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TOM TAT

O nhm kim loai nang néi chung va chi noi riéng tac qua trinh khai thacinsan xuat
cong nghép, nong nghip... anh hrong nghiém tsng dén sinh it va con ngoi. Xt Ii kim loai
nang king céng ngh sinh hyc sr dung vi khuin khr sulfate (KSF) Hin dang thu hatuoc ar
quan tam nghiénua cia cac nha khoage boi hi¢u qui xur Ii cao, an toan va than &ni voi moi
truong. Tuy nhién, ki ning to sulfide a nhom vi khén nay chi yéu phu thusc vaodiéu kién
moi tredng nudi dy nhe ngwdn carbon (lactate, ethanol, acetate...),S@ pH. Vi \y, dé
nang cao Kéiu qui xt Ii, viéc nghién éu s dung phrong phap quy hach thec ngheém bing dap
rng b mat (RSM) dra trén kéu tam plirc hop (CCD) \6i cAc yu t anh hrong i kha nang ko
sulfide la @n thiét. Bing phrong phap RSM &i sy hd tro cia ptin mém DX7, khi ning to
sulfide @ia Fn hop ching vi khuin KSF phandp tir lang nglt tai cké chi Van Lam, Hrng Yén
duoc ti wu v6i 3 yéu t6 anh hrong chinh la lactate, SO va pH. Do c¢6 th nghién @u dong
thoi nhidu yéu t anh hrong, phrong phap quy hech thre nghiém khong nitng dem hi hiéu
qua cao ma con &t kiém thoi gian va chi phi sodi cac phrong phap nghiénia o dién chi cho
phép nghiéneu ting yéu t doc lap. Két qua ti vu cho thy ham krong sulfide a 14,2 mM khi
gia ti lactate, SGF va pH in luot 1& 53,41 mM, 22,64 mM va 7,54.éKqua nay cé th ung
dung dé thiét 1ap md hinh % Ii nuéc thai nhidm kim loai nang n6éi chung va nBim chi néi riéng
bang vi khiin khi sulfate.

Tir khéa:loai chi, ©i uvu hoa, vi khén khir sulfate, plrong phapdaptrng b mat, tao sulfide.

1. MO PAU

O nhém kim loai ning dang la ¥n dé mdi tnrong duge nhidu nude trén tié gisi quan tam.
Cung \6i qua trinh cong nghp hoa, cac kim lg nang nhr Pb, Cu, Cd, Zn, Ni, Hg... ngay cang
duogc thai nhidu ra moi toong. Trong 6 cac kim lai niang I trén, chiduoc xép vao nhém kim
loai doc hai nhat. Chi chi yéu duoc thai ra médi tirong do qué trinh khai thacdnhaat dong sin
Xuit, tai cké pin, ac quy, clit déo tng hop, on, thbe nd, muc in, ma dién khai thac ging...
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Chi xam nBp vao @ thé nguoi truc tiép quaduong ho lp, da hac gian tép qua chdi
tharc an gayuc ché mot enzyme quandng, lam Bi loan qua trinhdo huyét & tay, pha & qué
trinh tao hdng ciu, gay hi dén he than kinh, ntit 14 hé thin kinh dia té so sinh... [1, 2]. Vi vy,
viéc tim kiém phrong phap an toan vadi qua dé xa Ii nuéc & nhém chi la vin d cap thiét.

Cac phrong phap ch yéu duogc ar dung dé xur If nudc thai nhiém kim loai nang ndi chung
va chi ndi riéng la é taa hoa bc, traoddi ion, oxy hoa-ki, dién hoa, p phi bang thyc vat
thuy sinh, \at liéu sinh lvc... [3, 4, 5].

