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T6M TAT 

d nhi^ vdng nong thon Vift Nam, vi khdng co diSu k i ^ sii dyng nude sach, ngirfli din phai di;a vio cic i ^ l ^ nude ngam nlfl phan 
nhieu bj 6 nhiSm bdi cic kim loji nhu sit, man-gan va a-.sen Hi?n t*i, v i ^ phSt hi?n cic kim loai nSy trong cic mfci nirdc cdn khi 
phiic t?p va khi tfin k&n. Thiel bj d^ng pin nhi£n li?u vi sinh yjit (microbial fiiel cell-MFC) chiia cfic vi kliuin sit dugc lam giiu c6 
dih dugc sir dvmg nhu cim bi^n sinh hgc phit hien tai thS cic "kim lo^i niy vfii quy trinh doo giin. Trong nghifin ciiu nay, chfing t5i 
di bu6c dau dm hifiu kha ning l i i n ^ u vi khuin sit trong MFC vi khi nang phit hi^n Fe(II) ciia mOt MFC nhw vjy. Sau hai tuin 
khii dOnfe thi^t bj MFC da sin smh d6ng di?n vdi cudng dfi tnmg binh 0,6 mA tuong ling vdi nfing dfi Fe(II) trong mSi tnrimg diu 
vio li 20 raM. Vdi khoang nfing dg Fe(n) thft n ^ i i ^ tit ImM - 15 mM, cuong d? dfing difin ty I5 Ora^n vdi nfing dfi Fe(II) trong 
mdi trudng diu vio dieo quan h£ tuy€n dnh vdi hf s6 hfii quy dat 0,955. K^ qui phfin l$p vi sinh vi k^ qua lai hu^nh quang tai cho 
(FISH) cho thiy sv chiem uu thS cua vi khuio sit trong djch mode ciia thilt bj. Cic kit qua trfin budc diu k l ^ g djnh klii nfing ciia 
thilt bi nhu m^t cim biln sinh hgc phit hi^n sit, nhd bo^t tinh ciia cfic vi khu^ sit di dugc iam giiu trong thiet b). 
Tir khoa: pin nhifin h ^ vi sinh v$t, vl khuin sit, cam biln sinh hgc, phfit h i ^ ldm loai 

MdoAu 
ij nhî u viing ndng thfin Vi$t Nam, vl khfing cd di^u kl$n si> dgng nirdc s^ch, ngiroi dan phai difa vao cac ngudn hiFoc 
ngim ma phln nhiSu bj fi nhifim boi cac kim lo^i. Theo mOt nghifin ciiu gknUky, hani'lugng cac klm lo^i c6 h î nhif sat, 
mangan va asen trong nhî u ngu6n niKi'c ngam 6 miln Bac Vi$t Nam da cao a mi>c bko d^ng (Winkel LHE et al.. 
2011) Vi#c tiip xiic ttiu^ng xuygn v*l cac ngudn nude chi>a ham lu-gng Idn cac klm I09I nay se din din nhieu h$u qua 
b§nh 1̂ ,-d̂ c bî t la doi vdl h$ thiin kinh. Cac phSn tich de phat hî n cSc kim logi r\ky ddi hdl phSi dugc thg'c hi#ri trong 
phdng thi nghi$m va kha mil Ihdi gian ho$c tfin kdm. Vi viy.'mOl ^ l i t bj ckm biin sinh hgc, c6 thi diing nhiiu lin va cd 
thi phat hi$n tgi cho 51/ cd m|t cua cac kim logi ndy trong nirdd ngim, se cd ^ nghTa rit Idn, giiip ngudi dSn nfing thdn 
danh gia nguAn nude ngim hg ^nh sir dyng vdi chi phi khong qua cao, gdp phln cai thi§n cuOc s6ng cCia hg. Pin nhiSn 
lî u vi slnh v$t, m t̂ dgng h$ thing sinh difn hda duvc phat triin giin day, thi hign nhiiu tiem nang si> dyng nhu- m l̂ 
ĉ m biin slnh hgc dap dng cdc ydu ciu tr#n. 

