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Resumen 

Palabras clave:  

Abstract   

Key words: heavy metals, contamination risk, auriferous districts, Colombia, Andes.

Se determinaron concentraciones de metales pesados tóxicos en aguas, sedimentos de corriente y sedimentos en suspensión del 
Distrito Aurífero de Ginebra, un área minera de pequeña escala en el Departamento de Valle del Cauca (Colombia), mediante 
técnicas de espectrometría de absorción atómica. Los datos mostraron anomalías positivas relacionadas con las colas de mina, cuyas 
concentraciones decayeron hasta por debajo de los límites máximos permitidos para agua potable, como resultado de un efecto 
buffer del agua natural del área de estudio. Sin embargo, se debe considerar el riesgo potencial de polución severa aguas abajo, así 
como la introducción de metales pesados tóxicos en la cadena alimenticia, por contaminación de aguas y productos agrícolas. 
También se presentan algunas recomendaciones. 

metales pesados, riesgo de contaminación, distritos auríferos, Colombia, Andes.

Toxic heavy metal concentrations were determined for water, stream sediment and sediment in suspension samples from the 
Auriferous District of Ginebra, a small-scale gold mining area in Valle del Cauca Department (Colombia), by using atomic 
absorption spectrometry techniques. Data showed positive anomalies related to sewage sludge effluents from the mines that decay 
to concentrations till about under maximum permitted for drinking waters, as result of a buffer effect of the natural water from the 
study area. Severe pollution of downstream areas, as well as the introduction of toxic heavy metals into the food chain by 
contamination of the drinking waters and agricultural products, is a current potential risk that may be taken ever into consideration. 
Some recommendations were also presented.

Heavy metals in water and stream sediments from the 
Auriferous District of Ginebra, Colombian Andes
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Introd tion n orde to etermi e t toxic e vy m lsuc I  r d n he h a  eta  
be a i in he D 's mi e t i ings a d th v or t A G  n  a l  n he 

Mos he go  ining prog s g e a c n mina i i k for th n a ita ts n brat of t ld m ram en r te o ta t on r s e i h b n  of Gi e  
ta li g  i h i h c n entr ti s of h v  t l a d ua a , a s mpli g of a a d tr ai n s w t h g  o c a on  ea y me a s n G c rí   a n  w ter n s e m 
toxi  o t h an ea th Ho v  os ta li g s ments w s prog mme  Res ts of ch c lc t  he um h l . we er, th e i n s edi a ra d. ul emi a  
a  rel se t  th en i m t. a a ys s re di c se l g t  s .re ea d o e v ron en n l i a s us d a on  his tudy

A out a c n y a t A r us i c fb  e tur  go, he urife o D stri t o  
G n bra (A G) s r atl con uted o t goi e  D ha g e y trib t  he ld G ne a s ttinge r l e
prod tio  i  he Va e  C uc  epa m t, uc n n t ll del a a D rt en

outhwe Colo ia e A s 1 8 ). th  Th D  is c ted approxim t ly 0 k  m NS st of mb  (D rma 9 6  But e e A G  lo a a e  6 E of 
e of r n i g w t r o t m i i a i i  f Sa tia o  Cal , th  ca l  V l e  a asourc  d i k n  a e  f r he un c p l t es o n g de i  e pita  city of a l del C uc  

n bra n ua a e es e A G  mi e ta - D rta  (Fi ur  ). a e of e a t tudesGi e  a d G c rí rec iv  th D 's n i epa ment g e 1  Bec us th  l i  
n s a d it ay con titute  ev ont mi on ra g t ee  1 00 n 0 0 me e bov  eali g n m  s a s ere c a nati n ing be w n 2  a d 3 0  t rs a e s  
a o  th huma  ei g f ld ea n  l el  ma v ri ons  et e te nf ct r for e n b n i go  b ri g ev , cli te a ati from w t mpera (i  

el n ve o a ti  w th il n  th lo la d t  w o  (i  th  h g l n ) adev opme ts ha  n tten on i  ta i g e w n s) o et c ld n e i h a ds re 
pos ls found.dis a .
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ve n ty e dep sits, xce t or l Reti o mine, i p o e p  f  E r
where a d ssem na e  g d pe deposit s mined i i t d ol ty i
( uñoz-R mos 95, G ál z  Bue ventur  M a 19 onz e & na a
19 6)9 .

 

Figure 1 ocation o  tud area.. L f he s y 

h  Aurif rous D strict s region lly affe e  b  T e e i i a ct d y
som  N -SSW high an l  re rse aults from e NE - g e ve  f
t e Cau a-Ro eral ults sys em s ah c m fa t . A  
conse uence of h  m men s i  this stem, a q  t e ove t n sy
se i s o  E-W t an r nt fa ts have e n r e f r scur e ul  b e
f me , figuri  a gr at shear one ( t or d con ng e z McCour
et .al  984a . T s fact cau s an a r pt topography 1 ) hi se b u
an  ructura  n rol  h  affluent ee s of d st l co t of t e cr k
Gu b s River, s ch as La Esperanza,  a a  u   La
Magd le a, A uas B a s, Cocuy s and u o.a n  g l nca  o L l

Tw m in geol i l units om na e theo a  og ca d i t   
re i al eology of the ADG: t e Oph ol tig on  g   h i i c 
Massif  G ne r  an  h  Buga B t olith. T  firstof i b a d t e  a h  he  
one i  ur ssi Cre a ous seque ce w ichs a J a c- t ce n h  
pr sents, r  t e b se up ard  pe i otit s,e  f om h a w , r d e  
str ified gabbro , gabbro , d lerite di s, at s s o ke
metabasalts, p agiogra tes, microbre as a  l ni cci nd

f ( spinosa 985 . T e se d one s n a dic tuf s E 1 )  h con  i a ci
o i te media e intru i e rock ( u r z dio-t n r t s v q a t
i –tonal te un il h nb e e d or te) hich i -r te i t  or l nd – i i w n
rud d the Op ioli ic Ma f of ne r .  K/Ar t e  h t ssi  Gi b a  A
a a ion show d adi m tric ge of 13 ± 10 Ma Fi re .gu 2  Genera i Ma  o  the A ifer us is i t ofd t t e  a r o e a  1 l zed p f ur o D tr c  

