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A. INTRODUCTION

To dxrc. teopl! ni I nced rhc \! )o ol ining

rclu'tcs rnd minin: corlnociilics in o .' 1()

nrxinlrin :rnd inrtro!c lhcir r!ell1'tu Srgnilicr'r1l),.
r .\ 'r.1 .. ,,.,, i .,r i i

J t" ".. , 14r"r''
oj t|eg.ok)![al slruclrL.c ]\ x J)rr1ol lhrccos]r1rfr
Thr nliniJrg rcsoLrlr! crr bc di\idcd nto m0lrl and

nor nrcrxl xs $ell rs .lo qurlit) aJ)(l qurnlrly. lh.
crisr.n.. r)l lIr rrrLrrin! st.1.r i1 !lill \t lcgic Jnr

in(ltnr!\ir r.d the br.kbon. ol locrl r,:\enuc l(t
nrnif: rcn)urcc ri.I rrcr\.

Ii !cncful. gold r iii'r-! in G!)'onralo l'routc.
is ofr'ol rhc foLcnlrrl rrlurrl !tst)u.cc\. {lnclr

'1. rr'r I t ' rr ' r';
l. r. .,:,r .r ' lt r' .: . . ','r
inp \cnlrnl ifrludc\ inco!rc. .JIpl,,ynrenl. rtn(l

ofirtrtLrnili.s li)r ic!v x.liritiel. rn rddilioI ro

rgricullu.rl .rnd tLrnlrli.. rc.1us.

Gold minlnt u\t\ rncrcrr) rnrl.sdn to n a lc

Sold iron rw nurcrirl\ f iris fro(css sill trndr.r
rvaslc\!ir1er conlrinir: nrrrcur). trhi.lr $ill l)ollulc
Lhc {alers rnd rndNn:.r livcs in thc $alr'rs

Wntci! ,n rir.rs. hkcs. rnJ scas rrc
conliriinlrcd hv nr.r.Lrry lio r $aslL'$'!lcr ol

inJrstrics Lhal 0so mcrcuil l)rrliclc\ hrl cr)nlxrn

rner.!r) $lc (Hg ) rnll i,fgrnic nrc.cury.nlrr thc

wirlcr' and scr!lc wilh s.dimcnl. an.l unJcr.!o

oxidxrion rcd!c(ior ln lhe s.dinrcnr. (hrr. riu
!.r.robic ba.l(rix trhich rre rrble 1o r.slru.Lur.
rrcthrn. .tr lr(),:lrc. ntlhyl.obrllnrin lhnr:h (Lre

tr(i..s\ ol .lrronur.iilloo in \xl.r
Nlc1h)lcohrhrri.r is a coirpound lhrl .!r
rrrn,jlolrn inoigxnic mcrrr'r! irto nrcthl lnrcrur,,'

lCH,H:) rn ..!rrxl or irlkrllnc Nllcr
l!{elh}lnprcuD rc.uniulnlcs th(rugh thc lt{jJ chrin
rrrgin-! ilonr tl!rl!.n. r(x)thnkt,)n. snr!lllish .rnd

hi! llsh. E\citLrrll,,'. ihc iish i\ contrnri.rlcd $illr
Jircrl!ll Jlrcrr!r). \lii:h r! hrirnrlul {o hunrr. Iicxilh

1Su11)riro. i9')l ,n Mrh IUll l{)l2l ilrsrrrch

ttt:i::u l'7 {t



lhr l \\rr,trirdo$r llfi\ri'ilJ lfrrrrlr. l Cr'rlr'' J'n /\r' rir'futrr( ( \ I

\,\di{)E sr rsl ]\lNA Bl t-11-\'. I n,rsl cN ANI) cl l.l LIllrl
)(ir (trob. ll]Li. l'.r.rlL\ .l L'r!i,,.r,i|-!. \r'.n,L. rrJ L 1 r.r!1)

c.nriuclcd by Nluhnrud (1012) sho\5 rhrr IrollL r tnl

.r'.tr'r.,, rrr.l".,.r .rr' i

(hc borlorn sc,limenl! .tl lolv lnd lnedrurn ditchrrle

crirc.i.r rill be l1 I I Lir cs ol its initirl sl.Llc

This occuN hccrusc oi thc accun lxtron ol hur)
nreul in the $llcr. Al hrsh disch!rgc. lhc I'retcur)