Tuy nhién, trong niing rém gin day, xi |i nudc thai nhidm kim loai ning bang vi khuan
KSF thu hat duge sy quan tdm éa nhéu nha khoa éc trén tié giéi boi nhitng uu diém vt troi
nhu gia thanh ¥ |i phu hop, khong 40 héa cht ton dr gay 6 nhdm thir cip, lwong cin tao ra tir
két tua sulfide bén vitng trong khéang pH ©ng & thu i va tai cit. Phrong phap nay gk trén
kha ning khir ion sulfate (S¢F) dong thyi oxy hda cac bp chit hiiu o (lactate, acetate,
ethanol, pyruvate...yo ion sulfide éa vi khiin KSF. Sautd, ion sulfide phan tmg vé6i ion kim
loai hoa tandoc hai tao két tua kim loai dudi dang mubi sulfide bén virng [6]. Co ché cua qua
trinh nay cho thy hiéu qua loai chi aia vi khuin KSF phu thugc vao hamitong sulfide do nhém
vi khuian nay to ra. Nghién 6u cho thy, sy sinh trong va to sulfide @a vi khiin KSF hi
chiu anh hrong manh ki thanh plin méi trong vadiéu kign nudi dy nhr ngwn carbon, S
va pH [7]. Vi Wy, viéc xacdinh anh hxéng aia trng >éu t5 lya chon ding nhr twong tacddng
thoi cia cac $u td naydén qua trinhdo sulfide la an thlet Trong nghién¢u nay, chung toits
dung phrong phapdap ung B mit (RSM) va pAn mém tin sinh ke DX7 dé t6i vu hoa ki
nang &o sulfide @a Hon hop ching vi khiin KSF thuduoc tir lang nglé tai ck chibong Mai,
Hung Yén théng qua nghiérire anh hrong aia cac yu t lya chon (lactate, SG va pH) [8].

Mégc du plrong phap RSMia dugc blet dén trong nghién¢u hp pha kim loai nang king
sinh kKbi vi sinh vat (vi khuan, im mdc, rim men) [9, 10], nling tng dang phrong phap nay
dé t6i vu ham trong sulfide 4o ra trong X |i kim loai nang king vi khitin KSF hén van con kha
ma&i mé.

2. VAT LI EU VA PHUONG PHAP NGHIEN CUU
2.1. Vat ligu

Han hop céc cling vi khiin KSF nghién u duoc nudi dy lam giau k khi tr miu neéc 6
nhiém tai lang ngl tai cté chi thénbdng Mai, Hig Yén trong méi wrong Postgate B @
[11].

Thi nghém ti wu duogc tién hanh k khi trong binh c6 thtich 120 ml ¥i 80 ml méi
truong. Thanh phn méi tirong bao ¢m (g.L"): NH,CI 0,28; KHPO, 0,17; CaCl 0,01; MgC}h
0,01; NaSQ, va GHsNaQ; (lactate natri). Gia tpH, hamtrong NaSO, va GHsNaO; duoc b
sung vao méi trong nhr sau theo Bng 2 Wi khoang gia ti: pH (6,5 - 8,5), Nz#50, (16 - 32
mM), CGHsNaG; (32 - 96 mM).

2.2. Phrong phéap nghién @&u
2.2.1. Plwong phép quy hach thyc nghiém
X&c dinh céac yu t anh hréng bing cach & dung quy hach turc giaoddi xirng cho 3 ¢u

to: lactate, SGF" pH, mbi yéu t tién hanh 4i 5 mic (-a, -1, 0, +1, +). Quy hach thrc nghgm
gom 20 thi nghdm, trongdo: 8 thi nghém tai nhan (quy hach toan pan 2°), 6 thi nghém tai
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diém sao (2 thi ngkim cho ndi bién) va 6 thi ngim lap tai tam, Wi 1 ham nuc tiéu |a ham
lwong sulfide (Bing 2).

2.2.2.%1i s ligu

Xu i 5 ligu thyc nghém hing pHin mém théng ké Design-Expert 7.1 (Stat-Ease, Inc.,
Minneapolis, USA)dé phan tich cacésd quy hoi, bé mat dapting va 6i uvu hoa i thuat toan
ham mongioi.

2.3. Phrong phap phan tich

Mau duoc phan tich da vao plrong phéap tiéu chin [12]. Ham lrong sulfatedugc xac
dinh king phrong phapdo d6 duc dra vao Kt tia BaSQ bing may quang gh(SP-3000 Nano,
Nhat). Ham Lrong sulfideduoc xacdinh bing phrong phap so mauue trén Kt taa CuS Bng
may quang pb (SP-3000 Nano, Ni).

3. KET QUA VA THAO LUAN
3.1. Chon mién khao séat

Trong cac nghiéniw treée, ching tida xacdinh dugc 3 yéu t6 chinhanh hrong i kha
nang sinh toong va ho sulfide @a Mbn hop ching vi khiin KSF kra chon 1a lactate, SE va
pH. Vi vay, trong nghién¢u nay, ching tdi afn mién khao sat éa cac $u t tréndé tién hanh
t6i wu qua trinh4o sulfide Wi cac gia tf nhr sau: lactate (32 + 96 mM), $16 + 32 mM), pH
(6,5 = 8,5) (Bng 1).

