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Abs tract

Tlu: Ribein! RiI '('/" 111/ //1'.': bctween 1111' states (Ir São Paulo (///{I Paraná.

contains 1111' I(// :~esl I II/ rI (Ir 1111' remaining rai n fo rest in Southern Bratit.
MiflÍlIg (!(gold. lcad. copper. limcstone. pliosphates andfluoritc 1/(/.1' bceu a

IIII/;or cconomic activitv in 1111' arca. Minins; methods atul environmental
control an: pOO/: resllll ill g iII deforestatio». Im/{I degradation and chemical
pollution oisoils. scdiments. water (///(1oquatic lije. '!'l /e lIell '('/' aud largcr
IIIÍI/{ 'SI/I!' subjcct /O some envinnunental control. IJIIII(//:~e arcas. near non­
0l wmling and abandoned mines. contain low-grade ore and tailing pi les,

711l' Ribeira Rive r and its I ribula ries. wliich dra in niining arcas. are

pallutcd II." lIem'." 111('101.1'. Froni 1111' R()('I/{/ Mille /O 1111' occau (250 km].
coureutrations ofleud. coppcr: tine aud utercurv are higher II/{III penuissi­

hk: ,I'I(IIIt!lII rlS./f1l'water suppl»and aquatic lire ntalntenance . Higll conccn­

trations 1/1/1'(' becn dctcctcd infisli. Detailcd studies in lhe arcas (!r influ ence

o] IIIl' Roch«. Pcrau, Barrinha al/{I Callol/s lIIilles lIa\'e delllOllslraled higll

m ll('(' lI lralio ns (///{I I/II e.l/ellsil 'e dispersiOlI pol/em. Higll lead concenlra­

lions, rec/cll ill g f() ,()(){) /1/1111, lI'ere delecled iII sedillle ll ls "11 /O 1.5 klll d01I'11 -

1 ( ' ,l

stream ofthe Perau Mine, Conccntra tions greater tlum 500 /11'1111/1'1' tnain ­
tained 9 krn downstreant. Environ numtu l coutrol nieasu res (wilillg ponds.

wetlands) are proposed 10 lower heavv tnetal contents iu scdinicnts aud
waters. as 11'1'// as better I(/\ \, enforcemcnt. Kev 1I'01r1S: mining. cnvinnuncn­
tal geochemistrv . lieavy meta!s. Br(ÔI.

In lrod uclion

Th is article summarizcs knowlcdgc 01' thc gcoche rn ica l dispcrsion of
base mctals, associutcd with mincralizution and mining. in lhe cnvi ­
ronment 01' thc Ribeira Rivcr basin, in lhe zonc 01' inll ucncc 01' lhe
Rocha. Pcrau, Canoas. Pane las and Barrinlw base meta l mines. whcrc
pol lurion is a lTeeting aqua tic life in the hasin and in lhe lguapc­
Canun éia-Puranuguti Estuarinc-Lagoon Complcx iFiguro I ).

The main base metal dcposi ts 01' thc Ribeira Vallcy Mctallogcnic
Provincc have bccn clussified as Pcrau and Pane las typcs (Macedo.
19R6), Pcrau typc dcposits (scdimcnt-hostcd stratiform scdimcntury­
cxhalaiive massive sulphides, mainly galcna, pyritc, sphalcritc. buritc.
chalcopyritc). comprisc: Perau (3, 1 Mt 01' ore with 4 .04 '7r Pb. 1.1Yk
Zn. 57 g/t Ag, mincd 1975- 19X6). Araçuzciro (3 iV!1. 4'7r I'b+Zn. 25
g/t Ag, no! yct mined) anel Canoas ( 1.4~\'1 1. 3.57r Zn. 3. 1(;~ Pb. 63 g/t
Ag, mincd 19R5-1 995. The Panelas typc dcposits (limcstonc-hostcd
hydroth crmal vcin s. with galena. pyrrh otitc . pyrit e . arscnopyritc .
sphalcrite und silvcr) are smallcr and in largcr numhcr than thosc 01'
the Perau lype. Thc principa l oncs arc Panelas (X().(JOO I with Ph.
Illined lInlil 19X6. Thc sllleltcr operated lIntil 1996. wilh ore from lhe

