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Tém tit: Arsenopyrit la khodng vt rat phé bién di kém véi cdc khodng san kim loai,
nguon goc nhiét dich, thuong céng sinh véi cdc khodng vét sulphur khéc. Trong cdc bdi thdi,
arsenopyrit chiu tac dong cua tac nhan phong héa va giai phong arsen (As) ra moi truong.
Trong cdc khu vuc c6 khai thac Cu, Pb, Zn... , van dé 6 nhiem As téi méi truong dang la moi
quan ngai, can dwoc quan tam xir 1y triét dé. Cong trinh nay nghién cuu kha nang giai phong
As va cac kim logi ndng trong qua trinh phong hoa tir cdac bai thai quang arsenopyrit trén mo
hinh quy md phong thi nghiém trong diéu kién xung nwdc va ngdp nwdc twong tw nhu bdi thai
ngodi tir nhién, ham lwong qudng trong mdu nghién civu la 5%, thoi gian nghién civu la 60
ngay, tw do nhan dién dang t6n tai ciia As & cdc héa tri khéc nhau. Cdc két qua nghién citu cho
thdy, & diéu kién xung mede, gid tri pH giam dan trong sudt qud trinh thie nghiém va thé éxy
héa khir dao déng trong khodng tir 5 dén 50 mV, kim logi va As dwoc giai phong vao moi
truong tang theo thoi gian va theo qua trinh giam pH. Khi pH giam xuong dén gid tri nhw pH
ciia dong thai acid mé (pH=2-4,5) thi téc do phong héa dién ra nhanh hon ré rét. Trong diéu
kién ngdp nuwdce, khi oxi hoa tan con cao, cac kim loai duoc giai phong nhanh hon, nhung sau
do giam dan, pH trong diéu kién nay chi dao dong trong khodng pH tir 5,5 dén 6,0 do do khi
quéng bi oxi héa, sdt hinh thanh dwéi dang Fe sau d6 oxi héa chdm thanh Fe(Ill). O pH néi
trén, Fe(Ill) thiy phan ngay trong cgt tao Fe(I11) hydroxyt do dé As dwoc gidi phéng ra bi hap
phu trén Fe(Ill) dong thoi theo thoi gian lu"ong Fe(OH)3 tao thanh sé bao phii cac hat
qudng lam giam sw tiép xiic giita qudng thai va moi truong nudc, nén nong dg As tiép
tuc giam. Két qua nghién ciru ciing cho thdy trong cd hai truong hO’p Xung nuoc va ngap nuwoc
As(III) chiém wu thé hon As(V) trong dung dich chay ra tir cit quang. AS(I I1) cO kha nang gay
déc hai trong méi triong cao, do vdy can chii y xir 1y diea vé trang thdi ton tai la As(V).

1. M& dau

Arsenopyrit 1 hop chat sit arsen sulfur (FeAsS) ddy 1a mot trong nhimg khoang vat phd
bién trong cic khoang vat sulfur hién nay. Thanh phan hoa hoc ciia arsenopyrit theo két qua
phan tich vi do thuong c6 ty 1€ nhu sau: Fe = 34,05%; As=43,87%; S =21,76% (Burnol et al,
2008). Trong qua trinh khai thac va ché bién khoang san da lam gia ting ti 1& kim loai ning
thoat ra khoi khoang vat va di vao méi truong. Vo1 ham lugng trén 40% arsen, arsenopyrit dugc
goi 1a quang arsen, thanh phan As 1a cht yéu. Sau khai thac, quing thai arsenopyrit s& duoc tiép
xtc voi khi quyén va bi oxi hoa mot cach cham chap, chuyén arsen thanh céc oxyt d& tan hon
trong nudc, sy chuyén héa ty nhién da lam chira luu huynh. Cac khoang vat sulfua nay bi 6xy
hoa tao ra dong thai acid mo va dung thay d6i tinh chét cling nhu doc tinh cia cac kim loai. Do
tinh chit hoa hoc cta arsen (As) twong dbi gidng v6i luu huynh (S) nén arsen xuat hién véi
ndng do 16n trong cac quing dich giau kim loai. Sy chuyén héa cua arsen va cac kim loai ning
tur dong thai acid mo trong béi thai ciing it duge chu y. Cac hoat dong khai thac khoang san da
tao ra nhiéu tic dong xau dén moi truong xung quanh gay nguy hiém dén hé sinh thai n6i chung
va d6i v6i con nguoi ndi riéng (Can va nnk, 2000) day 1a van d& 16n ¢ nhidu qudc gia trén
thé gi6i cling nhu ¢ Viét Nam. Ham luong arsen cao duoc tim thiy trong khu vuc khai thic mo
diéu nay co thé do arsenopyrit (FeAsS) bi phong hoa va rira tréi vao nude, cu thé nhu tai mo
thiéc cii & khu vuc Ron Phibun ctia Thai Lan ¢6 ham lugng arsen 5000 pg/l. Tai khu vuc khai
thac mo ¢ huyén Fairbanks thuoc Alaska c6 ham lugng asen 1a 104 ng/l. Ham lugng arsen trong
nuéc ngdm Huyén Coeur d'Alene Idaho 1én dén 1400 pg/l (Babara Sherwood Lollar, 2004).