T i e  .t al  1978 , whi e a Rb/Sr sochrone G nebra Or gin of pl n coo d nates i Bogo a'  b rv tor( oussa nt ) l i i . i a e r i  n t s O se a y 

h e  an age of 9 ±  Ma (B ook 198 . d tum. 1 La Magdalena; : S n a ar a d l  Magdal a 3:s ow d   9 4  r 4) a ( : 2 a t M í e a en ;  

Th  Ju assi –Cre a ous b sic llow- ava  Santel na; 4: Cueva ca; 5 El Reti o; 6: El Peñó ; 7 Lo ulos;e r c t ce a pi l s of i Lo  :  r n  : s L  

the A ai e For ation are opping ea ward. 8: L  Mo risto  a s anza; 1 : San Exp ito; 11 a  m m m  cr  st a ntec ; 9: L  E per  0 ed : L

They we e a so i t uded by t  B ga Batholith, i toria; : Casc bel; : La Emilia).r l n r he u V c 12 a  13

a  re nt l lly omatiitic b sal (McCour e  nd p se oca k a ts t t
al. 984 )  T e ne alogy is m in y compose  by q rtz 1 b . h mi r a l  d ua

he elation p between the assi  of ne r  nd lfides, such as arsenopyrit , r te an  T  r shi    m f  Gi b a a  su e  py i d
an  t e maime Formati  is con der d as  ha co ri e. he vei deposits e high d h A  on si e  a c l py t T n  hav  
thoroug ly velope  op iolit , here th  ntra ion f base metals, such s cop r, lea  h de d h e  w  e conce t o  a pe d
b sal of h  A ai e Form t on d be the roof d in  Because  thi  ma a te, azurite  a ts t e m m a i coul  an  z c.  of s, l chi ,
( t 84). cove lite  imonit , he atite  tc., re presen  as McCour 19 l , l e  m , e a  t

The i t usion  the B ga Bathol th i the oxidati  roduct  the sul id s. ( uñoz-R mos n r of u i n  on p of f e M a
Ophiol ti M f  Gi eb a pro u d a h dro- 1 95). n intim te associati gold i on sulf des i c assi of n r d ce   y 9 A a on - r i
th r al min r l i g fluid i h as en ed was foun  by P i t et al. (1994 . e m e a iz n  wh c c d d r e o )
through the cra s a d for ed two typ s of hile minor alter on is ob rve  in the vein  ck n m  e  W   ati se d  
d posi s: vein type nd st w k (d sse in d ty e dep ts, ar i l c nd pr yli ic alter t ons, e t  a ock or  i m ate  p osi  g l i a  op t a i
gold  ype (Bue ventur   zález 199 ). with in e sive chl i za ion a d sili f ca ion, ar  ) t na a & Gon 4 t n  or ti t n  ci i t  e

Thi teen g d mi es had be n re ded n the there in the stock or  dep sit (M oz- a os r ol n e cor i w k o uñ R m
ADG F g e 2)  al ost all of them deve oping 19 5)( i ur , m     l 9 .
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T ch cal fr meworke ni  a

T e andcr d r n- - n or  r m theh h ushe  u of mi e e f o   
DG is g i e  n i or i ty  stam i lA  r nd d i Cal f n an- pe pm l s, 
e or p ng b f e assi ove  m cur  t d cop r r a er y coa e  pe
l  a l nk tab e or u ce nd a hy r ul c ap p ate, b a et l  sl i a  d a i tr

Muñ Ram 199  onzá ez & nave a ( oz- os 5, G l  Bue ntur
96 . s  e t  thi ocedur , the o d- e 19 )  A a r sul of s pr e   g l or
n a  is m x it  Hg for  a Au H  mi er l i ed w h  to m n - g
al a  h ch s h mical yt er l  sep ra e  nto am g m, w i i a t d i

ol  nd rcu y ( i ur 3 .g d a me r F g e )  
h s pr ss g er s mi e tai ing h ch a e T i oce en ate n l s w i r

m x d ag i w th rc y n ose  malgai e  a n i me ur i  cl d a -
m ng bar els, b for  oi  tai i g pi e f  ati  r  e e g ng to l n  l s or
a out one ye r  na al ox d t on  The eaft r, b  a of tur  i a i . r e
the ma g ati tai ing re re tre t d i cy i a l am on l s a  - a e  n an -
dati l or p ecipi ng ol  on z nc, nd on p ants f  r tati  g d i a
the new r sul t tail ng ar  the r l sed into  e tan  i s e n e ea
the river ( uñoz- mos 995 .s M Ra 1 )  

M e i ls and meth dat r a  o s

The pl n  was conce ated in Lul ee ,sam i g ntr o Cr k  
t e af ecte  y  m ning  h sector  dh most f d b  the i  of t e , an  
Gua as ve , the ain i  n the r  db Ri r  m r ver i  a ea an  
w re  catchm nts f  the ueducts ofhe  the e or aq  

i b a nd car mun ci al ti s e e u lG ne r a Gua í i p i e w r b i t.
T e  ven w ter a  stre  d m t - Figu e 4. Samp ing nd p si v geo hemic l ano i  w nty se  a  nd am se i en  sam r l a  o ti e c a  mal es

l w r col e e  ust up and dow st ea  the l ca o  ma r t e a  samp es fr the Aur f op es e e l ct d j  n r m  o ti n p fo h w ter l om i er us 

f l nts of the mi es d i  the i m ate Distr ct f G nebr O i n of p ane c or nates n Bogoe f ue   n an  n  nter edi i o  i a. r gi l o di i ta's 

ct s e wee e f ue ( i ur s a  5)  Obser ato y datu samp i g oi As ,3 b; Ase or b t n f l nts F g e 4 nd . v r m. (•: l n p nt; : >1 pp u: 