1 / ' , .: -

l-'i gll),{' I l .oco lit,l· 1110/1 WIl I .wlllple-sile lo ('olilies
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othcr mines ). Rocha (217.000 I. 5- 7'1< Pb. 100-1 30 g/ t Ag, mined
until IlJXX). Furnas ( 104 .000 r, 6,Ó'I< Ph, 3 kglr Ag. mincd 191 1J­
IlJl)3 ). Burrin hn (SO.OOO t wirh 81f<. Pb und 75.00 0 I with 3'1< Pb.
mi ncd 1075- llJlJ5).

' l'hc Ribe ira Rivcr Vallcy, bctwccn lhe SIates 01' Siio Paulo und
Pa n uui . co ntui ns th c lurgc s t pa ri 0 1' the rc rna iniug ru in Io rcs t in
So uthc rn Bra /i l. T he min in g 01' lc ud . copper. lim eston e . phosp h.ue s

and fluorit e hus trudiuonally bccn a major economic uctivity in lhe
arca. Gu ld mining in lhe cig luc en th und ninerccnth ccn turies was thc
muin tuct ur for the sc u ling 01' Europca ns in lhe arca. Base mela i
min ing hcgun in the IlJIlJ and wcru on unti l thc 1l)l)Os. whcn thc pro­
duct iun in lhe rc mai uing mines wus d iscom inued becu usc 01' low

priccs, opeuing 01' markcts for imports and cnviroumeutal rcstrictions.
Most mines wcrc small und openucd with inadcquute mining tcchnol­
ogy. inadcquarc cnvironmcntul contro l (beginning ouly in lhe IlJXOs).
und with no rec lama tion of dcgrudcd lund. Vcgeuui o n dcstruc tiun,
uncou troll cd cxcnv.ui ons. aud chemicu l pol lutiun by acid drai nugc

and hea\'y melai s from mine openings al1ll lailing piles. was a rule,
aml has L·onlinued. Wilh lill k mudil"icalion, UI' lO lhe presenl. T he
elos ing 01' mines agg ravated lhe prob lem. beca use bankrupl mines
lI'ere Illlt fllreed lo recla im lal1ll al1lllhe abscnee 01' any warranty. like
perfol'lnanee bonds. pre \'e nting lhe en\'ironmcnlal eonlro l agencies
from unden aking any rehab ililalion themsel \'es.

Dispersion haJos associal ed wilh min erali zation am/ mining
in lhe Ribeir a Valley

Rock.l·

Damasceno ( IlJ( 7 ) fuund a narro \\' halo (some melers \\'ide) 01' lead
e nrichme nl in ca rbonalic rock s around Pane las typ e \'e ins in lhe
Paquc iro prospeel. l'vlacedo ( llJX6) detecled a :WO m mineralizal ion
halo in melasediment s al1ll mela \'o!canics aro und thc Perau scdex
deposito am\ found it possib le lo use Cu. Ph. Zn. 13 , tvlg, K. Fn. 1\'ln
al1ll Ca colllellls in rOl:ks as pJ'llspectin g lools in the arca .

Soil.l·

Soil geochemistry has been used for mineral exploratiun in the arca
since lhe IlJ50s, with good resu/ts in Panclas al1l! Perau type deposits.
A synlhes is is presenled hy ["Iacedo al1ll Ballllla ( llJXI ), \\'hu give lhe
result s 01' an oricnlation sur\'ey in lhe Perau mine. Geomet ric mea ns

aml possihle anomaly thresholds (GMxGD2) are 30 al1ll 120 ppm for
copper; 16 aml 100 for lead; 30 aml 145 for zinc. Halos are frum lcns
to hundreds llf mclers wide. ln surveys around the principal zoncs 01'
Illinerali/.aliun . co pper was delecled as more mohile, Wilh lead al1l!
zil1l: dd ining with more precision lhe localization 01' lhc orc.

\I'lll l! l' {//ul ll'al l!l' lif l!