Trong nghién ctru cuia Camm va cong sy (Camm et al, 2004) thi cho thdy: Arsen ¢ dang hop
chat methyl hoa thi co su chuyen hoa it hon arsen vd co (AS3+ va A55+) Qué trinh chuyén
hoa arsen vo co trong dat c6 thé trai qua mdt loat cac bién ddi, bao gdm ca qué trinh oxy
hda gidm phan umg chirc, trao d6i va chuyén dang smh hoc. Khi dat bi ngép nudc, thé oxi hoa
khtr thap arsenit chiém wu thé con ¢ pH = 5,8 thi As*® chuyén hoa nhiéu hon nhu As®* nhung
khi pH tang 1én, thi ca hai dang déu c¢6 su chuyén hoa.

Bén canh d6 trong nghién ctru ciia Armienta va cong su (Armienta va nnk, 2008) sau khi
nghién ctru vé hanh vi dja hoa ctia arsen trong moi truong tai mo Zimapan va mo Taxo (Mexico)
cung da cho thdy su giai phong hay chuyén hoa cua arsen tai cic bai thai quing phu thudc rat
nhiéu vao gia tri pH, thé oxy hoa khir va kim loai ning trong méi truong (Bobos va nnk, 2006).

Con Viét Nam hién nay chua c6 nhiéu nghién ctru sau vé chuyén héa arsen do vy nghién
ctru gidi phong kim loai nang va sy chuyén hoéa As(II), As(V) trong bai thai quing
arsenopyrit c6 y nghia quan trong, gop phan cai thién tot hon va bao vé moi truong trong khai
thac khodng san.

2. Thwe nghiém

2.1. Thiét ké va lap dat mé hinh thi nghiém, chuan bj héa chat

Dé nghién ctru qua trinh giéi phong arsen (AS) kim loai nang tir quang thai arsenopyrit va sy
chuyen hoa gitta As(11l) va As(V), trudc hét phai thiét ké mé6 hinh mé phong cot vat
chat trong bai thai quing & cic mo trong hai diéu kién ngap nuwée va thAm nude, trong
d6: xung (thAm) nuéc (md phong bai thai quing 10 thién véi sy thim nudc muwa) va ngip
nudc (md phong quang thai dugc chtra trong cac vung triing ngdp nudce) (Ceniceros et al,
2008). Cau tao ctia mo hinh thi nghiém dugc mé ta nhu trén hinh 1, thanh phan nguyén t6 chu
yéu trong hdn hgp mau quing arsenopyrit:cat ty 1& 1:20 thé hién trong Bang 1.

Hon hop quing arsenopyrit va cat thach anh c6 ty 1& 1:20 (ty 1¢ ndy twong tu ty 1¢ clia bii thai
quang) duoc nhdi trong ¢t thi nghiém co kich thudc 45x1000 mm, kich thudce hat 0,5-2,0 mm va
dé mot khoang tréng khoang 250 ml phia trén cot (Hinh 1). Cu thé tht ty cac 16p trong cot nhdi
nhu sau:

Lép dau tién (D) day 20 mm 1a hdn hop vat chat vun dét, soi ldy tir noi khai thac nham
tao di€u kién giong nhu thyc t€ (chat hitu co tir 1,5-2%) (Hu va nnk, 2012).

