for c onf ined
a q ui fe rsi . The hi ghe r the depth. the s ma l ler t he vulnerability inde x . o nc e the
tra vel t i me in the unsaturated zone e nc r eas e s . and s o do e s t he att e nua t i on
capaci t y.

As i t can be seen i n Fi g. 2 to e ach vulnerabi lity compone nt clas s is given
nu mber . fr om 0 t o 1 . 0 f or compo nent numbe r o ne ( gr oundwa te r occurenc e) j od
from O. 4 to 1 . 0 f or the tw o ot he r f actors . The multi pI ica t i on o f th t.h r o»
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Department ) carried ou t a r e gi onal s t udy with t he main purpose of defi ning t he
a q ui f e rs ' na tural vulnerabil ity t o polluti on . r e c o r d ing and r a nking the
potential contaminant sources . and c ri tica l a reas of ground wate r polluti on
ri sk.

THE CONCEPT OF GROUN DWATER POLLUTION RI SK

The methodology used i s an adapta tion o f the origi na ll y propos ed r e por t by t he
Pan-American Health Orga nization ( PAHOI ( Foster a nd Hirata. 1988) by which the
concept of groundwater poll ution ri sk ( Fig. 1) c a n be s t ated as t he i nteracti on
o f two main c o mpo ne nts:
(a) " t he pollution load t ha t is . lIill be o n might be applied o n the s u bsu r f a c e
environment a s a result o f human activity" . a nd
(b) .. the aquifer pol lution vu lnerabil ity . conseq uent upon the natural
characteristics of the s t r a t a s eparating i t from the land surface" .

Thi s c o nc e pt o f polluti on risk is defined a s the probability that groundwater
in an aquifer will be come con t a mi na ted t o concentration above the WHO
guideline values for drinking water quality. but doe s not r efers to the water
supplies already stabli shed. once s uc h analysi s i s highly dependent upon
specific site hydrogeological conditions.

By such a scheme in Fig. 1. we can have s i t ua tions of high natural a qui f er
vulnerability but virtuallY no r i sk of groundwater pol luti on. when the
contaminant load i s low o r abs ent and vi c evers a . The e xtr e me ri sk would oc cur
when both the contaminant load is expre s s ive and the aquifer hi ghly
vulnerable.

Such type of work intend s to be a method of r a pi d assessment us ing e xi s ti ng
da te and hydrogeo l ogi c a l s ur ve ys a vailable . wi tho ut ne c e s sari l y u t i l i z ing
aditional res ourc e s o r acti vities. t o pr i o r i t i ze g round wate r protecti o n
efforts .

It doe s not hOlleve r . s u bs t i t u t e t he ne c e s s ary f i e l d sur vey s and f o l l ow- u p
cont rol me a sure s and grou ndwate r qua l ity monitoring.

METHODS AN D PROCEDURES FOR REGIONAL EVALUATION

ChaJ:.acterlzatlon of Aqllifers-Hatllral VlIlneIa.bi.li..tY..

The term aquifer pollution vulnerabil i ty repre s ents the s e ns i t i v i t y of a n
aquifer to being adversely affected by an impo s ed contaminant l oad ( Fos t e r .
1987; Foster and Hira ta . 1988) . It is a function o f :
(a) the hidraulic inac c e s sibili ty of the unsaturated z one , and
(b) the attenuation c a pac i t y of the s t r a t a o ve r l a Yi ng the saturated zone
(unsaturated zone or aquitards. for confined aquifers) .

The higher the hydraulic inaccessibility . the smaller the aquifer
vulnerabilty. once the infiltration water is the most important po llutants
transport medium t o the groudllater. In the s a me way. the higher the
attenuation capacity of the overlYing s t r a t a the higher the rate s of
biodegradation chemi cal immobilization. physical filtration etc . the
pollutants will suffer. the lesser their chances in reaching the water tabl e
in significative concentrations are. The unsaturated zone is. in thi s r e spect.
very important because most of these reactions occurs mainly under unsaturated
condi tions.

