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TOM TAT

Nudc thai acid tir hoat dong khai thic khoang san (AMD) c6 pH thap (1 —4), ham lugng kim loai ning cao
(toi vai nghin ppm), néu khong dugc xir 1y s& gdy anh huong nghiém trong t6i méi truong. Cong nghé xur 1y
AMD bing bé sinh hoc khir sulfate dugc ing dung tai nhidu nudc trén thé giéi véi hiéu qua cao. Tam diém cua
cong nghé 14 vi khudn khir sulfate (SRB) sir dung hydrogen hay carbon hitu co dé khur sulfate thanh sulfide, két
tia ion kim loai va trung hoa pH acid cua nuoe thai. Dé trién khai cong nghé, ngudn SRB va co chat hitu co
cin thiét cho vi khuén nay sinh truong can phai duge bd sung vao bé xut ly. Thong thuong, hai yéu té nay duoc
déap tmg tir phan trdu bo va phé phdm néng nghiép (rom ra) dua vao bé sinh hoc khir sulfate truge khi khoi
dong. Trong nghién ciru nay, SRB lam giau tir nudc thai ché bién thity san dwoc sir dung 1am ngudn vi khuén
khoi dong cho bé sinh hoc khir sulfate trong mé hinh xir [y AMD quy mé phong thi nghiém. Xir Iy két hop
AMD v6i nuée thai chin nudi trong mé hinh nay theo ché do lién tuc véi thoi gian luu 48 h cho phép loai duge
85 — 88% Fe”' trong nudc thai (tir ndng dd ban dau 1a ~200 mg/L). Phan tich thanh phin quin xa vi khun
bang phuong phap dién di bién tinh dbi voi 16S rDNA cho thay hdn hop SRB khéi dong gdm ba nhom SRB
chinh 1& Desulfovibrio, Desulfomicrobium va Desulfobulbus spp. Sau khi vén hanh én dinh, chi co
Desulfovibrio spp. thich nghi va chiém wu thé trong bé sinh hoc khir sulfate. Két qua nghién ctru 1a co s6 ban
déu dé trién khai (mg dung cong nghé xur 1y AMD két hop v6i cac ngudn nudc thai c6 ham lwong hitu co cao,

thich hgp cho cac mo khai thac khoang san ¢ gan vung dan cu.

Tir khéa: AMD (acid mine drainage), Desulfovibrio, kim logi nang, khir sulfate, SRB (sulfate reducing bacteria)

MG PAU

Nudc thai acid (AMD) duogc coi la mdt trong cac
mdi de doa 16n nhat ctia hoat dong khai thac khoang
san téi moi trudng. Véi diac diém co pH thap (2 — 4)
va ham lugng kim loai nang cao (vai nghin ppm),
AMD c6 anh huong lau dai dbi v6i hé nude mat va
nudc ngﬁm, lam cho nudc tai cac khu vuc bi anh
huéng truc tiép c6 pH bang 4 hodc thip hon, hoa tan
nhiéu kim loai nang nhu sat, déng, nhom, cadmium,
arsen, chi, thuy ngan...(Watzlaf et al., 2003).

Nganh khai thac khoang san & nudc ta chiém vi
tri quan trong trong nén kinh té, dong gop téi 5,6%
GDP. Tuy nhién cac mdi nguy hai do 6 nhiém nudc
thai tir cac mo khai thac dang dugc dat ra & mirc bao
dong (Bao cdo Panh gia moi truong chién luoc Quy
hoach phat trién nganh ctua Tap doan Cong nghiép
Than va Khoang san dén nam 2020). Téng luong

nudce thai tr mé nam 2009 ude tinh 12 38.914.075 m® s

tuy nhién con sd nay chua phan anh diy du thuc
trang do chua tinh dén lugng nudc rira troi kha 16n tu

c4c bai thai moé (HO Sy Giao, Mai Thé Toan, 2010).

