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LEMPUONRE3NRL

(tdwyh wpnhwlwunipyniup. (Gpwht hwupwht nptuwdp (<%, AMD, Acid
Mine Drainage) Ywd ppywhu wwwpwiht npbuwdp (<%, ARD, Acid Rock Drainage)
hwdwpynwd £ oph  hhduwlwu  wnuninphsubiphg  dbGyp  wju  Gpypubpnwd,  npuinbin
hpwywuwgynud £ ogunuwlwp hwuwdnubph  wprynibwhwinwd: “tpw wnwowgnidp W
ownpdniuwyniginiup UGpwnnd £ pwpn gnpdpupwgubip, npnup  wwjdwuwynpdwsd Gu
Phaghlwlwt, phdhwlwt b YEuuwpwuwlwu gnpdnutiph hwdwygnipjwdp:

Cunhwunip  wndwdp, (F<Hu wnwowunwd £ unybhnwiht hwupwljnyestiph
opuhnwgdwdp W nddwdp: (Frywiht nptuwdh Juwugp opowlw dhowdwiph hwdwp sh
Ywpnn JBpwgyb] Ywpbwdwdybin Ywd dhotwdwdlybn hGnwuwpnd U, wdGuwjl
hwjwuwywunejwdp, jywhwywuyh nbinlku Gplup dwdwuwy: Pwgh wyn, wjt sh wpnn
Nyt dbYy dhowdwnipjudp. wuhpwdbon £ hwdwihp dninbgnid® tnwppbp dhongubph L
gnpdptpwgubph hwdwlygywsd Yhpwndwdp:

(3L} -U |ntpe wanbignieinitu £ pnnunud dwpnne Yjwuph, opwjht YGuuwwmnbuwyubiph
Jpw, Ywpnn £ wpgbwyb  gwdwpwihtu  pnyubiph wép,  Juwubp  Gwhbwjhl
Eynhwdwlwpgbipp, wnununb unnpbpypyw optipp, pwpépwgub) 9pp dwppdwu dwfuubipp,
huswtiu bwb Juwub| pbiwnnub b dGwnmwnwlwu Ywnnygubpp:

Qnjnupnitu niuh hpwwnwy b d6s wywhwuowpl' unp  hGnwgnunnggniuubph  nt
Unpwpwpwlwu  wbfuuninghwubph  Jwlydwu  nnnniywdp’ win 9pbph Jwppdwu
wpryniuwybun dGennubiph unbnddwt tywunwyny: Ophuwy, wluhwin L, np dhts wjdd
dowywd gnpdpupwglbiph  dGd dwup hwugbgund £ unp  pwihnbwihu  hnupbiph
wnwowgdwup (ophtwly'  wnweptp U ghwu), U, hbGnbwpwp, wuhpwdbon bGu
ownniuwywlwu owlpbp' dowlbint hwdwp gpnjuuit pwiinuubpng unp wbfuuninghwubp:

Lwupwpryntbwpbipnigjwtu  hGwnbwupny  wnwowgnn  (FX+u  hwugbgund  §
Eyninghwywt b wnunbuwlwt  fuunhpubiph: (F<VWu hpduwlwund wwpniwynud
wjuwhuh dawnwnutip, huswhuhp Gu" Gpluep (Fe), wynwhup (Al), wnhtdp (Cu), Yuighnwip
(Ca), dwgubighnidp (Mg), dwuquwup (Mn) L ghulyp (Zn):

(Geywjhtu npGuwdh Guwynpndp Ywufuby huwpwynp sk, wn ywwnbwnny YGpohtu
nwphubphu  dowlybp Gu  nbYnyuhdwghntu  deennubp’  dGunwnubph hbnwgdwu L
pwpdpnpwl onip unwbwint hwdwp, npp Ywpbh £ Ypyhtu ogunwgnpdt: Uowlydwt dh
pwuh wwppbpwl gnnueintu nwibu, huswhupp BU' dGwnwnubph puwnpndh bunbgnadp,
wnunppghw, LiGYunpwphdhwlwu b dGdppww)htu gnpdpupwgutinp:

Ununppghwt  UGpYwinudu - wdblwwnwpwddwsd  dbennu £ wpryniiwpbpwlwu
Yhpwnnigjwt hwdwp, pwth np wju Ywpnn £ hGnwgubp dhusk 99 %  dGunwnubn:
Ubdppwuwihu  gnpdpupwgubpp  hwdwpynd  Gu fununnwuwihg'  (wpnpwnnp
hGwnwgnwuingeniutubph wpryniupubpng’ Jwutwynpwwbiu' unwgynn 9ph pwpdp npwlh
2unphhy:

(a{F-ubiph dwppnuip b nBYnynmhjughwt wnwohlw wnwphubipht hwunhuwunwd Gu
hwupwpryniuwpbpniejwt hwdwp hhduwwu Eyninghwlwu b inunbuwlwu fuunhputinhg
dayp:

Sunbuwlwu fuunhptutp hwnpwhwptint hwdwp, npp Gupwnpnd £ prwihu
nptuwdubph dwppdwt  wnbuuninghwh Yhpwnnid, swhwquug Yupunp £ Ynnduwyp
wnunwnpwupubph unwgnudp, dwutwynpwwbu' pwpdpnpwy oph W dGnwnubph duny:

Udtuhg swwn nwundtwuppdwsd b Yhpwndnn snpu hhduwywu wnbfuuninghwubpu GU'
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e dbGwnwnubph puinpnygh tunbignidp,