Bang 1 Gia ti ma hda va gia tthuc nghém aia cac gu t thuc nghim.

Bién & Ki hiéu Pon vi Ki higu gia ti ma hoa
-0, -1 0 +1 H
Lactate (A) X mM 15,3 32 64 96 112,78
SOZ (B) X,  mM 11,8 16 24 32 36,19
pH (C) X 5,96 6,5 75 8,5 9,02

3.2. Thiét 1ap mé hinh

Gia tri ma hoa, kt qua thict ké véi ma tiin ké hoach thec nghEm dugc trinh bay trén dng
2. Bang 2 ¢m 20 thi nghim twonging 1a 20 gia trkhac nhaua 3 yéu t lactate, Sd pH va
ham Lrong sulfide (ham nrc tiéu) thudwoc tir thee nghiém twongtng Wi cac gia ti 3 yéu to trén.

Anh hrong aia cac $u 16 lactate, SGF, pH ding nhr sy twong tac gira cac $u 6 dén
ham nuc tiéudugc tien hanh xay dng byi ham i quy bic 2 nhr sau:

Yi=Bo+ X BXi + 3 Bixi” + T Bix; (1)

trong do,Y; ham nuc tiéu,p, hé sH tu do, Bi, Bi, B.J |& cac veat tham $ caa md hinhduoc xac

dinh qua tlrxc nghém. M0 hinh tloing ké chi cé y nghia vadugc sr dung sau khi tha man cac
tiéu chun thong ké (Fisher).
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Bang 2 Céc thi nghim tién hanh va & qua.

Gia tri ma héa Gia trthuc Sulfide (mM)
Sohy Giati  Ciati
Thi Lactate  (mM) pH thye ~ dudoan
nghiém X1 Xz X3 (mM) nghiém
1 +1 -1 +1 96 32 8,5 12,97 12,95
2 0 0 0 64 24 7,5 14,88 14,78
3 -1 -1 +1 32 16 8,5 8,53 6,83
4 0 64 24 7,5 14,88 14,78
5 0 64 24 7,5 14,79 14,78
6 0 +a 64 24 9,02 12,4 12,06
7 -a 0 0 15,21 24 7,5 7,01 7,09
8 +1 -1 -1 96 16 6,5 6,9 6,95
9 +1 -1 +1 96 16 8,5 8,68 9,14
10 0 0 64 24 7,5 15 14,78
11 0 +a 0 64 36,19 7,5 12,1 12,34
12 o 64 11,80 7,5 11 10,57
13 -1 +1 -1 32 32 6,5 6,97 6,62
14 -1 +1 +1 32 32 8,5 8,3 8,37
15 +1 +1 -1 96 32 6,5 9,5 9,52
16 +o 0 0 112,79 24 7,5 9,97 6,69
17 -1 -1 -1 32 16 6,5 7,97 8,11
18 0 64 24 7,5 14,94 14,78
19 -o 64 24 5,97 8,91 9,05
20 0 64 24 7,5 14,03 14,78

3.3. Phan tich & c6 ngHa ciia cac 1§ sb hdi quy va ar twong quan aia mé hinh

Phan tich s c6 nghia aia cac B sb hdi quy va & teong quan d@a mé hinhdwoc danh gia
qua phan tich ANOVA (Bng 3) ding nhr cac cli tuong quan (Bng 4). & c6 nghia aia cac B
s6 hoi quy dugc kiém dinh byi chudn F, Wi cac gia ti p < 0,05 cho Igk cac ¢ 5 hoi quy la co

ngha.