Dic diém cia AMD la ¢6 pH thép, nong do
sulfate va kim loai cao vugt mirc cho phép nhiéu lan
va muyc dich cua cdc cong nghé xu ly AMD la nhim
giai quyet ba yéu t6 nay. Bién phap sinh hoc sir dung
vi khuan khir sulfate (SRB) dé xir Iy nudc thai ¢6 ham
lugng kim loai nang cao dugc dua vao ap dung tir
nhitng nam 1950 (Sheoran ef al., 2010). SRB la cac vi
khuan sinh truong ky khi, sir dung sulfate 1am chét
nhén dién tir cudi cting dé oxy hoa hydro hay cac hop
chat hitu co va tan thu ning lugng cho muc dich sinh
trueong: 2CH,0 + SO,> + H' — H,S + 2HCO5 (Rabus
et al., 2006). Cac san phim trao ddi cht cia SRB
(nhu H,S va 2HCOs) c6 tac dung trong viéc xu ly
AMD, trong d6 sulfide hoa tan s& tao phan tmg két tia
voi phan 16n kim loai trong AMD (H,S + Me*" —
MeS + 2H"), dong thoi ting pH; cac ion bicarbonate
thi 1am ting pH va tinh kiém cta nudc thai (Sheoran
et al., 2010). Phan 16n cac kim loai chinh cia AMD
duoc loai khoi nude thai dudi dang két tiia voi sulfide
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(Gadd, 2004; Zagury et al., 2007). Ngoai ra, khi pH
trong moi trudng tang (nhd cac san pham trao doi chét
tir qué trinh khir sulfate), nhiéu kim loai con bi tia &
dang hydroxide (Gadd, 2004).

Trong bé xir Iy bang SRB, ngudn cacbon hiru co
can thiét cho qua trinh khir sulfate can dugc cung
cép ¢ muc phi hop, & dang cac hop chét carbon don
gian nhu methanol, lactate (Logan et al., 2005) hay
cac hop chét cao phan tir nhu tinh bot, cellulose &
trang thai tan chdm vao moi truong (nhu vo trau,
rom ra) (Doshi, 2006). Trong mot so truong hop, cac
ngudn nude thai co thanh phan carbon hitu co phu
hop ciing ¢6 thé duoc bd sung vao bé phan ng dé
dam bao qua trinh khir sulfate xay ra & mic toi uu
(Zagury et al., 2007).

Bién phap sinh hoc st dung SRB dé& xu Iy
AMD dugc quan tam do tinh an toan (khong gay 6
nhiém tha cap nhu phuong phéap hoa hoc), chi phi
thap, c6 thé tan dung mot s loai phé thai va dé
dang trién khai & nhiéu diéu kién dia hinh khac
nhau, it ¢6 nhu cdu vé nang lugng ciing nhu yéu té
con nguoi trong qua trinh van hanh. Bén canh do,
bién phap nay cling c6 mot so yéu diém, trong do
ndi bat nhat 1a tinh khong 6n dinh ddi véi luu
luong thai 16n va dam diac, co thé bi anh hudng
cua thoi tiét, yéu cdu vé dién tich kha 1on. Mic du
vay, xét vé tong thé bién phap xir Iy AMD sir dung
SRB van dugc danh gia l1a cong nghé hiru hiéu, co
hiéu qua cao vé kinh té (Doshi, 2006).

O Viét Nam, SRB di duoc quan tim nghién ciru
dua vao ung dung trong xir ly nudc thai co6 ham
lugng kim loai cao nhu nude thai tir lang nghé (Kieu
Quynh Hoa et al., 2003), xtt ly nuéc thai nhiém chi
cao (Kiéu Thi Quynh Hoa et al., 2013). Nghién ciru
bude diu cho thdy bé phan (g sinh hoc khir sulfate
dé loai cac ion kim loai trong nudc thai dudi dang
sulfide két tiia co thé duoc thiét 1ap thong qua qua
trinh 1am giau SRB tryc tiép tir ngudn nudce thai tai
chd, st dung chit hiru co tir phéan trdu bo dugc dua
vao nhu nguén SRB ban dau. Tuy nhién cac nghién
clru con chua dé cap dén viée chii dong tao ra ngudn
SRB thich hgp cho bé phan tng khir sulfate. Bén
canh d6, st dung cac ngudn chit thai/nude thai co
ham luong hitu co cao dé bd sung vao bé xur Iy nhu
ngudn cacbon va ning lugng cho qua trinh khir
sulfate ciing 1a van d& can nghién ciru.

