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SUMMARY

STUDY THE FACTORS EFFECTING TO TRANSFER OF As(III) AND As(V)
AFTER RELEASE FROM PYRITE TAIL

This work researches the factors effected to behaviour of arsenic releasing from pyrite tail after
exploitatin in laboratory model scale. That were pH, metallic ions, bacteria effected to mobility of
As(Ill) and As(V) under anoxic and oxygen present condition.

The atates of arsenic and heavy metals are important factors influencing to their moving,
transportation and deposition in environment and cause environmental pollution.

In the oxygen condition and high pH values, As(V) ) is more dominant than As(Ill) and in the anoxic
condition As(Ill) is more dominant.

In more reductive conditions, arsenic concentration is decreased together with reducing of iron(Il)
concentration, this prove that, the As(Ill) transfered to arsenide and precipitated with sulfide and
another ions.

The sulfate-reducing bacteria are very important to arsenic metabolism, but they are only well
metabolized in neutral pH. In the real pyrite taling site, the pH commonly is quite low during the
intensive weathering period so these bacteria mostly develope in the post-weasthering period, where
pH values increased near neutral.

The study improved knowledge about environmental protection in ore mining tail with purpose of
environmental pollution reduction.

Keywords: Arsenic mobilization, behaviour of arsenic, arsenic releasing from pyrite.

1. PAT VAN PE noéi riéng. Sau khai thac, quang thai pyrite sé
Hau hét cic loai khoang san ¢ Viét Nam déu dugc tiép xuc véi khi quyén va bi oxi hoa mot
¢6 nguodn gdc sunfua [2] va pyrite 1a mot trong cach cham chap, chuyén asenua thanh cac dang
céc khoang vat phd bién nhét trong cac khoang d@ tan trong nudc hon. Sy chuyén hoa tu nhién
vat sunfua hién nay. Trong qua trinh khai thac da lam cho luu huynh, asen va dac biét mot sb
va ché bién kim loai da lam tang ti 1¢ kim loai kim loai nang phat sinh tir cac ngué)n thai khac
nang thoat ra khdi khoang vat va di vao moi nhau da cho thdy nong do ciia chiing trong moi
truong [7, 9]. O nhi®m kim loai néng tai cac truong dat, nude va ca khong khi cé chiéu
ving khai thac moé dang 1a van d& 16n ¢ nhiéu huéng ting theo thoi gian. Su chuyén hoa tu
qudc gia trén thé gisi do nhimg tic dong nguy nhién ciing 1am thay doi tinh chét ciing nhu
hiém dén hé sinh thai n6i chung va con nguoi doc tinh ciia cac kim loai nang [7] dic biét 1a
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asen. Do tinh chat hoa hoc cuia asen (As) tuong
dbi giéng voi Iuu huynh (S) nén asen xuét hién
v6i ndng d6 16n trong cac quing dich giau kim
loai. Hién nay su chuyén héa cia asen va cac
kim loai nang tr dong thai axit mé trong bai
thai ciing it dugc chi y. Tai cac mo thiéc
quéng thai thuong chura arsenopyrite (1-2%),
chalcopyrite (1%) va pyrite (10- 15%). Cac
khoang vat sulfua nay bi 6xy hoa tao ra dong
thai axit mo va dung dich giau kim loai [15].
Qua trinh nay xay ra khi cac khoang sunfua
phan tng véi nudc va oxy va cling co su tham
gia clia cac vi khuan sinh ra axit sunfuric va
ion sunfat [12, 13], vi khuan khtr kim loai duoc
gia thiét 1a git vai tro “chia khéa” trong quéa
trinh giai phong asen [8].

Bén canh d6 ham lugng asen cao dugc tim
thdy trong khu vyc khai thac mo; diéu nay co
thé do quing pyrite (FeSz) hay arsenopyrite
(FeAsS) bi phong hoa va rua troi vao nudc, cu
thé nhu tai mo thiéc cii & khu vuc Ron Phibun
cta Thai Lan c6 ham lugng asen 5000 pg/l. Tai
khu vyc khai thac mé & huyén Fairbanks thudc
Alaska c6 ham luong asen 1a 104 ug/l [16].
Ham luong asen trong nuéc ngam Huyén
Coeur d'Alene Idaho 1én dén 1400 pg/1 [6]. Bai
thai quing ¢ Mexico (quing co ngudn gdc
sunfua) da do dwoc gia tri pH rat thip (tir 2,5
dén 4,5) [14], ham luong cac kim loai ning
trong bii thai quing pyrite cao 1an luot 1a: As
3530 mg/kg; Pb > 2750 mg/kg, Zn > 690
mg/kg.