Eysink ( l lJlJI ) al1l! Eysink el aI. ( llJX X. 1990 ) descr ibe studies 0 1'
heavy melai dispersion in \Valer al1ll aquatic organisms in the Ribeira
hasin al1ll the Iguape-Cananéia-Paranagu<Í ESluarine. Lagoon Co mplex
\\'here it discharges. Hea\'y metal concelllrations larger than lhe limils
eSlahlished hy Bra zi lian al1l! inlernal ional norm s for public supply
wcre fou nd downstream 01' lhe main mines and in the co mplex , in
I'alues UI' to 57.5 times the limil 01' 30 pg/I for lead al1ll 4,4 limes lhat
flll' zine. 01' IXOpg/1.

The anomalous eoncenlralions in sedimenls al1ll \Va ter are reflecled
in anomalous accumulalions 01' metais in lhe muscles 01' fish rrom lhe
ri\'e r aml rrom the eSlUarine- lagoon co mplex . Eys ink cl aI. ( 19lJO)
round eo nce lllralions larger lhan the maximum limil ror human con­
sumplion: I-I g- up lO 1.5 times lhe limil in fish rrom lhe complex; Cu
- XI times in complex aml X4 in ri\'er fish; I'b- up lo XOO limes lhe
limit in river fish; aml Zn-27 times ror the complex al1ll 28 ror lhe
ri\'er.

Fer reira ( 1I)lJ-I) sludied the dispers ion 01' Cu, Ph aml Zn in streams
near the Rm:lw mine. finding values larger than lhe limil for aL]ualic
lire. l.arge amounl S 01' mine spoil lI'ill heeom e available for polluli on
II'hen submerged by lhe lI'ale rS 0 1' a nel \' reser\'o ir. Thi s waler will
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huvc a low pH. induced by decom posit lon 01' orgunic muuc r ut dcp ths

01' oue hundrcd metcrs whcrc thcre will hc liutle w.ucr mo vc mcui .

This will grcutly incrcuse its potcntiul to dissolve metais.
The Watcr Rcsources and Environmcm Deparuncm 01' thc Statc ',I r

Paru n á ulso dci cc tcd vulu es 0 1' -150 und 1000 p g/I in w. uc r d u w n­

strcam of thc Burrinha and Panela s mines.
A laborutory \\'as cstubl ishcd as part 01' un ugrcc meut berwc cn lhe

Jupan huemat ionul Coo pcr.uion Age ncy und lhe Brazilian Nalional
Dcpartment 01' Minera l Product ion, und a survc y 01' w.uer pol luti on II I'
lhe Ribeira busin wus mude. dcsc ribed in J ICA/J'vIMAJ ( llJlJ2. 1'i'Xq .
Rc po rtcd vulucs are up lo 15 limes lhe limits es tub lishcd in lhe S,jo
Paulo Stute luws, ror Pb, Zn and Cd. ln lhe case 01' Barrinha mine,

evcn with vulues up to 36,000 ppm Ph in scdiments, 1011' valucs wcrc
tound in wuter, due lhe high pH (X.2). which is uuluvurublc lo thc

solution Dr heuvy melais. This is probahl y the case ror al i mines,
whcre unprotected spoil und low-conccntrution ore piles give rixe lo
high couccntnuions in streum sedimcnts, withoul lhese values hei:lg
reflecled in watcrs. Ir there is a change in pH, as is lhe case II'IIen lilc
Ribeira scdill1e nts enler lhe cSluar ine-lagoon complex or whcn lile
piles are subll1ersed by deep reservllir walers. lhen ell.\ inic cOllllilions
am! a reducing environmclll prevail al1ll melais are rek ased inlo lilc
water.

Cors i ( llJ99) detecled valucs 01' zinc uI' lo 15 times the linlil for
publie supply do\Vnslrcall1 01' lhe mines.

Slrl!lI l11 Sl!d i lll l! lI l s

Morgen ta l e l aI. ( l lJ75. IlJ7X) presenl resull s 01' Orienla l io n am l
reg iona l slream sedimenl sur\'eys ll1ade by the Gcologieal Survey 01'
Bra~.i l. whic h gi vc a goo d rrame 0 1' re rere nce to dis linguis ll had .­
ground dispersion of heavy melais rrom lhat caused h)' mincra li ~a li llll

or pollulio n. T he anomalous halo in slream sedimcnts caused by mill­
era lizaliun could bc delecled , in lhe -XO mesh rracl illn 01'sedilllellls.
hundreds 01' melcrs downslream 01' und islurhed oeCUITences.

