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Toém tat - Xt ly nwéc ngdm nhiém phén sét thong qua phan (ng két
tha gitra ion st hoa tan va ion sulfide tao ra bai vi khuan khir sulfate
(sulfate-reducing bacteria - SRB) dang thu hit sy quan tdm clia nhiéu
nha khoa hoc trén thé gii bai hiéu qua xt Iy cao, kinh té va an toan véi
méi trwdng. Trong nghién ctu nay, chung tdi tién hanh khao sat hiéu
qua x& ly nwéc sinh hoat bi nhim phén sét bang bé ky khi stv dung
chiing vi khuan khir sulfate dwoc phan 1ap tir phan gia stc. Két qua thi
nghiém cho thdy sau 8 ngay x& ly pH clia mau nwéc nhiém phén st
tang tr 3,8 1&n 7,4; ham lwong H2S trong nwéc tang 1én gép 2 1an va
ham Iwong ion sét [Fe2+] giam di 2 1an. Két qua thi nghiém mé ra mot
phwong hwéng kha quan trong xt Iy nuéc sinh hoat va cac ngudn
nwéc bi nhiém phén khac, gitip nang cao chét lwong cudc séng

T khéa - vi khudn khir sulfate - SRB; nuwéc ngam; phen sat;
phan gia suc; bé UASB; ky khi

1. bat van dé

Su gia ting manh cac nha mdy, xi nghiép cung voi su
tang truong déan s0 dd 1am cho nhu cu nudc sinh hoat ciia
cac qubc gia ngay mot gia tang. Song chinh dleu nay la
nguyén nhan gy ra 6 nhiém cac nguén nude ngam, nudc bé
mit... Vin d& bao vé va xtr Iy cac ngudn nudce bi 6 nhiém da
duoc nhiéu nudc quan tim, trong d6 c6 Viét Nam [1].

Theo Tong cuc moi truong, BO Tai nguyén va Moi
truong thi ¢ nude ta, nuée ngdm chiém khoang 35% dén
40% tong lwong nude sinh hoat cua nguoi dan. Ngoai ra,
no6 con la ngudn nude quan trong cua nganh néng nghiép
va cong nghiép. Cu thé, ca nudc hién nay c6 khoang gén
300 nha may c6 sir dung nuéc ngdm dé bién nguon tai
nguyén thién nhién nay thanh san phim phuc vu cudc
song cua con nguoi. Cung véi do 1a vo van cac giéng dao,
giéng khoan tu phat cia nguoi dan ving néng thon tiép
can véi ngudn nude ngam dé phuc vu san xuét, tudi tiéu
va sinh hoat. Véi trit lugng khai thac dat chung 20 triéu
m3 mdi ngdy, c6 thé ndi ddy 1a ngudn tai nguyén cuc ky
quan trong trong doi song sinh hoat cong dong [2].

Mot trong cic nguyén nhan 6 nhiém thuong gap, do la
nudc song ngdi va nude giéng khoan bi nhidm phén sat
(KFe(S04)2212H20) nang. Pay cling chinh 1a nguyén nhan
gay ra nhimg tac dong x4u dén sinh hoat, san xuat ciia con
ngudi ciing nhu céc van dé méi trudng lién quan [3].

Cac phuong phép chu yéu dugc tmg dung dé xir ly
nudc nhiém phén st 1a phuong phép hoa - 1y nhu dung
tro bép, khir bang voi, hay xir Iy bang cac chit oxy hoa
manh (Cl, KMnOy, O3) di kém véi dung hé thong loc
nuéc..., tuy nhién cac phuong phap nay kha tén kém va

Abstract - Treating alum groundwater via precipitation reaction
between dissolving iron ion and sulfide ion created by sulfate
reducing bacteria-SRB is attracting interest of many scientists in
the world because of high treatment efficiency, economy and
environmental safety. In this study, we investigate efficiency of
treating domestic alum-infected sewage by anaerobic tank and
sulfate reducing bacteria-SRB. After eight days treating,
experimental results have shown that pH value of sewage
sample increased from 3.8 to 7.4, H2S content increased twice
and Iron ion [Fe2+] decreased twice.The experimental results
open a promising direction in treatment of water and other alum-
infected water sources to improve the life quality.

