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for Ihese Industries lo upgrade and mod lfy thelr prcductlon method s toward s mlnlmlzlng lhe prlc lng charges

lar envi ronmental damage. As a rosun. lhe prlc lng oí lh e environment will ma rginallyaffec t lhe prlca af lhe

prod ucts of non -tuel min eral industries.

CONCLUSIONS

Throu ghoUl lhe paper k has been observed that prlclng. lhe best found econornlc opllon for

envi ronment controí, has also some severo IImitations . Flrst. price fixallon for envlronme nt Is a d ifncu lt task

because k has to encompa ss ali posslble damages that may happe n ln con lempora ry and IUlure times which

are rarelydiscernible. Second . developers maydevelop e habil of pay lng lh e sum requssted tnstead of mak ing

artempts to ínnovate abatemont technolog les themselves or lo rethink lho vlability of exlsting damage

pract ices as long as lhe pricing for erwíroomemal damage is low. Thlrd, every polluter íodustrv should have

pertect informatian abou t environment contrai and related co sts. Otherwise rnlsconceptlon 01contrai costs

and d i!ficullle s will be highlightOO.

REFERENCES

t . S. K. Nalh . A Reappraisal 01Wclfare Econom ics. Longman Group Ltd.• London (1976).

2. J . A. Rees. The economics oí srwlronmental management, Geog raphy,Val.62, No. 4, (1977). pp. 31 t -24,

3. A. Gilp ln. alr Po nutton. 2nd OOn.. st .tucta, University or Oucensland Prcss. (1978),

4. O. W. Pearce, Environmental Economics . London . Longman. (1976).

5. K_W. Kapp . Environmentat disrupt ion and social COSIS; a chall enge to economic s. Kyklos. Vol. 23. No .

4. (1970). pp . 833· 48.

TABLE t : Summary 01 impacto 01 mi nlng on ag rlcull ura lland

~ ""o'ti ,...., õ/..Z:) ::::>

Impacr of Mining on The Environment, 1994

RECLAMATION OF MIN ED LANDS lN BRAZIL

fi
Instituto de Geo clencias.

Uníverstd ade d e S RO Paul o .

Rua do Lago. 562.

05508 -Sao Pau lo,

BRAZIl.

ABSTRACT.

Pro tection ot the environment is guarantee d by tti e Brazili an Ccnstit útion ot 1988 and is

implemented through numerous laws and regulatio ns , w/JicIJ are described . Organised

mines, run b y companies, ge nerally observe the legal requirements but lhe unorganised

'garimpos' not only exp to« snetrworkers bu t etso cause serlcü s environme ntal damage Tho

rectemetion of mine s i tes and exptoretion sca rs, enviro nmentst p rotection during extrection,

co nto uring, new fand use, reveçetetton , monitoring , wa ter rect emetion and the ettercs re ot

abandoned mines are dtscu ssed. and rIJe rectem otion ot so me arcas a" pc ted by ag riculture

Rnd ind ustry in Brezi! are de scribed

Nature ot imoect Oacnces: Deepmine

Land loss (perma nent) to síte ínstatlatlons .. ·
Land toss (remporary ) to excavatlon ..
Land loss (temporary) lo lipslsoll stacks · ..
Oamage lo soüs dur lng handling and storaqe . /.. . /..
Subsldence - e!fecls on land ..
Sub sldence - eftecls on farm building ..
Sett lement ·
Water pollul ion and hydrolog lcallmpaCIS . /.. ' 1"

Noi se .,..
OUSl and alr poIlulion ./.. ·
Severance · ·
Socio·economlc Impacls · -r-

- Minor Impact. • • Major Impac!.