VAT LIEU VA PHUONG PHAP
Lam giau tao nguon SRB khéi dong

Vi khudn khtr sulfate dugc 1am giau tir mau bun
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cia hé théng xtr Iy nude thai ché bién thuy san tai
Binh Duong trong méi truong khoang nudc ngot ky
khi (thanh phan trong 1 L gom co: Na,SOy, 4 g;
NaCl, 1 g; MgCl,.6H,0, 0,4 g; CaCl,.2H,0, 0,15 g;
KCI, 0,5 g; MgS04.7H,0, 0,25 g; NH4Cl, 0,25 g;
KH,PO,, 0,2 g), co bd sung hén hop vitamin va vi
lugng (Widdel, Bak, 1992) theo ty 1¢ 1 ml/L va Na-
lactate (10 mM) la ngu(‘”)n carbon va dién tir duy nhat.
Mau lam giau dugc dat nudi tinh trong t01 tai 28°C,
chy chuyén sang moi truong tuoi sau mdi 7 ngay.
Sinh truong ciia SRB trong mau dugce danh gia thong
qua ham lugng sulfide tao thanh.

Phén tich thanh phin SRB trong miu lam giau

Thanh phan vi sinh vat trong mau lam giau dugc
phan tich thong qua phwong phap dién di bién tinh
doan V3-V5 ciia 16S rDNA. Theo d6 DNA tbng sb
clia mau lam giau dugc tach chiét theo phuong phap
do Zhou va cong su (1996) mé ta voi cai bién vé
ndng d6 dém phosphate (ting tr 100 mM 1én 120
mM) trong dém tach (gém: 100 mM Tris (pH 8);100
mM EDTA (pH 8); 120 mM dém phosphate
(Na,HPO4/NaH,PO,); 1,5 M NaCl; 1% CTAB).

Vung V3 - V5 cta 16S rDNA véi d6 dai 550 bp
duogc khuéch dai trong phan tng PCR sir dung cip
mdi GM5F (CCTACGGGAGGCAGCAG)-GC va
907R (CCGTCAATTCCTTTRAGTTT) (Muyzer et

1993) Touch-down PCR véi nhiét do gan mdi
giam dan tir 65°C t6i 55°C dugce su dung dé tang do
dac hiéu va giam sy hinh thanh cic san phdm phu
(Muyzer et al., 1993).

Dién di dugc tién hanh trén gel polyacrylamide
6% v6i dai bién tinh urea/formamide tir 30% dén
60%. Qua trinh dién di dugc thyc hién bing bo dién
di Dcode™ System (BioRad) trong dém TAE, &
nhiét 46 60°C, tai 200 V, trong 3,5 gio. Sau khi dién
di, gel polyacrylamide dugc nhudém trong dung dich
ethidium bromide (5 mg/ml) trong 30 phut, sau d6
rira nude va chup anh dudi tia UV trén may GelDoc
(BioRad). Céc bang dién di dai dién dugc cét, rira va
thoi trong nudc qua dém tai 4°C. Dich théi DNA
dugc ding lam khuén dé thyc hién phan tng PCR
nhu chu trinh nhiét ciia phan ing PCR cho DGGE
v6i cap mdi GMSF (khong c6 kep GC) va 907R. San
phim PCR sau d6 dugc tinh sach bing PCR-
purification Kit (Bioneer, Han Qubc) va giai trinh ty
v6i ABI Prism BigDye Terminator cycle sequencing
kit va doc trinh ty trén may ty dong 3110 Avant
Applied Biosystems. Trinh tu gen sau d6 dugc phan
tich, so sanh véi trinh tu 16S rDNA cua cac loai cé
lién quan hién di cong bd trén Database
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DDBJ/EMBL/GenBank str dung phin mém BLAST
Search. Cay phan loai dugc dung theo phuong phap
neighbour-joining (Saitou, Nei, 1987), trong d6 dinh
dang cay dugc tién hanh da trén 1000 phép so sanh
da chiéu (Felsenstein, 1985).