Key words - sulfate reducing bacteria-SRB;ground water; alum;
cattle dung; UASB (Upflow anearobic sludge blanket); anaerobic.

khong an toan, thuong gy ra nhiing van dé 6 nhiém thir
cap. Trong nhimg ndm gan day, phuong phap xu ly nude
nhiém phén sit bang vi khuan khir sulfate (SRB) thu hat
Sy quan tam cua nhiéu nha khoa hoc trén thé gidi va dat
dugc nhimg thanh cong nhat dinh [3]. Phuong phap nay
duya trén kha nang khir ion sulfate (SO4%) dong thoi oxi
héa cac hop chit hitu co (lactate, acetate, ethanol,
methanol), tao ion sulfide (H.S, HS", S%) cua vi khuan
SRB. lon sulfide két hgp véi ion sit hoa tan trong nudc
tao két tia du6i dang sulfide bén ving [4, 5]. Phan tng
loai bo st cua vi khudn SRB st dung lactate dugc mo ta
nhu sau:

2CH3;CHOHCOOH + 3 SO4% — 3H,S + 6 HCOg"
Fe?* + HS — FeS| + 2H*

Uu diém cia phuong phap nay 1a gid thanh xu 1y phu
hop, khong tao hoéa chat ton du gdy 6 nhiém thu cap,
luong cédn tao ra tir ket tua sulfide khong dang ké. Trong
nghién ctru nay, chung tdi tién hanh khao sat hi¢u qua xu
1y nudc sinh hoat bi nhiém phén sat ¢ dia ban xa Hoa
Nhon, Hoa Vang, Pa Nang bang chung vi khuan khu
sulfate (sulfate-reducing bacteria - SRB) dwoc phén 14p tir
phén gia suc.

2. Poi twgng va phwong phap nghién ciru
2.1. Péi twong nghién ciru

Mau nu6c nhiém phen sit dugc thu thap tir xa Hoa
Nhon, Hoa Vang, Ba Nang.

Chung vi khuan khtr sulfate dugc phan lap tir phan bo.

M0 hinh khdo sat kha nang khir phén sit bang chiing
vi khuan khtr sulfate.
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2.2. Phwong phap nghién ciru
2.2.1. Phuong phdp phdn ldp vi khudn khit sulfate (SRB)

Vi khuan khir sulfate (SRB) dugc phan lap theo 5
budc sau day [6]:

- Budce 1 - Lam giau SRB: SRB c6 trong mau phan bo
thu thap vé dugc 1am giau bang cach ciy vao binh serum
chiraméi truong dich thé ky khi giau chat hitu co, cho vi
khuan khir sulfate SRB véi ty 18 10%, nudi trong ta am
30°C. Cac lan céy truyén tiép theo dugc tién hanh sau 5
+7 ngdy nudi cay theo ty 1¢ 10% thé tich. Qua mdi lan ciy
truyén, so lugng vi khuan SRB trong mau dugc tang lén.

- Bu6e 2 — Phan lap SRB: Mau lam giau lan 2 dugc
dung d¢ phan lap SRB. Viéc phan lap duoc tién hanh theo
phuong phap pha loang trén ddy ong thach ban long (1%)
bang moi truong Posgate B cai tién[7] voi thanh phéan
(9/1): KH2PO4 0,5; KCI 0,5; NH4ClI 15; CaCl2 0,1; Na2SO4
1; MgSO4 1,5; lactat natri 4 (ml/l); cao nam men 0,5;
FeSO, 055, NaHCO; 0,5; axit thioglycolic 0,1; axit
ascobic 0,1; vitamin khac 1 (ml/l); thach 15; nuéc bién
200 (ml/1), nu6c may 800 (ml/1); pH 7 — 7,2. Ong thach
ban 16ng sau khi b6 sung ngudn vi sinh vat (10%) tir mau
lam giau duoc suc khi N2 va u ¢ tu thé dao nguoc tai 30°C
trong bong t6i. Khuan lac don phat trién trong cac ong
pha lodng duoc tich bang pipet Pasteur va chuyén sang
mdi truong dich thé.