Pin nhifin 11^ vl sinh v$t (microbial fuel cell) (MFC) thudc nhdm cdc h| sinh dlgn hda (bioelecbochamical systems -
BESs), Inang dd vi sinh vkt ddng vai trd xuc tac cho cdc phan dng dign hda thfing qua tucng tac ciia chOng vdi cdc dî n 
cue (Rabaey K vk Verstraete W, 2005). Trong mfit pin nhi&u li§u vi sinh v$t, d cue km (anode), nhd cdc vi sinh v9t cd 
hoat tinh di§n hda da dugc iam gidu, cke ea chit dugc fixi hda va dî n td sinh ra dug'c tmyin oho di$n cue. Di§n tC" sau 
dd dl chuyin theo chfinh l$ch Uie oxi hda khu qua m t̂ mgch ngoai tCr cij-c am sang cue difong,' va ducrc tiep nh$n bdi 
chit nh$n dT̂ n td cuii cOng, thudng la Sxi, d ci/c dirong. Nhu v$y, trong m<ll pin nhifiu li$u vi sinh v|l , hda nang' bx>ng 
cdc lifin kit hda hgc trong co chit dugv chuyin hda thdnh di$n nanVhhd hogt tinh cua cac vi sinh v$t (Rabaey K va 
VerstraeteW,'2005). Bing lhdi,d6ngdi§nlaora'bdi thiit bi tucng dfii ti-Ifthu^n vdi nftngdO/haijiluvng cac CO chit. 
Trang trudng hgp co chit la cdc chll hdu co trong nude thai, ndng dg/tiam lugng co chll dugc thi hî n bang chl s6 
BOD. Vyvky, MFC da dugc nghidn cdu vd thd. nghifm d i iam cam bien sinh figc do chi s i BOD (BOD sensor) d i ddnh 
gia ham lugng chit hihi co trong nude thdi, d Hkn Quic, ti> nam 1999 (Chang IS ef a/., 2004; Kim BH et ai. 2003). 

Mdt diiu ddng luu y la l|p hgp vi sinh v$t dugc iam giau trong mOt MFC cd llnh dgc thO eao vdi cg chit dugc cung eip. 
Kim va cs. da Chung mlnh khi sd dgng nude thai iam co chit diu vko thi do nude thai chda nhieu logl chat hdu co da 
d^ng, tip hgp vi slnh v|l dugc lam giau trong MFC thddng la cSc vl slnh vgt da dudng, phat bien trfin mfil trudng giau 
dinh dugng (copiotrophlc) (Chang IS e( aL. 2004). Ngugc Igl, cdc vi sinh v|it d|c thii vdi mdi trudng ngheo dinh dudng 
(oligotrophic) Igi dugc lam îdu khi MFC dugc eung cip nude thdi nhSn tgo vdl ham lugng BOD thdp d dau vko (Phung 
NT e( a/., 2004). Trong nhieu nghiSn cdu khae khi nhdng eg chit dgc bigl nhu acetat, hay foc-mal dugc sd dyng thi Up 
hgp vl sinh v^t dugc lam giau trong cdc MFC diu mang tinh d|c higu eo chit eao (Ha PT e( at.. 2008; Lee JY et aL. 
2003). 