These tllO factors are s u bj e c t to interact with the f ollowing el ements of the
contaminant load.
(a) the mode of contaminant disposition in the subsurface and. i n parti cular.
the magnitude of any ass oc iated hydraulic loading, and
(b) the contaminant class. in terms of its mobility and persistence .
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indexes wo uld g i ve t he Aqu i f e r
represent ed in a map f ormat.

Polluti on Vulnerabi lity rndex. whi c h

A number o f a ppro xi mations and generalizations a r e necessar y to aplly thi s
met hod. o nce the r equired data f or t he r i sk a s se s smont i s commonl y not
avail able. The r efore one s hou l d be awa r e o f the thr e e f oll owing cautionary
words ( And e r sen . 1987 ) when appling the method propo s ed:
(a) " a ge neral vulnera bi lity to a un i versa l con t a mi na n t i n a typical pollution
scena rio is a me a ni nl e s s concept" •
( b) " a l l aquife rs a r e vu l nerable to pe r si stant . mo b i l e conta mi na nts i n t he
long t e rm" . and
(c) " l e ss vul nera bl e aquifers are not easi l y cont a mi na ted. but o nce polluted
t hey are more diffi cul t to restore" .
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Fig. 2. Scheme of e val uation of aquifer vul ne r a bi l i t y index
( a f t er Fo s t er . 1987)

The s u bsu r f ace cont a mi na nt loa d generation wa s evaluated acco r d i ng to the
various pollution s o ur c es c a t e go r i es . having in mi nd the foll o wing factors:
(a) the c l a s s of c ontaminants invol ved. 1. e . thei r tendency in being "in-situ"
attenuated. their mobility and persistency ,
( b) the intensity of the eventual pollution. 1. e. the relati on between the
proportion of r e c ha r ge a rea potentially affected (point. diffuse sources) a nd
the e xpected pollutant concentrations.
(c) t he mod e of disposi t ion of t he pollutants. i .e. adeq uate o r ina dequate .
hyd r aulic loadi ng r a t e . presence of g rou nd water p rotection f eatures etc. , and
(d) the d u r a t i on of t he a pplication of t he contami nat l o a d.
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Due t o the pr actica l cons t r a i n ts i n o b t a i ni n g a ll the se info r mati o ns ne c e s s ary
to pe rform a contami na n t load a s sessmen t . t he pollution ge ne r a t i ng act i viti e s
were ra nked in t e r ms of t hei r pote ntial haza rd.

The po t e ntial conta mi na n t ha za rd o f the u r ban a nd econo mic a l a c t i vi ties wa s
clas si f ied according to t he c r ite r ion s ummar ized on t abl e 1 t he proc ess o f
clas si fi c a t ion is di s cus s e d i n de tails i n Hi r a t a and Bastos (1990) and Ba s t o s
a~ a1 1990 a nd i s outs i de the s c o pe o f t hi s wo r k. Al s o r e f er t o Fo s t e r &
Hira t a ( 19 88) fo r e xa ust i ve di s cus sions and gui de li ne s f o r mo re detai led
a s s e s sme nt.

The inte ract ion of a q ui fe r s na tural vulnerabi l i t y . r epr e s en t e d i n map . with
potenc i a l c o ntami na nt l oad . determine s a r eas wi t h d i fferent leve of
grou ndwate r pol l u t i o n r i sk

The groundwa te r pollution r i sk a nd vulnerabil i t y map . in a r e gi onal leve l .
wi l l cons t i t ute the techni cal ba s i s f or t he pl a nni ng o f go ve r na men ta l cont ro l
ac t i o ns a nd o t he r a qu i fe rs pr o t ecti on measure s . The r e sul t s o f thi s s ur ve y
should be considered a s only a first s t e p i n gr o undwater pol luti on r i sk
e va l ua t ion. They can and s houl d be us ed t o a s sign pr i ori tes f or follow-up
field i n ves t i ga tion s and monitoring prog rams. a ppropri ate t o t he nature of the
s u bsur fac e cont a mi na n t l oad and t he hYdroge ol og i c al conditi o ns.

