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TOM TAT

O nhim kim loai ning néi chung va chi néi riéng tir c4c qu4 trinh khai thic mo, san xudt
cong nghiép, néng nghiép... anh huong nghlem trong dén sinh vit va con ngudi. Xir li kim loai
ning bing cong nghé sinh hoc sit dung vi khudn khir sulfate (KSF) hién dang thu hat duoc sy
quan tam nghién ciru cia cac nha khoa hoc boi higu qua xir Ii cao, an toan va than thién véi méi
trudmg. Tuy nhién, kha néng tao sulfide clia nhom vi khuén niy chi yéu phu thudc vao didu kign
mbi truomg nudi cdy nhu ngudn carbon (lactate, ethanol, acetate...), SO~ va pH. Vi véy, dé
néng cao hiéu qua xir li, viéc nghién ciu sit dung phwong phép quy hoach thue nghigm bing d4p
img bé mat (RSM) dya trén kiéu tam phirc hop (CCD) véi céc yéu t6 anh hudng 161 khd néing tao
sulfide 13 cin thiét. Bing phuong phip RSM véi su h8 trg cia phan mém DX7, kha néng tao
sulfide cia h8n hop ching vi khudn KSF phan 14p tir ling nghe t4i ché chi Vin Lam, Hung Yén
duoc t8i wu voi 3 yeu t4 anh hudng chinh 1 lactate, SO, va pH. Do ¢6 thé nghién ciru déng
théi nhidu yeu ) anh huéng, phuo'ng phap quy hoach thyc nghiém khong nhu‘ng dem lai hiéu
qua cao ma con uét kiém thoi gian va chi phi so véi cac phuong phdp nghién ciru c6 dién chi cho
phep nghién cim ﬁmg véu td déc lap. K&t qua thi wu cho thy ham lugng sulfide 14 14,2 mM khi
gid tri lactate, SO,* va pH lan lugt 12 53,41 mM, 22,64 mM va 7,54. Két qué nay c6 thé u‘ng
dyng dé thiét 1ap m6 hinh xir 1i nuéc thai nhiém kim loai ning né1 chung va nhidm chi néi riéng
bing vi khudn khir sulfate.

Tir khéa: loai chi, 181 vu hoa, vi khudn khir sulfate, phwong phép dép tmg bé mt, tao sulfide.
1. MO PAU

O nhiém kim logi ning dang 1 vin d& mé1 trudmg dwoc nhidu nuée trén thé gidi quan tam,
Cling voi qua trinh cong nghiép héa, céc kim loai ning nhu Pb, Cu, Cd, Zn, Ni, Hg... ngay cing
dugc thai nhiéu ra méi tn.mng Trong 6 cac kim loai ning ké trén, chi dugc xep vao nhém kim
loai ddc hai nht. Chl chit yéu dugc thai ra mdi trudng do qua irinh khai thic mé, hoat dong sin
xut, tai ché pin, fc quy, chit déo thng hop, som, thudc nd, myc in, ma dién khai thic quing...
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Chi xdm nhdp vao co thé nguoi truc tiép qua duong hd hép, da hodc glan tip qua chudi
thire dn ga;f e ché mot s6 enzyme quan trong, 1am roi loan qua trinh tao huyét & tity, phd v qui
trinth tao hong cau, ghy hai dén hé thin kinh, nhét 13 hé than kinh cia tré so sinh... [1 2] Vivay,
viéc tim kiém phuong phap an todn va higu qua dé xir li mréc nhidm chi 1 vn dé cap thiét,

Cic phucmg phap chi yéu duge sir dyng a8 xir 1f nude thai nhigm kim loai ndng néi chung
va chi néi riéng 1a két taa hoa hoc, trao dbi ion, oxy héa-khir, dién hoa, hap phu bang thure vat
thuy sinh, vat ligu sinh hoc... [3, 4, 5]