'1 )lltr'rri rl''
lrnr.: lr.. .Jnl r" "r'r'l ll ' '

ol tlul,rdu bccruse rhis lold mining duarf \\usrcs

inlo rir.r\ .rnd lhcrr inlo lh,j \ca l h'! ts drn.ccrou\

Lrcc rs! rhe sca i\ rlr! plxce ior rqurr(ic .lnrn l lilr'

tr icul.rrlv jishcs. ehich arc consui cd hl flrnl
tcoplc $ho li!c rlong thc $'a(crs ol lhcsuh\ci
\r. lr''rr '1. :rI1r"r' Jl W 'i r'
(1005) inclicilrc rhrl high 1c!els ol rr)cruurv rn rh'

lrilir)gs rr. :t'norrllr' crtusccl b,\' inrt'rlc'r

'r',t 'i r ll : r''r'r i'
th.Cin.illr l(csnr inLiic.rlts thrrl on| cyclc

.rnrrl:.rmrli.n lJftxhrrcs lntrcurv Lr) ')ll Ihc rcsulr:

ol th. rrsclrch ron(lu.lrd b) \Vilhrrln (ll)05r

indr.iil. thrt lhc .onccrrlrnlion ol tler.ur) irr (hc

rrilings rr th(lintrrt Rt!ion b\' l0l )r)) l)l'rl
Lrrds 1o lJ1r th. srtnrc irs lhc ronccrllrillion nl

nrcJ.ur) irr thc 1l|\ ol lhc l ullholLJ llr\(r

{l\lxlnnLr(1. .l0ll). A rcsctr.ch conducrcd h}

Vrlin (l cr {1..(2011) i. r tmdilionrl ini.g silt o1

lluhdu indiruics th.rl thc concc{rxlii)n ol rrro'cu'!

in lhc ( clclres St'a is 0008 nr:/I. A rcseurch

con(lucled by Ki(r:. ct al .(2012) indicalcs thrr rh'

cofccnr lir)ns ol mcrcury in R.tnovrtlo llivcr rangc

'Ii 'ill11 ' rr''r'
!rlrrlgl Lion hrs contrminNlcd ri!cr srdinrcnts

Scdimc.ls cnnh|rjn.rlcd wilh nrcrcury hrvc:r

I)olrn(irl ne-!!li!c cn!ironmcnlal illlfrcL an'l are

'Ll I I'JlJ l r\' 'r'rr'" lf r\'l
Il!cr s.(li cnls .onliinr;naLetl by rrcrcur) in Sold

rrining arcr\ a rn(i, lhc l)collc rrc direclly r'lrr'd
lo thclold Jr(r(.ssit! ol by rnrrtns 01 mr^l

rmrlgrmrlion. rlong \ilh nrercury nrcld! \laslcd xs

r sllrolh nrixlur! nl tliiin-! nrllcrirls (Kit(mg el al .

l0tl).
Thrs r.scarch is xitrrcd al nr:rplin: itnd

rsc\sin-! lh. corrccnlrrlittrr ol ufnr..1rn rn(l

d.(nnrcirm r.rcu in lhc {alcr rlnd scdinrcnl

\hrclr $.rs c.ntlucLcd sp.tliall) in thc (rrdrlionrl

!ol,l ninin! ol lluhdu.

IJ. I,IfERAI'URIISl'UDY

Public Drining Bith no liccnse or j( it usur l)
..,'l ., r.. Ir'1.' ni |"r tr".' \'r
niinin! rsfccl ! x ltrrlicul!r !rca $i1hlr rr

go\.nrrc.ts lLccnse u\uall,"_ Lhc nrincn us.

5Lnr|1. r(tLrifnrcnls SorI. 1rl lic c\r rllrs .rr.

rnl.cfrln|rn( | Ininln:L !cii\rit und ot|cr !en.!rl
ll]inin: !cli\itics lik. !old r inrns r.lr\rt\ ii'l
.ilrcnrhnrcnl d1 \irlurbl. n.rrt {Brlhrl\11. l1){)Sl

Inorgrnic rcrcu.-" clr 1.!ndo n 1o orgiL r.
r.r.nr) \!ilh hclp.l nricrlrlr.\ xcIrYl(\ horlr i'

[rob. lnd rJl !nx.robc ctnxlit]on: nr thc lrnl

.onc.n(falion ol inorgxnrc nrcrcrr) th.rc $rll rolnr

.ti-|rcrh)l nrcrtur.\. rtn(l in hi!h con.cnrrlriinr ol'

r.nrg!.i. nr!r.ur) r[.tc$ ill larrn rnon.

nr.Lh)lmrrrtLry. h trrlurdl *trlcAhcd ritr !h'

\jonrcrrlr liLin ol llrno mclh)l nru.ur) rnd (ii

nr.rhll frcfuur)' !!c i lltr.nr.d b) rri.11rlr'\

or-!lnir c.fhor. conctnrruLi,)lr !,l in.r:xni. rrrcr.!i\

tll. rnd lrnfcrxlurc ljoth l(rrri\.l i tar\l
mcrcLrr).ornlorLnd rrJr hc bR)lcf (lo$r)b\ hr.lcrr.r

l\i.g if lhe {(liilrrrl Nl.1|yl rr1...trl .'if :rr

srl.r!hc!lbiolr trolh (lircctll In1l rnllircrll) llnlrtiNl
',r!l $,.h (Elin(li. llX)l: Pxllr. !t)r)1: Ilrri'r(rrr,'

(" \ i't'H()LX)l.o(;\'

'lh( r...rrcI s|..ond!.Lrd irr th LrrdrLilrrrri

llrmi.g sile o IlrLLr{lt rr) Su.rxhlr Subrlrtrl.r
.. .,r .t ..:,.. , t., r,. . r .... :