Trong nghién ctru cuia Camm va cong su [17]
cho thay: Asen & dang hop chat methyl héa-co
su chuyén hoéa it hon asenvd co (As** va As®™).
Qua trinh chuyén hoa asen vo co trong dat co
thé trai qua mot loat cac bién ddi, bao gém ca
qua trinh oxy hoa giam phan tmg chic, trao doi
va chuyén dang sinh hoc. Khi dit bi ngap
nudce, thé oxi héa khir thip arsenit chiém uu
thé con & pH =5.8 thi As*® chuyén hoa nhiéu
hon nhiéu hon nhu As** nhung khi pH ting
1én, thi ca hai dang déu c6 su chuyén hoa. Bén
canh d6 Armienta va cong su [11] sau khi
nghién ciru vé hanh vi dia héa cta asen trong
moi truong tai moé Zimapan va mo Taxo
(Mexico) ciing da cho thdy su giai phong hay
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chuyén héa cua asen tai cac bii thai quang phu
thudc rat nhiéu vao gia tri pH, thé oxy hoa khir
va kim loai nang trong moi truong [7].

Vi vy nghién ctru dnh huéng ciia mot s6 yéu
t6 dén chuyén hoa As(II) va As(V) tir quing
thai pyrit sau phong hoa c6 y nghia quan trong
d6i v6i moi trudong & Viét Nam.

2. THUC NGHIEM

2.1. Héa chit

Dung dich chuan gbc As(Ill) v6 co 0,IM
(7500ppm): Can chinh xac 0,9902¢g oxit As;O3,
2,5 g NaOH tinh khiét phan tich, chuyén vao
binh dinh mdc 100ml, thém nudc deoxy dén
khoang 70ml, lic déu. Thém tiép 10ml dung
dich HCI 2M trong nuéc deoxy, dinh mirc téi
vach bang nudc deoxy va lic déu. Tt ca cac
thao tac dugc thuc hién trong khi quyén nito.
Céc dung dich chuan ctia As(V) v6 co va cac ion
kim loai Cu®**, Cd**, Mn®', Fe*', Ni*", Zn*'

KH,PO4; NH4Cl; CaSOs; MgS04.7H,0;
LactatNatri; FeSO4.7H,0; déu duoc pha ché tir
dung dich chuan Merck.

2.2. Nghién ciru anh hwéng ciia mot sb ion
kim loai thwong c6 mat sau phong hoa t6i sw
chuyén hoa asen sau phong hoaquiing pyrite
Nhitng ion nhu Fe, Mn, Cu, Pb, Ni, Zn, Cd,
Pb, Ag, Au,Sb, P, W va Mo la nhiing ion
thuong c6 mat sau qua trinh phong hoa quang
[5]. pH, vi khuan khtr sunfat va mot sb ion
thudng co mit sau phong hoéa 1a nhiing yéu tb
quan trong trong chuyén héa asen [7, 11, 14].
Tai nghién ciru nay ching toi tién hanh thuc
nghiém nghién ciru nhitng anh huong cla cac
ion Cu, Pb, Zn, Ni ,Mn, Fe dén su chuyén hoa
asen trong diéu kién pH khac nhau. Trong diéu
kién thiéu khi (suc nito trong sudt qua trinh,
DO <1 mg/l) va thoang khi (khudy trong sudt
qua trinh, DO > 6,5 mg/1)

N6ng do, ty 1€ cac ion As: Fe: S trong nghién
ctru twong tuw nhu thanh phan cua ching trong
bai quang thai pyrite (bang 1), nhiét d6 phong
luén duy tri & 25°C bang diéu hoa khong khi,
dung NaOH va HCI dé thay d6i gia tri pH dau
vao tu 2; 4; 6; 8 va 10.

Diéu kién thiéu khi sir dung cho nghién ctu
As(II), Fe(Il), va S* con trong diéu kién
thoang khi véi DO > 6,5 sit dung cho nghién



ctru As(V); Fe(IlD), S(SO4%).

Quan sat thi nghiém, theo déi sy thay ddi cua

pH, E, va liy miu phan tich dinh ky sau mdi

lan 2 gio.