* wnunppghw,

e blhunpwphdhwlwu gnpdpupwgutinp,

e dbdppwlwjht dywlydwl gnpdpupwgubinp:

Ubwnwnubph punpndh tunbigndp nwnuduwuppdnd £ wpnbt Gplwp wwphubp b
npulinpb| £ ppbu npubu wdbktwwpryniwwybn wwppbpwy' bundwdph (oqudh) pwuwlyp
Udwqbigubiint b unwgynn dGwnwnh wpdbpp pwpdpwgubiint mbGuwuljnuhg:
ElG4unpwphdhwywu W dGdppwtuwht gnpdptpwgubpp hwdwnpynd Gu  fununnuduwihg
w)j|punpwupwiht dbpnnubp: Uwywju dGdppwtwiht gnpdptpwgutpp ntnbu wwhwgnid
Gu |pwgnighs hGnwgnuingn’ wyn pYnd twle wy| whluuninghwubph hbn hwdwlygywsd
Yhpwnnijwu nbwpnud :

Shurnwlwl  wnpnipubpnid (FLHh sbignpugdwt (prywjuntpjwl  stgnpugdwt)
ghpdpupwgh nwnwitwuhpnigjwt  dwdwlwly hhduwlwt nwnpnignup nupdynd £
tpywpdtip Gplweh (Fe**) opuhnwgdwup bnwpdbp Gplwpeh (Fe**) U upw hbnwgdwup:
Uhtsntn wpnudhuh (Al) hGnwgdwu yGpwpbipjuw tndjujubpp gpbipt pwgwwnid Gu:
$npép gnyg £ wwihu, np wpnuhung hwpnwwn (F<H-h nbwpnud  ywhwtoynd |
Fwlwunpbt  wyblh dGd pwlwynigywdp hhdp  (wywiph): Ldwu  wnbuwlh (< -h
sGgnpwgdwu dwdwuwy hhduwlwunw wynwhup stgnpwgdwtu Yypw £ dwfuudnid wiwiph
hhduwywu dwup:

({V-h sbGgnpwgdwt ufubidwih puwnpnigjwt hwdwp wuhpwdbon £ hwoyh wnub)
jntpwpwgnip (< +h wuhwwnwlwu phdhwlwtu Yuqgdp: “Hpw hwdwp twju wbwp §
npnob wyjw (< +-h phdhwlwt pwnwnpnieniup, www Juwnnigh] bpw sGgnpwgdwt
Unpp' hhdph (ophtwy' NaOH-h) oquniejwdp, U wjunthbunl  wugub] sEgnpwgdwu
hwoduwplubpht' oqunwgnpdtiiny Yuighnuwh hhnpopupn W dGwnwnubph puwnpngh tunbgnid'
uniphnutinh dhongny:

(G{th sbGgnpwgdwt wlhwwnwlwu dnuinbignwip Ywiuwd £ ng dhwju wynwihup
wwpniiwlnyejniihg, wjil witwhuh wwppbiphg, hugwhuhp Gu ghtyp (Zn), dwuquup (Mn)
U dwqubghnudp (Mg):

Lwwnlwwbu Guplnp nGp nubt Zn-p bW Mn-p: bus yGpwpbpnud £ Mg-hu, www npw
Uuwnbignudp hwéwfu twywwnwwhwpdwp sk, pwth np dwgbbighnwh bunbgdwu hwdwnp
wuhpwdbon £ pwpépwgul dhowdwyph pH-u dhtus 12 b pwpdp, husp nwnund §
inunbuwywu wnnwny ns wpnynibwytiw:

Wwwwuph utwwwwlyp b fpuunhpubpp. <wjwunwuh  <wipwwbnniejw
hwupwjhtu npuwdwhu optiph stgnpwgdwt wpnynibwybnnygjuwu guwhwwnned:

Wuwwwuph gqhwmwlwt unpnypep. Unwoh wuqwd (GL+h  shignpwgdwl
dwdwlwly  Yphpwndby G  puwlwt  Swgdwu  Unebp  (ubpwbUnhwnubp) b
wpryniuwpbpwlywu pwihnuutp’ biEYwpwdbnwnipghwlwi 9jwyh nbupny: Snyg § wnpyb,
np Udwu Ynuyebph Yhpwnniejnip Ywpnn b pbpb) ntnbuwywu d6§ ogniuntubn, pwgh wyn'
[InwbnL £ EYyninghwwu fuunhpubp:

Wuwwmwuph gnpstwluwiu tywowlnipyniup. Nwnwdbwuppnigjut wprynwpnid
unwgywd wpryniuptbpp Ywpblh Yppwnb]p ndw) (¢<Hh shgnpugdwt wuhwinwlwu
dnintignudubiph ufubdwubipp dowydwup, twfuopnp Ywnnigbin npw stignpwgdwt Ynpbpp
wwppbp sGgnpwgunn Ujnetiph Yhpwndwdp:
wonpn Ywplinp futinhpp nw dbwnwnup Juutnn dh pwpp - Wnwebiph - Yhpwndwu
wpryniuwybwnnyguwu guwhwwndt £ b wyin unppghnt Ujnyetiph htwpwynp ybpwdowlydwt
hwpgp' Ywiudwd npwughg dh owpp dewnwnubph Ynpgdwu hwdwp:
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Muwownwwuntpjwul Gupwlyw npnyrubn.