Pr!Ln. Rr\cr. srLrqcsr Scx rtntl trrlrfr! Ilr.
sarnplcs 1l()lD liro ri\cr $c|c lrkc \i1h I
rct)clilions. Srnrlli.g Irtn,l III $crt rrk!n llrnrr l
I nr r. r \' | . r'r ''l iI
, r',.. lr'r- \..r-r' lv .r1 r' .

jn ll)o rilcr.6lJoint\ i. l.ulin:' ard i lor.ts rn rh'

scr The nunrbcr ol srnrplrs rn lolrl (irs Lll

sxflrplcs Tlrc sllmllcs oi ncrfur} in L|c \!ur'r 
'rnrl

\cdrrrcnl rlcrc Lrn|lyr.d nsing.rnrcicur r' lnrl)/cr rl
the lnlcgrllcrl Rtscrrch .rnd Tenrr! I-rboJrltrr oi

UGNl by using rrlercurt rnrlyrcr rnrlr( llr,] Or(J/ih

ai,r/r1and Tc(in! I-xborrlorl ol l-is|.ri|(
Producrs ol Clff(nrlrtlo lro\inclj h\ usl.: 11!n

ll.rre Alornjc Ahsonlion Sllcll(\cnf! (,\ASi

Dxl:r wcrc r]]rly/cd Lr\in.!r a nul rna ilrfn

D. REST]I,TS AND I)ISCI]SSIOI'

r. Relults of Spalial ADal]'j;5 oI) Itercur!
Col|cenlration iD \\aie. rrrd Sed;nrent ol'

Rirer and Sea

Sanrpling I

Tho rcsuhs ol lhcanrl)sis in{licrlcd lh!t tll.
.o,r.cnlralior o1 mc.curl iD lhclvalr. aL th.

utsrrcrnr ol l'rsrno ltr\c. ie ASIII poinr' $rts

tt. ,,t,, | 1'7'7



lliel\\'rJind.\eliD\e!.ilt!rre'DrriL!,rlClili,.d..fdtrlIir.r'tIxiCi\iLh!i..ri1:l
slrs lAIN,\tlt-nY. Dt.tst(;N ANt) ( l;t,l !Rll
l0' o.Ldb.L :1117. Frcuir\ .l En!trr.! r !. \\ x' r!J.\r Litr.Lil\. l].,L

0.000ar lngl rnd r lh. dosnsrcr r \fils 0.LU0l+

nrvl Al lhc ,\SHl locnlio.. lhc concenlrrlion ol
''|r.r') .\,. $.r ,.Jnr' i 1r

The con.€nlrirlion ol nrcrcury cxincd al lhr .onlrol
point of ASH I bccrus. there isr radllional SolJ
r.|.|.t lIrhIr.,r h,.1{ 'r". l:.r"Ir\.
Sulu$,csi ScN rs rhc wnsre rccei\er h.rd thc

conccntrlion ol nrcrcury i. \!.rtcr by ar ave ge ot

000S nrg/]. A 14ar ol Lhc ..sults ol dre stxrirl
ull!\is oilnereLr-! conc.ntr.rliorrs in qalcr .rnd

ledinrcnt is sho$n in Figur. L

nrrjrcur\ in rlrc n\cr rrllinrcfl l hc trtl.rr (il

nltrrcurl co.ccnrr!Li(D! rn lh! n\cr' \fJrrlen(s
1r)dicared lhrr rhc clos.r ro rhc dosrrincxnr $.rs. lhc

h$cr thc.onrcnlrulion $ouid br Su[\rsr Sca $
thc a'Nte rccei\er indicrlcd rhxl ir lrrd nr.turr)
c.nccntj'atiorrs in sednncrl rrnscrl lr.r\!.er S.1871)

nr-!r/lg rll.l :5 r()i(l ors/ks qirh x. x\cri:. r.{LlL

ol l75l8 rrEl. Arcodingl]. Sulr$csL Sui hrs

rcrci\rLI \rste lr)'rn i\rrrge ol ll.5iN. shrch

s ouid cndrnger rqu.uic rfinal\ thrl li\. ir rhc scl
Theribr.. thc \edinrcnr ir) lhe Cclctr.s Sctl $rs
abo\c rhe Eu^)f.if S!{cl} Slx.dlrJ $hirh .oukl
nor rrcced I nrg/ls lh. .on.cn{tuiNn (,1 nrcr.ur)

in thesedjmcnr !)l l'r\)lo Ri\cr sr\ \cr\ high $hcn

conrprrrd r,) thc co.ccnlJrlilrn ol nrcrcurl L,r

Rrnouto Ri\.r mngins hcr$c.n (l.i)i rr l.l nr!/
lg Thc hr!h co[e.nr!11io. ol incr.ur\ in Prn)]|
11i\rr $rs !lLrc r) :ol(i mi.ing,il Bu[t]l bc.ruse

rl. r. . '. \ " rl' ..

