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CEMETERIE S - A POTENTI AL IlI SK TO GROUNDWAT ER
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ABSTIlACT

Ce metcrics a r e g e n erating s o u rc e o f e n v i ron men t a l i mpa c t s amo ng wh i c h is
f ealure d lhe ri s k o f ground watcr con t a mi na t ion b y rn i cro o r g an i sm s t hat
pro li f e rat e d uri ng lhe pro c e ss o f d c compositi on of bo d i e s . Th e ma i o o b jec t i v e
o f lh i s wo rk wa s t o mon itorate l he b ~clc ri o l ogl ca l Qua l i ty o f lh~ wa l c r fro m
t h e wa t e r labl e l n t h rce ceme te r les c h o s c n i n a c c ordanc c wi th geol ogl c a l nnd
h y droge o l ogl ca l c rl t eri a: Vi l a Formo s a a n d Vil a Nov a Cachoelrinha , l ocated l n
lhe c i l y o f são Pa u l o a n d Ar e i a Dranc a i n the c i t y o f Sa nto s . The se c i l l e s are
s l t u a t c d i n the state o f são Paul o . Drazi l . A t ota l o f 6 7 s amp les were
co l lec ~e d through 36 pi e z omcters i nsta l l cd i n l he i nterna l a re a o f t he a bo ve
me nll oned c e mc t e r i e s ; a n d wc r c a na l y s e d b e tw e e n janu ary a n d dccembe r o f 198 9 .
The c h a s c n ml c r o o r g an i sm s f o r t hi s s l u dy a re l ndi c ato r s o f f e cal
c o n t ami na t i o n . o f o ne path o gcnous . bc s i d e s. l wo groups o f bactcrias
de g radators a f o r g a n i c materi al . The re sul t s e nc o u nte r e d s ho we d t hat t he
hyg i en i c and sani ta r y c o nd i t ion s o f t h e s t u d ied wa t e r s are unsa t i sfactory .

KEY'oIOIlDS

Ce meterl e s; groundwaters; c o liforms; s l re p loc oc c i ; s u l f i te reducer c los t r i d i a ;
pro t e olil l c and lipo l il i c b a c t er l a s ; Sal mo ne l l a ; b a c ter l o l o g 1c a l c o n t am1 n a t i o n .

INTRODUCTI ON

Ce me tc rle s are a ge ne rati ng sou rce o f e n v i r o nmen ta l i mpa cts pre s en t ing t he
rlsk o f con t am i nat lon o f g rou n dwa t e r by mi croorgani sm s tha t prol iferatc d uring
t he pro c e s s o f dec o mposill o n o f co r pse s a n d by l aler u s e o f l hese wa t e r by t he
popul ati ons. L f i l i s c o n s t ce r-ed , t n a ge ne ra l w.ay , l ha t the l o c a t i on o f t.he
c e mete rie s d o n ' t take i nto a c c o unt gc o l o gi ca l and hyd r ogeo l o gica l aspe cls . and
becaus e o f inadcqu ate cons t r uc l lon . t h c y cons t i t u t e a potentl al r i sk f or
g rou n dwa lc r s . Co n scq uent l y . t h i s . by itself . p re s e n t s t he u nq uest l o nabl c
ne c e s s l ty ~f greater c a re wl t h lhe l o c al i z ali on and o pe r at1on o f cemete r i es .

Ou r conc e r ns are wi t h the g r o u n d wntc rs o f lhe wa t e r tab 1e . be ing mo r e c~d
to bi ol og i cal c o n t am i naL i o n a n d s usc c p t l b l e o f b eing cap tured by sha ll o w we l l s
o r s o u r ce s by t he popul at i on o f l o w i nc o me .

" Mulder (1 9 54 )
c o n t am i n a t ion
t y p i ca l 11qu 1ds

a n d Bo we r ( 1978) " r e g i s tre d s e ve ra l h i sto r i e cases o f
o f g rou nd wa t e r l hal wa s d e s t incd t o human consu mp t lon .
commi ng from t he p u l r1 fl cati o n o f b odi e s.

the
by

Ou r s Lu dy c o n s t 1 t u t e s l he monilo rlng o f l he ba cteriol ogi c al
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wa ter t abl e i n the i n te rna l regi on or t h re e c e mc te ries c hose n i n acco rdanc e
with geologic al and hydro ge ol og i c al crite r i a- Vil a Formo s a and Vil a Nova
Cacho e i r inha. l o c a t e d ln t he ci t y ar são Paul o a n d Are i a Branca ln the c i t y a r
San t o s. Th esc c lt ie s a re sltuatcd in the statc a r são Pau lo . Brazi l.