1. << npnp hwupwjhtu gpwhbnwgdwu opbph hwdwp segnpwgdwtu Ynpbph Yunnignid'
sGgnpwgunn Unyeh dbennubph W tbuwyh wpryniwwybunneniup quwhwunbine hwdwp:

2. Upryntbwybuin Ywunn uniebph punpnipinitu njw (¢<+—hg dh 2wpp wpdtipwynp
dtwnwnubiph Ynpgqdwu hwdwp:

3. 6<+-h sbhgnpwgdwt dwdwuwl wlhpwdbon  wiwhwlwu Unyetph  dwfuubph
Ypbwwndwtu hwdwp Yhpwnynn wnwtdht  unppghnu  Unebiph wpryniuwyGunniejwt
quwhwwnnd:

Lhnhtwlh wusbwlwt ubpnpndp Yuwjwund £ tywwwyh  uwhdwudwu L
fuunhputiph  hGwwgnundwt, dGennubph  punpnieywu b npwug  hnpdwpwpwlwu
hpwywuwgdwt Gnwuwlubph dowlydwt, unwgywd wpryniupubiph dGluwpwudwtu W
hwdwlwpgdwt, wwonwwunigjwup ubplujwgwd Ggpwlwgniginiuubph b hhduwwt
ghnwwu npnyrutinh duwybpwdwu dby:

Uwnbuwlununipjut tynyebipl qklynigyt tu.

»  Uhwnbdhynu h.d.Enhwqupnyh wudwl  opwjhu hhduwhwpgbph W
hhnpnunGuuhlwjh huunphunnwnnid.

»  Zhnpwyhlwlwu  hGunwgnunnignibubph hwjuwlwu  wqgquiht - wunghwghw
funphpnntd.

= «Gbnkyninghw»  <wdwnnuuwunwljwy  nwwunnuwu  ghunwdnnndnd® Unuldw
2023p.:

Cpwwnwpwlyywéd  wuwwnnipyniuubpp.  UnbGuwfununipjuu  dbe  owpwnpywd
hGuwagnunigjwu wpryniupubipp hpwwywpwydwsd Gu 3 ghunwywu hnnjwdubipnid, nnnughg
1-Uu wnwug hwdwhbnhuwlubph U d&yp* SCOPUS hwdwlwpgnud:

Whwwwuph Yunnigwdépp U swdwip. UnbUwfunuwwi  wfuwwnmwpp
owpwnpdws £ 102 boh Ypw,  pwnlugws £ uGpwdnigniuhg,  snpu - qyfupg,
Gagpwywgnipyniutiphg W gpwlwuniguu  gwuyhg, wwpniowynd £ 26 uwp L 14
wnnuwy:

Unbuwlununipjwt hwdwnnwn punipwghpp

Unwoht ginitjup uyhpywsd £ gpwlwunigjut nuniduwuppdwp: Wu pungpynd £ §
(F<h shqnpwgdwt wpnhwlwu fuunhpubipp, nputghg ogunwlwp Ujnietinh Ynpgdwup b
npwug nbuupyu-ntmbuwlwu hwpgbpp: (F<Yh sGgnpwgdwl inGuuhlw-nunbGuwlwu
hwodwpyubipp wbwnp £ ninnwd |hubu wpryniiwpbpwlywt  towtwyngwt unebipp
yepwywugdwup b hpdudws |phubt wju hwuwnh Jpw, pE nppwt ywhwiowd W
dpgniuwl GU wyn Uynebipp 2ntugnud:

Upryniuwpbpwywu  yGpwdowldwt dhongny pwthnuwjht  hnupbiphg oguwlwp
wpwwnpwuph YyGpwlwugunwdp Yupnn £ ubpwnb) hGunlywip.

e Ubinmwnubiph yGpwlwuguncd:
e Ywbwnynn wpwmwnpwupubph Gpwlwugunid, huswyhupp Gu dénidpp, dddpwlwu

RN Ywd unydwuwnubipp:

o LEGYwpwbubpghw)h wpunwnpnyeniu:

o Uywiph ybpwlwugunwd, oppuwy' CaCOs: Chuwpwpwlwu b wy hwybyw| Unyebiph,
huswhupp Gu ghwyup W gGdGunh unwgnidp:

e  Fninwuntnbuwlwl ogunwgnpdnid (ophtwl' npwbiu Wwpwpunwunye):
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e UnunppbUwlbp, npnup oguwgnpdynd Gu pwnwpwht b wprynibwpbpwlwu

Ynjninwontiph dwppdwtu hwdwn:

e Mhgdbuwmnubip (ophuwy’ pyweh opuhnubnh hhdpny):

Epypnpn qntjup udhpdwsd £ nwnduwuppnigjwt wnwpwubph L dbennubpp
hhduwynpdwut nt bywpwagnpniejwip:

Lbpywjwgyws £ dGunwnubph  tunbgdwtu  hwdwp  ognwgnpdynn  Ujniebiph
Uwpwagpnientup,  Yphpwnwd  uvwpp-uwppwynp! dubiph b swihdwu Gnuwuwyubph
UYwpwgpnigjntup:

Gppnpn  qumd  putwpyynid  Bu (F<-h skgnpwgdwt wipryntbwybinniejw
hwitbdwwnwlwu  nwunuWduwuppnyggniup’ Junwwhy b Juightwgywd  unnuwubph
Yhpwndwdp:

ICP-MS, winipphnhdtiunphwip b pH-dGwnphwih  dbGennutpnd nwnwuwuhpdb) Gu
[F{YF-nwd wnbnh nwubgnn gnpdpupwgubpp’ pH-h pwpdpwgdwu pupwgpnd’ Na:COs-h
Yhpwndwdp: pH-h pwpépwgndhg htwnn' dhugh pH 6.0, ufwwnynd | pH-h hbnwgu
udwgnud: pH-h uJwgdwup gnigpupwg nhunynwd £ bwle 9ph ynunnpnigjwt wb:

pH-h Uwgnudu nu ynuinpnigjwt wép Yupbih £ pwgwwpb wjiu thwunny, np
2yGpundwthwnp (schwertmannite) Uuwinbignudp’ pH4.5-5.0 dhowlwjpnid,
wuwjdwuwynpqwsd £ Gpyupdbp tplweh (Fe**) wugning tnwpdbp Jhbwyh (Fe**), husp
wwhwuond £ [pwgnighs pwuwyh wiwih, b win ywwbwnny b wnwowund § pH-h
udwgnrd:

(<t -hg Na:COs-h dhongny dbGunwnubph tuwnbgdwu nbwpnud, puwn Gpunyeht,
gnpdnud Gu Gpynt hhduwlwu defuwuhgdubp.

1. Unwoht dGfuwuhqdp hhdujws £ wnwtdhu dGwnwnubph  YwppnUwwntbph
wnwowgdwu Yynw:

2. bpypnpn dbjuwupgdp Ywwywsd & hhnpopupnubph  wnwowgdwu htwn' pH-h
pwnp&pwgdwu hwoyhu:
Cwywlwpwn wyu Gpynt dEfuwuhqdutipp dpgwygwptu Gu, bW bdwu pwpn hwdwwpgnid
nddwp § hunmwly guwhwwnty, G np dGfluwuhgdu £ gbipwlyonnud:

NaOH -h dhongny pH-h pwpdpwgdwt dwdwtwly (L F-nwd wnbinh nubignn
ghpdpupwglbph nwnwitwuhpnigynt: (FXHh Yuynitbwgdwt  hwdwp wybugyb)
dovpwywtu pen: Wu nbwypnd pH-u udwgb] § 3.40-hg dhusk 2.14: Gpynt wdhu
owpniuwl tunbigdwt gnpdptpwgubp s6u nhndb, onipp duwgbp £ dwpnip: Uju
pupwgwlwnpgp Uwwunwly nbp  unwunwpunwgub]  uygpuwlwu  onipp  thnpébiph
hwdwp: Gpp (FLVU prYywjtwgyt] £ dddpwlwl pryny dhusk pH 2.14, sytpundwthunnh
(schwertmannite) uuwnbigdwtu gnpdpupwgutinp sGu nhwnytb, onipp dunwd £ dwpnip,
wyuhupt' Gpywe(l)-hg Gpywe(l)-h hnfuwybpwdwu gnpdpupwgubpp Ywug G wnb:

2ph Gplwp wwhdwu  dwdwuwy pH-p udwgnd £, wynuinpniggniut wénd £, W
oyGpundwthuip Gunnd £: Mwpgyb) £, np wju thnthnfunigjnibubipp wbinh G nibuncd
Gnywie(l)-hg GpYywe(lll)-h opuhnwgdwl wprynitupnid:

pH-p  uwgnup Ywupund Et wju  gnpdpupwgp, wjuhupl' opuhnwgnuip
wpabwthwyynd £, b wyn Gpunyeh hbun Yuwwwd gnpdpupwgubipp nwnwpnd Gu:
Lwgnpn. pwyind oph pH-u pwpdpwgyt £ uwinphnwh hhnpopuhnh dhgngny dhtsl 3.52
L pnnuybi £ buwnbint 30 op: Wu nbwpnd dhowdwiph pH-u hounid t qdwjhu Ytpwny
dhusl 2.54, huly wynuinpnyyniut wénd § gdwjhu YGpwny dhusl 440 FTU :
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l = 1]
2. -
( ' N301-1),
3.
, Vi e
- V1 -
1-
0.405 , 324.3
0.57 ,
0.379
: 3-
90 %
8 |
A / 191.92 65.78
/ 25.82 52.45
/ 10.29 99.85
v / 16.75 33.38
1 / 32.58 34.35
. 4-
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VA

286.39

32

290.69
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10.31
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0.405

286.39

49.3

N32003
N8013
(0 )2

2894

/ 10944
56

/ 103
m

/ 1740

/ 3075

500
800
130

200

0.0011

0.03

/(4

(8

20/ 2

4-
32 /- 0.0046
324.3
0.379
(32
) )
0.38 $187.66 0.57
0.27 $214.12 0.41
0.25 $32.61 0.38
0.0011 $0.23 0.0046
/ /2
(16

$79.98 0.04
$40.69 0.01
$0.15 0.00
$4.20 0.00
$14.43 0.01

13

0.57

$286.40
$324.31
$49.30

$0.92

$285.48
$323.39
$48.38

$121.14

$73.73

$0.15

$5.51

$27.29
$227.82



N32003
N3013
0 (0 1)2

/
v

0.0011

15

500
800
130
200

2894
10944
1740
3075

32 /-

40

277.82

0.59
0.27
0.25
0.012

(40 /

011

0.02
0.01
0.05

14

0.0046

/

20/

$354.44
$164.93
$50.19
$1.15

/ (40

$353.29
$163.77
$49.04

0.0011 ,

$308.31
$40.69
$4.20
$14.43
$367.63



e Lwuwnpnwih hhnpopuhnh dwiuup Yugdnw £ 0.59wn, nph wpdtipp Yuqdnud £ 354.44

UUL nnpwp:

e Lwunphnudh Ywppnuwwnh nbwpnwd dwiuup Yuqdnd £ 0.27wn, nph wpdbpp Yugdnid
£163.93 UUUL nnywn:
e Ywighnudh hhnpopuhnh nGwpnud dwiuup Yugunw £ 0.25win, nph wpdtipp Yuqunud k