In order to ss h i me iate i  or the >0,1 ppb; :  p Cr: 6,8 pb; >24, ppb; F  >1, asse t e m d r sk f  8  Co >7,7 pb;  >1 p Cu: 7  e: 9 

nh it nts from the i b a nd Gu rí uni ppm; n: >78, pb; Ni >22,6 b; Pb: >3  ppb .i ab a  G ne r a  aca m - M 4 p :  pp 9,6 )

pa i es, sa l of  d st ea  sedi ents ci l ti mp es  water an  r m m
e e l cted ar y their aq catchm t  mp e of se i en s i nsi  aw r col e ne b  ueduct en s.  One sa l  d m t n suspe on w s 

ta ne  y f lt r ng thr h 5 mµ Mil i o eob i d b  i e i  oug 4  l p r  
il e s   sam e coll n r y to o e off t r a water pl  ected ea b  n  

 n e f ue i t Lul Cr kthe mi e f l nts n o o ee .
A opog n unpoll water d str am nthr e uted  an  e
d m t sam l w r col e e  r a out se -se i en  p es e e l ct d f om b e

ag of Lulo Cr ek  b or l Re iro Mi , a  p e   e , ef e E  t ne  nd
g lanca Cr k  h ntra ons o  the A uas B s ee . T e conce ti f
al ze  emical elem t i those mples an y d ch  en s n sa
e e co si e ed s eog ne b ck roun  val es w r n d r a g e  a g d u

or t i ar a.f h s e  
a comp l d b  di f re author ( ur kian  D ta i e  y f e nt s T e &

W d poh  61  i b 1 7; F stner & i m n e e l 19 ; G b s 97  ör   W t an
1 3; Salomon  För r 198 ) w re use  s 98 and & stne 4 e  d a
world back r u  me  ntra ion l s   g o nd an conce t va ue of
h vy me a s n t e nvi onm tea t l i h e r en . 

eviousl  to b  t k  t t e lab ator ,  Pr y e a en o h or y  the
water s mp es re d n ui  sit  noug   a l pH was a  , and e h

Fig e . l w i gra of ac v ti i a ld-orur 3 F o d a m the ti i es n go e- nit i acid w add d to ea sam e af  tr c  as e   ch pl  ter i s 
ro ess n p ant n h A i er us Di tri t f i a, p c i g l i t e ur f o s c o G nebr f l ati  to e a pH b 2, ying to ee a li tr on, assur  a out tr  k p l  

nc ud ng ama gamat on and c dati n.i l i l i yani o che ca  e em t i uti  unti  the  w rmi l l en s n sol on l y e e 
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a H n, , e  ca i oran lyzed. g, M  Ni  Pb and Zn w re rr ed out as f  the 
w r sa  ate  mples.

ng h m r 9 ,Followi  t e ethodology of Gar et (1 84)  the 
r s r h ch  a e  esult f om t e emical an lysis w re grouped 

de q i he   m r ofinsi fre uency h stograms w re the nu be   
nter w s a usi t  gclass i vals a calcul ted ng he Bur ess' 

ulform ation:

N m r l s t v , (u be  of c as  in er als = 1 + 3 3 log n)

e n     p s.wher  :  number of total sam le
A l e n al ogl  data values wer  orm ized and l a-

i an m ons e  r e   h er thmic tr sfor ati w re car i d out w er  
eded, s w l t e i t i  ne  a e l as h elim na ion of outl er

values. 
p t o g ve i l n s The osi ive r ne ati  geochem ca  a omalie

e   t e a e  l e w s for ach one of h  nalyz d e em nts a
e e i d a k  e ( 6  d t rm ne  using the H w es & W bb 19 2)

a , a l s:math formul tion  s fol ow

  x  st =  ± 2

w e   t r  i va e) x  meh re t: h eshold (l mit lu , : an, s: 
stan a d vi nd rd e atio .

a a a ove r  e eD t  values b highe  threshold ar  consid -
r t eoch a e led posi ive g emical nomali s, whi e data 
v s w i o l  alue  belo  m n r thresho d are negative F . n o ti e eo h l mal esigure 5 Sampling a d p si v g c emica  ano i  

o ti o st l frl ca on map f r the ream sediment samp es om the g m l leoche ica  anoma ies.
i u D st c Gi . i a e c r  Aur fero s i ri t of nebra Or gin of pl n  oo dinates in  e ua p e - ndenIn order to val te ossibl  inter depe ce 
ta s bs  a • l n po n ; A ,8 Bogo ' O ervatory d tum. ( : samp i g i t s: >19 m  he  e e t ara ong c mical l men s, the Pe son's 
  m;  ,3 pm; C : 9, p Hg: ppm; Au: >4,1 pp Co: >35  p  u >10 9 pm; 

l on f c n s m i  w s ca cul d rcorre ati  coef i ie t atr x a l ate  ove  3, pp M >7  6 m; 2 m; >134 1 b; n: 48,7 ppm; Ni: >83, pp Pb: >137, pp
n  >53 m)Z : ,7 pp .  sul  h e ca  bthe re ts from t e ch mi l analysis for oth 

 nd am se i n  p es.water a  stre  d me t sam l
  st  d t p e w s an  Each of the ream se imen  sam l s a h d

nd p ce   tr a nt p sti s collected a  la d in ansp re la c bag lResu ts
l com e i g ab kgunti  pl t n  out 1 . 