Nlortorcr rhrrr trr\ th.rn)i lrrrr tr1,.r!sjn! |l
$hi.h rhc {rilif!s sdrrj (lir..ll\ {|s.lrrr!cJ rrrlo th.
!i\.r l-lris rs r crus. t)l lrish lt\.1. ol rnrr.!r) i 1)fr

trriorr! grild Ln rhr ri\.r Brlxli r!rrt)dcrl $Ln
Itrno)1p.. _lhc rcsulr\ oL r.'.rrrlr .,{xlL'clcd h\

MrIrrud (:01]) indi.r(.d rh!l lhc t)ril,rhilil\,'
signilic.rue $il\ 1)0,i r. lhrl rl .xr hc (orl.ludc(l

lhar lhc con.cnlrxli,rn oL rncr.ur) irr 'tdim.nl\ er\
rllrclcd hy distrrct. Brsed on (ho nrulhcnrilicrl
rlroiicl. il wus li)un l lhrl th. :r'e.rler lh! di\lrn..
r'\r' ..1 .r' r' ,lr . '.1, ri.' ,rr r) r

scdrrrenls lr \lrious wxtcr cli\rhxr-!c. len.
NIany la.:1ots crn rllcc1 lhc .onccnlrario. ol

nr.'I),r.,n r,', .Jrrr'r L :,( r'
Ltnd $ci-!hl ol soil pr(iclcs delcrrnrnc lhe .tDuinr

ol sedinrcnl lrxn\tlrl. A rrscrr.h (rrnduclcJ by

lkhsan (1007) \ho*\ llrnt lhe srllrllri th. dirnrcLcr

o{ rhe scdimenl i'. lhc largtr lhe anxrunl ol'

beLlhrrdcrn bctrrnstorlcd. The !tulitr lhe

drschrrlc is llowing. t|e largtr th! i,nroutl ol

hr:dkrad crx hc transporlcd.

Thc s.rnc rhing xlso oc.rred wilh rh.

conccntralion oflngrcur) i. N4rnt!lc Riler. Ar rh,'

pcr( oi Srmplins i lhc conccfl.alrorr ol nrcruur)

in Prsolo Rilcr was rlrrarly rcry high conrp.tu{l

\iirh (li! r(rir.cnl1itl (jn .l nt.rur) ii I{.rn}!k.
Iti\cr. l-rnd.rk Rcgcrcr-. 

'h. 
!cs{rcI co.ducrcd b}

Suhardril2008) rndl.a(c( thJl lir. r!crrge le\cls 01'

mercur) i. the\r1.r wrJe 0.51:.1 ttb !nd \cdirrcirl

,.igurr t.l\41r ol ll.$rlls ol Sfrlirl Anrllsi\ rnr ]\1.irL i r

Coiccrra(ion in \\ rtcr rnLl Srd .r.its in Prnno Rr\.r
lnd Sr[*.siScr

(Sou,e. :Jr, iin r l)rLr. N1.hnr!d. n {1.. l0l (r)

'lhc locarion ol ASHS had r rcry high

conccnrrrl()n o1 rercur) by 00t)015 nrg/]. Th.
rcir\o. rlrr lhar ihc AsH :l locxlion was the

frcccssing locrtion which was only wilhin 5 r to

lhc ri!c.. Thc concenlrations nrciiury tndcd (r bc

'll. i|. ., lt '1 ... r 'l'. r' t , . ,i r. ri\i l

.., I. D:r.luRi rt.lRr!.lls rr'
rhlsuhwcsi Sca. whcre ihc con.cntralions oJ

or!rcury rangcd iro 0.ix)oli lo 0.0(l(127 rnyl.
l his r,rsult wrs rclrtivcly high becau!c thc distrnce

berwcen rhc ri\cr N \\'rslc disposxl and llrc sca

$c.equirc closc. alfro\inratcly I Knl

Thc nut sho$,s lhai lhe tonccnl.r{ion ol

rncrcury in lhc utstrca ol Pasob Riltr (SSHI)

was l0.8t3l mg/kg Th. localior oi SSHI *rs rhc

e.nrrol iocrtion belor. ihc g.ld nrining of lluladu
-lh. concenrralion ol nrcrcurf exisled in !hir
lo.!lion bc.:rusc in lhc It\l.clJn lhtrc wus r.()lhcr

:old mi.rng. namely I'rdengo goid mining fhc

locarion ol SSH 2 is thc h.ginning ot thc

uadiljonal gold nini.g ol tsulrdu with r \ery hiSh

conccntrallon o15i.0680 rns/kg. in Lhc downsl.exnr

r)l llrc ri\cr lhe c.nccntra(ion was 21 mg/kg At lhc

locarion of rhe SSIIl. Lhc .onccnlra(bn wr\ drc

. r.,r t' , lr .'.r| ^'ln i iii
oi ihev..'rslc sou.ce. the highe. th. corecrtr!Lio. ()l

Datisn 173



f_
\^ti:AE

S.t rplirg ll
Thc.rnalysis.esulls on Simrllin! ll!l lht ul)slrtrr"
ol Prnto lti\cr. ASHI toinI. lhc conccntrirlron

$rs 0 9352 rlg/lrn.l. rhr do$nsrrtr .ASllS xnrL

Lh. conccnhtion $.rs 0.005(J5 Inyl. 'llrt
con.cnlriililu ol nrc.cuD llLrctulLcd ltoltr rh.