Xic dinh nong d¢ sulfide

Ham lugng sulfide trong dich nuéi SRB dugc
xac dinh theo phuong phap do Cord-Ruwisch (1986)
mo ta, dva trén nguyén Iy phan tng giira ion S* voi
jon Cu®" tao CuS c6 mau nau den dang huyén phu,
do dugc nhanh & budc song 480 nm. Pudng chuan
dugc xay dung cho diy dung dich Na,S c6 ndng do
tr 0 — 20 mM.

Xic dinh ham lwong Fe**

Ham lugng Fe?" dugc x4c dinh b?mg thudc thu
phenanthrolin theo phuong phap chuan DIN 38406
E1-1 (1983). M6 ta ngin gon phuong phap nhu sau:
Mau sau khi thu dugc ha pH téi 1 bang dung dich
H,SO, lodng (1% thé tich). Thém vao 50 ml miu 5
ml dung dich ammonium acetate 5,2 M va 2 ml dung
dich hydroxyl ammonium chloride 1,4 M, tron déu
bang vortex (hdn hop can co pH nim trong khoang
3,4 - 5,5, t6i wu 1a 4,5). Sau d6 thém 2 ml dung dich
phenanthrolin 21 mM, trén déu rdi thém nudc cho
t6i 100 ml, tron déu va giit & nhiét d6 phong trong 15
phat. Do mau tai buge song 510 nm, duong chuén
dugc tién hanh voi nong d6 Fe(Il) tir 5 - 50 uM.

X4c dinh ham lwgng sulfate

Ham luong sulfate dugc xac dinh theo trong
luong BaSO, két tia trong phan tmg giita 1 ml mau
v6i thé tich twong dwong dung dich BaCl, 0,2 M va
HCI 0,2 M sau khi loc va siy kho toi mirc trong
lwong 6n dinh.

Xac dinh ham lwgng COD va nitrogen tong s6

Ham lugng COD dugc xac dinh theo phuong
phap chuin TCVN 6491:1999; Nitrogen tong b
dugc xac dinh theo phwong phap chuin TCVN
8557:2010.

KET QUA VA THAO LUAN

Lam giau SRB

Ngudn mau sir dung dé lam giau SRB 1a nudc
tang day trong hd sinh hoc xtr Iy nudc thai tir nha
may ché bién thuy san ¢ Binh Dwong. Mau c6 mau
xam den, nang mui sulfide va pH ¢ mac ~6,5. Vi
khuén khtr sulfate (SRB) dugc 1am giau tir mau nude

thai trong binh serum 100 ml chira mdi truong
khoang dich thé c6 sulfate (28 mM) lam chét nhan
dién tr duy nhét va Na-Lactate (10 mM) 1 chat cho
dién tir. pH moi truong trong thi nghiém lam giau 1a
6,5 — 6,8, nhiét d6 nudi ciy 1a 30°C.

Su sinh truong cua SRB trong cac mau lam giau
duoc nhan biét sau 5 — 7 ngay nudi cdy théng qua
san phim trao ddi chét sulfide (Hinh 1) trong phan
ling tao két tua CuS mau ndu voi dung dich CuCl,.
C6 thé thay rang luong sulfide sinh ra trong mau lam
glau tang dan qua mdi lan cay chuyen dat mtc kha
6n dinh (~ 11 mM) tai cac lan cdy chuyén thir ba va
bbn, chig t6 SRB da dugc lam giau va tich liy &
mirc dat can bang vé cdu tric quan xi va hoat tinh
khir sulfate trong mau lam giau.
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Hinh 1. Ham lugng sulfide (mM) xac dinh trong mau lam
giau & céac lan cay qhuyén khac nhau sau 7 ngay nuéi (gia
tri trung binh cda 2 lan do).