The propos e d me thodol o g y a llowed the defi niti on of the aqui fe rs natura l
vul ne r a bi l i t y i n t he scale 1: 500. 00 0. and the r e c ogn i ti o n o f t he mo r e a reas o r
les s sens i t i ve t o po l lut i on.

Us i ng t he ba s i c ge o l og i c a l map of the State (IPT . 198 11. 31 a q uife r uni t s we r e
def i ne d . many o f t he m being c oincident to t he geol og i cal f o rma t i o n. More
compl e x s t r a t i g r a phyc a l un its . li ke Irati a nd Corumba t a i formations . were
i de ntif i ed a s t he Pa s s a Doi s Aqu i f er. I n t he s a me wa y . Piramb6i a and Botucatu
f o r ma t i o ns. we r e r e c oni z e d as Botuc atu Aq uife r . The s parce l y occuri ng c e noz oi c
f o rmations (Rio Cl a ro . Itaqueri a nd o thers ) were no t d istinguishe d d ue t o t he
simplification of t his work f or t he Inte r nati onal Semina~

The Fi g . 3 s ho ws . f or e a ch sedi me nt a r y unit of t he Parana Basi n. a r e s ume of
the pri ncipal a quifer occ urences. the vulnerab i lity i nde xe s o btai ne d a nd t he i r
areal di stribution. a c c ording to the water level dep t hs . The Cristal i ne
Bas ement representa ti on i s defined in a s yn t he t ic way . by 3 di fferent domains.
bea r i ng i n mind t he 3 parame t ers al r eady de s c r i be d . a nd al s o the degree of
f i s suring.

The c ompa r i s on betwe en t he depth t o the water tabl e a nd the lithologi e s
defines t he vulnerability i nd e x i n s e d i men t a r y aqui f ers . In general . SAo Paulo
aquifers s ho we d depths t o t he water-table at mean value s of 10 to 20m.
exceptionally reaching depths hi gher than 100m a t t he Bauru Group sedi me nts.
The aq u i pe r m/a q ui t a r ds lithol ogi e s which s ho wed t o be the less r esi stant to a
given pollution load a r e f ound at the un its Botuca tu Ca~apa va . Ca iua a nd
ove r l yi ng cenozoic sediments .

Eva l uating the overall vulnerability of the Parana Sedimentary Basin a q ui f e r
units . the State o f SAo Pau l o ma jor area i s c omposed by s u pe r f i c i a l a qui fers
of moderate ( e ither high and low) vu lnerabili ty . The hi ghest indexe s belongs
to the Bot uc a t u Aquifer . which also have the highest perc entage of vu lnerable
areas. 20% Hh a nd 35% HI . On the o ther hand . Pa s s a Do i s Unint s ho ws i ndexes
s malle r than Lh <80 %) and HI ( 20 %) .

For t he Cris t a ll i ne Bas ement area. three domains were d i s tingui shed . by areas
of water wells c oncent rati on and outcrop l i t ho l ogies.
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TABLE I Contaminant Load Generation Potenci al: Classification Criteria

C.L.G.P. (*1)
High !lediu", Loll

Acliv i lies

- proued cont alOi nat ion epis ode
I II
n C - haurd ra il Mat.ri al s or - h.uard rail ",a t . r i a ls or
I) 1 product s ) 1 lId products ( 1 lId
U I
S U - induslrial liqui ds dflu.nls - i ndus t r i a l liquid .rflu.nts - industr ial and do.stie
1 I inriltration in high inri Itration in saa l l liraid .CClufDt s di scllug.d
R 1 '1uant it i es '1uanli lies In 0 s.""g.
I I
II r - do...s t i e liquid lI.lstrs - doaestic liquid .CCluPnts
L S inr i I tration or indu stries InClI tration or industries