- Budc 3 — Nhuom Gram: Sau khi céy hoat hoa, chung
SRB dugc nudi cdy trén moi trudng Posgate B cai tien.
Sau 24 gid nudi cdy, tien hanh nhuém Gram va quan sat
trén kinh hién vi quang hoc.

- Budc 4 — quan sat hinh thai té bao bang kinh hién vi
dién tir quét HITACHI S4800.

- Budc 5 — phan tich trinh tu gen 16S rRNA.

2.2.2. Phuong phap dinh luong vi sinh vt

Nhim xac dinh sb lugng VSV trén mot don vi tl}é
tich, chung t6i st dung phuong phap dém so lugng khuan
lac trén moi trudng dac.

Cch tién hanh:

- Chuin bj méi trudng, phan phdi vao dia petri twong
tu nhu phuong phap phan lap.

- Pha loéng méu dung dich nudi cy long véi cac ndng
do 102den 108,

- Nhé Iml dung dich & mdi do pha loéng vao dia petri,
dung que trang da khur trung trang déu trén bé mat dia. Lap
lai thao tac, 3 dia petri img véi moi nong do pha loang.

- Pay nép dia petri va nudi cdy trong tii 4m & 30 — 40°C.

- Sau 48 — 72h liy dia petri ra va chon nhitng dia petri
0 nong d6 pha lodng ma tai d6, so6 khuan lac trén dia petri
dao dong tir 20 — 200.

- Tinh s6 lugng CFU (Colony Forming Unit: don vi
hinh thanh khuan lac) trong 1ml mau dung dich & mdi do
pha loang theo cong thuec:

w, = Al

Trong do :
M;: téng s6 CFU trong 1ml miu dung dich & mdi do

pha lodng.

A : s khuan lac trung binh/ dia

Di: d6 pha lodng miu

V: dung tich huyén phu té bao cho vao mdi dia (ml)

Mét do té bao trung binh M trong miu ban dau la
trung binh cong cia M; & cac nong do pha lodng khac
nhau.

2.2.3. Xac dinh su thay d6i pH ciia mdu neée nhiém phén
sat bang mdy do pH (Hanna Hi 2210)

2.2.4. Xdac dinh ham leong H,S trong nucc nhiém phén
sat bang phuwong phdp chudn dé iot [8]

Duya vao phan tng oxi hoa khu giita S% va Iz khi cho
mot lu({ng du iot da biét trudc thé tich va néng do vao
trong mau nudc co6 chira H,S.

I, +HS=2HI+S

Sau d6 chuén do ngugc lugng du:‘iot béng dung dich
natrithiosunfat (Na,S,03) vai chi thi ho tinh bot.
2Na»S,03 + |, = NayS40¢ + 2Nal
2.2.5. Xac dinh tong sdt hoa tan bang phirong phép tric
phé dung thuoc thi 1,10-phenantrolin (DIN 38406 E1-1,
1983) [9]
Sét bi khir thanh dang Fe?* bang cach dun séi véi acid
va hydroxylamine, sau do6 dwoc xu ly véi 1,10-
phenantrolin. Ba phén tir phenantrolin tao phiC v6i moi
mot nguyén tir Fe?* tao thanh phirc chat c6 mau do- cam.
Fe(OH); + 3H*— Fe3* + 3H,0
4Fe® + 2NH,0H — 4Fe?* + N,O +H,0 +4H*

N/

‘/\_V/ \_/-Pe*—» \\

1,10-phenanthroline Phdc chit mdu cam

Phirc chat [Fe(phe)s]** ¢6 d6 hip thu quang hoc cao
nhat do & budc song (hmax) 510nm, cudng d6 mau khé bén
trong khoang pH tir 2,5 dén 9 va mau sic ty 18 véi ham
luong Fe (11).