1. LEGISLATION.

Brazll is on e or the lew counl ries which incl ud e lh e prot ect ion 01the environment In its Con stltu tion

(Braz il. 1988) .

l he property of minerai resources Is deli neei ln Arl 176. "The minerai d apos us. mln ed ar no ! .. are

p rope rties or lhe Unioll, lh e property 0 1the p rOdUCl of mining being assured lo lh e co ncessionalre"; Par. 1:

"l ho explo ratio n and mining 01mineral resourc es...only can be ma de by autho riza tion ar con cession of the

Un ion , lar the national inte res t. by the Brazilians or nat ionally own ed Braz ilian comp."lnies ...

The environmenlallicens ing syslem for mining in Bl azil is regul al ed by the co nsli lutional Ar! . 225,

Par. 1: " .Is duty of lhe Public Pow~r: ...III ) To demand a previou s Envi ro nmental lmp.1ct Assessmenr in every

act ivity pol enlially d ama ging lo lhe erlvironmenl .. " Th is Iic ensi ng syslpm exisl ed alread y bolor€' l he 1988

Consl itu lion. regulated by prcviou s laws anel resolulion s,lhe mo st importanl be ing th e Fed eral L,w 6938

(8/3 t/ 1981). whlch eSlabl ished lh e Nati onal Polic y for lh e Environment. and Resolulion No. t (1/;>6/198 6). 01

lhe Natlonal Co uncil for the Env lronrnent, whlc h establis hed lho format for Envlronm pntal Impac t Stu dies

(EIS). An EIS is requlred fram ali mining act ivitic5. regardl ess Df size, lo ca l ion and di sposal sys tem.Resalull ons

9 and 10 of lh e same Council (12/6/1990) eSlablishOOl he ac livities and documenls neOOOO for Environmenta l

Lic ences for mi ning (Previo lJs, Inslallalion and Op eralion) , includ ing lhe demand for a Reelamation Plan for

the Installation L1cense and a deta iled Reclamatian Pr ojec t l or l he Operat ion license.

IAdopl OO Irom "P.H. Selman" : 'Coa i Mlning and Agriculture: A study ln Envi ronment Impact

Assessme n!' . Joumal of Environ menl Manage menl ( t986 ) Vol. 22, pp. 157-186J.
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Reclamalion of mining ·a!fecl OO areas is also consid erOO by lh e Con slilul lon . ln Ar! . 225, Par.2: "Ali

lhose who exploil mineral resources are required lo recla im lhe de graded env ironmcnt... '-This art ic le was

regulatOO by lhe Fed eral Oecr ee No . 97632 (4/ t O/89). which estab lished as lhe obj eclive 01 reelama tl on "lo ·
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return the deqraded site to use, acco rdínq to a preestablished sai! use plan. aimlng ai obtaining lhe stability

01the enviro nment".

Some d iHerences in legislalion betwee n Brazil and some deve loped co untries are evide nt in th is sho rt

to environmenlal protec tton ln ope ning Iitigali on agai nsl pol luters . w íthout expe nses for lhe assocla tlons 11

the cases are well grounded. These law suus and politicai pressur es on local governm enls resulted in lh e

closure ot a number or mines aOO a change in envi ronmental cont rot and rectarnat lon ln ali lhe mo re populated

statas ln 8r azil

mining

2. MINING CONDITIONS lN BRAZIL

We nef'd lo separale Brazllian mining inlO \Wo kinds : unorganized minlng (garimpo) and organized

Garimpos· l he conditions in garimpos can be summa rized as : over exploJtat ion of wo rkers: no

p..l ymenl of taxc s: de5truclion 01 mineral reserves: environmenla l degradatlon. with lanet. waler and air

pnUutio n, crime

Rec lamation 01 Mi ne<! Areas .

RECLAMATION ACTIVITIES lN BRAZIL
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3.1.5 . New land use

3.1.4 . Conlourlng_

lhere is no obligation to maint ain approximrlle original con tours. The land can be conformed to be

prepared for new uses.