50.19 UUUL nnjwn:

Unynwuwy 7-nd ppdwd £ 2 dwddw pupwgpnid ubpwytunmphupinh Yhpwnniejwdp
Uuwntigynn dGwwnubph  pwuwlubpp, pun  wnnulbwlbph L npwug wpdbpubpp
hwodwpywsd pnpuwjh qubipny: Unwgynd £ 2 dwddw pupwgpnd tuwmnbigynn snpu
dwnwnubiph punhwuny wpdbpp Yuqdnwd £ 367.63 UU'L nnjwp:

tRrULLYUSNkE3NkLLEN
1. < +h uwwphnudh fuppnuwwnh dhongny sbgnpugdwt dwdwtwl ubpgpuwyywsd Gu

Gpynt  JdGfluwuhqd. w- JdGwwnubph  tundwdp'  hhnpopuhnubiph  wbupny; p-
dbwnwnubph undwdp' Yuppnuwwubph wbupny:  Uygpuwlwu pH-h wpdbiph
nbwpnd' pH 3.9-4.5 dhowlwpnid nhindnud & thnpp pH-h wé, nphg hbunn ufuynid |
pH-h qdwjhu uwgnud: Nppwt wybh pwpdp § uygpuwlwu pH-p, wjupwu thnpp §
pH-h wrwppbpnyeiniup, vwlwjt ynunpniygjwt wdt win ntwpnd wybih wpwg §
nbnh  nwbund,  wuhupl’  wnuinpnyejwt wunpbwuh  pwpdpwgndt  nnhn
hwdbdwunwywu £ pH-h ujwqgdwu hbwn: <wdbdwwnwpwp pwpép pH-h nbwpnd
Uundwoéph Ywppnuwinwiht punypep, wdbtwjt hwjwiwlwunypjwdp, gbipwysnnid L
hhnpopupnuwyhtuht:

2. Gplwnpdtp Gpywpeh Jwppnuwgdwl gnpdpupwgubinp pwpép pH-UGph nGwpnwd
pupwunw Gu wyth huwnbuupy, b undwdpnud Gplwep dGé dwuwdp hwunbu §
gwihu uhntphwnh nbupny: Uw tpwuwynd £, np Gplundtip Gpyweh hhnpopuhnh
opuhnwgnudp tnwpdbph' H* hnuubpph GLwynpdwdp, wunpbwuwpwp udugnid &,
nwuwnh pwpép pH-ubiph nGwpnw pH-p wulynwp tjwqugnyu £: UdGh pwpdp pH-h
nGwpnwd Ywppnuwwbpp nwnund G wydbGh Yuynw, no ndnyenid Gplupdtp
Gpywpeh pwuwyp vwgnud £, pwuh np pH-h UJwgnudp wwjdwuwynpwsd §
tpywpdtip  Gplweh  opuhnuwgdwdp  Gnwndbph,  huy  Gplweh  Ywppntwnp
(uhntiphup) - sh - hpnpnihqynud - Gpljuipdtip  hhnpopuhnh U wy - htitwquynud
opuhnwgynud £ Gnwpdbph, htunbwpwp pH-h tjwgnudp nwnunid § wybh ne wybip
gquion:

3. (< -nud uwwnphnwh hhnpopuhnh (NaOH) wybjugdwt ywpwgwinwd pH-U wénud §
wuhwdwswih' hwdbdwn npw wybjugwd pwuwyh htw: Uju hnihinfunigyniutbiph
dGfuwuhqdubpp wwpptp Gu: Uwutwnpwwbu, pH-h 3.52-2.64 dhowlwjpnid pH-h
Udwgnudp, hwwuwpwn, wbnh £ nubund Gplwe(lh)-h Gplwe(lil)-h opuhnwgdwu
wpryntupnud: - pH-p 6.2-6.41  dhowlwjpnd,  Gpp  9opnud  Gplwp(ll)-h
wwpniwynientup qqwihnpbu gwdp Ep, wnunpnuygjwt wybugndp sh upnn
pwguwwnpyt) GpYuwie(ll)-h opupnwgdwu dhongny;
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. [3<Yu Yupnn b Yuyniuwgyb]’ prywjuwgubingd wju hwupwjht preyny (hwnlwwbu
doUpwywtu ppryYny): Ywnilbwgnd wubind tjwwh nwbup, np dddpwlwu pryh
wybjugnwihg hGwn opnud Gplwp dwdwuwy (2 wdhu) gpbpb npukl wnbuwubh
gnpdpupwg (pH-h ujwgnud, wnuinpnigjwt wb) sh wnbnh nwbund: (GLH-nwd
Uwwnphnuwih hhnpopuhnh rwpptp pwtuwlubph wybjwgdwt dwdwuwly nhnynd Gu
wmwppbp  dGuwthgqdubp: pH 6.0-p nbwpnd wynuinpnygjwu wéh  dbGfuwthqdp
wwjdwuwynpywsd £ Gplwe(ll)-p opuhnwgdwdp  Gplwpe(lll)-h:  Pwpdp  pH
wndbipubpnd (pH 6.0-6.5), Gpp opnwd Gplwpe(ll)-h wywpniwynentup gudp k,
wnwnpnijwu wép wwjdwuwynpwsd £ wy dGnmwnubph hwdwlunbgnuing, npnup
wnunppwddwsd Gu ogtipmndwupuinp b pwquipnwihuhinh Ypw:

. Wupupt nhunwpybind twbh wu hwugwdwupp, np nbuwlwunpbu htwpwynp L
Uwl Ynpgb| Yjwuynndbunwnubpp wdpnnonigjudp bW unnwtw| Glwdnun dGunwnubipp
Jwbwnphg: Ujn huYy wwwnbwnny wju dbpnnp nwnunud £ wybih gpwyhs inunbuywu
nbuwuyntuhg: <wdwnpbiny yGpnugjwy wprynpuubpp, unwgynwd £ np Yjwuhsubiph
Yhpwnnigntupintnmbuwwbu Ywpnn £ pwywlwuwswth wpryniiwybivn  hwdwnyb)
nwuwlwu hhdptph  Yhpwndwdp <V -ubiph sbignpwgdwl  hwdbGdwwn: Pwgh
nunbuwywu EPPtYwnhg, LT -ubph Edwu dwppndp Yuwwuwnp ndh] wjl
plwwywhwwwuwlwu fuunhpubpp, npbup wnw Gu <&-h hwupwpryniwpbpwlwt
wnwpwopubipnud, dwutwynpwwbiu sowhwgnpdynn b snbynyinhjugywd hwupbipnid
U npwig gpgwljuypnid:

ustLUuhNUNh@3UL fFEUU3NY
<rusuruyduo uchuusnih@3nhLLerh SULY
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APAKEJIAH ACATYP CYPUKOBUY

OIEHKA Y®®EKTUBHOCTH HEUTPAJIN3AIIMH IITAXTHBIX JIPEHAKHBIX
BOA B PECITYBJIUKE APMEHUSA

PE3IOME

OCHOBHOM TENTBIO TAHHOW Pa0OTHI SABISIIACH OLIEHKA 3()()EKTHBHOCTH HEUTpaTH3aLMH
KHCJIOTHBIX IMAXTHBIX JPEHAKHBIX BOJ B PecnyOnmuke ApMeHHs.

Hay4ynast HoBu3Ha pa0oThl.

Briepseie B Tiporecce HEWTpanmuM3amMyd KHCIOTHOTO IMAXTHOTO JpEHaka OBLIH
WCTIONIb30BAHBI MATEPHANBI TPUPOTHOTO TPOHUCXOKACHHUA (CEPICHTHHHUTHI), a TaKKe
MPOMBIIIEHHBIE OTXOABI B BHAE OJIEKTPOMETAIUTYPrudeckoro nmmaka. [lokasaHo, dYTO
MPUMEHEHHE TOAOOHBIX MATEPHATIOB MOXKET OOECIIEYHTh 3HAYUTEIBHBIN SKOHOMHYECKHAN
3¢ eKT 1 OMHOBPEMEHHO CITOCOOCTBOBATH PEIIEHUIO YKOJIOTHIECKUX TIPOOIIEM.

Io/10:xeHNs1, BBIHOCHMBbIE HA 3ALLHUTY:

Be16op 3>QQexTHBHBIX COPOLMOHHBIX MATEPHANIOB I W3BICYCHHA PAJA LIEHHBIX
METAJIIOB U3 KHCIOTHOTO HMIAXTHOTO IPEeHAXKA.

Ouenka 3QPeKTHBHOCTH OTIENBHBIX COPOIMOHHBIX MATEPHANIOB, MPUMEHAEMBIX JUIA
CHIDKEHHS PAcXo/a INENOYHBIX PEarcHTOB MPH HEHUTPATU3ALMH KHUCIOTHOTO MIAXTHOTO
IpeHaxa.

BuiBoabI

[Ipu wHeUTpamu3amMu KUCIIOTHOTO INAXTHOTO JIpEHaka KapOOHATOM  HATPHUS
3aJIEUCTBOBAHBI 1BA MEXaHHU3MA:

a) OCaKJIECHUE METAJIOB B BU/IE THAPOKCH/IOB;
0) OCa)KIeHHE METAIIOB B BUIE KapOOHATOB.

[lpn mavampHBIX 3HaueHUsX pH B amamazone 3,9-4,5 HaOmomaeTcs HE3HAYUTEINBHOE
noBbIICHUE PH, mociae 4ero HauMHAeTCs €ro JMHEWHOE CHWKEHHE. UeM BBIIIE HCXOTHOE
3HaueHue pH, TeM MeHbpIme pasHHWIA W3MEHEHHS pH, OgHAKO POCT MYTHOCTH B 3TOM CiIydae
MPOUCXOAUT OBICTPEE, TO €CTh YBEIMYEHHE MYTHOCTH MPSAMO TPOTOPIMOHAIBHO CHUKEHHUIO
pH. Ilpm cpaBHHTENBHO BBICOKMX 3HaueHHsX pH KapOOHATHBIM XapakTep oOcajka, IIo-
BHIUMOMY, TIPE00TaaeT HAJ THAPOKCHIHBIM.