h e a a e d tT er in fter, ll the water and str am se imen s T  th n w  r t D r edhe pH of e atural ater f om he A G ang  
sa e  d ck tr o a  ndmples w re uly pa ed for ansp rt tion a  w ,  8 09   i t  in f enbet een 6 71 and , , but the npu of m e ef lu ts 
ca d t e NGE MI A ( omrrie  out to h  I O N S Col bian to t cr p d l o 0in  he eeks ro uced pH decay til  ab ut 4, .
i ute  e n i i i en r ntalnstit  of g oscie t f c, m ning, vi onme  t f s ene b o  m u  f  Excep  or A , geog ackgr und eas red or
a  n ea e r nf m o ) and ucl r r sea ch and i or ati n  l borato- f t zed m s  h w  pl  each one o  he analy  etal  in t e ater sam es
r e B á . ,  a e .i s in ogot , D C.  to be nalyz d ig  an e r d  ever e was h her th th world backg oun . How , som

on ati f A , Cu, , M  PbC centr ons o  u, Co, Cr   Fe  n, Ni,   h co ed w  p  s ow  of t e llect  ater sam les h ed also local
an  Zn  w t r p s w r n ngd in a e  sam le e e determi ed usi  iv chem  an al ab r 1,  posit e geo ical om ies (T le 1) fo  As (> 3

ph t  na to n atom tgra i e fur ce coupled  a ic absorp ion pp pppb)   > 1 ppb  >7 7 b , >1 pb  , Au ( 0, 8 ), Co ( ,  )  Cr ( 6,8 ),
e r t r F t ch q hi h isp ct ome e  (G -AAS) e ni ues w le ydr de u >2 b p bpp e , pm Mn >7 4 pp )  C  ( 4,7 ), F (>1 9 ),  ( 8,  , Ni

r l a A S)gene ator coup ed to n A S (HG-AA  was used ( 2,  b bpp and P ( 9,  >2 6 ),  b >3 6 pp ).
d te t o s  s d g  to e rmine concen rati n of A an  H . t t  , o i e g an ali  On he o her hand  p s tiv eochemical om es in 

F l o l  the i l si  the amor a m st a l  chem cal ana y s of  stre  s r  am w ou ab 2 r st eam sediment s ples ere f nd (T le ) fo  A  
d t a i tur O H  e  se imen s,  m x e of HN – Cl was add d to ( , p mpm u >4  ppm  o >3 3>19 8 ), A  ( ,1 ), C  ( 5,  pp ), Cu 3

 sa or t b he  t . nthe mples bef e o e ated in water ba h  I  ( 9  p b mpm g  3 pp ) >7 pp )>10 ,9 ), H  (>1 43,1 , Mn ( 48,7 ,Ni 
ca  h ol al i sam ethe se of t e g d an ys s, the ples wer  ( , mppm)  b ( 7,  pp n ppm)  >83 6 , P  >13 2 ) and Z  (>53,7 .
ne  or i a i tur O Hcalci d bef e add ng  m x e of HN – Cl al  f o g n s n t erData v ues r m H  and Zn co tent  i he wat  3

d O t d st y  f d s e e t ean  KBr  o e ro  the sul i e and r l ase h  p l  t  t eam ensam les, as wel  as he Ag in he str  sedim t 4

o . A  A  ,  o, , C ,  g ld  nalysis of Ag, s, Au  Cd, C  Cr  u  Fe, p w e  t call tr ed s tsam les, er not s atisti y eat becau e he 
u w o w h et n i t f tres lts ere close r belo  t e d ectio  l mi o  he 
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anal ical me hod (0,5 ppb, 5 ppb and 1 m, samples collected clo e t  the queduct catch-yt t  pp s o a
respectively) ments showed only a positiv  nomaly fo  Ni in . e a r

Th  Pe rson's co relation atrix f r the wate  the str am sediments. e a r m o r  e
sample  show d h h  positive orre tion The cause f this low dispe s on o  analyzed s e ig ly c la o r i f

2between u-Pb (r  = ,9 2)  C -As ( = 0, 28), u- ch m cal e ements i  the District ould be C  0 5 , u  9 C e i l n c
2 2 2Fe (r  0,921), Fe-Pb (r  = 0,946) nd Fe-A  (r  = explai ed as follows.=  a s n

0, 80), as well as high y egative orrelation The g inding of the ore mine al i cr ases the 8 l n c r r n e
2 2between pH Co ( rr = 0,888 , H- r  = -0,896), mineral surfac  and acc lerates t e oxida ion -  - ) p C ( e e h t

2 2pH-Mn (r  = - ,8 5) a d pH-Ni (r  = -0,815). pr ce s. T en, as a od t of th  ox d tion of s -0 9  n  o s h  pr uc e i a ul
For the stream sediment samples, higher fides, min r quantities of sulfuric a id ar  formed o c e

po itive Pears n's correlat on ere found an  the pH of the water i  locally decreas d close s o i w d s e
2 2between Co-Mn (r  = ,7 3)  Cr-Mn (r  = ,7 5)  Cr- to sewage sludge effluents fro  the min  into the 0 1 , 0 9 , m  e  

2 2 2N  (r  0,625 , Au-Cu (r  = 0,648 , Au- s (r  = creeks, increa in the ocal concentration of i = )  ) A  s g l  
0,675), and th  mai  negati e correlations we e seve al oxi  hea y m tals. e n v r r t c v e

2 2between Mn-Pb (r  = -0,691), Au-Ni (r  = -0, 11), Further ore, the influence of the pH could al o 6 m  s
2 2As-Ni (r  = 0,590 , As-Mn (r  = -0,622) and Cr-Pb be v ri ied from h  Pearson's cor el tion matr x, - ) e f t e r a i

2(r  = -0,608). wher  negat ve o relation bet een the pH of the  e i  c r w  
water and the toxic chemi al le ent o ce t a-c e m c n n r

Discussion and con l sionsc u tions were ound  f .
But becaus of the presen e o  ba ic r cks, the e c f s o

Pos ti e geoche ical nomalies were o ser d i v m a b ve pH of the ADG's natural wat rs ran e  fro    e g s m
re at d to sewage sl ge effluents from the mines, l e ud mildly acid to mildly basic, and the water    
as sh w  n the plott d maps (Figures  and 5).o n i  e 4  lkalinity l ts the le ents in olution uic ly a  e e m s q k

Despite om  positiv  geo hemical nomalies s e e c a each its hydrolysi  poin  and precipit te. Rat er, r s t a  h
for e era  t xic t ac  e emen s ad e n f und s v l o r e l t h b e o h  stream water of the A G is be avi g as a grea  t e  D h n t
along the Lul  C eek and the Guabas River, the o r  

2r

Sample 
Cu 

(ppb) 

Pb 

(ppb) 