The o bjecti ve a r t he mon itoring wa s to determi ne ir the re fered ccmctc ries a re
a ri sk to the wa t cr l abl e.

GEOLOGY

The pr incipal cri t eri a u sed
Areas wi th d i o tinc t geol og i c al
type or c ontaminat i on p r oc e s so

l n the choi c e o f the c e meteries
c ha rac t e r ls tics were se l ected t o
wl th r c spe ct to li thol ogy.

wa s ge o r og í c a t ,
c va l uatc the

ln Vil a Formo sa . tert l ary s e di ments f rom t he são Paul o 'ba s in p r e d omina t e
wherc the a lte r nat ion o r l ense s and l ayers o r v arying th l ckne s s and g rai n si ze
Is frequen t •

ln Vil a Nova Cac h oei ri nha . the s o i l is deri ved rrom the a lte rat i on o f g rani t e
being predominan tly. wi th l evei s more cl ay ric h .

ln Santo s. as ln ali o f the "Bn Lx arfa San tlsta" , qua t ernary a arr dy , ma rlne
sediments wlth hi gh poro s lty and perme ab l1 1 ty pre d ominate. ln t he c oasta l
reg i o n s. t h e problem associa lcd wi th ccmete r les t end t o be man i f e s t e d i n a
more i n tense f arm. due to t he s ha l low depth of t he wa t er tab le and its
rluctua t lons with s e a levai . l n the s peci flc case o f the Are i a Br anca cemct e ry
the water t abl e leveI wa s e ncou nte re d a t a de pth that varied be tw e en 0 .60 and
2.2 meters.

One oth e r cri teri a wa s u s ed i n th e cho ice o r I oc a t i ons f o r t he s t u d y wa s t he
existence or s pac e t o c o n duct geophysica l s u r vey. Only t h e Are i a Branca
cemetcry did n o t meet th is r equiremen t.

GEOPHYSICS

The appl ication
geolog i cal d ata.
the local i zat i on

of the geophysical methods s up p lied d a t a t o s u p p lcment
s u c h as dep th t o the water tab lc and r o ck t y pe and to

or sampl ing well s and p i e z ome t ers.

the
h elp ln

To a ttain the depth t o v ater and rock t y pe da t a . re s l s t iv i ty me th od s we r e
utilized. through t h e u s e oC ver t ical el ec tr ic soun di ngs. Th e s e detc c ted the
water leveI b etwecn 4 a n d 1 2 me ters in the Vil a Fo rmosa cemete r y . and be tw e cn
4 and 9 meters i n the Vil a Nova Ca choei r lnha c e mete ry .

To assi s t i n the cholse o f l oc a l i z a t i ons, the e lec t romagnetic 1nd..Jcticn rre thod
was used. through the u se of e lect r o mag netic proflles. Th e t wo me tho d s cl ted are
lntima tely r el ated t o the re s i st lvity and / or cond uctivity af t he 5 u bsoi l
materi aIs. and these praper t le s depend b a s i c alIy a n the quantity and Quality
or the water that s a t u r e d t hem. The anoma] ous v a lues o C wa t e r c onductl vl ty
lndicate the presence oC con taminan ts agents . ln t h i s par t icul a r c ase t he
anomalies a r e t h e resuIt oC mineral salts and o t he r subs tanc e s 11b c r a t ed wlth
the decomposit ion of b od ies. and not th r ough the p re s e n ce o C b a c t er i a s and
virus.

SAMPLING WELLS AND PIEZOMETERS

At the locations lndlcated through geophys ical interpre t at i an. s amp l l ng well s
and pie zometers were implanted with a dual purpo s e : me asu rcmen t o f t he s tat lc
water leveI ror groundwater fl ow determinat ions . and the coI l ection or s amp les
or aquifer water to determine the leveI o r c on tam inat i on.