Thiét ké md hinh bé sinh hoc khir sulfate va vin
hanh xir Iy AMD két hop nwéc thai chin nudi

M5 hinh xtr Iy gdm ba bé ndi tiép co thé tich 1 lit
mdi bé (téng thé tich 1a 3 lit), trong d6 bé s6 1 lam
chtre ning diéu hoa, chira d4 dam (~1/3 thé tich); bé
50 2 12 bé sinh hoc khir sulfate dugc dat gia thé (phoi
bao va da dam, toi ~1/3 thé tich) va bd sung ngudn
SRB tir mau lam giau E4 (theo ty 18 5% thé tich bé)
va bé s 3 cudi cung 1a bé ling trudc khi nudc thai
dugc dua ra ngoai moi truong (Hinh 2).

Ngudn AMD dugc thu thap tir mé than Trang
Khé & Quang Ninh c6 pH ~4, ndng d6 Fe** 1a 286
mg/l va néng do sulfate 1a 1886 mg/l. Ham lugng
carbon cua nudc thai AMD rét thip, khong phu hop
cho sinh truéng cua SRB, theo d6 nudc thai sau
biogas cua trang trai nudi lgn thit c6 thanh phén
COD 1a 1066 mg Oo/L va thanh phan nitrogen téng
s6 1a 88 mg/L dugc ddng thoi bd sung vao bé xir ly
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theo ty 18 30%. Nhu vay hdn hop nudc thai dau vao
quy trinh xir Iy ¢6 pH 4,2 v6i ndng d6 Fe** 1a 200
mg/l, ndng d6 sulfate 1a 1320 mg/l, COD 320 mg
O,/L va nitrogen tong s6 & muc 22,4 mg/L. Nudc
thai duoc chuyén qua cac bé xur Iy theo nguyén ly
chay tran, trong d6 tir bé s6 1 sang bé sb 2 1a dong

Nguyén Thi Hai & Dinh Thuy Hang

chay hudng day, con tir bé sé 2 sang bé s6 3 1a dong
chay tran bé mat. Thi nghiém dugc tién hanh theo
hai ché do mé va lién tuc, hiéu qua xt 1y duoc danh
gi4 qua thay d6i cta gi4 tri pH, ndng do sulfate ciing
nhu Fe' tai cac diém ldy mau sau bé khir sulfate (bé

s6 2) hodc bé ling (bé 6 3).

Hinh 2. M6 hinh xt& ly AMD trong phong thi nghiém. A — So dd mo hinh; B — M6 hinh thyc té; 1) B& trung hoa chira AMD
d4u vao; 2) B& sinh hoc khir sulfate; 3) B& lang chira nwéc thai dau ra.
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Hinh 3. X& ly AMD két hop nwéc thai chan nudi trong mé hinh bé sinh hoc khir sulfate van hanh theo mé. A — Khir sulfate

trong nwéc thai; B — Loai Fe* trong nwéc thai.

O thi nghiém van hanh theo mé, nudc thai duoc
dwa vao bé s6 1 va chay tran sang bé s6 2 vai toc do
dong chay 80 ml/h (tuwong duorng 1,92 lit/ngay) r01
dirng lai, theo d6 nuéc thai duoc gitr lai trong bé s 2
trong thoi gian 7 ngay dé danh gia qua trinh thich
nghi va xir Iy do vi khuan khir sulfate tai day (Hinh
3). C6 thé thdy rang pH cuia nudc thai da tang tir 4,2
dén 5 ngay sau 12 h tiép xuc voi bé sé 1 va 2 nho tac
dung ctia d4 dam c6 ban chat 1a d4 voi tai cac bé nay,
pH dat muc ~6,8 & ngay ther 4 khi qua trinh khur
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sulfate bt ddu dugc kich hoat. Trong khi d6 qua
trinh khir sulfate chi dién ra tich cuc sau ngay thu 4
do SRB bd sung tir dich 1am giau doi hoi thoi gian
thich nghi v6i moi truong trong bé xir Iy va phat
trién. Sau 4 ngay, pH van tiép tuc ting nhe do san
phim trao ddi chét sulfide dugc tao ra tir quéa trinh
khr sulfate.