The values 01' geo melric average aml prohab le anomaly lhreshold

(MG xDG2), conside red to bc lhe maximum limil 01' nalural dispersion
in unll1i nera lized slreams, varicd in ranges 01' 6 lO 26 ppm aml 27 lo
100 pp ll1 for Cu, dependin g on the geo logy 01' the drainage hasin. in
ranges 0 1' II lo 24 aml 27 to 240 ror I'h, aml 01' 14 to lJOaml X5 to 3XO
ror Z n, ana!yzcd hy ato mie ab sorpl ion am! nitri c aeid a llaek 0 1'
samples .

T hc maximum acecp lable lill1 ilS presen led by Bowde ll (Eysi nk.
1988) are 25 ror Cu. 40 for Pb al1l! lJO ror Zn. T hey are co nside red as
thresholds for lhe dClccl ion 01' conlamination. These values seem vcry
reslricl ive, in some cases lower lhan I'a lues rounu in ull llli n e ral i ~.ed

am! unpollu led streams 01' the study area. Ali geoc he mical sludies
made in lhe arca rCl'ealed dispersion lrain s 01' lrace e lemenls. wilh
concentralions sevcra l limes higher lhan lhe maximum ad missi ble
limils.

Lopes ( l lJX7) delecled 122 ppm ror Cu. 35% ror Ph al1ll 15lJX I'or
Zn, in a slrcam draining old mining works aI lhe Furnas mine.

Eys ink ( 19XX, IlJlJO) deleeted values UI' to 2,4 limes higher than
lhe Bo\\'den limits for Cu, 1.5 limes ror Hg. 100 limes ror l'h aml 45 .5
ror Zn in sedimellls collected downslream (Ir lhe principal mines.

Fer reira ( l lJlJ4) found up to 565 ppm Cu. 26,500 Ph am\ 565 /. n
downstream 01' the Rocha mine.

T his autho r has s lud ied the d isp er s ion hal o in aCl ive s lream
scdimenls 01' lhe Pera u, Barrinha am\ Canoas mines in lhe Perau aml
Ribeirão Gra nde streams (Macedo, IlJlJI, IlJlJ2. IlJ1)3 ) using alomic
ahsorpti on ana lysis 01' Cu, Pb, Zn. Fe am! Mn, with allac k h)' hol
HN0 3. Conce11lrations higher lhan 20.000 ppm I'h wcre deleeled in

lhe ·80 +150 mesh rraelion uI' to 1.5 km downslream 01' lhe I'e rau
mine ; lhe conce lllrations decrease to 100 ppm ai 17 km from the
minc, increase lO 292 ppll1 downslream 01' lhe C lIlllas n cck. wl1 ie ll
drains lhe Canoas mine, am! lo 5,000 ppm when lhe Riheir:1l1 (J r;1I1de
stream receil'es sediments rrom lhe Laranjal n eek. where lhere arc
conce nlralions uI' to 3Ó,(JOO I'b , dcri ved rro m lhe Barr illh;, minc ,
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Figure 2 Lead concen trations in scdi tnents - Pcrau and Grallde
slrea ll/ .\' (Macedo. ! 993 )

The main environmenlal problem in lhe arca is lhe large amounl 01'
lo\V-grade ore aml spoil piles still presenl ai ali mine siles. The piles
are \\'ilhoul proleclion. save inadequale aml ill-mainlained relaining
dams at Panelas aml Canoas. They are responsible for a continuous
flo\V 01' pollulion inlo lhe drainage.

The proposed bui lding 01' large waler reservoirs presents an addi­
liona l problem. due to lhe possibi lily 01' acidificalion 01' lhe waler by
lhe deeolllposilion aI' organi e maller in anaerobic condilions. The
lo\\'er pJ-! \Vould release. inlo lhe \\'aler. large amounls 01' heavy melais
no\\' lrapped in sediments. causing much bigger do\\'nslream pollulion
problems.