To construct the sampIing well s and p iezometers a 4" diameter h and a uge r wa s
ueec , and the drill cascd by PVC t ub l n g 3 11 l n diameter. Th e s e casl ng we r-e
grooved horlzontaly wlth o pe n i n g s or 2 mil1meters ln a t l a s t a ne me t er l engh t.
The graoved partian or the tube was wrapped wlth a s c ree n or iner t materi al to
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re duc e the o p pe n l n g s . Th e annul ar s pace . wa s f l11ed wi t h grave I a a a pre-
Cll t e r and nbove t hls. by t he o r i g i na l soi l ma t e r i al remove d rrom t he
bo reh o ll e a nd a r o un d t he s uper i o r p a rt o r t he t ubc . a sanitary p r o t e c t l on wa s
const ructed . F i gure s 1 and 2 s ho w respec t i vc l y the pl an or t he p i e z o me t e r s
i n s t a l l e d l n t he me n t i o nc d cemeteries. and a piezomete r . l o c a t ed i n t h e
Ar e i a Branc a ceme t e ry .
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F'1gure 2 - A P l e z ometer instal l e d i n the Are i a Branc a ceme te ry

S AMPLES ANO METHOOS

A t ota l o f 6 7 samples we r-e co l lcc lcd through 36 p i ezometers and arra l y a c d
betwe c n janua ry and deccmber of 198 9 . af the s e s amp le s , 29 we r c fr om t he Vila
Formo s a c c mc t e r y , 11 f r o m t h e Vil a Nov a Cachoci r i n h a ceme te ry and 2 7 from the
Ar e i a Branca cemete ry .

Th e s amp l e s we r e co l lccted wi th l he h e l p of a me t al l 1c co l l cc to r tubc , wn s he d
and desin fected before eac h sampl t rrg , nnd we r-c s t o re d i n 5 '1 1 Le r p l a sti c
fl a s k s , n o n- t o x i c and e t.c r-t j c , l n nc c o r-d .anc e wi t h th e " S t a n d a r d Me t ho d s f or
the Exami na tion o f Wa t e r and v a s t e wa t e r-« ( APHA. 1985 ) .

Chose n
a f' one
me ns u r e

f or t hi s stu dy wc r e mi c r o o r g an i nms l ndicato r s a f fe cal con t am i na t ion
pa t h o g e n o u s . b a c t cr i a l d c g r a d a t o r s o f o r g an ic materi al , and stan da r d
cou nt a f' ac robic and anacrobl c bacterla.

Th e samp les we r e sub mitted t o the f oll o wing bac t eriol og i c nl tes t s :

A) Mu l t i p l e Tube Tc c h n l q ue f or de terminat l on o f :
- t o t al collforms (C T) -
- fecal c oI ifo r ms ( CF" ) ·
- f'e c a I st reptococci ( Sr) -
- s u lflte r educ er clostridla ( CSR ) - -
- p r o t e ol i t i c bacte rias (PROT) (Lennette . 19 7 4 )

B) Standard me a s u r e cou nl o f' hete r atrophic a erab l c ( CPH 1 ) a n d
ana ero b i c bacterias (CPH 2 ) -

c ) Sal manella study

D) Coliphages study (Isbslter ct ai . , 198 3 )

E ) Lipol i t i c b a c t eri a study (LIPO) · · -

- S tandard Me t h a d s Cor the Exarninatl o n of" Wa t e r and Wa s t cw a t e r (16 t h e d . •
APHA, 1985 )

- Standard Te c hn lque s CETES8 - NT- 0 8 ( 1978)
- Co mpe ndium a f Me t h o d s f or the Mi c r o b i o l o g i c a l Exam lnat i on o f Fo ods ( 2n d

c d . , APHA, 19 7 6 )

88



RESULTS ANO OISCUSS I ON

Th c c nc o unte r c d r-c e u i t e concc r n i n g lhe i nde x o f r C C o"1) c o n t ami n a t l o n ( w í l h l he
c xc c p l lon o f l he co li phagc s ) a n d of o r g a n isms u s c d as lnd i c a t o r s o f l he
pre o cnc c o f o rga n l c ma t e r i al. s haw lha t l h e hy g i cn i c a nd s an i tn ry c o nd i t l o ns
o f t h e slu d l c d wa t c r s a re c o ns l d c r c d un s a t i s f a c t ory (Tabl c 1 ) .