2.3. M0 hinh khdo sdt khd néng xir Iy nwéc nhiém phén
sdt ctia vi khudn khir sulfate ky khi

20cm -+—20 cm—»

- .I!.F‘ U

Hinh 1. M6 hinh xit Iy me6e nhiém phen sdt trong phong thi nghiém
(1) Bé diéu hoa chira nwde nhzem phen sat dau vao; (2) Bé
UASB xit [y nue6e nhiém phén sdt bang vi khudn SRB phén IGp
tir phdn trau, bo; (3) Bé ling chira nude dau ra sau khi xir 1y.

Céc thong s6 cua bé UASB duge thiét ké nhu trén
Hinh 1 v&i tong chidu dai cua bé 13 75cm, chidu rong

W0 Op——»




16 Bui Xuan Béng, Pham Thj My, Trinh Thi My Hanh, Ha Ngoc Tuén, Lé Thi Hoang Linh, Nguy&n Thi Hoang Yén, Thai Van Kin

40cm va chiéu cao 40 cm.

i Nuc’rc’bi nhiém phén sit duoc cho vao bé didu hoa sb 1
dé lam lang Nm(f)t ) can sOi, cat co trong nuc’rc; Sau do
nu6e bi nhiem phen sat duoc chuyén sang bé ky khi
(UASB) s0 2 c6 chtra san mot 16p phoi bao phia dudi,
dong thoi bo sung dich lam giau vi khuén SRB sau lan
cay truyen tha 2 vao.

U trong diéu kién ky khi trong vong 8 ngay.
2.4. Phwong phdp xir ly sé liéu

Cac thi nghiém trong nghién ctru dugce 13p lai tbi ’thiéu
3 lén,’két qué dua ra la trung binh hodc cé tinh chat dai
dién tot nhat cho 3 lan thi nghiém.

~ Trong mot sb thi nghiém 6 s6 lan lap lai cao hon va
s0 li¢u dugc xur 1y thong ké. Gié tri trung binh (mean)
duogc tinh theo phuong trinh sau:

L%

Trong d6, x — 1a gia tri trung binh ctia mau; x; — 1a gid
trj ctia phép do thtr I; n-1a tong s lan do hay xac dinh.
3. Két qua nghién ctru va khao sat
3.1. Két qud sw thay déi pH ciia nwéc nhiém phén sit
theo thoi gian

Mau nuéce nhiém phén sit thu dugc tai x3 Hoa Nhon,
Hoa Vang, Pa Ning truéc khi dem di xtr I thi dwoc tién
hanh khao sét tinh chat. Két qua khao sat tinh chat nude
nhidm phén sét nhu sau: pH = 3,8, ndng do sit [Fe?*] = 57
mg/l; ham lugng H,S [H2S]= 45.7mg/l. Sau d6, mau nudc
duge dua vao xt Iy theo md hinh (Hinh 1). Sau 8 ngay
khao sat kha nang xir Iy nudc bi nhiém phén sit bang
ching vi khuan SRB vé&i mat do khoang 37x107 (CFUM) &
quy mo phong thi nghiém, nhan thay sy thay doi pH ciia
mau nudc nhu sau (Hinh 2).
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Hinh 2. D6 thi biéu dién sw thay déi pH ciia nude nhiém phén
qua 8 ngay xur ly

Nhu ching ta da biét, nuéc bi nhiém phén 1a nude co
pH thap. Két qua nghién clru cia cac nha khoa hoc cho
thay acid trong nudc phén & khu vyc nay la sulphuric
acid., dugc hinh thanh khi cac khodng sulfide (nhu pyrite,
FeSy) trong quang tiep xuc vdi oxy va nude [10].

Qué trinh oxy hoa khoang sulfide:

FeS; + 7/20; +H,0 — Fe?* + 25047 + 2H*

Dic diém cta nude bi nhidm phén sit: nude ¢ ham lrong
ion Fe?* cao, nudc co6 mui tanh va c6 nhiéu cin ban mau vang.