Usually the land is give n an econ omi c use agricult ure and urb an bu ild ing are most co m mo n Sani tary

landfill s are proposed for som e min e sc;us . the SLJcceSSof this p ropasa l de pending on co nlrol of Qrou nd water

3.1.1. Exploration scars

Only now is the nced ta cover ali exp loratian excavations be ing enforcC'd. If ther e Is som e prod uctio n

duri ng exp lorat ion. a previous permit is neroed .including reclamatian plann ing .

ln view ol lhe fact Ihal, in lh e hum id tropi cal clima le p revailing ln almo!; t lh e wha lc of Brazil. lhe elfects

of weathering and eras ian are vcry lar ge. lh e use of reclamation techn iqu ec;sim ultaneously wit h mining was

made mand alory This is nQw being ap plied by all lhp larg er min es.

Briefly. the main cbaracterlsttcs ol l he reclamation o f mined area s in Braz ;l are as íoll ow s.

3.1.3 . Recl amalion plans

Ali new minin g plans ano EIS should include reclamation actrvities Older min es are de ma nded lo

make reclama lion pl;ms. An eoffo rt is being mr:tde to give some train ing in environnumla l co ntrol and

reclamatlan to ali minin g engineers. lhe legal obligalion to use external co nsultants to mak e EIS is an

add itional obs tacle to involving min ing persOlln el in env i ronnlf~nla l co ntro l and reclam arian ln some case s.

lh e EIS ;md reclamatian nlans are considerp'(j allly bureaucmlic ohl ig<ltjan~ . !lot being uc;P.dto gu idp mining

operations

3.

3. 1.2. Exlr action

3.1.

Griflilh (t980) presented a compilali on of lechniques po tentlally applicabte to Bra zilian áreas. in a

plonee r eHort at a lime wh en only some companies were beglnning roctamatíon plan s in lhe co untrv . The

same author (Grilfith . 1989) descr ibed th e reclamallon actívtt tes of the largar mining companies ln 8ra zi!.

Fomazarl et at. (1988) summarized the sreps lo be take n in sand producing areas in Sao Paulo fo r successful

recJamati on. These obse rvations were ap plled in a serles ot recJamat ion plans (ono) Is descrl bed ln Macedo

et al, 1991). lhe Brazillan Assoclalion for Techn lcal Norms (ABNT) Is presentl y studyln g proposals of new

ncrms for erosion contror. with di rec t applicatlon ln min ing cont rai and rectamat.on (Macedo. 199Oa. 1990bl ·

Macedo (1991<\) cri tically anatvzed EIS and reclam atian ptan s ln Sao Paula . wh ilo Mí\ ce<lo (1991h) atao

summarizcd reclarnatíon principai s for students. IBAMA (t 990) has produ ced n manu al fo r reclamanon 01

mln ed land . while IBRAM (1992) summa rized some reclarnano n tec hniques and oresenteo some Brazüian

axarnples ot sound envíromn ental co ntrol and rec lamatton in mining

no provtston is mad e for aband oned mlned lanels.

no Fed eral provi sion is mad e for reclamatlon bonds (th ese are belng establlshed by States and

Munl clpautl esj :

an EIS is required for ali mines:

Federallegislal ion defines very loo sely lh e Iype 01reclamalion required:

lhe ow nership by lhe Union af ali minerai pro perty (allowing lhe miner lhe property 01 lhe

produ ctton aftm ii is mined);

Org an lzed Mining : Organized metal and industrial minera is mine are run bycompa nles.with growing

environm ental con trol Pits arld quarries. prod ucing sand aOO gravei. genera lly near urban areas. also pay

taxes. build an infrastructur e that is used also for oth er dcve10pm ent activities. pay wag es and give socia l

assistance lo wo rkers. Only lor lhls organlzed minlng is lh ere some reclamallon aclivlly in Brazil. Even lor lh e

organized mini ng . on ly recenll y environmcnlal contrai began . Only in the sevenlies dkt pollut ion co ntra'

bec ome mand atory. and only after 1986 was the requirement for enviro nmental impact studles enforced ,