Tab le 1 - Ma x i mu m. mi n lmum a n d g e ome l r l c mi d l a v u j o u r-a o f
d lffe r cn t b actcri o l o g i c n l l nd i c ators f r a m t hc
t h ree c e me tc r i e s

CAB CVF CVNC

i nd i c o max. min o M. G. max . mino M. G. max . mi no M.G.

CT 16 0 0 2 5 B 160 0 2 14 16 0 0 27 163

CF 16 0 0 2 5 3 0 0 2 3 7 2 2

S F 1600 2 5 5 16 0 0 2 8 16 0 0 2 8

CS R 16 0 0 2 2 1 24 0 2 14 27 2 7

PROT 16 0 0
5

2 3 4 31 16 0 0 4 2 2 6 8 9000
3

220 101 8
CPH 1 8 1 x 10 700 1 4 6 9 9 7 1 x 10 200 9018 5 3 x 10 28 0 0 10 8 21

CPH 2 3 8 x 104 2 404 9 1 20 0 13 0 6 75 16 x1 0
4 44 0 16 383

LI PO 1 2 x 105 8 0 6 433 1500 7 5 2520 36x 10 3 160 394 2

CAB - Ar e i a Branca c e mete ry
CVF - Vil a Formo s a c e me t e ry
CVNC- Vi l a No v a Ca c h oei rí nha ceme t e ry

l n l he c o r r e l atlon stu dy bclwe en lhe v a r i ous p lc z o mc t e r s . s igni f ic ant
c o rrc spondenc e wa s o bsc r v e d be l we cn the t hrce i n d i c ato r s o f f e c al
c o n tam i n a t i on . as wel l as be t we en the standa r d me ns ure c o u n l o r l he
h e t e r o t r o ph 1c a e rob 1c and anae r o b1 c b a c terias and cou n l o r l i po l i l i c ba cter1 a
( Tab1c 2 ) .

Ta bl e 2 - Ma l r l x c o r-r-e La t í o rt b e l we en s t ud i e d í nd t c a t .or -s,
cons l dc ri n g t o t al da t a o f t hc t h r e e c e me t e r ie s .

CT CF S F CSR PROT CPIIl CPH2

CF 0. 367 - -
S F 0. 5 27 · 0 . 2 8 8 - - -
CS R 0 .323 · - 0 .807 - 0 . 3 35 - ·
PROT 0 . 063 -0 .060 0 . 102 - 0 . 0 7 0
CPH1 -0 .038 -0 .038 0 .016 0 .08 6 0 . 0 4 6
CPlf2 - 0 .09 9 - 0 . 0 83 0. 148 0 .056 0 .002 0 .295 · · ·
L1P O -0 . 0 5 2 - 0 . 0 14 0 .038 0 . 119 0 .007 0 . 789 · 0 .698 ·

' p 0 . 0 0 1 .. P 0 .01 P 0 . 0 2

l n the compa r ison o r t he b a c l e r i o l og i c al r e sull s i n rel a l i on l o lhe l h re e
c e mele r le s . i l wa s v e r l r l e d t h a t t he p r o t e ol i l i c b a c l e r i a s and t h e
hete r o t r oph i c ana erob l c b a c t e r i a s wc r e i n a g rea te r number a t lhe Vi l a No va
Cac h o e l r inh a c e me t e ry . On lhe o t her han d . t h e number o r lhe helerotroph l c
a e r ob l c and l i p o l l t i c b a c t e r i a s we r e l n g realer nu mb er a t the Ar e i a Branc a
c e mete ry ( F1gure3) . Th l s 1s probably d ue to the l ilhol og lc d i f f e r e nc e s and
dep t h to wa t e r tabl e l n l h e a rca o f t hcse c e mc le ri es .