IIi th ) 3\lQ lIOrke rs ( 3ea IIO r kers

- proued cont ....i nat i un episode

- us. or huard raw ..alerial s -use or h.uard ra il ",d.rial s
S W or products ) 1 tId (112) or produc ts ( ttld
0 II
L S - inap propr iate final di sposal - inappro pr i a te final di sposal - appropriate fina l di spOsa l
I 1 or: or: t.chnlques
I) [

S - class 1 re sidues (_3» 111 - class 1 res idue (l tl - ~s idues class II I
..ant h MOnth

- class 2 ) 11111 tll.onth - class 2 ..... s i dues <tWtl
MOnth

[ - .rrluents conta in ing - huardous ..at.rial s are - huardous "alerial s are
F L hazardou s ",ateri als absent and abs.nt and
F II
L G - non-""urdous IIaterial s. - 1 "" ) lagoons) 11.1 hi lagoons ( g.1 ha
U 0 but l agoons ) 1 ha
[ 0
n n ( 114)
Y S
S

- ,Pnerate hazardous err lu. nts • g.nerate/use hazardous - non ""zardous Materials
In n str Material or use Material s and are used and

II hazardous su bstance s and
C

" 1 - i nadaquate r inal di sposal - ad''IUate rinal di SpOsal ., sorrounding ar.a is not
I I sPns it i v. and
n U - re s idue is not "" urdous but
I I • ( 5~ or the totd
n T - sor rounding area is sens i- lIWl icipal area
G I tiv. int.ms or pollution

[ load gen. ration and
S

- 51. or the total lIWl icipal
area used ror Iti ni g

R
[ • g.nera tr ItO,-n ) 511.lllJlJ - gen.rat. ItO! -n ( 511 •• and - gen.rat. ItO l - " ( 311.8llIl

U .f II
R R kg/a "in s i tu" di spOs i lion ) 39.M kgla "in si tu" kg/a "in s i tu" di spos i tion
B I) [ (*') disposi tion
A [ II

" " S
T
I
II
L

(*1) C.L.G.P. - Conta",inant Load Generation Pot . nti al

(*2) as sociat IIi t h industri al plan t

(113) cl ass 1 hazardous Material; class 2 solubl e Mat.ri al: class 3 i nert Mat.ria l (AOO)

(114) in case or non - existance or errluent lagoons. consider the results already obtain.d

(1l5) includes industrial di stricts; Agro-industria l areas; pOssibility or rec.ivi ng a..aunt or dOMestic
soli d wastes s i gnifi cat ive

(116) no ccns ide eated other acti ui li.s (gasolin. s ta tions . v.hicl. ""rkshops. s.rvice industries) and
papulation dens i ty
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The domain no. 2. which i s r epre s ented by granite - ty pe compos i t ion r ocks
cutted by vari ons e xpressi ve s t ri ke -sli p faul t s ( J und i uvi r a . Itu. Taxaquara
and Pirapora fau l t s > s ho ws t he hi ghe s t vu lnera bi l ity i ndexes ( 10% HI a nd 45%
Mhl . Th e domain 3. c omposed predominantly o f metas s e d iments. s ho ws s ma l l e r
vu l ne r a bi l i t y indexe s (6 5% o f Lh a nd Lh) . as a r e sult o f the r elative ductil
character o f t he lithol ogi e s . c o mpar e d t o t he granitoids. a l t ho ug h ha ving
thi cker a lte red so i l ~

For thi s pro j ect. 52 5 industri e s. 404 cities a nd 62 mlnlng acti vi t ies o f
intere st were r ecorded and e va l ua ted . from an approximate total of 24000
industri e s a nd 57 2 cities of the State of SAo Paul o . Consi de r a t i o ns are made
a s to the do mesti c sol i d wa s t e s di sposal a nd generation . a l t ho ugh not included
i n thi s work o nce they a re s t i l l not c oncluded.

Industrial sol i d waste s were a ssess ed a s part o f the i nd us t r i a l ac ti vity . o nce
its di sposi tion is made. in many c ases . inside the plants l i mits.