6] Bdng 3, gia tr “Model -F-value” Ia 131,03, giaitnay cho thy mo hinh hoan toan c6 y
ngha thing ké i do tin ciy 99,99 % (p < 0 ,0001).ubng tac @a tmg yéu t (lactate, SGF',
pH) ding nhr twong tac tng cip cia cac $u t naydéu c6 nghia boi gia tri p < 0,05 (Bing 3).
biéu naydugc minh ching ré fon khi quan satdmat dapung trén hinh 1a, hinh 1b va hinh 1c.
Két qua phan tich @ing cho tiy sy lya chon cac ¥u t ciing nhr khaang gia ti cia cac gu t
dé thiét 1ap mod hinh 1a phudp. Chuin F cia md hinh (Bng 3) la 1,28§ = 0,3968) chra “sr
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khdng trong thich”a day la vo ngla va chi co 39,68 % &y rado nhidu. Diéu nay la ét cho qua
trinh thiét 1ap mé hinh md pbng thrc nghém. Sr phu hyp cia md hinh ¥i thuc nghém ding

dugc kiém chrng bing ke s twong quan bi R Gia ti R? cang gn 1 thi gia t thuc nghiém

cang @n Vai gia tri dy doan gia md hinh. Theodsliéu phan tichy bang 4, R = 0,9915 ching ©

chi ¢6 0,85 % dng gia ti cua cac yu th khdngduoc giai thich king md hinh (Bng 4). Gia tr
Adj R-Squared va Pred R-Squaré®ang 4 kha caoah luot 1a 0,984 va 0,9573 choiy mo

hinh mé plbng dlng Wi thuc nghém.

Bang 3 Két qua phan tich Bi quy trong 6i vu héa hamuong sulfide.

Bic Mean Giati
Ngudn goc Phrong sai trdo  Square Gia ti-F (khanang>F)
M6 hinh 175,34 9 19,48 131,03 < 0,0001 céiagh
X, 9,20 1 9,20 61,94 <0,0001
X, 4,25 1 4,25 28,62 0,0003
X3 12,27 1 12,27 82,56 <0,0001
X1X5 8,24 1 8,24 55,43 <0,0001
X1X3 1,41 1 1,41 9,49 0,0116
XX 0,75 1 0,75 5,08 0,0477
X4 81,50 1 81,50 548,18 <0,0001
X5 22,09 1 22,09 148,60 <0,0001
X4 35,59 1 35,59 239,40 <0,0001
Su khéng khoéng co
tuong thich 0,83 5 0,16 1,28 0,3968 ngha

Bdng 4 Két qua phan tich s phu lop aia md hinh i thuc nghém.

Théng $ Gia ti Théng $ Gia ti

Std. Dev. 0,386 R-Squared 0,9915
Mean 10,99 Adj R-Squared 0,984
CV.% 3,51 Pred R-Squared 0,9573
PRESS 7,549 Adeq Precision 29,8977
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Hinh 1.B¢ mat dapung aia ham rong sulfide @i tacdong aia lactate, S va pH ding nhr tuong
tac cac gu 1 nay.

(a)Lactate va S§, (b) Lactate va pH, (c) pH va SO
3.4.Anh hwéng cac yu td lwa chon dén qua trinh tao sulfide

Nhu vay, tir két qua phan tich cacésd hoi quy va s twong quan ¢a md hinhanh hrong
ctia cac yu lactate, S¢ va pHdén gia ti ham mongloi duoc biéu dién theo plrong trinh ¢
2 sau:

Y suriide mvy . 102,69 + 0,18X+ 0,6%,+ 26,44%+ 0,0039X%X,+ 0,013%X3
+0,038%X5-0,0027%%— 0,022%% - 1,81%°>  (2)
trongdo Ysuiceld ham trong sufide mongioi, X1, X,, X3lan luot 1a gia ti cia cac bin lactate,
SO va pH.

Theo $ liéu phan tich Bng 3, ft ca cac yu t lactate, SGF va pHdéu coanh hrong dén
qua trinh 4o sulfide @a hon hop ching hra chon (p < 0,09 trongdo hai yeu 1 lactate va pH co
anh hréng manh nhit véi gid tri p < 0,001.Diéu nay condugc minh chirng ki su daodong
manh aia ham rong sulfided moi buéc nhay khac nhaua lactate va pk Bang 2 va plrong
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trinh 2. Két qua ciing cho tiy, ham lrgng sulfate @ng anh hrong i qué trinh 4o sulfide <
0,003) nlxng khéng Bng hai yeu t6 lactate va pH.

3.5.Anh hwéng twong tac aia cac Yu té dén qua trinh tao sulfide

Két qua Bang 2 cho thy, gia ti ham mongioi - sulfide 6i uu theo md hinh @ doan la
14,78 mM i cac @p yéu t ¢ tht ty 2, 4, 5, 10, 18 va 2@ gia ti nay, hamong lactate,
SO va pH bn luot 14 64 mM, 24 mM va 7,54y ding la gia ti tai tAm aia cac $u t nay. Két
qua Hinh 1 (Hinh 1a, 1b, va 1c) mddig anh hrong trong tac éa hai y¥u 6 dén qué trinhdo
sulfide khi yu t6 con hi duoc giit & gia ti tai tam.