Twong tu nhu sulfate, qua trinh loai Fe** ciing chi
dién ra tich cuc sau 4 ngay (Hinh 3B), song song v&i
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qué trinh khir sulfate nho két tia & dang sulfide kim
loai. Trong 4 ngay dau, ham lwong Fe** ¢6 giam nhe
do pH ting, tao diéu kién cho qua trinh oxy héa Fe*'
thanh Fe’ tich ra khoi dung dich & dang két tia oxit
sit Fe;04 c6 mau vang nau (Hinh 2B). Nhu véy, qué
trinh x1r 1y sinh hoc khir sulfate thyc sy chi dién ra tir
ngay thir 4 trg di va trong thoi gian 3 ngay hé thong da
loai dugc 73% sulfate va 86% Fe**. Ham lugng COD
trong nudc thai sau 7 ngay con & mirc thap la 12,7 mg
O,/ml, ching t6 SRB trong hé théng da sir dung COD
mdt cach tich cuc cho qua trinh khir sulfate.

Sau 7 ngay la thoi gian thich nghi va 6n dinh

hoat tinh khur sulfate cia SRB trong mo hinh tai
nghién ctru ndy, nudc thai duge tiép tuc dwa vao md
hinh v6i tbe d6 thap hon, & mirc 60 ml/h va van hanh
theo ché d¢ lién tuc. Tai vén tbc dong vao nay, thoi
gian luu cla nudc thai trong mo hinh dat ~48 h. Hiéu
qua xu ly nudc thai trong moé hinh dugc danh gia
thong qua phan tich cac gia tri pH, ham lugng sulfate
va ham lugng Fe*' trong nudc thai tai ddu ra sau bé
s0 3 (Hinh 4). C6 thé thay ring sau khi SRB trong bé
sinh hoc di én dinh hoat tinh khir sulfate, voi thoi
gian luu ~48 h nudc thai sau khi qua mo hinh xur ly
loai dugc 74 — 77% sulfate va 85 — 88% Fe®'.
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Hinh 4. X& ly AMD két hop nwéc thai chan nudi trong mo hinh bé sinh hoc khir sulfate van hanh lién tuc voi thoi gian lwu

cta nwéc thai trong mé hinh la 48 h.

Luong sit thip nhét do dugc & nudc thai dau ra
1a 24 mg/L (hiéu sudt xir 1y dat 88%), tuy nhién van
con cao hon quy dinh d6i v6i nudce thai (5 mg/L theo
QCVN40-2011). Theo cac nghién ciru di cong bd vé
xit Iy AMD bang bé sinh hoc khir sulfate, ngudng
gidi han cho ham lugng kim loai (trong do cé Fe)
trong nudc thai ddu vao 1a rat cao, c6 thé tdi > 1000
mg/L (Costal, Duarte, 2005; Zugury et al., 2006;).
Nhu vy ¢ day khong c6 hién tuong trc ché SRB do
ham lugng kim loai nang cao. Qua trinh xir 1y chua
dat hiéu qua t6i da c6 thé 1a do (i) thiéu COD hodc
(ii) thoi gian luu ctia nudce thai con ngén.