Lép thtr 2 (B) 1a hdn hop quing - cat day 650 mm, c6 khéi lugng 878 g.

Lép thir 3 (C) 1a 16p soi do co duong kinh 3-5 mm.

Pha nudc str dung c6 thanh phan tong quat tuong tw nudc mua ty nhién nhu trén Bang 2.

Héa chdt: Dung dich chuan gdc As(III) v co 0,1M (7500 ppm): Cén chinh xac 0,9902 g
oxyt Asz0s, 2,5 g NaOH tinh khiét phan tich, chuyén vao binh dinh mirc 100 ml, thém nu6c
deoxy dén khoang 70 ml, lic déu. Thém tiép 10 ml dung dich HC1 2M trong nuéc deoxy, dinh
mirc t6i vach bang nude deoxy va lac déu. Tat ca cac thao tic duge thuc hién trong khi quyén
nito.

Céc dung dich chuin ctia As(V) v0 co va céc ion kim loai Cu?*, Cd*, Mn%", Fe?*, Ni**, Zn** déu
pha ché tir dung dich chuan Merck.

Bang 1. Thanh phin mdt s6 nguyén té trong hén hop quing arsenopyrit:cat ty 18 1:20

Nguyéntd As Cr  Mn Fe Ni  Cu Zn Cd

Ham lwong 8,12 0,551 60,321 987,16 2,81 646,64 2643 1,46

Béng 2. Thanh phin ciia nwéc pha vao quing (nwéc mua ty nhién) [8]
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Thanh phin Ca* Na* CI° S04 NHs* Mg? NOs HCOs

Nongdo (mg/!l) 24 85 39 535 15 19 444 244

pH 6,5
& s Chi thich:
e Gy
TR 2 — Nut cao su
2 3 — Chup nhua
4 — Tam d& PE duc 16
A 5 — Lép luét mong

A - Cét chira mau nghién ciu

B — Lép mau quéng Pirit tron vai cat
C-Lépsoids

D — Lép soi, dat lay tir bai thai

Hinh 1. So'dd thiét bi nghién ciru

2.2. Tién hanh thwec nghiém

Diéu kién thim nuwéc (xung nwoc): Nudc co thanh ph?m nhu trén Bang 2 dugc doi 1én cot
(Hinh 1), m& van day cho chay hét va dé thoang hai dau trong 2 ngdy. Sau d6 lay chinh xéac 120
ml nuéc mod phong nudc mua ty nhién doi toan bd 1én cot. M van day va duy tri toe do di
chuyén trong cot 1a 8,5 cm/h (téc do thong thuong cia dong nude ngam qua 16p quing thai)
(Diing, 2016). Hung toan b dung dich qua cot; liy chinh xac 20 ml dung dich vira thu dé phan
tich Fe, Mn, Ni, Cu, Zn, As tong, As(III) va As(V) day la nhing ion chinh thuong di kem qua
trinh phong hoa arsenopyrit. Lugng mau con lai duoc cét gilr cho céac lan thi nghiém ldy mau
tiép theo. M& van, 1am thoang hai dau. Sau 5 ngay, 14y phan dung dich da duoc cat giit trudc
thém dii 120 ml, tién hanh doi qua cot va ldy mau, 1ap lai quy trinh twong ty nhu trén (5 ngay 1
lan thu mau).

Diéu kién ngdp nwéc: Thiét bi nghién ciru duge 1ap dat nhu trong hinh 1, thi nghiém bo qua
tac dong cua dong chay ngang do it anh hudng dén qua trinh phong hoa. Quang thai arsenopyrit
va pha nudc sir dung c6 thanh phan nhu trong diéu kién thim nudc.