Begin ning with lhe larger companies. reclamatio n activities are now a nor mal part of mining in 8r azi1.There

has been a deep chang e ln public aniludes lo pollut ion and enviro nmental degradalion for ali economic

acl ivil ies. wilh special emphasis on mlning Federal Law No. 7347 (7/24/1985).establlshlng lh e Publlc Civil

LawsUll. was only appl led in a greal number 01cases after 1988, and is generally applied against mlning

""'I." Inn and neOO lo r reclamalion . By Ihls law. publlc atlo rneys are requirOO lo help assoclalions ded icaled

mining aclivities were "awarded" speclal Irealment und er Fed eral law. althoug h lhe maln

respou slb lüty for lh e land degrada tla" ln Brazil, conslderlng the area ínvotved. Is the

deforestation made for cattle ranching and farming ln Amazonia .

The latter de íorestauon was made with Governm ent Incentives : tax cuts and land do oauon for the

rlch, loans and bad Inírastructure for lhe poc r and middle ctass in Rondonia, in pro íects und ertaken in part

with financial assis tance írom the Worfd Bank. Ra~chlng anel farming made withau t research or use of local

knowledge. by greedy companies or displaced larmers from lhe South . resu lted in appauling land degradalio n

in half a millian square kilame ters of former "green heU" forest. now bec omlng a "roo desert". New pro jecl s

tryin g to catch moro interna tional maney prom ise to use scientific lechn iques to reclalm th ls degraded land

For Brazillans versed in thls kind of thing, it is casy to see lhat these prolects will be another way to glve money

to thp rich . They wi1l use this money . as on other occas ions. to Inves t in the financiaI market ar to buy the

srnaller larms Iram peop le who have no acce ss lo easy gove rnme nlal money.

revrew
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poIlUllon . There are some example s ot recreatlonal use, wlth oId mine sca rs transf ormed Into lakes and

gard ens. Some good examples are:

( t) the Jundu Mine (indu str iai sand). used for ofl ices. sports fields, gardens and a restauranl lar

employees cn a carelull y reclalmed area: and

(2) lhe Universlty ai Sao Paulo . which used lor a construcl1on campaign ln lh e 1960's all lN lal sand

trom a pi t des igned to becem e a take, used sínce than for boa t races.

3.1,8. Revege lallon

Empha sis Is given by govemmental regulal10ns to qu lck con tourln g and reveget sllon to svold eros lon

and silting ln small area s. garde nlng techn lques ara appl led, using a graat arnount 01 human labour, very

cbeap in Brazll. ln larger areas. agrl cultural mach lnes and techn lquas are applled . There Is no specla l

machinery lar rectamanon activilies, exce pt some developed by mines. such as splked Iron balls to plough

steep slopes . Hydr oplant ing and manual fixlng 01grass plates are used to revegetat e th ese stopes . Only in a

Iew cases nyfon nets or other geotextiles are used.

Mas t areas are reveg etated us lng nan-nat lve specles. There Is some progr ess sínce the evaluarion

by Barth (1989), as can be seen ln IBRAM (1992) and by visiting the mines, Some ellort is being made by

qove mmenta! (Kage iama et ai, 1986, 1988) and private organlzations (MNR, promoti onal video and IBRAM.

1992.and personal communication s ot techni cal personn el 01 ALCOA.Serrana. Brumadinho) to dRvelop

techniques to qulcken natural success lons to use for reveg elati on wh h natural specle s. There are ditticulties

for Ih ls approac h. L1tl1e research ex lsts,anel Ihere are problems wlth eantinu ily of work ln research anel

experim ental reclam at ion . One of these probl ems was experienced by lh e author of thls pape r in Rondon ia