ulsLrca r to Lhc do$nslrciru ,lLIe lo rorrlr

frocclsir: rcri\ilies $hich $cr. \cr! clos. Lo rll
ri\'er. lhc cotrcnlr.rLio. xr lhe loc.rtiotr ol ASlll
\!n\ \crl hi:h by l.-118.1 I|91 lr.cru\c rhc ASIII

t " .. ...\ t .'.r.r
{'hich wa! \ilhrn 5 rn to lhc rr!c. Sulu$c\i Scx xs

thc s'rllc rccci\cr irL)rr Pusok) lti\c. Nrrs identlli.d
ro hrvrj m..cur! ron.cdlfiilions irn:in-! hels.rn
0.0006:l r.dl I121 mg/l SrJh rc\ulr\ !rrrrc \ri)
,.t .,II r. ....1r... .'.t, i

cr.rrurcs lh. nrrI thr rcsrrlr\.j {l). !l)rli!l rDrl\sLs

'| ' ..) ' 
I I"'

Sdr tn-! ll i! sho$! irr I'iguic L

Th. | $ii,i,rn\r ljf'v.'\iLr lrr.,r rL!nL,l Coili,.o!a
sllst.\lN,\llILfIY. Dltst(;N \i!l) ( Lrl.1 (rRI'j

tri odl,tJ.r trIr. FrrtrlLr ,)t Irdljr..,ir". \\'1,rri.\i

.n,\rljirrrL,r r trl aiL'Ll.r!, t.ri'r!

lisu.c 2. Nldf ol sLririrl A;{l)sis on Nlr..ur
( (m..rrrxrlon in Wr(rr xnd ScdlD.nr.l l'r$1. lli\ er

rd SulNlcsi 5cn in Siinlling II

(S.rrcc :ltin rr Dilr. \'1.lnnud. er i] . ?0 Ln)

_1hlj i1[t sholvs rhxl thc conrc.lrrtio 01'

rrcr.ury in rhc ufsrrrlnr $rs 0581 n:/l Thrs

localiolr i! lhc cont )l locr1i.t. Al the localioir ol'

SSHI. lhc ronc.ntrl(ion q'rs \cr) |lr-!h by Il(i 70

,, lt ft,, . ..,ri r \'' \' \ l r"I l* I'r
ol thc rcrivilics rnd lhe Lrillfgs we.e dnecll]
drschrrgcd inro rhc ri\cr This wus .nc .l rhli

lrclltr\ thrl nrxd. the cr)nccnlulron high rl lhrs

ln..llioJr. r\t rh. do$n\lr.arr. lhc c..c.nlrr.Li.n \L
0.24.111nrg/kg. The !io\c. L. lhc dow.rl.errn $its

rlxr lowcr lhc co cefulli.n .)1 IrlercLtrf $oul'J l\:
sL,li{r\i sc| as {lit wlsl! rccci\cr lJ1im I'Aolo

ti'\. I I I

b,illccn 1).1.1190 nu/k: and 1.37 nrykg. thc
!!e rsc rcsult\ o1 the.onccnlrxtiol in sull*esi s*t

scrc ().9+ .rir/L:' lhi\ soul(l cr(!lng.r r!rrir.
rnirnrls thrt li\. n lh. \r1d\ L)l Sulr$.si.

\'fur.rl stccir1lon r. lrcsl]\rL.r .tn(l scr$rtcl

rr.rinl!,iiJ1.r iIl l. n\.i i1).i. slrc.:th. ltis.'
U L ,l .rt,r rl, r. rr,'

.l rr ' rr,' l r : . l

]nd rnnns and Lrsulil) xlighcr !!fc.nrrlLir)r ol'

liir!nd or:rii. in th. s\ncnr oj licrlr$.rlcl i CLr rn.lL

li{lltlillcr. l0o6l
lr 'r, r. r'r.'l .r' ,rl ,

slrrms;\ rrllL[nccd b\ thti r'lclilin hcL$rcn lhe

th.\ses ril liqu(l rnrl \oli'1. tsteci lll' \'lrrln,l
\cli rcrr. l)c.o'rt\){d lons llna rr)cl.rl comfouid\
(ii\rU)err rrt)ldl\ lio r nnuli.n nhcn rn c!flit.L
$iLir llk' sudrcc.L lltr' lxnlrululc rrul.rrrl thnnrgh

sr\c,irl 1\fcs L,l ruilrcc borr!ling irh..orI.nr.
r\!LJition' ukl r.nrLrlrili/rti(tr (,1 lI"cc rtclrls iri
x\rdirrrfri!I ru\iri.flcnr d.|. f on lrcLori nrcll

r\ .lt ri.rl \lru.turc 1c.! rirL)un1 o1 Jcc(inll\.rl
r(in r.(l .rrl)!rrrirs). \rlrnilt. Iil. Lhr \xlur.l thLi

'rd.\ rr,l h)d,or1)trrinc !11(r lSLurIrrr irnJ

Nlo,!lr l97ll: Hrrl r.rl ljx\ L.' l')ll: lo\tru.
l9l!b ir a (,nrcll r|(l Nlillrr.l|06)