Bdng 1. Ty Ié cdc chat dwoc chon trong nghién
ctru sau phong hod

R 1 . Ham
TT Thong s6 Pon vi
luong
1 | As ppb 100
2 | Fe ppm 7
3 1S ppm 6
4 | Cu(Il) ppm 2
5 | Zn(ID) ppm 2
6 | Pb(Il) ppm 2
7 | Mn(Il) ppm 2
8 | Ni(I) ppm 2

2.3. Nghién ctru 4nh hwéng ciia vi khuin
khir sunfua téi sw chuyén hoa asen

Dé nghién ciru anh huong ciia vi khuan khir
sunfua t6i kha nang chuyén héa kim loai ning
cia vi khuan khir sunfat, nghién ciru da sir
dung vi khuin Desulfovibrio (Dv) 1a loai vi
khudn khtr sunfua khi khi khong nghiém ngit
[18]. Thi nghiém duoc tién hanh nhu sau.
Chudn bi méi truong nudi cdy:

0,5g KH,POq; 1gNH.CI; 1gCaSO0q;
2gMgS04.7H,O; 3,5g LactatNatri; 0,5g
FeS0,4.7H,0; 1g caomen; 0,1g vitamin; 0,1g vi
luong dugc pha trong 1000ml nudc.

Tién hanh thi nghiém

Trong mdi binh dinh mirc 100ml gém co:

+ 1ml dung dich nudi cy (tao méi truong)

+ As(IIl): 2ppm; Fe?*: 1,6ppm; S: lppm va
kim loai Cu, Pb, Zn, Ni, Mn (2ppm mdi loai)

+ 5 ml dung dich Desulfovibrio c6 ham lugng
3x10° CFU/ml

Chinh pH 2,4,6,8,10 lan luot timg binh

Chuyén sang cac ong nghiém. Nt bong, boc
kin bang nilong t&i mau, dé yén & nhiét do
phong 25°C (duy tri bang diéu hoa) sau 14
ngay [1, 18] phén tich ham lugng asen va cac
kim loai néng khac.

Tat ca quy trinh thao tac dugc duy tri trong hop
kin théi khi Nito sach, tbc do 2bar va toan bd
dung cuy, thiét bi dugc khir trung béng tia cuc
tim.

Lam mau tring song song dé d6i chimg.

2.4. Ky thuit tach As(II) As(V) va phén
tich cac chi tiéu trong miu

K§ thuat tach As (III) va As(V) bang phuong
phap loc mot lan sir dung nhya Lewatit 500
lam cot trao d6i ion, hdn hop dung moéi etanol
va nudce ty 18 30:70 [10]. TAt ca qua trinh tach
asen duoc thuc hién trong khi quyén nito dé
duy tri trang thai ton tai cta asen. Quy trinh
tach asen duoc thé hién trong so dd tai hinh 1.

Etanol
(30%)
Mau nuée »  COt SPECs l p»  Cot Anionit = Phan tich As(III)
3ml/ .
3ml/p v
HCI3.0M ——» Cot Anionit > Phan tich As(V)

Hinh 1. So dé tach As(III) va As(V)[10]

Céc kim loai Ni, Cu, Pb, Zn, Fe, As(tong) duoc
phan tich trén may quang phd hip thu nguyén
tir, riéng As co thém thiét bi hoéa hoi lanh
HVG.

2.5. Xac dinh dinh d khéng dam bio do
Sau khi khao sat k¥ thuat tach As(IIl) va As(V)
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bang phwong phap loc mét 1an sir dung nhua
Lewatit M500 lam cot trao ddi ion, hdn hop
dung méi etanol va nuéc ty 1& 30:70 (theo thé
tich) dwoc dung dé lam mau tring [3], ching
t6i tién hanh danh gia do lap lai cua phuong
phap, giéi han phap hién cta thiét bi (LOD) va



gidi han dinh lwong (LOQ) [4].
Do lap lai dugc tinh theo cong thirc sau:

5 —SD- \/Li()(i—)?)z

n-1%3

RSD% = S—_’ x100
X
Trong do:
S:: 1a d6 1éch chuan lap lai.
X - 1andng d¢ trung binh ctia chat can phan
tich trong mau thir.
Xi: 1andng d chat can phan tich ciia lan thir
thir i.
n: 14 s6 1an 1ap lai (10 1an)
RSD: 14 d6 1éch chuan twong ddi