[Ipomieccsl kKapOOHM3AIMH JBYXBAJCHTHOTO JKelle3a TPH BBICOKMX 3HadYeHUIX pH
MPOTEKAIOT 00JIe€ MHTEHCUBHO, M MKEJIE30 B 0CAJKE MPEUMYLIECTBEHHO TIPUCYTCTBYET B BHJIE
CHUIEPUTA. OTO CBHACTEIBCTBYET O TIOCTENIEHHOM CHW)KEHHH OKHCIIEHHS THAPOKCHIA
xenesa(ll) mo sxenesa(lll) ¢ oOpasoBanmem uoHOB H', BcleacTBHE 4Yero MpPU BBICOKUX
sHaueHusx pH magenwme pH sBnsercs muanmanbHbM. [lpyn Oonee BBICOKMX 3HadYeHUsX pH
KapOOHATBI CTAHOBATCA OOJE€e YCTOMYMBBIMH, M KOHIIEHTPALMA ABYXBAJCHTHOTO JKEJ€3a B
pacTBope ymenbmaetcs. [lockonpky cHmkenne pH oOyciosneno oxucnenunem skenesa(ll) mo
xenesa(lll), a kapOonar xene3a (CHAEPHUT) HE THAPOIHM3YETCS C OOPA30BAHHUEM THAPOKCHIA
xkenesa(ll) m He moaBepraercs mocnemyromeMy okuciermro mo skenesa(lll), mamenme pH
CTAHOBHUTCS BCE MEHEE BHIPAKEHHBIM.
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[Ipu noGasmenun ruapokcuga Hatpusa (NaOH) B KHCIOTHBIN MIAXTHBIA JpEeHAK
3HaueHue pH Bo3pacTaeT HEpaBHOMEPHO IO OTHOIIEHHIO K JOOABISEMOMY KOJTHYECTBY
peareHTa. MexaHu3Mbl JaHHBIX U3MEHEHUH pas3inyHbl. B yacTHOCTH, B Amanaszone pH 3,52-
2,64 cumwxkenue pH, BepositHO, oOycmoBrmeHo oxucienmeM xeme3a(ll) mo xemeza(Ill). B
muanazone pH 6,2-6,41, xorma comepxkanue xkene3a(ll) B Boge OBUIO 3HAYUTETHHO HIKE,
YBEJTUYCHHE MYTHOCTH HE MOKET OBITh OOBSICHEHO TIpoIieccamMu okuciieHus xenesa(ll).

KucmoTHBIN NIAXTHBIA APEHAXK MOXKET OBITh CTAOUITH3UPOBAH ITyTEM €T0 TTOIKHCIICHUS
MUHEPATBHON KUCJIOTOH (B YAaCTHOCTH, cepHOM kucaoTor). [lox crabunmzanueit moHUMaeTcs
OTCYTCTBHE B TEUYCHHE [UIUTENBHOTO BPEMEHH (40 2 MECSAUEB) KAKUX-THOO 3aMETHBIX
MpoIeccoB B Bojae (CHmkeHWsS pH, yBemWueHWs MyTHOCTH) TOCJTE JOOABICHHUS CEPHOM
KHCJIOTBI.

[Ipu moGaBneHNH Pa3TUYHBIX KOJIMYECTB THAPOKCHIA HATPUSA B KUCIOTHBIM HIAXTHBIN
JTpEeHAK HAOMIOMAFOTCS PA3IMIHBIC MEXAHH3MBI
pu pH = 6,0 poct myTHOCTH 00ycnoBiieH okuciaeHuem kese3a(ll) no xemnesza(Ill);
npu Oonee BbIcOKMX 3HaueHUsX pH (6,0-6,5), xorma comepxanue xene3a(ll) B Bome HU3KOE,
YBEIMUEHHE MYTHOCTH CBA3aHO C COOCAKICHHEM IPYTMX METAIUIOB, aACOPOMPOBAHHBIX HA
OIBEPTMAHHUTE B 0a3aJTIOMUHUTE.

VYYHTHIBas, YTO TEOPETHUECKHA BO3MOKHO TIOTHOE HM3BIIEYEHUE COPOUPYEMBIX METAIUIOB
C TOCJEIYIOIEH peaau3aliei MOMyYeHHBIX METaUIOB, JAHHBIM METOJ CTAaHOBUTCS OoIee
MPHUBJIEKATEIFHBIM C SKOHOMHYECKOW TOUKH 3PEHUA.

ComnocraBieHHE TOYYEHHBIX PE3Y/IbTATOB TMOKA3BIBAET, YTO MPHUMEHEHHE COPOCHTOB
MOXET OBITh SKOHOMHYECKH 00see 3()(PEKTUBHBIM 10 CPABHEHHIO C KITACCHYECKUMHU METOAAMH
HEUTpaNHM3alMi  KHUCIOTHOTO  MIAXTHOTO  JpPEHaXa C  HWCIOJb30BAHHEM  MIEJOYEH.
[ToMmumo >KOHOMHYECKOTO 3(eKTa, HEAOPOTras OYHCTKA KHUCIOTHOTO IIAXTHOTO JpPEHaKa
OyZeT CrmocoOCTBOBaTh  PEHICHHIO  JKOJOTHYECKUX  MPOOJEM,  CYMIECTBYIOIIUX B
TOPHOAOOBIBAIONINX paioHax PecmyOnmuku ApMeHUs, 0COOCHHO B 30HAX HEIKCIUTYaTHPYEMBIX
Y HEPEKYTFTUBUPOBAHHBIX MECTOPOXKICHAN M HA TIPHJICTAIONINX TEPPHTOPHUSIX.