Neli' sludies are needed to measure lhe exac l Ic\'els 01' pollul ion
and magnilude of lhe reser voir s 01' polluling substances . aml lega l
measures laken lo force lhose responsihle for lhe pollulion lo conlrol
iI. A nc\\' sludy is planned by lhe aulhor lo compare sampies laken in
the 1990s aml in lhis year's dry seaso n in lhe Ribeirão Grande basin,
The samples will be analysed aI lhe same lime and \\'ilh lhe same
melhod. lo study lhe rale ai \\'hich pollulion le\'els decrease wilh lime,

Brazili:1Il la\\' dema nds reclamation 01' allland dcgraded by mining.
aml env ironmenlal control 01' mining operalions. This is nol feasihlc
when lhe mines were closed abrupt ly. and some c{lIl1 panies become
bankrupl. in lhe absence 01' peeuniary \Varranlies for reclamalion. The
control 01' heavy melai pollulion in lhe arca is made more di lTi cul1hy
lhe lack 01' e lTeclil'e enforce ment 01' lhe enl' ironmental la\\' on lhe
righl margin of Ribe ira Ril'er in lhe Slate 01' Parami. \\'here almosl ali
the mines are localed.

Cons ider ing lhe possible adl'e rse elTec ls 01' pollul ion on people
living Oll lhe arca. environmenlal heallh studies should includ e lhe
eolleelion 01' samplcs from residenls in lhe arca. drinking \\'aler aml
agricultural soil. especially near lhe concentralion aml smelter ·planls.

l'v1easures lo conlrol pollulion from mine \\'aler and spoil piles are
needed. Tailillg pOllds. dams aml arlificial wetlands could be elTeCli\'e
in lhe conlrol 01' acid drainage aml hase melai conlaminalion.

and Mn oxides. orgunic mattcr und clay minerais.
The largest fructions 01' lcad are in forms 01' 10\V hioavui lahilit y,

Conclusions

Go ld, lcud, coppcr, lirncstonc. phosphat cs und fluorite mines huvc
contributcd to lhe cco nomy 01' lhe Ribeira valley lrorn co lonial limes
to this day, The mining mcthods. in almost ali cases. wcrc inadcquurc.

Cu. Ph und Zn mineralisations cause natural incrcases in lhe con­
ccntnuions of thcsc elemenls in ali sumplc media studicd (rocks, soils.
strcarn scdimcnts, watcr) ncar lhe dcposits, which allowcd succcss ful
use 01' dispcrsio n halos and trains in gcochcmical cxploration.

Trace c lcme nts werc rc lcuscd inro lhe cnviroumc nt whcn the
dcp osi tx wcrc mincd, with lhe use 01' inudcq uatc lechn ology for
cxtraction. smclting and enviro nmental control, Ali cnviro umcnral
gcocbemistry studics made in the arca huve dctccted contuminatiou hy
melais in soils. watcrs and strcarn sedimcnts. in leveis high cno ugh to
uffcct human and unimul lifc.

Comparing lhe 1\\'0 survcys madc in lhe Ribeirão Grande. which
rcceives water frorn streams drai ning lhe Pcruu. Canous and Barrinhu
mines (Macedo 1993 uud Co rsi 1999) the paliem 01' thc dispcrsion
train is similar. wilh higher conccntrations dctcctcd in lhe first study,
Severa] causes can hc responsiblc for lhe di lfcrcncc:

lhe sampling for lhe first study was donc in 1990:
that 01' lhe sccond in 1997 and in 199R:
ai the lime 01' the Iirst study, lhe Canoas aud Barrinha mines wcrc
in opcrution but lhe Perau Mine had bccn closcd for thrcc ycars:
at lhe lime 01' lhe sccond one lhe firsl mines had hccn closcd for
lhree aml Perau for lwelve years:

• dilTerences in lhe analytical methods het \\'een lhe 1\\'0 sludies hal'e
probably affecled the obserl'ed concentralions:
lhe absence 01' delails for lhe seeond sludy preveni lhe e\'alUalion
of lhe differe nce.