Gi6i han phat hién: LOD =3 x SD

Gi6i han dinh lwong: LOQ = 10 x SD

Két qua thuc nghiém cho thdy gia tri LOD,
LOQ cua As(IIT) twong ung 1a 0,06 ppb va 0,21
ppb, cua As(V) tuong tng 1a 0,05 ppb va 0,16
ppb, déu thap, qua trinh phéan tich co thé tach
As(Ill) va As(V) riéng 1& ngay ca véi mau co
ham luong As thap. Tét ca cac két qua phan tich
d6 1ap déu cho két qua nho hon gidi han cho
phép theo bang AOAC. Nhu vay tat ca cac két
qua phan tich cac thong sé déu dam bao do tin
cdy cua OAOC [4].

3. KET QUA VA THAO LUAN

3.1. Két qua nghién ciru anh hwéng cia mdt

s6 ion kim loai trong diéu ki¢n thiéu khi

Sau khi nghién ctru anh huong téng hop cua
mot sé ion thudng c6 mat sau phong hoa (Cu,
Pb, Zn, Ni, Mn) t6i su chuyén héa asen trong
diéu kién thiéu khi. Ctr sau 2 gio' thu mau mot
lan dé tach As(IIT) va As(V) bang phuong phap
loc mot lan sir dung nhya Lewatit 500 lam ¢4t
trao ddi ion, hon hop dung méi etanol va nude
ty 18 30:70 phan tich bing AAS nhu trinh bay
trén muc 2.4 va hinh 1 sau d6 phan tich asen va
kim loai ning khac bang phuong phap AAS.
Két qua dugc thé hién trén hinh 2 nhu sau.
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E 2 —o—As(Il)
Q'1.5 ——As(V)
—ae— Fe(ll)
1 = Cu
0.5 —3— Pb
—8—7n
(0] Ni
0 2 4 6 8 10 12ee—Mn
pH
100
) m As(111)
= 78.5
80 715 = As(V)
60 51.0
39.5
40 -
5 o
20 - : 5 513.0
5.0
0 . L
P . &
F & & & Q%’;‘

Hinh 2. Toc dg chuyén héa asen trong diéu
kién thiéu khi

Trong diéu kién thiéu khi thi pH ting, ham
luong As dau ra & cac thi nghiém giam do hién
tugng cong két voi ion kim loai. Trong moéi
truong trung tinh pH 6-8 ban dau sat (IT) sé bi
oxi hod 1én sit(IIT) va tiép theo sat(IIT) s& bi thuy
phan tao thanh sat(IIT) hydroxit két tua, khi do
asen s& cong két véi sat(III) hydroxit. Dong thoi
& pH ban dau ham luong Fe(OH); tao ra con it
nén As(V) chua cong két voiFe(OH); nhiéu, vi
vay As(V) trong dung dich con cao, nhung sau
d6 ham luong As(V) giam dan do luong
Fe(OH); tao ra cang nhiéu khi pH ting nén
As(V) sé& cong két v6i Fe(OH)s.
Mit khéc trong dung dich c6 Fe?* ta nhan thiy
As(V) giam, As(III) ting do mot phan As(V) bi
khtt vé hoa tri ba:
AsOs* + 2Fe?" + 2H" — AsO;* + 2Fe*" + H,0
Fe(III) bi thay phan tao két tiia nén sit giam
va mot phan hip phu asen. Pong thoi Zn
(IT), Cu (II), Pb (II) ciing bat dau két tua.
bay la ly do dung dich c6 mau vang can lo
ling hodc xuat hién két tha co thé la cac
khoang thir cap cho hip phu asen va cac kim
loai khac [16].
Nhu vdy c6 thé thiy trong diéu kién thiéu khi,
moi truong mang tinh khir, ham luong As(III)
chiém wu thé, tuy nhién khi ting pH thi As(V)
tang dan, As(III) van c¢6 xu huéng giam dan do
thé oxi hoa khur ciia cip As(V)/As(Ill) ting



theo pH nén As(III) bi oxi hoa 1én As(V); dong
thoi cac ion kim loai thuy phan trong nudc va
két tia dudi dang hydroxyt va chung dong vai
trd nhu khoang thir cAp hap thu asen va cho két
qua nhu trén.