Pau tién pha nuéc dugc bio hoa oxy bang may suc khi nham dam bao néng do oxy hoa tan
khoang 8 mg/l. Sau khi nap quing, c6t luon dugc gilt trong dleu kién ngdp nudc. Muyc
nudc ngdp cao hon 16p quang - cat la 25 cm. Dé yén sau 5 ngay thu mau mot 1an véi cling mot
thoi diém nhu nhau, hat chinh xac 20 ml dung dich vira thu dé phan tich cac chi tiéu tuong tu
nhu diéu kién thim nuéc. Luong nude hao hut do 1dy mau duoc b sung khi 1y mau.

Ca trong diéu kién tham nudc va ngdp nudc, thi nghiém duge tién hanh trong vong 60

ngay (Burnol et al, 2008) va miu dugc lay theo thoi gian nhu nhau véi cung mét luong dé phan
tich c&c kim loai nang. Cac mo hinh thi nghiém duoc lap lai 3 lan.
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Hinh 2. So do tach As(III) va As(V) [10]

Pé khao sat tiép kha niang giai phong sat va arsen trong moi truong acid nhu trén thyc
té, nhom tac gia da thuc hién cac thi nghiém ¢ nhiing gia tri pH tir 4,5 dén 2,5. M6 hinh thi
nghiém duoc thiét ké va 1dy mau tuong ty nhu trong diéu kién thAm nuéc: 1dy phan dung dich
da dugc cat giit trude thém du 120 ml, st dung dung dich HCI 4M diéu chinh gia tri pH cta
nude trude mdi 1an doi qua cot va léy 20ml mau dem phan tich, lap lai quy trinh tuong tu nhu
trén (5 ngay diéu chinh pH mét 1an va thu mau).

2.3. Ky thuat tach As(lll) As(V) va phan tich céc chi tiéu trong méu

K§ thuét tach As (III) va As(V) bang phuong phap loc mot 1an sir dung nhya Lewatit M500
lam cot trao d6i ion, hdn hop dung mdi etanol va nudce ty 1€ 30:70 (Hai va nnk, 2014). Tat ca
qué trinh tach arsen duoc thuc hién trong khi quyén nito dé duy tri trang théi ton tai cta arsen.
Quy trinh tich asen dugc thé hién trong so d6 Hinh 2.

Cac kim loai Ni, Cu, Pb, Zn, Fe, As (téng) dugc phan tich trén may quang phd hap thu
nguyén tir, riéng As c6 thém thiét bi hoa hoi lanh HVG.

Xir Iy va phén tich méu:

Mau duoc xtr Iy bang phuwong phap v6 co héa uét st dung acid HNO3 va HCI véi ty 16 HNO3:
HCI =1:3, két qua duoc do trén may AAS (Thermo Electron-Anh). Fe?* duoc phan tich theo
TCVN trén may DR-5000 ctia hing Hach. Pau do pH, Eh, DO ctia hang Hanna HI98304.

Céc dung dich HCI, HNOs c6 n6ng d06 khac nhau dugc pha tir HCI dac 37% va HNO3 65% c0
d6 tinh khiét phan tich ctia hdng Merck trong nudc cat hay nudc cit deoxy tuy theo yéu cau cia
tung thi nghiém.

Sau khi khao sat ky thuat tach As (III) va As(V) bang phuong phap loc mét 1an str dung nhya
Lewatit M500 1am cot trao d6i ion, hdn hop dung méi etanol va nudc ty 16 30:70 (theo thé tich)
duoc dung dé 1am mau trang (Hai, 2016), chung t6i tién hanh danh gia d6 lap lai ciia phuong
phap, giéi han phat hién cua thiét bi (LOD) va gidi han dinh luong (LOQ) (Son va nnk, 2010).

Do 1ap lai dugc tinh theo cong thirc sau:

.
REDYe = ? w EH}
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_Trong dé: Sr: 1a d6 léch ghuén 1ap lai; X n?)ng do trung binh C}ia‘chét can phan tich trong
mau thir; Xi: 12:1 nong do qhét can phan tich cua lan tht tht [; n: 13 s6 1an 1dp lai (10 1an); RSD:
la d6 I¢ch chuan tuong doi

Gi61 han phat hién: LOD =3 x SD

Gioi han dinh lvong: LOQ = 10 x SD

Két qua thyc nghiém cho thdy gia trj LOD, LOQ clia As(IIl) twong tmg 1a 0.06 va 0.1, ciia
As(V) tuong tng la 0.05 va 0.08, déu thap, qua trinh phan tich c6 the tach As(IIl) va As(V) riéng
1€ ngay ca voi mau c6 ham lugng As thap.