The po t enti al l oads clas s ifi cati on. in t erms of hazards to groundwater . a re
bas ed o n Hirata a nd Basto s ( 19 90) a nd al so pre s e nted in thi s s eminar by Bastos
et.. aL ( 199 0>.

The potenti al conta mi na n t l oad . e va l ua t e d as t o t he domesti c sewera ge (in s i tu
di sposed i n t o the s o i l > . i nd us t r ies (inc luding ha zardous r e sidue s generati on)
and mines . i s syinthe tical ly repres ented in Fig. 4. In thi s illustration . the
amount o f acti vi t ies are pre sented a ccor di ng t o the ir c l ass i f i c a t ion a s high .
moderate a nd low. It is worthwhil e to r emembe r that an activity s ho u l d not be
compared to another i n terms of i t s cl ass i fica tion. Therefore. a hi ghl Y r i sky
mine doe s not indica te tha t thi s acti vity i s more dange r o us t o t he
groundwaters t han a modera t e ri s k i nd us t r y.

I n terms of industrial acti viti e s. the Ca mpi nas Admini strative Region (5) is
the most worrying one. From the 139 industries r ecorded . .68 showed high a nd
38 moderate potential l oad r isk. Th e chemi cal industry. followed by s uga r and
alcohol pl ants using infiltrati on o f the ir e f f l ue nts i n the s oil, and f oo d a nd
leather tanning we r e the ones who composi ng the group c l ass i f ied a s o f hi gh
potential contaminant load.

The Admini strative Regi on 6 . RibeirA o Pre t o. pre s ent an e xpr essi ve industrial
park. wi t h a tota l nu mber higher than 6000 facilities . The project
di s t i ngui s he d 135 o f them intere sting to g roundwater . fro m whi c h 41 we r e
classified of high and 30 moderate potenti al. Hav i ng an industri al
conglomerate as diversifi ed as that o f Ca mpi nas. the industri e s o f highest
generating potential are s uga r and alcohol usines a nd leather tannings .

As to the s a ni t a t i o n condition. the State of SAo Paul o pre sents s atisfac t o r Y
services indexe s . The r e g i on that most util izes in-situ s a ni t ation s ys t e ms i s
Campinas. f ollowed by Soroc aba. In Campinas region 18 cities we r e c l assi f i e d
a s hi gh and mode r a d e pote ntial load generati on. a nd at Sorocaba. 20 .

Mi ning acti viti es c omp r e he nd s ma J o r l y ci vil c o ns t r uc t i on ma t e r i a l e x t r a c t i o n .
no t invol vi ng ha z a dour s materials in the mi ne r a l s processi ng or in wastes. The
most i mportant factor of preocupation in r elati on to g rounwate r i s associ ated
wi t h t he sorrounding acti vities . once the o ver burdened retri eval increases
the vulne r a bil i ty . e xposing t he wa t er table to the atmospher in many
insta nc e s . Only 17 mine s t hat exploit substances offeri ng some risk make part
of t he record. I n this group are ' i nc l ude d gold. cooper. c oa l. nickel.
phos pha ti c rocks mi ne s . a mong others . The s e acti vities are concentrated i n the
Ribe i r a Va ll e y a nd Sorocaba.

Agr i cul t ur e practices we r e no t included i n t his report . once t he r e cording
no t ye t fini s hed.
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CRI TIC AL AREAS

Whi l e apply ing t he conce pts of g roundwa te r pol lution r i s k ( Fig. 1). defines
the areas of groundwate r pol lu t i o n ri sk. In s uc h a de f ini t i on. it was
co nsidered t hat whe n a n acti vity utilizes hazado urs . mobile and pe r sistent s
pol lu t an t s. the a rea woul d be c l ass i f ied a s of hi gh ri sk.