1813
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dry aml wel seasons. For the dry seaso n sampies. lhere is a maximum
Ph concenlralion 01' 19115 ppm. in the Ribeirão Grande stream near lhe
moulh 01' Perau creek. decreasing down lo the Ribeira River conflu­
ence. For wel season sa mpies lhe maximum \\'as 550 ppm near lhe
mOlllh 01' I'erall l:reek. decreasin g toward s lhe moul h 01' Laranjal
crcek. where it increases to 242 ppm. an increase nol repealed in lhe
dry season samples. ln lhe creeks near lhe no\\' aba ndo ned mines.
high concenlralions were deleclcd for lead, with maxima 01' IOS4 ppm
ncar Perau . 242 near Canoas aml 4040 near Barrinha, Similar patterns
\\'ere found for lhe olher elcmenls. cxccpl Fc aml Mn. \\'ilh lo\\'er con­
ccnlralions for Cu. Zn. As aJl(1Sb.

Açco rdillg lo lhe rcslllls 01' lhe seqllenlial analysis, Corsi ( 1999)
co ns ide re d the lran sp or! 01' Ph in lh e Rib ei rão Grande stre am
scdimellls lo be maillly assoç ialed wilh Mil alld Fe oxides aml hydrox­
i{lés (based on lhe release 01' 211.92'7" 01' lhe lotai Pb in sedimenls by
hydroxylamine hydrochloride aml acelic acid). follo\\'ed by organic
maller aml slllphides (24.4X'7" l e adH~d hy Ililric ac id pllls hydrogell
pcro xide). carhonales (22.3(í'«- removcd by sodium acela le). \\'ith a
s111 aller proporlion in lhe residual phase ( 17.47,/" dissolved by f1 uor­
h ~ dric. perchloric aml nilric acids) aJl(1. in lhe exc hangeable phase.
as ,oc ialed lo clay minerais (6.74 '7r leached by ammollium acelale).

This is nol in accordance wilh lhe spalial varialion of Fc and tvln.
shown in Macedo ( 1993). \vhich is nol conlrolled by mineralization 0 1'

mining aclivilies. The concentralioll-distance graphs of Fc and Mn did
IH'1 SllOWcorrelalion wilh the localion 01' mines. aJl(l lhe graphs 01' Pb
cOlllrollcd hy Fc 0 1' Mn sho\\' lhe same paltern of lhe raw dala. indical­
in:; prohahly lhal a small proporlion 01' Ph \\'as lransporled w -precipi­
laled wilh Fc or ivln oxides.

This d ilTerence hetween the results 01' lhe lwo survey s ca n be
explained hy lhe lime 01' lhe sampling. Macedo ( 1992. 1993) sampled
se.Jimenls recenl ly conlaminaled by operating (Barrinha. Ca noas) 0 1'

rel:enlly closed (I'erau) mines; \\'hen Cors i ( 1999) did heI' sampling.
lh,; firsl mines \Vere closed for lhree aml Perau for l\Velve years. A
large proporl ion 01' lhe sulphide aml carhonale phases. whieh probab ly
cOlllained mosl 01' lhe heavy melais ai lhe lime 01' lhe firsl samplillg.
wlluld he Icached: lhe remaining melai conlenls \\'ould he fixed by Fc

dccreusing later lo 4.000 ppm until the Ribeirão Gra nde disc harges
into lhe Ribeira rivcr. 211 km Irorn lhe Perau mine. Copper and zinc
conccnuu tio ns show lhe sumc puucrn (Figure 2). T he valucs for Cu,
Ph und Zn are much higher than those in unmincral izcd arcas and
cvcn highcr thun unornu l ic s associ utcd with minera lizution in arcas
not yc t min ed. ind icaling probablc polluti on by lhe min es. Th e
variutio n 01' thcsc metais is independen t 01' that 01' Fc und Mn. indicar­
ing tluu thc conccntrutions are unrclatcd to lithologic factors.