Anh hrong trong tac éa hai ¥u t lactate va S¢ dén qua trinh4o sulfide khi gia tr pH
duoc giir tai tam (pH 7,5)dugc thé hién ¢ hinh 1a va ing 3. Wi gia ti p < 0,001 (Bng 3),
trong tac @a hai yu t6 lactate va S@ cdanh hrong manh dén qua trinh4o sulfide fon so \bi
cac a@p twong tac khac.

Ham krong sulfide 4o ra 1a cao ndt (13,57 mM - 14,94 mM) khi hamréng lactate va
sulfate in luot ndm trong khang 48 - 80 mM va 20 - 28 mM. Ngoai kimg nay, hamuong
sulfide thip hon va gam dang K (9,3 mM) khi hamitong lactate gn dén 96 mM. Hamkong
sulfide gim dan khi ham trong lactate wot qua 80 mM c6 thla do khi t 1¢ lactate/SG cao,
hop chit hitu co trong mdi trdng dr thira khién vi khuin KSF b tc ché [13].

Hinh 1b va Bng 3 cho ty anh hrong trong tac @a lactate va phién qué trinh do
sulfide khi SQ? dugc giir n dinh &i tam (24 mM). & trong tAc @a hai y¥u t nay c6 ngradén
sir tao thanh sulfide &i p < 0,05 (Bing 3). Khi trong tac Wi SO, lactate cénh hréng lon hon
pH dén gy tao thanh sulfide. Hamrbng sulfide #ng din khi ham trong lactate ang tir 32 mM
dén 80 mM. Tuy nhién, khi hamréng lactate wot qua 80 mM thi hamubng sulfide hi giam.
Ham krong sulfide cao ndt khi ham lrong lactatett 48 mMdén 80 mM. Trong tr nhu Vay, Voi
yéu t6 pH thi hamirong sulfidedugc tao ra cao nfit trong khang pH 7dén 8. Ngoai khang
pH nay (pH < 7, pH > 8), hane¢ng sulfide gim, dac biét giam manh ¢ pH 6. Theo Postgate va
cong sr (1984) vi khidn KSF throng b e ché khi pH thip hon 6 hdic cao fon 9.0 pH thip,
sulfide ho ra dr6i dang khi $ wc ché sy phét trén cia vi khuin KSF.

Hinh 1c va Bng 3 cho thy anh hrong trong tac @a hai y¥u 6 pH va SQ? khi yéu t6
lactateduoc giit & gid ti trung tdm (64 mM). Theodg 3, trong tac gita hai y¥u t nay céanh
huong dén qua trinh 4o thanh sulfide wa Mn hop ching vi khiin KSF kra chon woi gia tri
p < 0,05. Tuy nhién, so sankivanh hrong trong tac @a cac ap (lactate- S vai gia ti p <
0,001) va (lactate- pHh = 0,0116) thi &p trong tac (pH- S@?) anh hrong it nhit dén ar tao
thanh sulfife vi c6 gia ip 16n hon ca (p = 0,0477).

3.6. Lwra chon gié tri téi wu cho qua trinh tao sulfide

Nhu vdy, sau khi phan tichnh hréng aia tirng yéu t va trong tac éa cac @p yéu tb nay
dén kha ning o sulfide cho thy khaang gia ti cia cac yu t lya cton dé cho hamong
sulfide cao nht (14,1 - 14,94) 14 lactate (48 - 80 mM), 8020 - 28 mM) va pH 7 - 8.