SanrpliDrr lll
ll r' l|r,

\rrirt,ljrr! ill s1\ !cr) smlll h\ r0 (X){)06 n]:tl ln

Sullwcsi S.rr. thc nrc.c!r) concrfLrrliorrs in $rlci

Irr lcd h.1$r.rr 0.{)001,q In::/k! lurd 0 01)l1l r g/kg

with rn rlcrxlc con.cnlr|rion ol 0.000N:l.rg/ks.

lhc rrrp \|('r\s tha( (hc concernrxtiof ol .rerctr)
rn srdimrn(s in thc down\lrean) ol I'r\olo Ri\cr

$rs 0.552:5 n:/kg. lhc hrghc\t nrciaury

c.nccnLrrlLon\ r.rcrn rhc SSlil br' 111.1(rrrgl:.
lhc con.erlrNlio. h lhe Ssll2 wls cxlrctlc

bc.xusc l|is Io.!1ior $rs rl$!\s rcli\e rnd !cr!
r rl' . Ar I l{"r"rr' rL ri r.

I r r'r ',l l'\'r '"-i
Sca rs thc \\rs1! Icccit.r. lhc nercu.y
_r)ntf1r!1ions i. scdimenls rr.gcd he(!!..n
(l.ll7:1i s/kc nd I 

'ng/k-s 
qilh an r\3rr-!c

..,",Iib I .1 ,.. ,r,r.,.{
,)l ljlcr!-ury ir golcl minins r.aditxrnri t)l ll!lalt
$rs hilh.r lhrn tlut ol Acrc Slr(c b\'0.(l1l Lrg/g in

r\nrJ/o|. B z {Ll.rh.. cL at . 100:l) !n.l rc..led 1.

hc ihc inrc.ri thrl in thc ronlr norlh t1r Sxdo

EsrurJ! R).tugrl (Liliho. cl rl. . 201 1).

Thc rriul{s ol lhc spllirl rn!lysls L)lm.r.ur}

conccntrxtions in walc..tnd scdinr.nl (il Srnrplins

lll.trc sho$1r in Frgurt l.

r,' 'r',, I t7i)
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'rh.l$Ix,i.rlr\.'lj,r\rFrtlr.rn{i.[iCL,]lrr$!.Ir\rrhir.dur.xr,laL,jitDrnf.; .
\l \l \l\\lrll ll\,lil \l',\ \\t,LLt ttl
IU'O.(,tar l0l7 Frr0lLl oiirD!i,,r.,!,!. \\1,r'r.1.n., i r\r,\ir\ Ilrh

\ ..i

'-. --i ,t i

Figurel \ktoISt.rirl,\,nl\:isfn Nl0(ri,!
C(!r.rr(r ion ii wft.r n0d SedrnL.( ir t,rnJto Ri\fl

rnd Srh*.n S.r in S.inJrlrn! lll
(Sourrc hiDr,) I)trrr. i\|hnitr.l. .r ii..:0i61

3.2. RcsLrlts ol Sp,tial Inahs's on tlrrctr.\
conccntr.tioris in $at.r n[d Scdnnc'rts o{'

l rilings

Sampling t
l_l]. nlrt sho\s rhxl (|. nrrrrur!

corcenlrxlr.n\ in lh. $rteJ oi trillf-rs \.ra ltl$ctI
1).1)t)076 lfd 0.(X)r:19 rn3/l Ihc corrrfLrltior ol
r"crcni) rn thc $,rtcr ol the l.rilir!\ t.ndrd (o b.
\irril!i lhc higlrcs( con..flrlli!rrs ol nrcr.LrD rt

, tl]c lorrrit)ns ol AT2 rn{l A ll $crr 0.(X){).i6 r cl

0.(X)ll9 nrg/1 Thc rerson is (hrl rh. ryclue
p()ccssins irclivilics in thc loc lion $'ereonl), olcr
x \rcck on Srludrls. c\ccpt thc locltil)n 01 A Il.
Pdliculxr locrlions \uch !! Al2.rnd A'I:l workcd
continuously dependtrrg on thc nllrriJrs rcmtls
obrxincd l he conccnrrltioo (n rcrcury rn

scdinrcnts rellccl lhc chtuaclcrisli.; ol lhc
co.rrnrinlrls lhat wcrt tlssrd by rhar: (l) deposrt

rnd inlrodurlion ol nrcrcury is thc rrohilizrtion ol
thc rcsult ol hurning irocess :r.d clrtot ion ol
rn!l-!r.nr,rlion (2) inpui! ol tarrrcuhr. merc!r)
!vill lrc deco|rposed conrir-! lroi rhc {rslrin!
pn)ce(s of contxrIinrnts nriJrerrl in rhe tro.trssirg
ir the t lings (:l) rhc fcmains ol nrcrcurr tioln rhc

break.lown ol!b\or|lion at dre surli.c rAptlcron cr

rl. 2001 in ivrhnrud.20lz) lhc JcsLrls ol rhc

strlial a.alysis ofmcrcuf! c.nccntrNlron( rf siilet
.rnd sc.li.rcnl! in rhr railin.ss in Srmt| g I rr

l igure.l. \1rir ol ll.\rll\.1 SfilirlArrjtti\ o
\l.rruri (_....ni.Innr in W .rrdLl5.dinrr {\ irr