3. Két qua va thao luan

3.1. Téc dé giai phong kim loai ndng va asen trong diéu kién thdm nwéc

3.1.1. Bién thién gid tri pH va thé oxi héa khir Eh trong diéu kién tham nudec

Thyc nghiém dugc tién hanh nhu mé ta & muc 2.2 voi chiéu day 16p quing thai 1a 65 cm;
nhung trong thuc té, nhiing déng quang thai 19 thién c6 thé day téi hang chuc mét; vi thé mo
hinh thir nghiém mé phong nudc mua thim qua cac 16p quéang thai s€ dugc tich lay dan cac san
pham phong héa. Sau 60 ngay thir nghiém, két qua thu duoc vé su thay d6i pH, thé oxy hoa
khir duge thé hién trén Hinh 3,
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Hinh 3. Su thay déi pH va Eh trong diéu kién xung nirde

Ké't‘ qué nghién ctru trén Hinh 3 da cho thay: pH c6 xu hudng giam 7d?m con Eh ¢6 xu hudng
tang dan, nhung trong 60 ngay nghién ciru trén mo hinh thi sy thay doi khong nhiéu. Sy giam
pH trong pha nu¢c la do qua trinh phong hoa khoang sulphur (chu yéu la sat sulphur) sinh ra
ion H*, va qua trinh thiy phan ciia cic ion kim loai (chu yéu 1a Fe3*)
2FeS; +502 + 2H,0 «» 2Fe?" + 4S03% + 4H"

Fe®" + 3H,0 <> Fe(OH)3 + 3H*

O nhitng ngay dau lugng Fe(IT) giai phong ra con it va qua trinh oxi hoa Fe(II) 1én Fe(ILI)
lai tiéu thu ion H*, cho nén  pH it thay d6i; nhung khi lugng sat da dugc giai phong ra nhleu
hon, qua trinh thuy phan dién ra trong cot cung véi qua trinh phong hoa oxi héa da lam nong
d6 ion H* tang 1én nén gia tri pH ludn c6 xu hudng giam xubng (Aurova et al, 2008).

2Fe?* + 1/20, + 2H" < 2Fe®* + H,0,
Mat khac thé oxi hoa khir (Eh) cua dung dich thAm qua cot quing thai o xu thé tang dan.

Diéu nay c6 thé do ban ddu bé mit ctia cac hat arsenopyrit it bi bam nén sy tiép xtc voi oxi hoa
tan va oxi tir khong khi khuéch tan qua 16p mang nudc véo cao, lugng oxi tiéu hao 16n hon.



Theo thdi gian, bé mat hat quing bi giam do cac 16p hydroxyt sit bam vao, can trd qué trinh
phong hoa oxi hoa; ma theo diéu kién thir nghiém thi tong luong oxi khong khi di vao cot quang
thai trong cac lan 1y mau gan nhu 1a nhu nhau. Cho nén ndng d6 oxi hoa tan ting 1én lam cho
thé oxi hoa khir cua dung dich qua cot ting 1én. Trong ca qué trinh thir nghiém, pH cta pha
nuée luén nim trong khoang tir 5 dén 6; cho nén co thé coi nhu néng d6 Fe®* chi nam trong
gidi han tich s tan ctia Fe(OH)3 ¢ gi4 tri pH tuong tmg. Vi thé Fe®* tac dong khong dang ké
dén thé oxi hoa khir ciia pha nudc.
3.1.2. Téc dé giai phéng arsen va cdc kim logi ndng trong pha nwée

Do thi trén hinh 4 mo ta bién thién néng dd arsen va mot s6 kim loai nang chu yéu
trong quang arsenopyrit tich lily trong pha nudc trong thoi gian 60 ngay thir nghiém.