Tuy nhién, trong nhiing ndm gan ddy, xir i nude thii nhlem kim loai néng bang vi khudn
KSF thu hit dwoc sir quan tam cia nhiéu nha khoa hoc trén thé £i6i boi nhitng wu didm vuot i
nhur gia thanh xi¥ li phi hop, khéng tao hoa chét ton du gly & uhxem thix cép, luong cén tao ra tir
két tia sulfide bén vitng trong khoang pH rong d& thu hoi va i ché. Phuong phap nay dua trén
kha ning khir jon sulfate (SO,”) dong thoi ‘oxy héa cac hcrp chit hitu co (lactate, acetate,
ethanol, pyruvate...) tao ion sulfide ciia vi khuin KSF. Sau d6, ion sulfide phan (mg véi ion kim
loai hoa tan déc hai tao két tia kim loai du6i dang mudi sulfide bén vimg [6]. Co ché ciia qui
trinh ndy cho thiy hidu qué loai chi cia vi khudn KSF phu thudc vao ham lwgng sulfide do nhém
vi khuén niy tao ra. Nghién ciru cho thiy, su sinh trudng va tgo sulfide cua vi khudn KSF li
chiu anh huéng manh boi thinh phin méi trudmg va dleu kién nudi chy nhu ngudn carbon, SO4
va pH [7]. Vi vdly, viéc xic dinh dnh huéng cta wmg yeu t6 hra chon ciing nhw fuong tac dong
thi clia cdc yéu t6 ndy dén qué trinh tao sulfide 14 can thlet Trong nghién ciru nay, ching t5i sk
dung phuong phap dap tng bé mat RSM) va phin mém tin sinh hgc DX7 dé i wu héa kha
ning tao sulfide cita hén hop chang vi khuin KSF thu duge tir ling nghé tai ché chi Doéng Mai,
Hung Yén thdng qua nghién ciru anh hirémg cia cc yéu t6 hya chon (lactate, SO, va pH) [8].

Mic it phwong phép RSM d duge blet dén trong nghién ciru hip phu kim loai ndng bang
sinh khéi vi sinh vt (vi khudn, ndm méc, ndm men) [9, 10], nhung img dung phuo‘ng phap ndy
& t6i ru ham Iwong sulfide tao ra trong xir f kim loa1 nging bing vi khuan KSF hién vin con khi
moi mé.

2. VAT LIEU VA PHUONG PHAP NGHIEN CU'U
2.1. Vit ligu

Hén hop cac ching vi khun KSF nghién cfu duge nudi cdy lam giau ki khi tr miu nude 6
nhim tai lang nghd tai ché chi thon Doéng Mai, Hung Yén trong mdi trudmg Postgate B (Ps)
{1

Thi nghiém t5i wu dugc tién hanh ki kh1 trong binh c6 thé tich 120 ml véi 80 ml méi
trudng. Thanh phin méi truong bao gdm (gL™): NH,CI 0,28; KH,PO,4 0,17; CaCl; 0,01; MgCl
0,01; N2,S0, va C;HsNaOjs (lactate natri). Gia tri PH, ham lwong Na,SO, va C;HsNaO; duge bé
sung vao mdi trrong nhu sau theo Bang 2 véi khoang gié tri: pH (6,5 - 8,5), Na,SO, (16 - 32
mM), C;HsNaO; (32 - 96 mM).

2.2. Phwong phap nghién ciru
2.2.1. Phurong phdp quy hoach thyc nghiém

Xac dinh céc yéu to anh hudng bing cich sir dung quy hoach tryc giao déi ximg cho 3 yéu
to lactate, SO, pH, mdi yéu t6 tién hanh tai 5 mirc (- @, -1, 0, +1, +a). Quy hoach thuc nghi¢m
gbm 20 thi nghiém, trong d6: 8 thi nghiém tai nhén (quy hogch toan phan 2°), 6 thi nghiém tai
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diém sao (2 thi nghiém cho m&i bién) vi 6 thi nghiém 13p tai tim, v&i 1 ham muyc tiéu 13 him
luong sulfide (Béng 2).

2.2.2. X Ii 56 ligu

Xt 1i s6 lidu thye nghiém bing phan mém thong ké Design-Expert 7.1 (Stat-Ease, Inc.,
Minneapolis, USA), ¢ phan tich cac hé sb quy héi, bé mit dap tmg va ti wu héa véi thudt todn
ham mong doi.

2.3. Phuong phép phin tich

Mau dugc phin tich dya vao phwong phép tiéu chudn [12]. Ham lugng sulfate duge xac
dinh bing phuong phip do d6 duc dira vao két ta BaSO, bang may quang phé (SP-3000 Nano,
Nhét). Ham luong sulfide duge xac dinh bing phuwong phap so mau dya trén két tia CuS bing
may quang phd (SP-3000 Nano, Nhat Ban).