Triiiog\ fl Si rtlirg I

(Snut rlliinrr! l)rir. \llhfnd. u n . ]rjk,l

lhc rlxf sho\s Lh!r lh. conc.Ilr i,f ,il ll).rL,L,\
in \!dinr!rls ol tIc lliliJrg5 rrf!eJ l,.r\.ri
la,.llll trn(l lar l0{)S nr!/k!. thi\ tu\rtL n!\
rlrcrd) rho\c lNr E!rof.rn Slt.Lt Stl.drull r|.|
\lx) l!l norc\r(]!rl I rn:/k! th. lritrtr.\r
eliu.cnl:rlion occurril Ln i|( l..rtron .iS ll
lrl j6.li)0lj nr!/k-! xrr,l S I I tr) 1i..16:10 rf!/k!. flr .
tirrrITcrl hctirrisc thr Iiriri(!r nr\ th. mr\r rcr]i.
trlrccsin! rcli\ ilir\

S.rDrpling ll
Thc nrlrf shos,s (lut 1]le hi!hc\t nrrrrurl

con.cnrnti(nrs \crc i thc locliion A]' I xnd A t l
by 0.3718 nrg/l .i|d 0 rlll .rs/l I hr
conccnlntions ol r|crfury $rrc lcr) lI!lr rnrl
'l(,'J. lr" I' I. r. I

lhc lniiings $ri bcc.ru!f lhc bordi ! tiFi.css.l
lrold rnd rock usrd mcrcury ro n)mr rhc nrtllllis
l rlr '.. .. r"r,n-.,, 1-'r , t. , tr r.
$rs ro(rle{l l(r 1.5 |ours usi|g $rr.J tf (hc
qrshing troccss. rhc rcn ijrs ri |rcrcury $ou1!t

cnlcr tlrt trilif!s lrd incrcasc llrc load,rr rhc $r\{r.
Funhcrmorc. nros( ol th. q!\l$! ler \oLrld llo\
irnd enlcr rhc ri\eN xnd cnd iu rhc scr rnd s!,,,r
wo ld rcmirin ur rhc ti)ccrsirg 11'.ili1!. t-hj\
..sullcd in lcrl hjgh.onc..lrrtions ol m.Jcurv rn

lhc txilin!s. lhr nrat ol th. rc\ull\ oi st)]rrrl
.rnrl\'\i\ in nrcrcu.r-.oir..flllarioJrs in \rr.r r d
-Ji .,r,.rnrt .rrtjF...r \ : r. \,

-5.
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Thc l' Wn,'L x!1.tri lJ'ri\r,rirl lDrc.rxLtrrrl Corl1r.r...tr Ar.l,ir.rr!r. roa
s sT]\t\AllILflY. t)llslcN A\D ctll-'fullD
l0' orbb.r lOLl t..r lrt tl li'r!in..rnr3 \\in )i|Nx Lrtrnr !rY. !r l]E

- !--..-..:

Irigurc s. Map ol Mcrcurv Co ccnlrrliin sPrlirl

\r ... | ? rr.in\\' l \\.".r. 'I\"1'r',.' in

Ttiilin! Srrlllling II
(Drlr PdJner. Mrhrrrud. el.rl 1016)

. r,:'l .rn l'r I'r'r'rl \'Jrl : 1. i

olmcrrLrrr- iJr sedintnls conduelL.ll on thc Sr liing
ll nr(lr.d.J rhc hilhcsL rcrcnil \ls in rhc S15 h)

1 ,,. t .1l l ' r i ., L \1 ," r

' '' i lrr' |i rrr 
"

sedinrcn(s llLLcturle rnd mxrrl ll!.1or. rfllucncc.

I',1. r.,,t' r'' .r'r ', r" r' rr! rrrr"i
c|lircnrrcnl. mclalr xrc i. tlrc lof ( ol lr.c rrms

frirs .i orgrnlc n)ns Lrnd corrDlex iurs Mcrrl

lolrbilil), ir wr(er isconlf.]l.d by pH oiLhe w.rlcr.

Tirc incrcr\c rn pLl l(Ners lhc solubililv oi rculs

in $aler. Thc ircrcrtc in I)H chrngcs thc ltability o1

lhc li)r nl thc cltltollrlL' inlo hldroxidc, which

lorms a bolnl ivr{h prniclcs on lhc bod} ol lvalcr. so

lhrl ir !rill selrlc r d Iorn nrud (1'r1u,2001) lhc
'.l, " lr.) | r r"f rr " $.rr( ia

trirciplc is go\cmcd by (l) pH, (l) LyPcs and

conccnlr!lions oi ligrnd and chclaling subshnccs

lnd (3) rhc srale ol oxid lion ol (hlj tr)urcral

coorponerl .tnd tht .cdox cn!i()nrnenl ol lh{l

slstc r (l.cckif ard Jrnrcs. l9lJ in Conncll rnd

Itlillc. (2006)

Sr pling lll
I.'.r. 'r ,l" I. " rrr-.",'.

ol rncrcury wcrc rl {hc locnlll)n l)1 .\T4 by 0 07{lol

nr9l. thlr lorcsl con.cnlr:tlioj] rl lLc loctr{ion o!'