PexoMeHaaluu

OcyInecTBIIAITh KONWYECTBEHHBIH W KAUYECTBEHHBIH MOHHTOPHHT  KHCJIOTHBIX
IOpEHAKHBIX BOJ HA TeppuTopHuu PecmyOmuku ApMeHus.

Pa3paboTath ¥ TIPUHATH 3aKOHOAATENIBHBIE AKTHL, PETYAHPYIOMIAE OYHUCTKY |
MOCIIEAYIONICE HU3BIICYEHHE KOMIOHEHTOB M3 KHUCIIOTHOTO IMAXTHOTO APEHAKa, TOCKOJIBKY B
PecmyOnrke ApMeHHUs B HACTOSTIEE BPEMS OTCYTCTBYET HOPMATHBHO-TIPABOBas 0a3a B TaHHOM
cepe.

Pa3zpaboTtate W peanmu3oBaTh MHIOTHBIH TPOEKT MO OYHCTKE KHCIOTHOTO HIAXTHOTO
ApeHaka U U3BJICUYCHHIO OCAKICHHBIX METAJIIOB.
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ARAKELYAN ASATUR SURIKI

ASSESSMENT OF THE EFFECTIVENESS OF MINERAL DRAINAGE WATER
NEUTRALIZATION IN THE REPUBLIC OF ARMENIA

SUMMARY

The main objective of this study was to evaluate the efficiency of neutralization of acid
mine drainage waters in the Republic of Armenia.

Scientific novelty of the study.

For the first time, materials of natural origin (serpentinites) as well as industrial wastes
in the form of electrometallurgical slag were applied in the process of acid mine drainage
neutralization. It has been demonstrated that the use of such materials can provide significant
economic benefits and simultaneously contribute to the solution of environmental problems.

Statements submitted for defense:

Selection of effective sorbent materials for the extraction of a number of valuable metals from
acid mine drainage. Evaluation of the efficiency of specific sorbent materials used to reduce
the consumption of alkaline reagents during the neutralization of acid mine drainage.

Conclusions
During the neutralization of acid mine drainage with sodium carbonate, two mechanisms are
involved:

(a) precipitation of metals in the form of hydroxides;

(b) precipitation of metals in the form of carbonates.

At initial pH values in the range of 3.9-4.5, a slight increase in pH is observed, followed by a
linear decrease. The higher the initial pH, the smaller the difference in pH change; however,
turbidity increases more rapidly under these conditions. Thus, the increase in turbidity is
directly proportional to the decrease in pH. At relatively high pH values, the carbonate nature
of the precipitate most likely predominates over the hydroxide form.

Carbonation processes of ferrous iron at high pH values proceed more intensively, and iron in
the precipitate is predominantly present in the form of siderite. This indicates that the oxidation
of ferrous hydroxide to ferric iron with the formation of H" 1ons gradually decreases; therefore,
at high pH values, the decrease in pH is minimal. At higher pH values, carbonates become
more stable, and the concentration of ferrous iron in solution decreases. Since the decrease in
pH is associated with the oxidation of ferrous iron to ferric iron, and iron carbonate (siderite)
does not hydrolyze to form ferrous hydroxide and is not subsequently oxidized to ferric iron,
the pH decrease becomes progressively smaller.

When sodium hydroxide (NaOH) is added to acid mine drainage, the pH increases
nonlinearly with respect to the amount of reagent added. The mechanisms underlying these
changes differ. In particular, within the pH range of 3.52-2.64, the decrease in pH is likely
caused by the oxidation of iron(Il) to iron(Ill). In the pH range of 6.2-6.41, when the
concentration of iron(Il) in water 1s significantly lower, the increase in turbidity cannot be
explained by iron(Il) oxidation processes.

Acid mine drainage can be stabilized by acidifying it with a mineral acid, particularly sulfuric
acid. Stabilization refers to the fact that after the addition of sulfuric acid, no significant visible
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processes (pH decrease, increase in turbidity) occur in the water over a prolonged period (up to
two months).

Different mechanisms are observed when various amounts of sodium hydroxide are
added to acid mine drainage:

m atpH ~ 6.0, the increase in turbidity is caused by the oxidation ofiron(ll) to iron(lll);

at higher pH values (6.0-6.5), when the concentration of iron(ll) in water is low, turbidity
increase is due to the co-precipitation of other metals adsorbed on schwertmannite and
basaluminite.

Considering that, in theory, it is possible to completely extract the sorbed metals and
generate income from the sale of the recovered metals, this method becomes more attractive
from an economic perspective.

A comparison of the obtained results indicates that the application of sorbents can be
economically more efficient than classical neutralization of acid mine drainage using alkaline
reagents.

In addition to the economic effect, low-cost treatment of acid mine drainage will contribute to
solving environmental problems existing in the mining regions of the Republic of Armenia,
particularly in abandoned and non-reclaimed mines and their surrounding areas.

Recommendations

Conduct quantitative and qualitative monitoring of acid drainage waters throughout the
territory ofthe Republic of Armenia.

Develop and adopt legislation regulating the treatment and subsequent recovery of components
from acid mine drainage, as there is currently no regulatory framework governing this field in
the Republic of Armenia.

Develop and implement a pilot project for the treatment of acid mine drainage and the
recovery of precipitated metals.
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