3.2. Anh huong ciia tong hop mdt s6 ion kim
loai thwong cé mat sau phong héa téi sw
chuyén héa asen trong diéu kién thoing khi

_ —o— As(111)
-3
£ KL,ppm == As(V)
<100 —a— Fe
80 —— CUu
60 —3— Pb
40 —®—Zn
20 MNi
0 et [\ 1Y
0
2 100
= 87.56 5, 4o m As(I11)
80 & As(V)
60.73
60
40 33.81
20 0. 8 § 13.93
“N 5.08 5. 43
(o]
PH=2pH=4pH=6pH=8 pH
=10

Hinh 3. Toc d chuyén héa asen trong diéu

kién thoang khi
Trong diéu kién thoang khi dong thoi khi pH
tang thi ham lugng asen va kim loai giam do
hién tuong cong két véi ion kim loai trong
mau. Qua trinh cong két - hép phu asen cing
sat (IIT) hydroxit c6 thé giai thich dua vao co
ché:

+ Co ché thtr nhét xay ra do As(V) c6 kha ning
tao voi Fe(OH); moi sinh ra theo phuong trinh:
Fe(OH)s + H3AsOs — [FeAsOs] + 3H,O
+ Co ché thtr 2 1a do Fe(OH); c6 kha niang hap
phu ion Fe** tao thanh cac hat keo duong cé
cong thic: Fe(OH)s.Fe(OH),™ (trong d6 n va
m 1a tir 1 dén 2). Do d6 cac anion hydroasenat
¢6 kha nang bi gitlr lai trén bé mat cac hat keo
d6 theo co ché cia phan tmg trung hoa hoic

luc hut tinh dién giita cac ion trai ddu.

Mat khac khi so sanh pH sau 2 gi¢ nghién ciru
v6i pH ban dau thdy pH dau ra giam di so voi
pH dau vao do Fe** oxi hoa lén Fe*, Fe** bi
thuy phan thanh Fe(OH); lam pH giam,
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2Fe?" + 2H' + 1/20, — 2Fe*" + H,0
Fe** + 3H,0 — Fe(OH); + 3H"
mic di As (IIT) oxi hoa thanh As (V) ldy di ion
H" nhung do ndng d6 cua sit gap nhiéu lan
ndng do cua asen, nén pH van bi giam.
Khi pH ting tir 2 dén 4 nong do cua Fe
giam 16 rét do bi thuy phan ¢ pH thip hon
cic kim loai khac va nong d6 cac ion kim
loai giam nhung khong dang ké. Piéu nay
¢6 thé giai thich 1a do tai gia tri pH nay cac
ion kim loai (trir Fe) dd bit dau thuy phén
(dac biét 1a Pb) tao cac phirc hydroxo va co
thé d3 c6 mot luong nho két tuoa. Dang tan
ctia cac kim loai & pH nay cha yéu van la
M™, mét phan 1a cac phtirc M(OH) nH,0 va
M(OH),.nH,0O
M®* + H,0 = MOH* + H*
Mot + 2H,0 = M(OH); + 2H*
Khi pH > 4, nong d6 cac ion kim loai giam
manh hon va khong giéng nhau do cic kim
loai khac nhau c¢6 pH thuy phan khac nhau
va tich sb tan cac hidroxit twong tng ciing
khéc nhau, nén kha nang thuy phan tao két
taa cling khac nhau.

Mo+ + nH,0 = M(OH),l + nH?

Khi méi truong c6 tinh bazo (pH > 8), da sé
cac kim loai di tao két thta M(OH), ita tan,
song dbi v4i Pb va Zn bat ddu cé sy tan ra
theo phuong trinh:

M(OH); + 20H" — MO;* + H,0O
Khi pH > 10, cac kim loai nhu Cu, Ni, Mn
déu nam trong két tua dang hidroxit, nong
d6 ion kim loai nay trong dung dich giam,
cac ion kim loai bi l'Zing dong tai chd, it co
kha nang phat tan ra moi truong. Pac biét
Mn(II) hydroxit s& tir tir chuyén sang dang
MnO; 6n dinh.
Nhu vay, pH anh huong kha 1a khac nhau
dén sy thuy phan va cac dang ton tai cua
cac ion kim loai néng.
Trong diéu kién pH tu nhién, khi c6 mat sat,
ddng, k&m, niken va magan thi kha ning cac
jon kim loai nang t6n luu tai chd 1a rit 16n, lam
6 nhiém moi truong tai chd, giam kha ning
phat tan cta kim loai nang vao moi trueong,.
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Hinh 4. Anh huong cia pH t6i chuyén hod asen
trong nuoc tai mo hinh bdi thai quang pyrite