3. KET QUA VA THAO LUAN
3.1. Chon midn khio sat

Trong cac nghién ciru trude, chiing 41 d4 x4c dinh dugc 3 yéu t6 chinh anh hudng t6i kha
niing sinh truéng vi tao sulfide ciia hén hop ching vi Kkhuén KSF la chon 13 lactate, SO4 va
pH. Vi vily, trong nghién ciu nay, chung t5i chon mién khdo sét ctia cdc yeu t6 trén dé tién hanh
t5i wru qué trinh tao sulfide véi céc gi tri nhu sau: lactate (32 + 96 mM), SO.2 (16 + 32 mM), pH
(6,5+8,5) (Bang 1).

Bang 1. Gi4 trj m hoa v3 gié tri thue nghidm cla céc yéu t6 thye nghidm.

Bién sé Kihigu Pon vi Ki hiéu gié tri ma héa
-0 -1 0 +1 +o
Lactate (A) X, mM 153 32 64 9% 112,78
S0, (B) X, | mM 11,8 16 24 32 36,19
PH(C) X; 5,96 65 75 85 9,02

3.2. Thiét 14p mé hinh

Gié tri mé hoa, két qua thiét ké véi ma trin ké hoach thyc nghiém dugo trinh biy trén bang
2.Bang 2 gdm 20 thi nghiém tirong émg 14 20 gia tri khéc nhau cia 3 yéu 15 lactate, SO4 ,pHva
ham lugng sulfide (ham muc tleu) thu duoe tir thyc nghism tuong tng vén cc gid tri 3 yéu 16 trén.

Anh huéng cua céc yéu b lactate, SO, pH ciing nhu su twong tic gidia cac yeu 16 dén
ham muyc tiéu dugc tien hanh xﬁy dung boi ham hoi quy bac 2 nhwr sau:

=Bo + T Bix, + T Bux” + T Byxx, m
trong d6,Y, ham muc tiéu, [io hé 6 tr do, B, B B., 14 céc vecto tham sé cda mé hinh dwoc xdc
dinh qua thuc nghiém. M6 hinh théng ké chi c6 ¥ nghiia va duoc sit dung sau khi théa mén cac
tidu chudn théng ké (Fisher).
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Bing 2. Céc thi nghiém tién hanh va két qua.

G tri m3 héa Gid tri thye Sulfide (mM) _ Lﬁ
S0 Giatg | Gidm
Thi Lactate (mM) pH thl,rc' dur dodn

nghiém x| % X | (mM) nghiém

1 +1 -1 +1 96 32 8,5 1297 ] 1295
2 0 0 0 64 24 7,5 1488 | 1478
3 1 -1 + 32 16 8,5 8,53 683
4 0 0 0 64 24 75 1488 | 1478
5 0 0 0 64 24 7.5 1479 | 147
6 0 0 +a 64 24 9,02 124 1206
7 s [) 0 15,21 2 7,5 7,01 7,09
3 +1 -1 1 9% 16 6,5 69| 695
9 +1 -1 +1 % 16 8,5 368 oM
10 0 0 0 64 24 7,5 15| 147
1 o| +a 0 64| 3619 7,5 21| 1234
12 0 o 0 64| 11,80 75 1] 1057
13 1 +] -1 3 32 65 697| 682
14 a1 +1 + 32 32 8,5 33 837
15 +1 + -1 % 3 6.5 95| 9%
16 +u 0 0 112,79 24 7,5 997 68
17 -1 -1 -1 32 16 6.5 797 8n
18 0 0 0 64 24 75 1494 | 1478
19 0 0 - 64 24 597 3,91 9,05
20 0 0 0 64 24 7,5 1403 | 1478

3.3. Phén tich sy c6 nghia cia cic hé 56 hdi quy va s twong quan ciia mé hinh

Phan tich sir ¢o nghia ctia cic h¢ sb hdi quy va s twong quan cita mé hinh duoc dénh gis
qua phan tich ANOVA (Bang 3) cling nhu cdc chi twong quan (Bang 4). Sy c6 nghia cta céc h§
6 ;{éi quy dugc kiém dinh boi chufin F, véi cée gid tri p < 0,05 cho biét c4c hé s hdi quy 13 ¢
nghia.