Dua trfin nguyfin ly vgn hdnh cOa thiit bj la hda nang trong eg chit dugc ehuyin hda ihanh ddng di#n I j If thu|ln vk dga 
Irfin tinh d§c hifu co chit cua quan xa vi sinh vgt duge iam giau, chiing tdi dfi xuit phuong dn lam giau cdc vi khuln sat 
tnjng MFC dfi phat triin ekm bien smh hge giiip phat hifn kim loal nhu sal va mangan Irong cdc mlu nude. Kha n§ng 
phat hifn klm logi dua IrSn cac dac tinh dgc bift ciJa cdc vi khuln sit. Vi khuin sit, da s6 thugc nhdm vi khuln hda 
dudng vfl co k| khi tdy lifn, cd kha nang thu n§ng lugng cho hogt d$ng song va trao dii chit cua chdng thdng qua vifc 
fix! hda ion sat (II) thanh sit (III), hogc ion mangan vdl s6 fixi hda thip thdnh ion vdi so Sxi hda cao (Madigan MT et a/., 
2004). Chinh vl vgy, mgt MFC dugc lam giau thanh cfing vdi ede vi khuin ndy se cd khd nang phdt hifn sat vd mangan 
trong nude ngflm. Cke MFC thudng nhd ggn, c6 thi dugc dfi ddng vgn chuyen, cd l l l i sd dyng dugc nhiiu lin, nSn rlt 
phO hgp dfi sd dgng iam cam biln sinh hgc phat hifn tgi dio ede klm logi trfin. Trong nghidn cdu nay, chung tfii budc 
dau tlm hi4u kha nang iam giau vi khuln sit trong thiit bj MFC vd kha nang cdm biin phdt hifn sat cda thiit bj. 

V̂ aiT LIEU VA PHlrtTNG PHAP 

Chi tgo va v$n hanh pin nhlfn lieu vi slnh vat 
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sinh hgc (National Centre for Biotechnology EducaLon) (Allen RM va Bennetio HP, 1993) nhung vdi kich thudc nhd hon 
d i phii hgp hern vdi myc dich sd dyng lam cam bien sinh hgc. Cy thi, mii thiet bj bao g6m 2 khung perpex Idn kich 
lhuiS^12em 112 cm » 2 an, 2 khung nhd (eua khoang anode va cathode) vdi kidi thudcScm x 8em " 1,5 cm, dgiQ>a 
ring dgng hinh vuflng kich thudc 5 em " 5 cm. CSc hgi than chi dudng kinh 3-5 mm (Aelterman P etal., 2006) duge sd 
dyng nhu d|fn cgc, tfugc do lip diy in5i khoang, 6km bdo tiep xdc vdi nhau va blp xucvdi m§t que than cht (difdng 
kinh 5mm) dugc gin vao khung jdnvd thfing ra bdn ngodi. GiOa cac khung cocaetamldtcaosudidam bdo df ktn 
chltcua cdc khoangandddvaicathdde. Mang Nation N117(DuPonl. Hoa K>) klch Ihudc 6cm « ecm^duge sd dyng de 
ngan each khoang'anode ya caOiode.'Thiet bj duge lip rdp vd co djnh nhd «-va bu-16n^xuyfin qua 4 diim d mil khung 
h5rn. Cdcdlu difn Cgc qu^ Wan chl dugc nil vdi ngam ca sau va ddy din difn'(dudngkfnh1 mm) va nil vdi mdt difn 
trdmgchngdai(10dhni>. - ^ '̂i-v,...... • . - - , . - isic •_". • :,:.tR^ii-. -.lo jsr ;, •- '<'•:: 

Di tgo dudng vdo vd ra cho d'ich anode vd cathode, cdc khung IdTi d anode vk catfiode 'dugc khoan'I'S va iSrig nhga 
PVC di/dng kinh 5cm dugc gin vdo ede 15 do. Ong din tflch vdo anode dugc nil qua ing rjhd gig|,y^blnhchdajndi 
irudng M9 cai fiin (Clauwaert P etai. 2007) (0,44 g KH1PO4 IL, 0,34 g K2HP04 fl-, 0,5 g NaCl'^', 0,2 g Mg'Sb^-ffiiOyiT: 
0,0146 gCaCb/Li-pH7)=-Binh chda mOibvdmg dugc syc khi Nî to 30-.60 phiitdLduii bdt khi,6-xi (ehit nli^n aifn.ld 
cgnh banh Him tdng) bu*c khi cip yao anode cua m5i thiit bj. 