Ni 

(ppb) 

Co 

(p pb) 

Mn 

(p pb) 

Cr 

(ppb) 

As 

(ppb) 

Fe 

(ppm) 

Hg 

(ppb) 

Au 

(ppb) 
pH 

AA-62 * 22,47 9,80 7,57 <5 52,79 <5 <0,5 <0, 1 <0,5 0,140 6 ,7 6 

AA-65 * 13,70 5,65 <5 <5 20,87 <5 0,51 <0, 1 <0,5 0,090 7 ,1 2 

AA-68 * 11,95 3,22 8,43 <5 11,34 <5 0,61 <0, 1 <0,5 0,040 7 ,3 3 

AA-70 * 16,45 <3 <5 <5 3,88 <5 0,74 <0, 1 <0,5 0,180 7,6 

AA-73 * 12,20 <3 <5 <5 17,77 <5 <0,5 <0, 1 <0,5 0,040 7 ,7 8 

CA-02 12,95 3,58 5,18 <5 13,66 <5 <0,5 <0, 1 <0,5 0,080 7,3 

GA-10 10,45 5,65 <5 <5 23,44 <5 0,56 0,1 <0,5 0,002 7 ,8 6 

GA-43 11,20 4,61 <5 <5 22,41 <5 0,79 0,2 <0,5 0,260 7 ,0 9 

GA-46 11,20 3,58 <5 5,54 18,29 <5 0,56 0,1 <0,5 0,040 7 ,1 5 

GA-48 10,69 4,27 <5 <5 24,47 <5 n,d, 0,2 <0,5 0,070 7 ,2 3 

GA-50 12,45 3,58 <5 <5 16,75 <5 0,56 0,1 <0,5 0,060 7 ,2 2 

LA-08 21,46 7,03 18,10 <5 43,52 <5 0,65 0,3 <0,5 n,d, 7,7 

LA-09 25,22 11,19 <5 <5 20,87 <5 0,88 0,6 <0,5 n,d, 7 ,5 3 
LA-33 50    119,4 19,05 7,42 100 17,68 4,23 2,6 <0,5 0,012 6 ,7 1 

LA-35 42 114,04 22,4 <5 50 5,48 3,21 1,9 <0,5 0,024 6 ,7 2 

LA-37 25,22 43,01 5,18 <5 50 7,77 1,54 1,6 <0,5 0,040 6 ,7 5 

LA-39 13,95 19,49 <5 <5 46,09 <5 0,98 0,6 <0,5 0,002 6 ,8 1 

LA-41 11,45 8,76 5,18 <5 37,86 <5 1,12 0,3 <0,5 n,d, 6 ,8 5 

RA-06 19,46 7,03 <5 <5 5,42 <5 2,28 <0, 1 <0,5 0,062 7,0 

RA-07 34,23 29,87 59,32 41,24 260 13,10 1,19 2,0 1,09 n,d, 5 ,1 6 

RA-09 * 9,45 <3 <5 <5 30,6 <5 <0,5 <0, 1 <0,5 0,040 7,2 

RA-20 16,70 34,71 57,32 29,73 1370 62,92 <0,5 0,2 <0,5 0,002 4,0 

VA-01 11,95 <3 18,57 <5 27,56 <5 <0,5 <0, 1 <0,5 0,160 8 ,0 9 

VA-02 10,95 <3 <5 <5 32,97 <5 <0,5 <0, 1 <0,5 0,020 7,5 

VA-03 13,70 9,46 12,36 7,18 25,50 <5 <0,5 0,1 <0,5 n,d, 6 ,7 8 

VA-04 11,95 22,26 6,62 <5 87,80 <5 <0,5 0,2 <0,5 n,d, 7 ,2 1 

VA-05 9,69 3 6,62 <5 5,16 <5 <0,5 <0, 1 <0,5 0,044 7,5 

World Mean 1,8 a, b 0,2 c 0 ,3  a 0,05d  < 5  e 0,5 c 2 f 0,03 e 0,01 g 0,04 h --- 

*: sample used to determine the geogene background. n.d.: non determined. a: Gibbs (1977). b: Boyle (1978 ). c: Trefry & 

Presley (1976). d: Turekian et al. (1967). e : Kennedy  et al. (1 974 ). f: Kanam ori & Sugawara (1965 ). g: Förstner & Witmann 

(1983 ). h: Crocket (1974).  

 

Table 1. Heavy metal contents in water samples from the Auriferous District of Ginebra.
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f o , l d c b f o i h -Pbu fer soluti n  a rea y apa le o  contr ll ng t e Cr b. 
i b g s g f h es. h en ti e e c l i  pollut on y sewa e lud e o  t e min T e Th  the posi v  P arson's orre at on for Au-

t b h sew  d ef en s u , u s, a pp s h ss l ydis ance etween t e age slu ge flu t  into Cu, A -Pb  A -A  m y su ort  t e po ibi it  of 
eek n  he a a l e a c o g r  A m i sithe cr  a d the positive geoc mic l noma i s a m gmati  ri in fo  the u, fro  the ntru on of 

so e a  u on f ei H B a Bfor me m t ls as a f ncti o  th r p  of the ug  atholit.
+3 2+

r y o F a  o F n  i o d  t lhyd ol sis, the presence f e  nd Mn as C , Cu, e, M  and N  c ul  not be s rong y 
n i  m i p t n th u o he ested i hcolloids a d the r ob lization ca abili y i  e hazardo s t human alth if ing  n t e 

a  he a en a i g ter d  1 2 0  0 ,second ry geoc mic l vironment was lso dr nkin  wa  (Ro ier 981, ATSDR 00 , 2 01  
or y M ñ z a 9 )  0 3 ,  brep ted b  u o -R mos (1 95 . 20 2, 200 ), but As  Cr, Hg and P  top the priority 
i l on d so b i ed t o a r s b t T  9 )Th s conc usi coul  al e ver fi  in the re- lis  f h za dou su s ances (A SDR 1 99 .