Trong 30 ngay dau nghién ctru khi quang thai tiép xtic v6i oxi khong khi va nudc, su giai
phong sit va arsen tir quing co xu thé ting dan, pH cua pha nudc déu nim xung quanh gla
tri 6,0. O gia tri pH nay Fe(II) bi oxi hoa 1én Fe(III) nhd oxi khong khi hoa tan trong nudc, dong
thoi khi Fe(III) bi thuy phén tao két taa it tan Fe(OH)s va luu lai trén cot quing thai. Luong
arsen giai phong ra ciing bi hap phu trén Fe(OH)s cho nén ndng do6 cia arsen trong pha nudc
tang cham.

6] khoang thoi gian 30 ngay sau, khi pH pha nuéc da giam xudng dudi 6 va tiép tuc xubng
dudi 5, ndng do st tong trong pha nudc ting 1én rd rét do kha ning oxi hoa cua oxi khong khi
giam xubng, két tia Fe(OH)s giam. Song song v&i qua trinh nay 1a nong do arsen tong ting
nhanh do ty 1¢ arsen bj hap phu trén Fe(OH)s giam. Ham luong sat va arsen trong pha nudc &
giai doan nay con dugc gop phan boi tdc d6 phong hoa clia quing ting 1én cung vdi sy tang cua
nong do H+ trong pha nudc. Ham luong cac kim loai khac chi tang 1o rét & tuan dau phong hoa;
sau d6 gan nhu khong thay d6i o gia trl thap, dong thoi con bi hap phuy trén Fe(OH); mdéi sinh
cho dén khi pH pha nudc giam xubng dén xap xi gia tri 5,0. Cac kim loai nang nhu Mn, Ni, Cu
va Zn trong quing dugc giai phong theo co ché twong ty nhu dbi véi arsenopyrit va nong do
clia chiing tang 1én 16 rét khi gia tri pH giam xudng dudi 5,0; Mn tir 5,21 1én 20,11 ppm, Ni tir
0,67 I1&n 1,74 ppm, Cu tir 99,64 1én 370,42 ppm va Zn tir 2,51 1én 13,56 ppm. Cac két qua trén
da chimg to mot diéu 1a pH 1a diéu kién “thu sinh”, nhung lai 1a nhan t6 4nh hudng quyét dinh
dén kha nang giai phong arsen va cac kim loai ning khac tir nhitng dong quing thai arsenopyrit
16 thién.
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Hinh 4. Sw gidi phong asen va mét sé kim logi trong diéu kién xung nweée



Cac két qua nghién cuu ciing cho thay theo thoi gian asen va cac kim loai nang trong
quang thai giai phong ra nhiéu hon va nong do cua chiung trong dong nudc ri ra tir bai quang
thai s& tang 1én tao rai ro cao hon doi voi moi truong lan can

3.1.3. Sw chuyén héa trong qud trinh phong héa ciia asen

Qua trinh nghién ctru trong cac diéu kién nhu & phan trén cho thy, song song v6i qua trinh
phong hoa oxi hda arsenopyrit, asenua [As(-1IT)] da duoc oxi hoa giai phong ra khdi quang
twong tu nhu ddi voi sulphur. Cac két qua nghién ciru trinh bay trén hinh 5 cho thay, thé oxi
hoa khu cua pha nuge trong c6t quang chi dao dong tr 5 den 50 mV. Khi nong do As(ll)
tang theo thoi gian khao sat thi nong do As(V) cling tang gan nhu tuyén tinh. Diéu nay cho
thay kha ning oxi hoa As(I11) [én As(V) trong ¢t quang thai gan nhu 13 khong d6i va & cac
gia tri pH trong cOt tur 5 dén 6 thi d3 c6 sy can bang gitra hép phu va nha hap phu caa As(V)
d6i véi cac dang két tua cua Fe(OH)s va gitra cac dang ton tai & hoa tri +3 va +5 ctia pha nudce
va dang ton tai ctia As(III) chiém uu thé hon, két qua nay ciling twong ty nhu nghién ciru cta
Burnol va cong su (Burnol va nnk, 2008).