At. . 'r'n'i,, r'. I . l''...il
uu.l r .'-l rr.rr Ir'r
orc ar.l rncr.ury () lofln.rnalgrnts (Au Ilg xllov)

nsing wlLcr I]ledir flrc rcsulLs ol lhe spiriil

rnrilsi\ of rrrcrcu.) co|cenlixtions in wller rnd

rcdrurenc in (he lrilings in S nrplin.s ltl rrc shown

Figure 6 \lat oi RcsulLs (il Sl iri A rl)slr nn \fur.rrJ
! r" r.rr{ r'$, , \ i 'i l '

Srnrdins lll
(Prnna.) l)r1r. l\1rli.nd..lr! .l(r L6)

'lhc n f show\ thrt thc rc(tltq ol lh. nnx l\i'
olLhe concl]nlrrLi(tis .l nr.rtur! in s.drrir.nl rlf:cd
Lrer$cc 10.1..16 Ilr!/kg rnd ll6.ll nrgll!. lhr
highcst corr.cnl.rtror) Iil nrtrrur) in \.Jrin.nls $x\
'r, r i.r i

thc rcsulls ol me , e Lrr! .fnrrnlrrLiLtr if s,rrtl)lirr! Ill
lnil \cr) rxrr.Lrlri \rlu.s. lhis r.uld trLr (trn:.'rirr
|ccrlse lh.sc I itrlrs $,iultL l,c rrrJrrJ rr\\r) h\

thc trrlc. un(l r.lcr inl! rr\r'rs |tjid lhc {r l' 1|.

\vrsrc rccc;\cr 'lh.:i. frr(iclcs c.ul(1 gcl rnlo rlc
i"l',rrl'

(hc r.cr. Acco.(1in-slr. I gr!)d gold rtrnrg.|rcnr
r,..lrl r.r..n,'r .rrl'Jr ". ,.ll r'.r'' ' 'i
lo rcducc fircrcury iu lht t ;ling\ so thril il dor!.or

follu!c $il. wrlcr aIld !cgclrlion rr thc !i.rJrrl)

E. C()NCt,tJSI0N
In rhc period ol Sanrfling I, Ihc rcsulr ol thc

anallsis thal rrercury conccnlriLtidr in \!rler rr!1
scdjmenl xt thc utllrcam wls 00006 nr:/l lfd
l{).8?3lnrykg. Thc ]l)c.rtion ol ASIlr arxlSSIIr hr(l

vcry cxLHnc \alu.s hccrusc lher_ wcrc lht inrlir!

locrrion ol lninc nrocessin:. nrnelji0 00l0:l nrg/l

and 55.0650 nr:/k.g .ln Sula$csi Sc!, rhc r\trrgc
conccnrraliorrs in $.ltcr and scdimcnl wcrc 0 0008

r!/lrnd l7 55 rrg/13 h the period i)l Srmllii)! 11.

I',,rr) ASh. .'rrl r''1. rr , I ' i ''
\!dr.0.005i :/i rrrd 1l(J 7t) nr:/k3 rnd in rh.

Celebcs Sm thc a\'cIa-ec concenlritlro.s \!eic

0.l7l4l mg/l rnd 0 9'l7l m!rk: ]n rhc fcriod ol

sundng 1ll. rhc con(ntntion., ol mctuu') rrl

ASHr nnd SSH: 
'!crc 

<0.011005 nrg/i arr.l 21'1.1'l

mg/l-! In thc Sulawcsi Scr. rht x\cragc

.oncenrrali{)n $as 0 0008'1 mg/l rrrd 0 6'l{18 rn:/lS

ln llrilings o1 Llrc Sanlfling l. II and III rh(l

.orcenliaiions il] h(nh sllcr :rnd !c{hIncrt irrr

I).!tr, I 18l
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\erl hi:h. $irh lhc \crrsc \xlursoll)0051S rnll
llj{10.0.107.r x.d i0.0ls rnJ 0{)01'1t nyl xnd

larl12 Ingk!. An:rffroprirrc nranage .rl rrxJd.l

is re(iui.cd lo o\orc(r c nr.rcury follutil)l irr 1l'!

Tr.rdilionalGold \'l inin: ol Bt'lrdu

ACKNt)\\'LEDC\IIih* l

\\'e woul(l lile(ocrpr.ss our \in.crc -! rlilL'dt

1o (hc \4inin.) ol R.se.rrch. Tc.hnolo!)' rtnd

Hi:hc. Educ|lion thrt pro!idcd linxncirl :ssislrnc.

rnil ro.rll rho!! $ho utsisleil in lhc.oripl.{ion (,1

rhis r.\.rrch lh. xulhors $1)ulLt lilr t(J th.rnk ri!

rh. ruthors ol nr. books uscd in th. lilernl r.
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