Tuy nhién, véc lra chon diéu kién nudi dy phu hkyp dé hén hop ching vi khiin KSF
nghién @u tao dugc ham trong sulfide cao ndt can cin or vao cac gii phap i vu prin mém
dua ra Kt hop v6i phuong trinh (3). Nix vay, gia ti caa 3 yeu t nghién ¢u dua ra trong ting
v6i ham krong sulfide cao nit xép theo thir tw duoc trinh bay tréndng 5.
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O céac ghi phap 1, 2, 3, 4, hanedng sulfide 40 ra Xip xi nhau in leot 1a 14,94, 14,85,
14,81 va 14,77, tuyay ham lrong lactate tong ttng ding kha cao la 66,37; 64; 81,79; 78,99
mM. Nhe viy, néu lra chon cac gii phap naydé ti vu qué trinh 4o sulfide thi én luong
lactatedau vao trong dbi 16n. Trong qua trinhisdung vi khiin KSFdé xu i kim loai nang,
ngoai ¥u t mong mién la ching vi khiin tao ham trong sulfide cao, thi gt giam ham trong
co chit diu vao ding vé cung quan éng vi € giam gia thanh & li. Trong cac gii phap trén,
giai phap 8 cho thy ham lrong sulfide 40 ra chi thip hon giai phap $ 1 (c6 hamiong sulfide
cao nfat) 0,7 mM nhing ham trong lactate bawtau lai thip hon dén 12,96 mM. @ng so sanh
ve6i cac gii phap 5, 6, 7, hamrbng sulfide g0 ra¢ giai phap 8 @n bang nhrng ham trong
lactatediu vao hi thap hon nhiéu. Nhr vay, dé tiét kiém ngubn oo chit ddu vao trong qua trinh
xir I chi king vi khiin KSF thi gii phap $ 8 ¢6 gia tr phu hyp nht.

Bang 5 Ham lrgng sulfide 40 giao cac gia tr tdi wu.

STT Lactate (mM) SG~(mM) pH Sulfide (mM)
1 66,37 25,34 7,47 14,94
2 64 24 7,5 14,85
3 81,79 30,23 7,84 14,81
4 78,99 25,62 7,48 14,77
5 73,85 22,96 7,29 14,38
6 80,51 22,29 7,95 14,35
7 64,71 28,34 8,2 14,3
8 53,41 22,64 7,54 14,21

4. KET LUAN

Chuing t6ida chyn dugc mién khio sat @a cac ba §u t6 anh hrong dé tién hanh éi vu quéa
trinh ©o sulfide i cac gia tr nhr sau: lactate (32 + 96 mM), $Q(16 + 32 mM), pH 6,5+
8,5). Bing phrong phap quy hach thre nghém sr dung B mit dapang trong md hinhdi wu
bac 2 va clap muc tiéu theo thit toan “ham monglgi”, da xacdinh dugc ham trong lactate,
SO va pH bi wu cho qué trinhab sulfide kn luot 14 53,41 mM, 22,64 mM va pH 7,58.diéu
kién ti wu nay hamuong sulfide 2o ra la 14,2 mM. Kt qua nay c6é té ung dang dé thiét lap
md hinh %r |i nuéc thai nhiém kim loai nang n6i chung va nBim chi néi riéng bng vi khiin
khtr sulfate.

Loi cém on. Cong trinh nayiugc thrc hién voi sy hd tro vé kinh phi @a dé tai doc lap tré cip Vién Han
lam Khoa hc va Céng ngdViét Nam, ma 8 VAST.DLT.03/13-14.
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Nguyén Thj Yén va NNK

Heavy metal-contaminated wastewater from mining amtlistry processing negatively
impacts to living orgarnisms as well as humans.ifenmental-friendly and cost effectiveness
process based on biological sulfide production udfate-reducing bacteria (SRB) have become
an alternative for the removal of heavy metals.-Bs@atment of heavy metal-contaminated
waters by sulfate-reducing bacteria (SRB) strorpends on the sulfide producing ability of
these bacteria. To enhance the efficiency of tipeseesses, the response surface methodology
(RSM) was used to optimize the culture conditioos gulfide production by an indigenous
consortium of sulfate-reducing bacteria that wadtivaied from the lead-contaminated
wastewater in Dong Mai, a craft village known foietrecycling of batteries in Hung Yen.
Experiments were conducted based on central cotepdsisign (CCD) and analyzed using
RSM. The sulfide production process was investmjads a function of three independent
factors: the initial solution pH (6.5 - 8.5), thatial concentration of lactate (32 - 96 mM) and
sulfate (16 - 32 mM). The results indicate thatdée, sulfate and pH were key factors for sulfide
producing of the SRB consortium. The optimum cdodg for the sulfide production were
found to be 7.54, 53.41 mM and 22.64 mM, respelgtivor initial solution pH, initial
concentrations of lactate and sulfate.

Keywords:sulfate-reducing bacteria, response surface methggldead removal, optimization,
sulfide production.
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