M er maklng a prellmln ary plan and hlring some locallechnlcal slafl (agronom lst, blologlst, geologlst , mlnlng

englneer, soc lologls t) la r an extensive EIS and reclamation plan uslng Amazon lan nativ e sp ec les, lor 10.000

hectares ai land diSlu rbed by lin mining,the proj ect was disconlinued when lhe tin prl ce fell to half the

produ elion co sI, du e to an invasion of ga rimpe iros to lh e largest tln d eposll o f l he w ortd . They d eslrayed lh e

depo sit,m ining only lh e high est grade part ions. and had a pro fit for nol payil1g anything to lhe governm ent

and empfoyees. aOOsmuggling lh e prod uct ion throug h Bol ívia. Ali orga nized mining in Rondonia wcn l out of

bus iness. anel with them ali envi ronmental contrai aOO reelamatlon groups working for Ih em . Reeentl y. a

co nsort ium of com pan les lo ok over lh e mine. and belle r environmental contrai will be done ln th e future .

We can be mor e optimistlc examining basic research being dane on nativ e speeies propagarion

Conside rlng the num ber and quallly 01the new pro jects, descr lbed in the Second Na lional Congr ess 01Native

Spec ies (SMA, 1992), Ihis research wlll certainly resul! ln more and belter lIse ai nalive , pecles fo r revegelation

3,1,7. Cont rai and monit o ri ng

Only l he larger mines have a control and mon itoring prog ram in elfec t. The small m ines are controlled

by stale C:lnd federal employees, ln small numb er, aOO ln some cases lack ing proper traln lng for thcir dut ies

Few resources mak e diHieuU lh e regular visits that are needed for a successful monitorlng programm e.

3.1 .8 . Water rec lamall on

5urface and groundwater are reclai med in the larger min es. The besl examp1es of wat er reclamatlon

is lhe niobium mine 01Ca BM and the pho sphate mines ln Araxa (Minas Gera is). A consortium was formeó

by companies and federal and state governments to reclaim hot waler springs pollUled by ba rlum. Retaining

walls. elean waler injectio n, strict co nlrol of infiltration in min ed areas, piles and pan d s resuUed in clea ning

426

lhe hot sp ring wate r.

3.1.9 . Abandonlld minea

Due to lh e nc naxlstenca oí reclam atlon bonds. several mined araas have been abandoned

unreclaimed after exha ustlo n, lh e com panie s filing fo r bank rupt cy after maki ng some cleverand un scru pulous

pe ople rich. Only ln urban centras have som e abandoned mln ed araas been recJaimed' by go vern men t or

pr ívate organlzatlons to use lh e land for co nstruc tion.

3.2 . Reclamallon 0 1Are .. Dlsturbed Sr Ol h er Ac1Ivl1le. ,

Ab'Sab er (19R9) descrlbed an am bitl ous plan to recl alm áreas dlsturbed by aq rlcutture ar ranchlng,

reloresl1ng mill lon s 01square kilometers: the "FLO RAM PROJECT", Although undertaken byveryexperienced

pe opl e, the p rojact is stltl to o gen eral to be eva lua ted on a technjcat basl s,

Marina (1990) (the only paper ln Engli sh ln thi s series) descr lbed ellorts to revegetale l he stopes of

the coas tal range ln souths rn Brazil (Serra d o Mar) , afl ecl ed by indust rial pouunon 01lh e petroch em ical and

steel cornpl ex or Cubatao. A wen coord inated eHort belWeen State and priva te organiza tions allowed research

and application to reíorest thousands ot h4?ct ar es. using native spec íes. An interestin g techn ique app lied ln

th ts case was lh e scatte ring bV helicopter o r oela rin pe llets co nta ining gerrninating seed or native sp eci es ln

areas with diHicull access .

4 . CONCLUSIONS.