O nhiing bai quing thai arsenopyrit hay cac khoang san c¢6 ngudn gdc sulphur, trén thuc
té nude ri ra ¢ pH thudng do duge & cac gia tri rat thap (tir 2,5 dén 4,5) (Silva et al, 2008;
Giao va nnk, 2010). Khi pH thip s& day manh sy hoa tan ctia cac khoang, tao ra cac kim loai &
dang tan 1a cac phan ttr doc hai di vao cac ngudn nude. Két qua khao sat trinh bay & trén chi
duoc trién khai trong vong 60 ngay, v6i khoang thoi gian nhu vay, ¢ thé dung dich thim qua
¢t quing thai chua dat dén cac gi tri pH cta pha nudc nhu trong thuc té. Két qua duoc thé
hién trén Hinh 5.

Qua két qua trén Hinh 5 c6 thé thay, pH giam tir 4,5 xudng 3,5, ndng do st tong trong pha
nude tang 18én 7 1an, diéu nay duogc giai thich do sit - cha yéu 1a Fe(lll) - tan ra tir két tua
hydroxyt cong voi qua trinh phong hoa xdy ra manh hon trong mdi truong acid. Va ¢ pH tur
3,5 dén 2,5, nong do sat tong ting cham hon (khoang 2.2 1an) do cac dang hydroxyt cua sat
da tan gan nhu hoan toan vao dung dich dudi dang cac cation hydroxyt nhu Fe(OH)z ,
Fe(OH)?* va Fe®*. Vi vay, nhu c6 thé thay trén Hinh 6, As(V) la ion c6 kha ning hap phu
manh trén Fe(IIl) hydroxyt, thi trong vung pH thap nong do cua As(V) tang it hon so vdi
As(Il1), chung to As(V) khong bi hap phy, vi Fe(OH)3 hau nhu khong con. Khi pH giam tur
3,5 xudng 2,5, nong do6 cua Fe va As(III) tang 1€n co thé 1a do trong mdi trudng acid, toc do
phong hoa da tang lam cic nguyén tb nay giai phong manh hon ra dung dich.

3.2. Téc dé phong héa giai phéng va mét sé kim loai nang trong diéu kién ngap nwéc

Qua trinh thuc nghiém dugc tién hanh nhu mé ta & muc 2.2. Bién thién gia tri pH, Eh, n6ng
d6 va mot so kim loai nang dac trung theo thoi gian khao sat dugc thé hién trén Hinh 7 va Hinh
8.
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Hinh 7. Bién thién néng do va mot 56 kim logi trong
diéu kién ngap nudc

Hinh 6. Bién thién pH va Eh trong
diéu kién ngdp miede

Nhin véo két qua trén Hinh 8 c6 thé thay khi nap quing vao cot, pH giam twong ddi rd rét
(tir 6,5 xudng 5,0). Giam pH ¢ day 1a do oxi hoa tan trong pha nuéc ban dau da giup cho qua
trinh phong hoa oxi hoa quang giai phong mot lugng ion H* nhit dinh lam pH giam. Trong
diéu kién ngdp nudc nay, Eh giam manh, co thé do cac qua trinh oxi héa quang tao ra cac
dang hop chat c¢6 tinh khir dong hanh va xen k& nhau. Nhung vé cudi qué trinh khao sat, Eh
giam manh do cac dang khtr chiém wu thé va oxi hoa tan khong duoc tiép tuc dua vao trong
cot.

Trong diéu kién ngap nudc nghéo oxi hoa tan, bién thién cia pH va Eh hoan toan khac
v6i diéu kién thAm nudc va qué trinh phong hoa giai phong cac ion vio pha nuéc cing di
theo su khac biét nay. Nong do, va cac kim loai nang tang ro rét trong ba tuan dau; sau ting
cham trén Hinh 7. Diéu nay hoan toan pht hop véi dién bién cua gia tri pH trong pha nudec.
Nhu di trinh bay & trén, & giai doan nay phong hoa oxi hoa dién ra nhd oxi hoa tan cé tir
ban dau; song khi oxi can kiét dan thi pH tang 1én, Eh giam xudng va nong do ciing nhu céac



kim loai khac gan nhu khong d6i sau do giam dan. Qua trinh giam nay xay ra la do lugng
ion kim loai tao ra khong con dang ké va dong thoi khi pH tang thuc ddy céc ion kim loai
hap phu, cong két manh hon trén re(onysméi sinh. Dicu nay ciing phu hop véi cac két qua

nghién ctru trén cac ddi tuong tuong tu cua Aurova, Armienta va cong su (Aurova Silva et
al, 2008; Armienta et al, 2008).