O céc bé sinh hoc khir sulfate truyén thong ding
trong xtr Iy AMD, ngudn COD cho qua trinh khir
sulfate ludn dugc cung cap & mirc du tir phan trau bod
va rom ra (Zagury et al., 2007); bén canh do thoi
gian luu ciia nude thai ciing thuong rat dai (10 ngay
dén 2 tuﬁn) (Kieu Quynh Hoa et al., 2003; Zugury et
al., 2006) dé dam bao nudc thai ra c6 ham lugng kim
loai nang dat mtc quy dinh. Trong nghién ctru nay,
SRB dugc lam giau trudc d6 trong didu kién thich
hop véi AMD da dugc st dung thay cho phan trau
bo dé khoi dong bé sinh hoc khir sulfate. Vi cach

nay, qua trinh thich nghi va sinh truéng cua SRB da
duogc rat ngin dang ké, tir 3 — 4 tudn (Kieu Quynh
Hoa et al., 2003; Zagury et al., 2007) xudng con 4
ngay. Nghién ctru ciing cho thdy, ngudn nudc thai c6
ham lugng hitu co cao nhu nudc thai chian nudi co
thé dugc két hop xir 1y cung véi AMD cho hiéu qua
cao va theo kinh nghiém rut ra thi ty 1& phdi tron cua
nuée thai nay trong hdn hop dau vao c6 thé dugc
diéu chinh cho phu hgp v6i ham lugng kim loai ning
trong nudc thai dé dam bao hiéu xuét xir 1y dat mirc
to1 uu.

Phén tich thanh phin SRB trong miu lam giau va
trong beé sinh hoc khir sulfate

DPé co thé st dung quan xi SRB duoc tao ra
trong qué trinh lam giau cho bé sinh hoc khir sulfate
mdt cich bén vimg, thanh phan vi khuan trong mau
lam giau E4 (lan cy chuyén thir tw) dugc phan tich
dya trén tinh da dang cuta trinh tu 16S rDNA phéan
tach trén gel dién di bién tinh. Bén canh d6, quan xa
vi khudn trong bun bé sinh hoc khir sulfate (bé s6 2
cuia md hinh xtr 1y) cling duoc phén tich va so sanh
v6i mau lam giau (Hinh 5).
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Qué trinh lam gidu di tao ra mot quin xa vi
khudn v6i mot sb nhém chiém wvu thé, thé hién qua
céc biang dam nét trén gel dién di bién tinh. Cit bang,
tach DNA, giai trinh tu va so sanh véi ngan hang dir
liéu GenBank cho théy SRB thudc cac chi
Desulfomicrobium, Desulfobulbus va Desulfovibrio
chiém vu thé trong mau lam giau E4. Ca ba chi nay
déu gdm cac loai vi khudn c6 kha ning oxy hoa
lactate, tuy nhién theo hai hudng (i) oxy hoéa khong
hoan toan (dung lai ¢ acetate) nhu Desulfovibrio
hoac (i) oxy hoéa hoan toan (t61 CO;) nhu
Desulfomicrobium va Desulfobulbus. V&i thanh phan
SRB kha da dang theo nhu két qua phan tich nay,
méu lam giau E4 co tiém ning tot trong tmg dung

E4

Desulfomicrobiumsp. —>8
Desulfobulbus sp.

Desulfovibriosp. —

Nguyén Thi Hai & Dinh Thuy Hang
cho bé sinh hoc khir sulfate dé xir Iy nudc thai AMD.

Trong bé sinh hoc khir sulfate ciia mé hinh xir ly,
nhom Desulfovibrio spp. tuong tu nhu trong mau
lam giau E4 cling dugc tim thdy dong vai tro chiém
wu thé. SRB thudc chi Desulfovibrio c6 kha ning
thich nghi v&i cac méi truong cd cac yéu td 1y hoa
nim trong bién d6 dao dong 16n, do vdy thudong
chiém s6 doéng va dong vai trd quan trong trong cac
hé théng xit Iy AMD (Doshi, 2006). Trong khi do,
cac dai dién cua Desulfomicrobium, Desulfobulbus
spp. trong mau lam gidu E4 da khong thich nghi
duoc vé&i diu kién van hanh ctia mo hinh va khong
con chiém uu thé trong bé sinh hoc khir sulfate.