(6] Bing 3, gid tri “Model -F-value” [a 131,03, gid tr1 ndy cho théy mé hinh hoén todn c6 ¥
nghia thong ké véi 9 tin ciy 99,99 % (@ < 0,0001). Tuong téc cia timg yéu t (lactate, SO/,
pH) ciing nhu tuong thc timg cip cua cic yéu t6 nay ddu o6 nghia boi gid trj p < 0,05 (Bang,3):
Diu ndy duoc minh chimg rd hon khi quan sat bé mit dap img trén hinh 1a, hinh 1b va hinh Ic.
Ket qua phén tich cling cho thiy sw lya chon cdc yéu t6 cling nhir khoang gia tri ciia c4c yéu tb
de thiét 14p m6 hinh 1a phit hop. Chudn F ciia mé hinh (Béang 3) 1a 1,28 (p = 0,3968) chi ra “sy
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khong tu(mg thich” & day 14 v6 nghia va chi c6 39,68 % xay ra do nhiéu. Didu nay 13 tt cho qua
trinh thiét 1ap mé hinh md phéng thue nghiém, Sy phi ho*p clia md hinh véi thyc nghiém cling
duge klem chung bang hé sé tuong quan bsi R Gia tri R? cang ghn 1 thi gla trj thue nghiém
cang ghn véi gid tri dy doén clia md hinh. Theo b liéu phan tich & bang 4, R*=0,9915 chimg t6
chi c6 0,85 % tng gié tri cia céc yéu tb khong duge gidi thich bing mé hinh (Bing 4). Gid trj
Adj R-Squared va Pred R-Squared & Bang 4 kha cao lén lugt 12 0,984 va 0,9573 cho thay md
hinh m6 phong dung véi thue nghiém.

Béng 3. K&t qua phin tich héi quy trong t5i wu héa ham lwong sulfide.

Béc .
o y Mean Gid tri
Nguon goc | Phuongsai | do Square Gié tri-F (khanang>F)
M5 hinh 175,34 9 19,48 131,03 <0,0001 c6 nghia
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
XX 8,24 1 8,24 5543 < 0,0001
X X3 1,41 1 1,41 9,49 0,0116
XaXs 0,75 1 0,75 5,08 0,0477
X’ 81,50 1 81,50 548,18 <0,0001
X 22,09 1 22,09 148,60 < 0,0001
X, 35,59 1 35,59 239,40 <0,0001
Sy khéng khéng cé
tuong thich 0,83 5 0,16 1,28 0,3968 nghia
Biing 4. Két qué phan tich s phit hop cia mé hinh véi thye nghigm.
Théng sb Gia tr Théng s6 Gi tr
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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Hink 1 Bémiat dép tmg cta ham lugng sulfide dudi tic dong ctia lactate, SO, va pH ciing nhur twong
tAc c4c yéu td nay.

(a) Lactate va SO,%, (b) Lactate va pH, (c) pH v SO,
3.4, Anh huéng cde yéu t6 lya chon dén qud trinh tao sulfide

Nhu vay, tir két qua phin tich cac hé s6 hdi quy va sy tuong quan ciia mé hinh, anh huéng
cla céc yéu lactate, SO,* va pH dén gi4 tri ham mong doi dugc bidu didn theo phurong trinh bac
2 sau:

Yiutide mvy - 102,69 +0,18X, + 0,6X, + 26,445+ 0,0039%,X; + 0,013X,X,
+0,038X,X5-0,0027X 2~ 0,022X,* - 181X ()
trong d6 Yuaq: 12 ham lugng sufide mong doi, X,, X,, X; lan Lot 14 gi4 trj ciia cic bién lactate,
SO va pH.

Theo s6 liéu phén tich Bang 3, tt ca cac yéu td lactate, SO,* va pH déu €6 anh hudng dén
qué trinh tao sulfide cua hén hop chung lya chon (p < 0,05 trong do hai yéu t5 lactate va pH c6 )
nh huong manh nhét vei gia tri p < 0,001. Piéu niy con dugc minh chimg béi sy dao déng
manh cla ham luong sulfide & mai bude nhay khéc nhau cia lactate va pH & Béng 2 v phuong
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trinh 2. K&t qua ciing cho thiy, ham luong sulfate cling dnh huéng t6i qua trinh tao sulfide
(p < 0,003) nmg khdng bing hai yéu t5 lactate va pH.