ts o str  s i en c s o t  r tsul f r the eam ed m ts samples, where Be au e f the nega ive cor ela ions Hg-Ni, Hg-
a i l e c m  g  H - s w l s the pgre ter tox c e em nts oncentrations ay be Co, H -Mn and g Cr, a  el  a   ositive 

i  w th h c i l om nes o i Au e  t  iassoc ated i t e a id c eff uents fr  the mi  c rrelat on Hg- , pres nce of he Hg s 
r er t c pl d b po  p  esuof the Au if ous Dis ri t. ex aine  y an anthro genic in ut, as r lt of 

 n en o  P c n t s h c  se n r er oHigh co c trati n of As and b ould o be it  non-tec ni al u a d ecup ati n. 
p i o  pr u o o ti e m o H i to h v rex la ned as oxidati n od ct fr m the ophi li c Th volu e f g emiss ons  t e en i onment 

s f e e ro m  l t p  n A G  i hmas if o  Gin bra min rals but f m the is the ain po lu ant roblem i the D . H g  
en p i S  d l a S  the e o s f thi i eta r o nars o yr te (FeAs ) an  ga en  (Pb ) in  conc ntrati n o  s tox c m l a e bserved i  

i k  ec neg v o 's g u e a n ea f iac dic roc s, b ause of the ati e Pears n  sewa e sl dg s nd dow str m rom de nputs 
r a n een M b  N n e i  nto r a tco rel tio  betw  n-P , As- i, As-M and of th m ne effluents i  the creeks. Ae i l rans-

Sample 
Cu 

(ppm) 
Pb 

(ppm) 
Zn 

(ppm) 
Ni 

(ppm) 
Co 

(ppm) 
Ag 

(ppm) 
Mn 

(ppm) 
Fe 

(%) 
Au 

(ppm) 
Hg 

(ppm) 
As 

(ppm) 
Cr 

(ppm) 
Cd 

(ppm) 

AS-66 * 52 14 40 50 30 <1 660 4,6 <0,05 113 1,0 174 1,0 
AS-69 * 36 16 40 63 30 1 780 4,2 <0,05 95 1,0 235 1,0 
AS-71 * 37 17 31 62 30 1 630 3,7 <0,05 89 1,0 311 1,0 
AS-74 * 41 18 33 61 30 1 670 3,8 <0,05 124 2,0 306 1,0 
CS-01 226 100 16 35 30 1 290 2,6 5,0 280 26,0 13 1,0 

GS-08 68 25 46 86 24 <1 430 3,8 <0,05 156 3,0 145 1,0 
GS-44 58 25 45 72 25 <1 410 4,2 0,10 60 1,0 136 0,9 
GS-47 79 87 55 77 25 <1 413 4,0 0,18 366 1,0 146 1,1 
GS-49 62 90 48 79 22 <1 380 4,2 0,06 142 1,0 138 1,0 
GS-51 68 79 50 85 23 <1 410 3,9 0,06 240 1,0 142 1,0 

LS-07 82 80 40 39 18 <1 220 3,5 0,60 190 5,5 97 1,0 
LS-34 80 100 37 35 20 <1 n,d, n,d, 0,70 540 11,0 74 0,8 
LS-36 72 113 34 36 19 <1 170 3,2 0,60 620 6,6 73 0,7 
LS-38 80 127 42 43 20 <1 200 3,3 0,40 414 13,0 96 1,0 
LS-40 93 133 44 45 21 <1 260 4,0 0,52 650 13,0 103 1,0 

LS-42 100 132 46 42 22 <1 330 4,4 0,50 1150 13,0 112 1,0 
LS-6-1 77 85 40 35 18 <1 220 4,1 0,46 865 9,9 86 1,0 
LS-6-2 71 67 35 35 17 <1 190 3,4 1,26 780 5,0 80 1,0 
PS-32 265 73 45 30 40 1 310 4,6 4,72 <50 6,6 21 1,0 
RS-03 44 254 44 22 17 2 240 4,0 3,28 8170 5,0 39 1,1 
RS-04 81 152 36 30 14 5 90 4,7 5,06 17516 39,0 72 1,0 

RS-10 * 121 17 32 55 32 <1 720 4,5 0,23 349 3,0 146 0,9 
RS-11 36 43 38 26 24 <1 260 4,0 1,6 343 5,0 45 0,8 
RS-21 74 110 369 27 18 <1 90 3,8 1,6 1100 22,0 60 1,0 
RS-22 79 176 30 25 16 <1 90 3,0 1,12 405 21,0 61 1,0 
VS-01 56 14 43 70 21 <1 360 3,5 <0,05 <50 2,0 139 0,8 

VS-02 61 20 42 84 22 <1 400 4,0 <0,05 50 2,0 157 1,0 
World Mean 31  a 20  b 95  b 32  a 13  a 0,07 b 600 b 4,72 b 0,0X c 0,2 b  13 b 60 a 0,3 b 

LC-SS** 201 618 99 114 25 3 390 5,2 1,5 1,2 27 380 1 
*:  sample used to determine the geogene ba ckground. ** : sediments in suspension sample. n.d.: non determined. a: Salo-
mon & Förstner (1984). b: Turekian & Wedepohl (1961). c: According to Turekian & Wedepohl (1961), the world 

background is about of tenth of ppb, or rather 0,0X ppm , though they do not establish a numerical value. 