Thiit'bl dugc v|n hanh theo md .(batch mode). Khi bit diu mgt me, Fe(ll) dudi dgng dung djch FeCb dugc cung cap 
cOng vdi djch cac nguyfin t6 vi lugng (thanh phln theo (Clauwaert P etaL. 2007)) vao khoang anodsj bing.xi-lanh qua 
mft ong chd T trfin ong din djch vdo anode. Thi tlch va nftng dg djch FeClj dugc linh todn sao eho ndng df Fe{ll).cu6i 
eOng trong khoang anode s& dgt dirge gid bi cin thd nghifm. Thi tich djch Vfi luang dugc tfnh todn sao-cho rpn9,dQ 
euil icOng dgt 0,1% (v/v) djch anode..TiSp do, dung d|ch M9 (tft trdng. da ŝyc khlNi-tg) dugc hOt td blnh mfll tn/dng 
bing xl-lanh, eung qua ong ehi>T Irfin, roi dugc bom vdo khoang anode ciia thiit bj. The llch bom dugc tinh-sao cho 
mfli lln, Vi djch trong khoang anode dugc thay mdi (khodng 20 mL). Sau cdng, HCO3"; ngudn.cac-bon ĉho vl kbulhslt; 
duflrt! cung cip dudi dgng dung djch NaHCOa vdo khoang anode, Iheo cdch luung tg nhu edeh Fe{ll) duî c cung cip, 
sa^oohp'd t̂ rifing dO cuiTcCinEi'trong djcli an'ode ia"2 g/L (ClauwaerJP et aL:-2pO'r): CacKcurig''clp',fc'ac'lh'anfi'pffirTaich 
anode nhu trin dim bao trinh's'i/ tao thdnh' cdc' mtiil carbohafe kit tiia trorig 'djch anode.^dldidarig cathotfe; irtiî d'Wi5i 
fTii\^n hdnh,'djch ca'thocfe Qiiiyc ttiay mdi don gidn bing cdt^ hCil vd tarm'dung'djch ai|hi'(4,4-g'K}H2p04 fl?,'3,4'g 
K2HP94 fl.; 0,S g NaCI /L) mdf vko. Khoang cathode dugc syc khi bing mdy syc khi SL-28pO (SlHfflrta>e, 'TrTJî 'puSc) 
di cung d p d-id (chit nh|n Agn Iu' cuii cung); toc'df syc khf dugc diiu chlnh vda phdi dl'trSnttclung dfch ca'lhdde Bdy 
hoi qud nhanh. Mdt md vfn hdnh dugc llnh ti> luc bat i&u dp dfch vko ahixle eh'6 dlrf khi ddng dlfn sfnh î a'gilm ^ gid 
Irl ban diu (^udng khdng 2 h). 

Do dgc vd tinh todn cdc thdng so dl^n ., -' -

Thiit bj difn k i (model DTg2a5A+, Honeytek, Hdn QuSc) dugc sd dyng d i do hifu difn thi d hai diu i^f n frd. Cudng 
df ddng difn I (A) sinh ra dugc llnh theo cdng thdc vft ly co bdn: I = U/R, trong dd U (V) Id hifu difn ttie d hai diu difn 
bd mgch ngodi, R (ohm) Id'difn trd mgch ngodi. Tuong ft/, difn lugng Q (C) = Im't t, trong dd iih (A) Id cudng df ddng 
difn tnjng binh cda mft mê vdn hdnh, t (s) Id thdi gian theo ddi (mft mf vfn hdnh). 

Trd phi dugc gidi thfch ey thi, cdc^ia trj cudng df ddng difn trung blnh vd difn lugng trinh bdy trong bdo cdo ndy diu 
Id kfit qud cOa 3 lin Ifp Igi thf nghifm (3 mi vdn hanh). 