Vi khuén SRB thuc hién trao doi chat, oxy hoa cac
chét hitu co st dung sulfate 1lam chat nhan dién to cudi
cung [11]. Sy khu sulfate thanh sulfide tiéu thu 8 dién tir
va cic qua trinh sinh hoa théng qua nhidu budc trung gian
v6i sy tham gia cua nhidu enzyme [12; 13].Phan tng ¢
thé dwoc tom tit nhu sau [14]:

S04% — SOz — HSO3 —HS — SZ

Két qua tir Hinh 2 cho thdy gia tri pH trong ciia mau
nude nhiém phén sit sau 8 ngay xir Iy bang ching vi khuan
SRB da thay ddi tir 3,8 1én 6,8 sau 6 ngay va dat gia tri 7,4
sau 8 ngay. Trong khi d6, gi4 tri pH trong bé ddi ching
thay dbi khong dang ké, ting trong khoang 3,8 dén 4,35.

Nhu vay, gia tri pH cua nuée nhiém phén sét sau khi
duogc xir Iy bang ching vi khuin SRB nam trong khoang
trung tinh (7-7,4), thich hgp cho muc dich phuc vu sinh
hoat cta ngudi dan.

3.2. Két qud thay déi ham lwgng sulfate theo thoi gian

Cung v6i sy thay ddi pH ctiia mau nude nhiém phén
sit, trong qué trinh xur 1y, ham lugng sulfate ciing bién ddi
theo thoi gian. Ching t6i tién hanh khao sat thay d6i ham
luong sulfate thong qua viéc xac dinh ham lwong khi HoS
hoa tan trong hé thdng xtr Iy nudc thai dugc sinh ra qua 8
ngay xu ly (Hinh 3).
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Hinh 3. D6 thi biélf dién su tﬁay déi ham luwong H»S cua nuce
nhiem pheén sat qua 8 ngay xir ly

Két qua tir Hinh 3 cho thdy, sau 8 ngdy xu ly bing
chung vi khuan SRB ham lugng HaS ting gap 2 lan (ter
45,7 mg/l den 92,5 mg/l). Trong khi d6, & mau nudc doi
chimg — miu nuée xir 1y khong ding vi khuan SRB thi
ham lugng H,S tang 1én khong dang ké (tir 45,7 mg/1 1én
63,0 mg/l). Nguyén nhan cuaa su tdng ham luong H,S la
do vi khudn SRB st dung sulfate lam chit nhan dién tir
cudi ciing dé oxy hoa cac hop chét hiru co va tin thu ning
lugng cho muc dich sinh truong. Trong qua trinh d6, khi
H,S dugc sinh ra. Két qua nghién ctru trén day hoan toan
phu hop véi cac cong trinh nghién clru clia cac nha khoa
hoc trong nudc va trén thé gidi [3; 15].
3.3. Két qud sw thay déi néng dp ion sit trong nwéc
nhiém phén sau 8 ngay xir Iy

Nguyén nhan chu yéu cua nudce ngam nhiém phén 1a
do ham luong ion sét trong nudc ngam qua cao, va phan
bb khong dong déu gitra cac 16p tram tich dudi dat sau.
Trong nuwdc ngam, sit thuong ton tai & dang ion, sat co
hoa tri 2 (Fe?*) 1a thanh phan cta cac mudi hoa tan. Sit
(1) bicachonat 1a mot mudi khong bén, no dé dang thuy
phan thanh st (II) hydroxyt theo phan g sau:

FE(HCO)3)2 + 2H,0 — Fe(OH)z + 2H,CO3
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Néu trong nu6e ¢ oxy hoa tan, sat (II) hydroxyt s& bi
oxy hoa thanh sat (III) hydroxyt theo phan ting sau:
4Fe(OH); + 2H,O + O, — 4Fe(OH); |

Ham luong sit trong nudce cao s& tao ra mui tanh kho
chiu va c6 nhiéu cin ban ‘mau vang gy anh hudng x4u
dén chat luong nuére dn udng, sinh hoat va san xuat, lam
vang quan 4o khi gidt, 1am hu héng cac san pham cua
nganh dét may, gidy, phim anh, dd hop va lam giam tiét
dién van chuyén nudc cua duong éng vi cling véi nude
cling, sit c6 mot hop chit khong tan s& dong cin 1én bén
trong duong ong... [16].