89



4.5

4.0

3.5

3D

c
25~

~

"~ 2.0c
:E

c
~ /.5
~

" 10E
C

"o
'"

0 5
C
...l

00

AB
VNC

cr CF 5F CSR PROr CPHA CPHAN LlPO
- Arei a Br~nca c c rnc lc r y; VF - Vi l a F~rm0sa ~ cme te ry

-V i l a Nov-a Cac hnc i r i n h a c c me t e r -y

Figure 3 - Ba c t er i ol o g i c al d a t a

From the analysis ln the Table 1 , i t Is s hawn t hat t he Vil a Fo rmo s a ce me t e ry
had the lowest l e veI s o f t otal co liforms . f eca l st reptococc i . pro t e o l i t ic
bacter i a . standard mea sure coun l o f ae robic and anac robic b a c t eri a s , a s we ll
as l ipolitlc bacterla . Th i s c o u l d i n dlcate t hat the l i thol ogy p r e s e n t i n thi s
cemetcry a c ta as a n atural f iI t e r, r eta in ing the mi cro org an i sm s and o r ganic
material . .

The proteol itic and lipol itic b acte r i a s are r ela t ed t o t h e pro c e s s of
decomposition of an imal and v ege t al org ani c mater i al. Study s dane i n c l can
wells revealed tha t the se t ype s o r ml cro organ i sms a re enc oun t ere d l n l ow
quantities or are absen t. As h i gher l eveI s or t hese bac t er i a s were dete c t cd i n
the wa t e r t able oC the t hree cemete ries . they probably a r e d e r ive d rro m t he
proces s oC decompos it i on. dur ing wi th occu r s a g reat p r oliferatl o n o f
microorganisms. It is a 1so worth menti on ing t h a t the wa t e r s amp l es co l lec ted
at the three cemeteries h ad a n au s e a t lng s me l l . wh i ch can b e ao i nd ica to r
o~ con tamlnat ion b y corps es .

The detection o~ Cec al s t r e p tococcl and s u l fi te reduce r cl o s t r i d i a l n t he
maJority o f the aampj e s , -and the a b sence o f fec al c ol i Corms i n many o f the
sampl e s. appears to show that these tw o b a cteri as s hou l d be mo r e e lev a te d fo r
the eval uat ion oC groundwater from the s an i t a ry poi o t of v i ew. wh l c h i s l n
accordance with the results e ncou nte re d by Alhjj a r e t a I . (1 988).

Concernlng Salmonella . t his p athogenous wa s detected i n on l y o n e pl e z o mete r in
the Vila Formosa c emetery . To s how the rl sk o r t h e pres enc e of p a t ogen l c
microorganisms in groundwaters . there h a s a 1 so been util i z ed a s t u dy o f t h i s
type. ln whlc h bacterias r espons abl e f or typhoid rever and g a stro - l ntesti na l
infections we re encountered.

As for coliphages . wh ich a r e a v írus t h at a r e paras i t ic to b a cterl a s of t he
colifonm group. and can be utili zed a s l n d i rect indicators or t h e pre s enc e o r
pa t o gen l c microorganisms. no werc d e tec t ed in the sample s o f wa t er co l lcc t e d
from the t hree cemeterles . Th i s c an r e sult from the f a ct t hat t hcse v 1rus can
be more easily flxed to 5011 particlc s than the bacterias , ando c o n s e q u c n t l y .
are not carried to the water tabl e.
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CONCLUSI ON

Cemc t c r i c s a r e a p o t cn t l a l ri s k t o g r o u ndwntc r wh i c h ~an t rans fo rm io t o a rea l
rl sk i n l h e l mp l a n t a tion o f t hc s c const r uct ions d o e s n o t o b e y l h e p r c viou s
g e o l o g i c and hyd r o g c ol o g i c a l s t u die s.

From l he b a c t c r i o l o g i c p a i ol o f v í c w , l h e h i g i cn i c n n d s a n i t a r i cs c oodí t í ona
o C lhe wa t era o f l he wa t er t abl e i n l he c c mc t c r ies o f Vi l a Fo r mo sa . Vi l a Nova
Cach o c irinha and Ar e i a Dr anc a we r c cons i d e r e d un s a t i sfa c t ory. Thc r c f ore. l he
t h r e c cc rnc t c ri es a r e al r isk f o r t h c s c wa tc r~.

Th e stu dy r e vcal e d lha t the b a c t c r i o l o Ri c Qua l ily o f lhe g round watc r s d c pend
o n lhe soi l t y pe a n d the dc pth t o the ..., a t e r t a b lc .
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