As t he wo rks are no t concluedyet. i t wa s no t possible to def ine all of the
cri t i c a l areas of t he State. ho wever . fo r a preli minary e valuation. 4 large
zone s (a rea concentrations) of r i sk can b~ i de ntified: t he city o f Ri be i r Ao
Pre to and sor ro undings ( o u t c r o p ping area of the Botucatu Aq ui f er . a ssoci a t e d
t o intensi ve industria l acti vity. of occupation and aqui fer e xploi tation); the
Pa r a i ba Va l l ey region invol ving t he cities of S~o Jose do s Ca mpos . Tau ba te and
Pindamonhangaba ( outc r op a rea of Ca~apava Aqu i f e r wi th mechani c a l e ngeneeri ng .
metal processing and c he mical i nd us t r i a l acti vi ties) ; t he c i t y of Franca
( c e noz o i c sedi ments a nd inte nsi ve lea t he r tanni ng) . a nd Ca mpi nas Region
( i nd us tr i e s of hi gh polluting pote ntial in a mode r a t e vulne r abl e geologi c a l
fr amewo rk) .

The outc ro p a r e a of t he BotU Catu a nd Piramb6ia f ormations . bei ng this t he most
impo r t an t aqui f er of t he State and t he o ne wi t h the highe st vu l nera bil ity
i nde xe s. ha s s ho wn t o be a zone of hi g h envi ron mental preocupation. most o f
all be c ause of t he c o nve r ge n t c ha r a c t e r of an industrial a xi al g ro wt h towar ds
i ts d i rec t i o n: the Campinas -Ri be i r ao Preto axis.

CONCLUSI ON

The most l ogical approach t o the definition o f groundwater pollution ri s k is
to c o nc ei ve it as the i nte racti on between the contami na nt load and t he aqui f e r
poll ution vul nerabili t~· .

In the State of S~o Paulo . the vulnerability ma p . in 1: 50 0. 000 s c a l e .
d i s t i ngui s hed . in basi s of 31 aquifer units. a reas wi t h 6 leve l of
vul ne r a bi l i t y . index. The e va l ua t i o n concluded that majo r a reas of its
te rritorY are s c ompos e d by superficial aquife r s of mo d e ra t e (either hi gh a nd
l ow) vul ne r abi l i t y. The hi ghest i ndexs belongs t o the Botucatu Aqui f e r. whi ch
a lso have the highest porcentage of vul nera bl e areas. 20% Hh (High- high i nde x)
a nd 35 HI. On the other hand . Passa Doi s Unit s ho wes i nde xe s smaller than Lh
(Low-high. 80%) and Ll.

Fo r the Cr is t a l l i ne Basement area. three do mains we r e di stinguished. by area
of water-wells concentration and outcrop lithology associated of tectoni c
structures.

For this pro j ect . 525 industri e s . 404 citi e s and 62
interest were r e c o r de d a nd e valuated. Considerations
dome s t i c solid wa s t e di sposal and generation. a l t ho ug h
work once t hey are s t i l l not concluded.

In terms of t he industial a c t iviti e s. t he c he mical i ndustr y. foll owed by
s ugar a nd a lcohol plants usi ng i nfiltration of thei r effluents in t he soi l and
food a nd leathe r tanning were the o nes who compose . i n gene r al . t he group
c l assified a s o f hi gh contamina nt load genera tion.

As to t he s a n i ta t i o n c o ndi t ion . t he Sta te of SAo Pa ulo pre s en t s satisfact o r y
s e r vi c e indexes. The r e gi on tha t mos t uti l i z e s i n-situ sani tation s ys tems is
Ca mpinas . followed by So rocaba.

The mining a c ti vi t i e s comprehe nd majorl y ci vi l c onstr uc t ion material s
e xtrac tion. no t i nvol ving haz ardo us sus bta nce i n t he minera l proc e s s ing or at
t he wa s t e . Only 11 mine s that e xploi t me t al i c ma t e r i a l s offer direc t ri sk.
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A~ the works are not yet c oncluded. it was not possible t o define all critical
areas of the State. for a prel iminary e va l ua t i on however. four large zones
( a reas concentration) of risk can be identifi ed: the city of Ribeirao Preto.
pa r t of Vale do Paraiba region. the c i t y of Franca and the c i t y and the region
of Campi nas.
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