Corsi ( llJlJlJ) studicd lhe concentrations 01' Cu. Pb. Zn. Fc, Mn. Cd.
As and Sh hy atomic ubsorption anulysis. with sequcntial cxtraction
for Cu. f'h and Zn. in aclive strcurn scdirnc nt samplcs tuken during lhe
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'lVlissionary' interns from Wheaton College, Illinois

Jeff Greenberg
Professor and Chair

Dcpurunent 01' Geology anel Environmental Science
Wh caton College, Wh euton , IL 60 187, USA

The Gco iogy und Envirunmcntul Scicnce Deparun cnt ai Whcatou
College hus directcd muny 01' its majors in missionury intcruships ovcr
lhe lust seve n yeurs. Severa ! 01' thesc students spenl six months in a
non -indust rial ized nal ion as part ieipanls in the co llege's HNGR
(Human Needs aml Global Resolll'ces) Program oThese illterns serveu
with missi on s o rga nil.a tio lls , li ved lI'ith local peopl e , reeei ved
illlen sive langua ge Irainin g alld cnnuucled researc h nn an origi nal
environmental projecl. Sludellt interest in the program co nlinues to

grow rapidl y, due lo lhe servanlhuod desire of uur majors lo appl y
Iheir education in pract iee. Their inlem ship experiences lypically have
strollg illnuence in shapillg post-gradu ale decisions.

The descripli ons of inlerns below include their name, co untry 01'
service, resear ch top ic, lype 01' missioll sponsor anu some 01' their
posilions following gradualion from the Geo logy anu Environmenlal
Se icnce Deparllllenl.

Water Resourcc Assistant in Ethiopia
Bl'et Swigle worked lI'ith a LUlheran developmcnt ageney in Elhiopia
during 1992. I-Ie lI'as primaril y 'ln assistant in lI'aler-lI'ell c1 rilling aml
in lI'ater-reso urce assessmellt, aml spent significanl time corre laling
lhe region al landflll'ms and geo logy lI'ith the potenti al for high ­
capacity ground lI'ater supply. He also observed many 01' lhe degrada­
tio ns in Elhio pia lhal came fro m ci vi l lI'ar ano dra st ie lan d-u se
policies.

28 Geoscience fe o fures

Erosion assessment in the Philippines
Rachel Reese (in 19lJ3) und Jonnnc Sciglia no (in IlJlJ7) sc rvcd w ith

a Bup tist rnission in lhe Philip pin cs . ln cuc h case, rhci r proj cct

concern was with the diffi culty in sustaining product ivc ugriculturc on
very s tee p, deforcsicd s lopes . Mun y 01' thc Workl 's non-iudustrializcd
rcgions with hill y or mountainous topogruphy und prccuri ous slopcs
for grow ing crops. Unfortunatcly. thcse uudcsirublc sitcs are oüc u ali
lhal is availablc lO the poor. Ferlile agrieultural land is ei ther scan:e or
belongs \O lhe rich in lhe valley arcas . Rachel aml Joann e slud ied
various crop aml tillage co mbinat iolls lhal would produce belter yiclds
Wilh less labor aml eros ioll. Erosioll is a widespread problcm in lhe
Philipp ines, II'here rainfall is plenliful aml co mes in lorrelllial slonllS.

Tanzanian water supply
Michael Lowe lI'ent to Tanwn ia in IlJlJ3 tn serve lI'ith World Vision's
nationalmin islry. Mike split time betll'een nlTice work aml his pn ljecl
01' regional hydrogeology. The arca 01' Mike's servicc is soulh 01' l.ake
Victoria, in lhe Shinyanga Districl. Seve nty ycars ago Ihis region was
densely forested aml co ntaincd grcal biodi versily, inclllding many
large mammal s. Human migrali on and lanu -use prac tices slrippcd
all'ay native vege lation lo the extenl lhal lhousands 01' slJlIare killlllle­
ters are noll' arid laml. \nsects. rcptil es aml a fcw species 01' birds are
rcmn ant s 01' lhe previously rich eco sys lelll. Rainfall patlc rns have
been great ly modifi ed . Flowi ng slrea ms ha ve beco me nlOsll y dry
valleys. The local people are slllTcring from the lack 01' any l'llllSistcnl
\V ate r supply atlll the rel al cd poo r qu alil y 01' agri culturc . Mike
developed var ious allerna tive so lulions flll' lhe problem 01' potabl e
\Valer supply. He first studied lhe ground lI'ater condilions allLl then
sllggesled measures lo prolec t wells from contaminalion.
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