=
£ pPpPm
= 400 100
w
300
200
100
50
O {
-100 ¢ 12
-200
-300 0
(thiéu khi)
g
- 400 100
S ppb
300 80
200
60
100
o | pH 40 —e—As(Ill)
100 0 2 4 6 8 12 20 —m—As(V)
-200 0
( thoang khi)

Hinh 5. So sanh méi quan hé giita pH, Eh,
As(Ill), As(V) trong mde trong diéu kién thiéu
khi va thoang khi
Trong diéu kién thoang khi, méi truong mang

tinh 6 xy hoa, As(V) chiém uu thé

3.9. Anh hudng ciia vi sinh vét khir sunfua
t6i chuyén héa asen

Dé nghién ciru anh huong ciia vi khuan khir
sunfua t6i kha nang chuyén hoa kim loai ning
cua vi khuan khir sunfat Desulfovibrio (Dv).
Sau 14 ngay nghién ciru két qua nhu sau:

2 2
—o— Gi chirmg As(ill) —&— B3 chirng As(V)
s [ N

== o == B3 sung vi khudn As(lll)

=@ B3 sungvi khuan As(V)

1.5

0.5]

Hinh 6. Anh hwéng ciia sinh vt khir sunfat téi
chuyén hod asen

83

Kha nang khir ion sulfate (SO4*) dong thoi oxi
hoa cac hop chat hiru co tao ion sulfide (HS,
HS, Sy) cua vi khudn Desulfovibrio sp. Ton
sulfide két hop véi ion kim loai hoa tan trong
nude tao két tia dudi dang sulfide bén virng.
Con tai pH tir 6 dén 8 su chuyén hoa rd rang
nhat va ca As(Ill) va As(V) déu giam vi lac
nay asen di két tia dang sulfua.
Phan ting loai bo kim loai ciia vi khudn
Desulfovibrio sp dugc mo ta nhu sau:
2CH3CHOHCOOH + 3 SO4* — 3H,S + 6
HCO;

M" + HoS — M,Sy | + 2H*
Tir phuong trinh trén cho thiy vi khuan khir
sunphat thai ra mot lugng 16n khi H,S anh
huong dén canh quan, sinh thai, méi truong va
con nguoi. Vi khudn khir sunphat phd bién
nhit trong méi truong ky khi né hd trg trong
viéc phan huy chét hitu co; trong méi trudng
yém khi.
4FeOOH(As(V)) + CH,0 + 7H,CO; — 4Fe*

+8 HCOj3™ + 6H,0 +As(III)
4. KET LUAN
Dang ton tai clia asen va sy thity phan cua cac
jon kim loai ning 1a nhitng yéu t6 anh hudéng
to1 sy van chuyén va ton luu asen va cac kim
loai ning trong méi truong. O nhimg diéu kién
cu thé, nhiing dang tan ctia cac kim loai va
dang khong phan ly cta axit aseno la mot trong
nhimg yéu t6 anh huong dén sy giai phong kim
loai vao moi truong nudc va la nguyén nhan
gdy 6 nhiém moi trudng.
- O cac bdi thai quing pyrite, trong didu kién
oxi hoa va pH thap thi ham lugng asen va cac
kim loai ning thuong rat cao. Trong moéi
truong nay As (V) vo co chiém wu thé. Trong
diéu kién thiéu oxi As(III) chiém wu thé va van
¢6 su chuyén hoa du Ia rat cham cua As(III)
thanh As(V).
- Qua trinh giam ndng do asen xay ra song
song va trung hop véi qua trinh giam nong
d6 cua Fe(IT) va Fe(III). Piéu nay chimng to
Fe(Il) dugc oxi hoa thanh Fe(IIl) va asen da
bi hip phu trén Fe(IIl) hydroxit méi sinh.
- Trong diéu kién khir sunphat vé sunphua,
ndng d6 Fe(I) giam va mot phan asen(III)
dd chuyén vé asenua va két tia dudi dang
sat asenua cing véi sat sunphua va cac kim



kim loai khac.

- Vi khuén khtr sunfat d6ng mot vai tro kha
quan trong trong viéc chuyén hoa asen
nhung ching chi chuyén hoé tét trong moi
truong pH trung tinh, trén thuc té moi
truong pH cua bai thai quang lai mang tinh
axit nén vi khuan nay c6 vai tro tot khi bai
thai vira méi dugce khai thac.
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