3.5, Anh hirémg twong tic ciia cac yéu t§ dén qua trinh tao sulfide

Két qui Ba.ng 2 cho thay, gia tri ham mong doi - sulfide i wru theo mé hinh dir dodn 14
\ 14, 78 mM véi cdc cip yéu t6 & thi tr 2, 4, 5, 10, 18 va 20. O gi4 trj ndy, ham lugng lactate,
SO4? va pH ln lugt 12 64 mM, 24 mM va 7,5, day ciing 1a gié tri tai tim cla céc yéu t6 nay. Két
qud Hinh 1 (Hinh la, 1b, v& 1c) md phéng anh hudng twong téc cia hai yéu td dén qud trinh tao
«  sulfide khi yéu t6 con lai duge gix & gla tri tai thm.

Anh huéng trong tac cla hai yeu t6 lactate v SO,> dén qua trinh tao sulfide khi gid trj pH
duoc giit tai tam (pH 7,5) duoc thé hién & hinh 1a va bang 3. Véi gid tri p < 0,001 (Bang 3),
tuong tic clia hai yéu t6 lactate va SO,* c6 anh huéng manh dén qui trinh tao sulfide hon so véi
céc cp trong tac khac.

Ham lugng sulfide tao ra 14 cao nhét (13,57 mM - 14,94 mM) khi ham luong lactate va
sulfate IAn hrgt nim trong khoang 48 - 80 mM va 20 - 28 mM. Ngoai khong néy, him lugng
sulfide thap hon vA gidm déng k& (9,3 mM) khi him lugng lactate gin dén 96 mM. Ham lu(mg
sulfide gidm din kin ham lugng lactate virgt qud 80 mM co thé 1a do Khi ti 18 lactate/SO,™ cao,
hop cht hiru co trong mdi trudmg dur thira khién vi khuéin KSF bi @ ché [13].

Hinh 1b va Bang 3 cho théy anh huéng tuong tic cla lactate va pH dén qua trinh tao
suifide khi SO, dugc gm &n dinh tai tam (24 mM). Sy fiong tic cia hai yeu 15 nay c6 nghia dén
su tao thanh sulfide véi p < 0,05 (Bang 3). Khi twong téc véi SO, lactate ¢6 anh huéng 16n hon
pH dén sy tao thanh sulfide. Ham lwong sulfide ting dn khi him hrong lactate tang tir 32 mM
dén 80 mM. Tuy nhién, khi ham lugng lactate virot qui 80 mM thi ham luong sulfide lai giam.
Ham luong suifide cao nhét khi ham lugng lactate tir 48 mM dén 80 mM. Tuong tr nhu vy, véi
yéu t6 pH thi ham Iwong sulfide dugc tao ra cao nhét trong khoang pH 7 dén 8. Ngoai khoang
pil nay (pH <7, pH > 8), ham luong sulfide gidm, dic biét giam manh & pH 6. Theo Postgate va
cong sur (1984) vi khudn KSF thudmg b (¢ che khi pH thap hon 6 hodc cao hon 9. G pH thip,

gin  sulfide tao ra dudi dang khi s& ac ché sy phét trién ciia vi khudn KSF.

Hinh lc va Bing 3 cho thly anh hutmg twong tac cia hai yéu t6 pH va SO, khi yéu t6
lactate dugc glu & gid tri trung tim (64 mM). Theo Bang 3, twong tac giita hai yéu t6 nay c6 anh
huéng dén qua trinh tao thanh sulfide cita hdn hop ching vi khudn KSF Iya chon véi gid tri
p < 0,05. Tuy nhién, so sanh vd1 anh huwdng trong tac cia cic cap (lactate- SO, 2 v6i gidtrip <
0,001) va (lactate- pH p=0,0116) thi ciip trong tic (pH- SO, *) anh hudmg it nhét dén sy tao
thanh sulfife vi ¢é gia tri p 16n hon cd (p = 0,0477).

3.6. Lura chon gia tri 61 wu cho qua trinh tao sulfide

3 Nhu vy, sau khi phéan tich anh hrong cua timg yéu tb va tuong tic cta cc cip yéu tb nay

‘ dén kha ning tao sulfide cho thiy khoang gi4 tri ciia cc yéu t6 lua chon dé cho ham luong

U sulfide cao nhit (14,1 - 14,94) 1 lactate (48 - 80 mM), SO4*~(20 - 28 mM) va pH 7 - 8.