Trong qua trinh xtr 1y nude nhiém phén sit vi khuén
SRB khtr ion sulfate (SO4%) ddng thoi oxi hoa cac hop
chét hitu co (lactate, acetate, ethanol, methanol), tao ion
sulfide (H,S, HS", S%) cua vi khudn SRB. lon sulfide két
hop v6i ion sit hoa tan trong nude, tao két tia dudi dang
sulfide bén vimng [4; 5] (Hinh 4).

FeS
A SRB
Fo2+
|
H,

Hinh 4. Qud trinh tao FeS bang vi khudn SRB
Sy thay d6i ham luong ion sit trong nuéc nhidm
phén sat sau 8 ngay xir Iy duoc thé hién & Hinh 5.

* Méu nwée thi nghigm % Méau nwéc di chiing
60 1% g
55 & 51.6
50 4
45 A
40 A
35 4
30 1 § 2 i =
25 ,L_M.____,.__-__,_.-L._,,__;_,__:_
0 1 2 3 4 5 6 7 8
Thaoi gian, ngay

[Fe*] (mg/l)

Hinh 5. Si thay doi ham liwong ion sdt trong mieGe nhiém phén
sat sau 8 ngay xu ly

Theo két qua nghién ctru & d6 thi Hinh 5, nhan thiy
rang, sau 8 ngay xu ly bing chung vi khuin SRB, ham
lugng ion sit trong mau nude thi nghiém giam tir 57 mg/l
xudng con 28,6 mg/l (giam 2 1in). Trong khi do, & mau
nuéc déi chimg (khong xir 1y bing vi sinh vét) thi ham
luong ion sit giam tir 57 mg/l dén 38,7 mg/l. Nguyén nhan
chu yéu dén dén su giam nay co6 thé 1a do ham luong ion
sat bi giir lai trong bé diéu hoa. Tuy nhién, ham lugng ion
sat trong mau thi nghiém giam manh hon. Piéu nay chimg
minh duoc hiéu qua xir Iy nudc nhidém phén bang vi khuan
SRB. Vi khuin SRB di cb dinh cac ion sit va lam ling
xudng day bé. Nhu vay dé loai bo sit chi can thu hdi cin
ling va dem di xtr ly dé thu hoi sit & dang c6 thé sir dung.

4. Két luan
Trong nghién ciru nay, tac gia trinh bay cac két qua thi

nghiém nham khao sét hi¢u qua xir Iy nudc nhiém phén sat
bang chung vi khuan khir sulfate phan l4p tir phan gia sic.
Két qua thi nghiém cho thiy sau 8 ngay xir Iy pH ctia mau
nude nhiém phén, sit tang tir 3,8 1én 7,4; ham luong HoS
trong nudc tang 1én gp 2 1an chimg minh ham lwong SO
da giam di sau qua trinh x{r Iy bang vi khuin SRB. Bén
canh d6, HzS ¢6 thé d& dang loai bo ra khoi nude vi ching
it tan trong nudc (HaS c6 lién két cong hoa tri khéng phan
cuc). Két qua nghién ctru cling chimg minh sau qué trinh
xir Iy bang vi khudn SRB ham luong ion sét [Fe?*] giam di
2 lan. Piém nay giai thich bang viéc vi khuan SRB da cb
dinh ion Fe?* va lam chung ling xubng bé UASB.

Trong nghién ctru tiép theo, nhom tac gia s& khao sat
kha ning sinh doc t6 cia vi khuin SRB va chimg minh
tinh an toan ctia ching ddi véi sirc khoe con ngudi nham
dua ché pham SRB vao tng dung trong thuc té. Pdng thoi
xac dinh anh huong cia vi khuan SRB dén cac chi sb
COD, BOD cuia nudc sinh hoat.
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