Dbi voi, trong didu kién ngap nude thiéu oxi, ndng do As(V) trong pha nudce ludn c6 chiéu
huéng giam dan theo su can kiét dan cua oxi hoa tan va ndéng d6 As(III) ting dan H inh 8). Trong
trudng hop nay ciing thay rat 5 rang 1a nong d6 tong chi ting trong nhing ngay dau khi qua trinh
phong héa oxi hoa xay ra rd rét lam ndéng do cac kim loai déu ting trong pha nudc. Sau d6 khi
oxi can kiét thi ndng do téng gin nhu khéng thay déi, chi con su chuyén héa cua As(V)
xudng As(III) do pha nudc lic ndy cic ion mang tinh khir chiém wu thé nhu sulphit, it...

Qua céc két qua nghién ctru ¢ trén c6 thé thdy ring, quang thai arsenopyrit trong moi
truong 16 thién thi kha nang phong hoa oxi hoa giai phong sit, va cac kim loai nang khac c6
trong quang la rat 1on; song néu pH & ngudng >5 thi ciing nhu cac kim loai ning dé bi hap
phu, cong két cung Fe(III) hydroxyt va kha nang di vao moi truong bi han ché. Khi pH<5 dén
2,5 thi ¢o sy giai phong 6 at, sit ciing nhu cac kim loai néng khac tur két qua Fe(OH)3 va tir
qua trinh phong héa duoc ddy nhanh khi ndng d6 H* ting.
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Hinh 8. Chuyén héa trong diéu kién ngdp nuwdc

Trong diéu kién ngap nudc, do thiéu oxi, cho nén qua trinh phong hoéa chi xay ra lic dau khi
oxi trong pha nudc cting nhu trong khdi quang thai con giau. Sau d6 qua trinh phong hoa gan
nhu ngimg lai, thay thé vao do 1a cac phan ung xay ra giila cac san pham duoc hinh thanh trudce
d6 va nong do cac nguyén t6 trong pha nudc hau nhu khong thay doi nhiéu.

Tur cac két qua trén cho thay, néu quing thai va quing dudi arsenopyrit hay cac khoang
sunphur khac dugc dé trong diéu kién ngap nude thi kha nang gay 6 nhiém méi truong do phong
hoa s& giam di nhiéu.

4. Két luan

Qua trinh phong héa quing thai arsenopyrit trén mé hinh thim nudc phong thi nghiém cho
thay gia trj pH giam dan theo thoi gian thir nghiém; ddng thoi ham lwong va cac kim loai giai
phong ra tang dan. O gia tri pH giam xudng thap hon (4,5-2,5), ndng d6 cac nguyén tb trong pha
nudce ting 16 rét. Ly do duoc cho 1a tac dong hap phu, nha hap phu va hoa tan cua Fe (111) hydroxyt
tao ra sau phong hoa quang va qué trinh sinh acid trong qua trinh phong hoa oxi hoéa quang
arsenopyrit va thay phén ion Fe®*.



Trong diéu kién ngap nuéc, cac nguyén té trong arsenopyrit chi duoc giai phong trong thoi
gunldmlsaudohaunhukhongxayraquatnnhphonghoavanongdocacnguyenk>nongpha
nuéc hau nhu khong ting thém.

Phong hoa quang arsenopyrit 1a mot trong nhiing con duong giai phong kim loai vao moi
treong nudce va la nguyén nhén gay 6 nhiém méi trudng. Vi vy han ché qua trinh phong héa giai
phong As bang cach dé quing thai va quing dudi trong diéu kién ngap nudc s& giam thiéu dang
ké 6 nhiém moi truong khai thac cac mo arsenopyrit va quing sulphur néi chung.

Trudng hop As(II) chiém wu thé trong qua trinh phong hoa, giy doc hai cho méi truong
sinh thai thi can phai c6 giai phdp chuyén hoa thanh As(V).
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