 

Table 2. Heavy metal contents in stream sediment samples and one sample of sediments in suspension from the Auriferous District 
of Ginebra.
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porta io  of Hg w s a so e uce  r a ver cal con t ati  chem cal l men s i   w r t n  a l d d d f om  ti  cen r ons of i e e t n the ate
var ati of  Hg ntra io s i  the l s mp s ro  th  a e c  a chme ts ri on the conce t n n soi s a le  f m e qu du t c t n  fo  

roun e gol e r es i g lan  G nebra nd Gua í mun ci l ti ar l t an a d th d-or -p oc s n p ts i  a car i pa i es e ess h
Buen ntura & o zález 994  - a the r e  b  n ster o ud 1 8) f  ( ave  G n 1 , Muñoz R mos  ul d y Mi i i de Sal ( 99  or
995 . drink ng w ter i Col ia.1 ) i  a s n omb
T  ch p pe rock samp es fr  the C eva ca  order d environm ntal o lution  he i ty  l om  u Lo  In  to avoi e  p l ,
i show d centr ons of Au out 1 2 /t, techn cal ad ce s ne s ry for  gold i rs to m ne e  con ati  ab 6,  g  i  vi  i ce sa   the  m ne
hil the t nor e  f r El Reti o m ne ra ed etween d si n nd constr stre  me tra  s w e o   r i  ng b  e g a  uct am sedi nt ps, a
1 nd ,5  /t Buen ntura  onzález w l  a f r tra ning nd i pl men a ion of ea  1, 4 a  5 4 g ( ave  & G  e l s o  i a  m e t t  sy
94). and che  me h s f  r cover ng  me cur  19  ap t od or e i  the r y

ar ng t se r sul ainst concen r t ons used i  t e a l ams, such a  use f Comp i  he e ts ag t a i n h ma g s the o
n dow s ea sedi nts col ecte  or h s study d sti l t on re ri n tr m me l d f t i i l a i to ts.

n rby i  se ag  slud e f l nts i t the A pr ra of t nu w  d sed m ntea the r w e g  e f ue n o  og m  con i ous ater an  i e s 
cr ek  t coul e ossibl calc l gold l sse o  moni i  in the DG, as wel  s pe i ie s, i d b  p e u ate  o s f tor ng  A  l a r od c 
a out 30  at C eva Loca m ne d bout 2  at a l ica  et rmi at n o eav et  b % u i  an  a 0 % na yt l d e n io f h y m als
El t r i . he osse e oduct of centr ons i  huma t ssue r m  i ab - Re i o m ne  T  l s ar  pr  non- con ati n n i s f o  the nh i
tech cal ocessi g of t e e i ra . t o  G ne r nd Guaca í munici l tieni pr n h or m ne l  tan s f i b a a r  pa i s 

he r l s n possib l ty o  nve m nt f  o ld e g ed. T data i l let he mun -T se esu t ope a i i f i st e or sh u b desi n hose w l t  i
up ati g the ol - e- roce o impr t  pa  author ti s g t r ve acti s med n  g d or p ss t ove he ci l i e to e cor ecti on on ti  
g d roduct on in t e ADG. uen ly,  e ore a hi h i t on occurs.ol  p i h  Conseq t a b f  g contam na i
chan e f om techn cal small scal  mini  to D  to t e intensive use  wood or bu l ingg r non- i - e ng ue  h  of  f  i d  
i r a i ed-m ni g could l  ncr se the l  tunne s, ga l ries a  ps at the i pe ndust i l z i n  a so i ea  vo- sma l l  l e nd cam  ve n ty
l e of aci c e f uen s r m t  m ne  ning  f r stati n pr g am of  Gua as um  di f l t f o  he i s to the mi s, a o e o  o r  the b
st ea  ater of he se or  It ould ma  e m  i e  and af l nts' asin i h D  is n d d or r m w  t  ct . w  y b co e r v r f ue  b n t e A G ee e  f
avail l  the t i hea  m s, b cause o  h a d n  landsl d s, l nd sl ps d soi  osi  ab e  ox c vy etal e  f t e voi i g i e  a  um an  l er on.
i ea ing of  pote ial r sk o  i t on   h These phe na d ca  ava an s an  ncr s  the nt  i  f var a i s of t e  nome coul use l che d
pH a r  n it ons for the a i er undesir d n-co tro led r mob izat  o   nd edox co d i   ur f ous e  no n l  e il ion f

strict  i  ther  i  q te attenti  or i osal se i ents.di , f e s not ui on f  d sp  d m
 li s.of tai ng
On t e r han , ests  a ge flows  va- ck o edge e th othe d r of l r  or a A n wl m n s

a s in the re nt hist y can e o se ved a ongl nche  ce or  b  b r l  
 o cre  b si  T is f ct ncr ase  thethe Lul ek a n. h a  i e s  We ack o ledge  financial por  of  n w  the  sup t  the
t t al risk o a mec anical tr ns ort of po en i f h a p  D A  Ge man Aca e c chang  vi ) and A D ( r  d mi Ex e Ser ce  

me tha  coul ca ry m cl o the sedi nts t d r  the ose t the supp t n   t e samp e pro ssi  b   or i g of h l ce ng y the
ueduct ents  ow st ea  w re the aq catchm or d n r m, he  Geoch i r  a or r   N E N S. W  em st y L b ato y of I G OMI A  e
 and ed x onditi ns ar f bl  or pH  r o  c o e avora e f ar  gra e ul y i d b e  J uín ue ventur  e t f l  n e t d to oaq B na a

el asi  i  ox c etals con er e ng the r t i m t nt. and l J l o e from I GEOMI A  f rCar os u i Ced ño  N N S, o  
ur n  thi s , t was deter i d t L o D i g s tudy  i m ne  tha  ul fr i f l i ons out sam ing hu t u d scussi ab pl and t e 

Cr ek  d nstr m E  Reti o i , h a m an e , ow ea l r m ne  as  e ge i  be vi  of h vy etals in hochem cal ha or  ea m t e 
f ow of out 1 6 /s an  lo d ppr i atel  l  ab 1,  l d a s a ox m y ir nm , an  t  Jaime quez o  env o ent d o Velás  fr m
3 3 g  of se iments i ensi , wi h a out 0 4,  /l  d n susp on  t  b 8 acu ty  Basic Sci nces, U ive si a  e lF l of e n r d d d  a 
% of its ar icle l sser t an 0 sh. T e  p t s e  h 8 me  h ma ia (F or nci –Caqu  olomb a), orA zon  l e a etá, C i  f  
conce ati n f t e chem cal el me s a l zed ntr o  o h i e nt na y rovi ng ua l  and co st ucti  e ews p di  val b e n r ve r vi to 
i  h s pe of se iments i q te hi h w n n t i ty   d s ui g he m ove s manu i  i pr thi scr pt.
comp ed ga nst h con e ati in  the  ar a i t e c ntr ons the o r
stre  d me sam e ( C- sa l in a l  am se i nt pl s L SS mp e T b e i e atu e ci edL t r r  t
2)  eover  ntra ions above the oca  b ck-. Mor , conce t  l l a
gr nd e e also foun  f  As, Au  Cu, e, , i ou  w r d or ,  F  Hg  N