Despite a strong legi slativ e framewor k and th e availa bil it y of env lro nme nla l pro le c tio n and

reclamal ian measures. envlranmental prol ocUon Is no r always applled at mine slres ln Br azll and ext ensfve

environmental damag e can rosult. Df particul ar c oneem are lh e unconlrolled 'garlmpos' wh ich operate

outsi de the law and cause major env iro nme ntal destr uc tio n. The successful implementalian of envi ronmental

prateel ion measur es depend s nol only up on the pr esence of law s and regulat ions bu l al~o up on the pol it icai

w ill to imp leme nt thase laws effec live ly . Som~ goOO examples shaw lhal successful rec lama llon ca n be

ac hieved. Ihat mi ning nced not le.w p perm an ent sca rs on lh e land scap e. and Ih al m in e sites can b e retum ed

10 prod uctive IIse o r a near·nalural co ndi l ian
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~ Iankind has :th"ays uscd mineral asscts and has bccorne incrcasingly dcpcndcnt up on thern
durin g his cultural. scientific and rcchn o logical cvoluti on. Ir ii i... truc Ihal min ing is onc (lI' lhe
\\iays in whi ch man intert ercs \\ irh the cnvironmcnt hy Jistiguring. dc:grading and polluring it. ir
is no lcss rruc that mining is one 01" lhe ways lo supply lhe nccds indispcn sahlc lo m od em
so cic ties. For an unpredictable pcriod 0 1" lim e lo come . mankind will ha ve 10 livc with lhe
consurnption 01'mctallic and non -mc ialli c mineral and energy resourc cs. II is impo ssibte lo
sus tain lhe unsustainablc, lo rc...icw rhc non- rcnewablc, hut ii is pcrfe ct ly poss ihlc lo make
rationa lly exccu tcd mining compatib lc wi th lhe rccovcry and/or rcstora tion 01' lhe environ ment.
l n devclopi ng countrics likc Brazi l, politicians and husiness peoplc. poorly-inlormcd ab nut
cnvi ronmental prohlcms. usual ly try, without SUCCCSS. ln solve the problcrns 1 ~1r a\\oay Irorn
metropolitan arcas, for cxarnple in lhe :\ 01:l70 n rcginn. forgclting about thos c problcrns clnscr
to homc which make lifc into lerablc in th c grcat urban centres liJ...c Rio de Jane iro. Sfin Pau l(l
0"'\ Bclo Horizo nte,

INTRODl!CnO N .

Marked hy thc Cornputcr A ge and the AR C 01'N c\V Mat crials. rhe 19KO's an d 'lO', m ay 01,,, he

characterized as lhe age in ",hkh mankind hcgan to :twakcn lo lhe proj,lcrn s rc1alcd to ccnlog,v.
te> lhe cn"ironm cnt. and to air. water. so il ;)nci~uh~snil pollut;em. \ I:my fC'chnicóll and sórrlri fic
puhlications havc lrealcd lhe cn\o;ronmcnl :tnd pnl1ulion\\o1th lhe inlention qf stimul:tling.not
only rcllcctions hUI also aclions IIpon the..," issucs. f\"lecling.llj" confcrcm;cs. sympo..i.1. scmin.1fs.
\\o'or kshops and c"-cn popu lar dcrnonsfraciol1s dcaling \\o;(h thcse issucs hól\'C hc.:COrtl C

ioc rcasingly frequenl. making volid altcmpls lo dimini<h or solve lh e prohlcrn < Ihol monkind

mm:1 fàce in ordc r lo qL~13in 3 balance in the co ndilion 01" his hahital.

Emironm enlal prohlems as \Vcll as olmosp hc tie and \Valer pollulion havc ocen prcscnl e\'cr

sin cc lhc earlh camc inlo hcin g. as Ihis plancl hos hccn co nli nuousl)' ond oCli\'c1y suhj ecl lo

natural prncc!'\scs m()dif~ing iLc.; rclic f. dimalc"sln Jcturc. drainagc. soils and almosphcrc. along
wilh lhc fClm l and disposilion 01' il< continenlal ma."<es. isl and, and coa<tlincs. ;\, o

consequence of thcsc constant alter:llinn~. nlong \Virh lhe L,"voJulionary proce~~ th:JI has :lclcd
up on li \ing 1I<;ng.<. lhe emironrncnl (lI' the past w a.< quilc di lTcrcnl from Ihol 01'Ihc prcsen!.
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