ol Tuy nhién, viéc lya chon didu kién nudi céy phit hop @& hén hop ching vi khudn KSF
nghién cins tao dugc ham lwong sulfide cao nhét can can cit vao céc giai phap 101 vy phin mém

g duara két hop véi phuong trinh (3). Nhu vdy, gid trj cua 3 yeu tb nghién cim dua ra twong ung

wuf  voi ham luong sulfide cao nhat xép theo thir ty duoc trinh bay trén Bang 5.
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& chc giai phép 1, 2, 3, 4, ham huong sulfide tao ra xép xi nhan I4n lugt 13 14,94, 14,85,
14,81 va 14,77, tuy vy him lugng lactate twong img ciing khé cao 12 66,37; 64; 81,79; 78,99
mM. Nhu vy, néu Iya chon céc gidi phip nay dé t6i wu qué trinh tao sulfide thi cin Irong
lactate dau Vo trong dm 16n. Trong qué trinh st dyng vi khuén KSF d& xit 1i kim loai nng,
ngodi yeu 6 mong muén 1a ching vi khudn tao ham hrong sulfide cao, thi viéc gidm him luong
co chit diu vao cling vd cing quan trong vi s gidm gi4 thanh xir li. Trong céc giai phap IIeu,
gidi phap 8 cho théy him lrgng sulfide tao ra chi thap hon giai phap 6 1 (c6 ham luong sulfide
cao nhét) 0,7 mM nhung ham lugng lactate ban dhu lai thip hon d‘en 12,96 mM. Ciing so sanh
véi cac g1a1 phép 5, 6, 7, ham luong sulfide tao ra & gidi phap 8 gan bang nhung ham lmmg
lactate ddu vao lai thap hon nhidu. Nhu vay, 48 tiét kidm ngudn co cht ddu vio trong qué trinh
xit i chi bing vi khuén KSF thi gidi phap sb 8 ¢6 gié tri pht hop nhét.

Bing 5. Ham lugng sulfide tao gid & cac gi4 tri t6i wu.

STT Lactate (mM) $0,2~ (mM) pH Sulfide (mM)
1 66,37 25,34 747 14,94
2 64 24 7,5 14,85
3 81,79 30,23 7,84 14,81
4 78,99 25,62 748 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 i
8 53,41 22,64 7,54 14,21
4.KET LUAN

Ching t6i d4 chon duwgc mién khéo sét ciia céc ba yéu tb anh huomg & tién hanh t&i wu qui
trinh tao sulfide véi céc gid trj nhu sau: lactate (32 + 96 mM), 5042 (16 ~ 32 mM), pH 65~
8,5). Bing phuong phép quy hoach thyc nghiém sir dung bé mit ddp tmg trong mé hinh t6i
bac 2 va chap myc tiéu theo thuat toan “him mong doi”, di x4c dimnh duoc ham luong lactate,
50> vapH t4i wru cho qua trinh tao sulfide 13n lrot 12 53,41 mM, 22,64 mM va pH 7,54. O didu
kign t6i wu ndy ham luong sulfide tao ra [3 14,2 mM. Két qua nay cé thé tmg dung a8 thiét lip
md hinh xir If nwée thii nhifm kim loai ning néi chung va nhidm chi néi ridng bing vi khuin
khir sulfate.

Lgi cam om. Cong trinh ndy duoe thuc hién voi su b8 tro vé kinh phi ciia 4 ta1 doc 1ap tré cip Vién Han
lam Khoa hoc va Cong nghé Viét Nam, md sé VAST.BLT 03/13-14
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Heavy metal-contaminated wastewater from mining and industry processing negatively

impacts to living orgarnisms as well as humans. Environmental-friendly and cost effectiveness.

process based on biological sulfide production by sulfate-reducing bacteria (SRB) have become
an alternative for the removal of heavy metals. Bio-treatment of heavy metal-contaminated
waters by sulfate-reducing bacteria (SRB) strongly depends on the sulfide producing ability of
these bacteria. To enhance the efficiency of these processes, the response surface methodology
(RSM) was used to optimize the culture conditions for sulfide production by an indigenous
consortium of sulfate-reducing bacteria that was cultivated from the lead-contaminated
wastewater in Dong Mai, a craft village known for the recycling of batteries in Hung Yen,
Experiments were conducted based on central composite design (CCD) and analyzed using
RSM. The sulfide production process was investigated as a function of three independent
factors: the initial solution pH (6.5 - 8.5), the initial concentration of lactate (32 - 96 mM) and
sulfate (16 - 32 mM). The results indicate that lactate, sulfate and pH were key factors for sulfide
producing of the SRB consortium. The optimum conditions for the sulfide production were
found to be 7.54, 53.41 mM and 22.64 mM, respectively, for initial solution PH, initial
concentrations of lactate and sulfate.

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