S  (Agency f r Tox c S tances a  Di ease R str . AT DR o i  ubs  nd s egi y)
and .Pb 999. Top 2 ardo ubstanc : T R PA Pr o ity 1   0 Haz us S es A SD /E  i r

st f r 19 .T x co o ical ro i e f r ni kel. U. arLi o 99 o i l g p f l o  c  S. Dep t-Lul r ek as a m n f ow  about 0 l n ito C e  h ea l  of  5 /s i s 
o  Heal and Ser i es, Publ c Heal Ser i e. ment f th Human v c i  th v co t e , w le the m n f ow  Gua as Ri  iu l t hi ea l  of b ver s 

la taAt n .3ab   7 /s. T s f ct, ed to the buf erout   m hi a  add f  
A SD  ( g y r T x c Su nces and Di se R gi try). T R A enc fo o i  bsta  sea e s

f ect of t  na u al w  from h st d  ar a, l te f  he t r  ater t e u y e e s 00. Toxic l g c l p file f r ma ga es .S. D rtment 20 o o i a ro o n n e. U epa
f Heal and Huma  erv c , Pub ic Heal h Ser i e. o  th n S i es l  t  v c g  il ion of the mic l el me s e orea ood d ut  che a  e nt b f  

antaAtl .y rr ve t e a ueduct catchm t  hethe a i  to h q  en s. T  
ATSD  y  T x c Subs n es and i se egi try). R (Agenc for o i ta c D sea R s
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2 01  xi l gi l o e fo  co a t. S. D a t en  f size fec on t e n s s o Al  F  n a d i n t r0 . To co o ca  pr fil r b l  U.  ep r m t o  ef ts h a aly i  f , e, M  n T  i  wa e . 
H a th d an vi s  Publ  H a th er ce. tl n a W t r s ur  Re e r h 0  78 - 9  e l  an  Hum  Ser ce , ic e l  S vi  A a t . a e  Re o ce s a c  1 : 5 7 0.
T R ( en y fo  T x s a c an  D e R istr ). McCo t  . , J. . A pden   o k. 19 b ol giA SD  Ag c r o ic Sub t n es d iseas  eg y  ur , W J. A s  & M. Br o  84 . New ge o cal 

02  xi lo ic l pr fi  o o r S. D pa t en  f an  ge ch o o g a  t  fr m e C lo b  n :20 . To co g a  o le f r co pe .  U.  e r m t o  d o r n lo ic l da a o  th  o m ian A des  
a th d a vi  Pu l a th r e. tl n a conti l th by tip e a reti n. J rn  He l  an  Hum n Ser ces, b ic He l  Se vic  A a t . nenta  grow  mul l c o ou al of

T R ( en y fo  T xi s a c an  D se R s r . G o g a  So et f o do  1 1: 3 45A SD  Ag c r o c Sub t n es d isea egi t y)  e lo ic l ci y o  L n n 4  8 1-8 .
03  xi lo ic l pr fi  o  i l. S. D t en  f McCo t .J  . Mil r & A. Es n s 98 a. Re e a20 . To co g a  o le f r n cke  U.  epar m t o ur , W ., D  lwa d   pi o a. 1 4 s ñ  
a th d a  S vic  P li a th r e. tl n a e ic t  e apa eo ó co e m ar 80 lm r .He l  an  Hum n er es, ub c He l  Se vic  A a t . xpl a iva d l m  g l gi  pr li in  2  – Pa i a  

yl  A. 9 . r c em n s o e istr  f t e A a o  E : 00 0  GE S, n iago d  Cali (InBo e, E.  1 78  T a e el e t  ge ch m y o  h m z n scala 1 1 00 . IN OMINA Sa t  e .  
d s r utar s  b t a ts f t e 1 8 i g m ti g Spa )an  it  t ib ie . A s r c o  h 97  Spr n ee n nish

G . OS 59  2 . M Co t .  1 4. h ge o  o h Cen r l r le a nA U  E : 76  c ur , W J. 98 T e ol gy f t e t a  Co dil r  i  
o k, M. 19 . Ne  r dio e r   t  fr m  o m ia. t e D tm n s f Va le del c , dí  d  oBr o   84  w a m t ic age da a o  SW C lo b h epar e t  o l   Cau a  Quin o an  NW f 

OMINAS r ti h s o  (B G.S.  R r , 10  T l a (Sh e 43  26 2 2, 80 d 3 ). OMINAINGE -B i s  Mi i n . ), epo t . o im e ts 2 , 1, 6  2  an  00  INGE S-
a n ur , .A  & L M. n á ez, 94  Pr y to P9 1: B i s i i n ), epo t  Sa t  de CaliBuen ve t a  J .  . Go z l  19 . o ec  4Q0 r ti h M s o  (B.G.S.  R r , 8. n iago .

s ud o la m vil c n ge quím ca del r   m ie te  M n er o a  1 8. ec et  47  r el s  e d ne t i  de o iza ió  o i  o o en a b n s i ist i  de S lud. 99 D r o 5 (po   cual e xpi e  
r pic l a  ING  B g t , C. n n s ). n r a té i  e cali ad del po e) D a io O ial,t o a es. F se II. EOMINAS. o o á  D.  (I  Spa i h o m s cn cas d  d   agua tabl . i r  fic  
o ke  H. 1 4  ld b d ce in a ur l w r  d  N° 43 59 r o 9  m en a c n  B g tá, D C.Cr c t, J.  97 . Go a un an   n t a ate s an  in  2  de Ma z  de 19 8. I pr t  Na io al. o o .  
h o er . : . . edepo l d ) Ha db k f (In isht e atm sph e  In K H  W h  (e . n oo  o  Span ).
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