MH

g W < Desudfovibriosp.

Hinh 5. Gel dién di bién tinh (DGGE) biéu dién thanh phan vi khuan trong mau l1am giau E4 va bun t& bé sinh hoc khir
sulfate trong mé hinh (MH) thong qua tinh da dang ctia doan 16S rDNA.

KET LUAN

M5 hinh xir Iy AMD két hop nuéc thai chan
nudi bang bé sinh hoc khir sulfate van hanh theo ché
do lién tuc véi thoi gian luu ciia nude thai 1a 48 h dat
hiéu xuat xir 1y 88% d6i v6i thanh phin Fe*" trong
nuée thai. Hon hop SRB gdm Desulfovibrio,
Desulfomicrobium, va Desulfobulbus spp. tao ra qua
quéa trinh lam giau tir nudc thai ché bién thiy san
trong moi truong chira lactate (10 mM) va sulfate
(28 mM) lam chét cho va nhan dién tir duy nhit dugc
dung lam vi sinh khéi dong cho bé sinh hoc khu
sulfate, rit ngén thoi gian khoi dong mot cach dang
ké. Két hop xur Iy nu6e thai chan nudi ¢ ham luong
chat hitu co cao voi AMD theo cong nghé bé sinh
hoc khu sulfate co thé khic phuc dugc dic diém
thiéu hut ngudn cacbon va ning lugng cho SRB sinh
trudng. Két qué nghién ctru nay 1a tién @& dé trién
khai cong nghé xu ly AMD két hop mot cach linh
hoat v&i cac ngudn nudc thai/chit thai giau hitu co
khac dé dat hiéu qua cao, phu hop véi diéu kién &
nhiéu khu vuc khai thac mo gén noi sinh hoat cla
dan cu.

Loi cdm on: Nghién ciru duqc hé tro kinh phi tir dé
tai QG.15.33 cua Pgi hoc Quoc gia Ha Noi.
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ELIMINATION OF IRON FROM ACIDIC MINE DRAINAGE (AMD) IN THE CO-
TREATMENT WITH POULTRY WASTEWATER THROUGH A SULFATE-REDUCING

BIOREACTOR

Nguyen Thi Hai, Dinh Thuy Hang™

Institute of Microbiology and Biotechnology, Vietnam National University Hanoi

SUMMARY

Acid mine drainage (AMD) is contaminated water from mining indistry, characterized by low pH (1 — 4)
and high concentration of heavy metals (up to thousands ppm). AMD is highly toxic to aquatic life and soil
ecology surrounding the mining areas, therefore should be treated adequately before discharging to the
environment. The treatment technology based on sulfate-reducing bioreactors has been applying widely with
high efficiency. Sulfate-reducing bacteria (SRB) stand at the central point of the technology, use hydrogen and
organic carbons to reduce sulfate to sulfde, that involve in metal precipitation and pH neutralization. For
establishing the technology, sources of SRB as well as organic substrates neccesary for the bacteria should be
acquired from outside. In many cases, these two requirements can be supplied from cow manure and
agriculture residues (such as rice straws) added to the bioreactor before operating. In the present study, a mixed
culture of SRB enriched from aquaculture-processing wastewater was used to start up the sulfate-reducing
bioreactor for the AMD-treatment laboratory model. Cotreatment of AMD and poultry wastewater in this
model operated under continuous mode with retention time of 48 h allowed to remove 85 — 88% Fe®' in the
AMD (from the original concentration of 200 mg/L). Study of the bacterial community via DGGE analyses of
the 16S rDNA fragments showed that the enrichment culture consisted of three main SRB genera
Desulfovibrio, Desulfomicrobium and Desulfobulbus spp., whereas in the sediment of the bioreactor only
Desulfovibrio spp were found dominating. The obtained results would serve as basis for the development of
biological-based technology to treat AMD together with organic-rich wastewater sources, suitable for mines

located closely to residential areas.
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