Quy trlnh lam giau vl kliuin sat trong th i i t l i j ' 

Cdc ̂ l i t bj pin nhifin lifu vi sinh vdl (MFC) sau khi chi tgo, dugc kiim tra di dam bdo khdng rd ri, cdc kit nil ddm bdo 
tiip xOc tit. Mft ttiiit bi (MFCI).dugc sd dyng Idm ddi chdng; mgt ttilit bj khde (MFC2) dirge su dyng ldm thiit bj thd 

' nghif m.Qud trinh Idiji gidu dugc ttii^e hifn chi vdi MFC :̂ Trong Siigdy y^n hanh d;iu tifin, djch â ijode d p yao Ihlil bi 
dugc bi sung, nguin vl ^Siih,V l̂: ImL dieti M9 trgn diu vdi pliincfn^au Iv ldm'(yd rda blhg'dictiW91^c'ii'a'i rnLdirfi 
biin tg-nhifin (liy dudl'df'sau'20cm'Igl mft eon siiii cd mdu nuac vd'ng'6_d|ic trung ciia^khuyuci^Jnhliu'sat',^ 
Ddng Tdn, huyfn Cfng Hda, thdn^ pho Ha NfiJ. Doi vdi MFC1, qud trlnh vfn tidnh duge'diln ra m "̂kh6rig.c&.svr bd 
sung ngudn vi sinh v f l • " i . , . - . - - . . . - - . . - . . , . 

Trong vdng hai luin, ddng difn sinh ra bdi cdc thiet bj lifin b,ic dugc ttieo doi vd mau djch anode (2 mL) cua mdilhlilbj 
dugc lly mdi ngdy d i phyc vy cdc phdn tlch vi anh vd sinh hgc phan tu. 

Cdc phuwng phdp vl sinh - . , . , . - -,, •'^•' '•, , • '^^_ ' , .̂--.O.̂ *.! 
Vi slnh vdt trong khoang anode cd f̂cdc Wiiitbi diiQc phfln tfch ttreo phucrng phap Iniyln thing (pha loSng va nudf d y 
bdn dia petri) trfin mfil mrdrig Luria-Bertani (LB) vdmai trudng Wlnogradsky (0,5 g KH2P04/L; 0,^g WaNOj/t, 0,2'g 
CaCb/L, 0,5 g MgS"04.7HiO/L," 0,5 g NH4NO1/L, 6 g Ammonium Fenic Citral fl.; 16 g agar/L).-Cdc khiiln fgc dugc 
quan sdt sau 24 h nufii dydnhidtdf 30 C. ' " , 7 . *" " . ' ;' . ' * . . . > •' " -

Phlpgng phdp lai hujnh quang tgi ch$ (FISH) . , _,. •. , , „ _ , , . ' ; ^ „ , / , ' . - '^ 

Cdc miu'dnph^n tlch dugc cd djnh ttied quy trinh sau": 1 ml mlu dugc trfn vdi. 0,'1 mL PBS'(dfm phot-phal,'pH7^'l 
mL fdmialdehyde 37% dugc bdsung vdo miu vd gi5 d 4 C bong Ihdi gian It nhlt Id 30 phut nhung khfing qud 24 gi^. 
Hdn hgp ndy sau dd dugc ly ldm logi bS phln djch vd tiip theo-phin cgn t i bdo dugc n>a Igi bing PBS. Sau dd Bjch 
huyln phd Igi dugc ly tfim hjgi PBS vk phln cgn t i bdo dugc bd sung 1,5 mL hon hgp dung djch ettiancrf/PBS (1:1). 
Mlu ddcA djnh dugc bdo qudn tgi-20.0. • ^, .-,; , -. ,, • ,, , ,_ ,.^._,.. ,.,-_ 

cac mlu da c6 dinh dugc lai vdi miii dd theo quy trinh sau:'20 pL mdi miu dugc hda vdl 2 mL nude d t vd trOngrVa 
dua Ifin mang polycarbonate. Mlu trfin mang polycarbonate dugc di khfi Ig nhifin trong khfing khi. Oe chuin bj cho qud 
ftlnh lai. 2 pL mlu dd PS1 duge b^n vdl 18 pL dfm lai (bao gdm 180 pL NaCI 5M/mL; 20 pi, Tris-HCI IM/mL; 350 pL 
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formamide/mL, vd 1 pL SDS 10%/mL bd sung sau ciing de bdnh ket hja), g iu trong dd vd bdnh dnh sdng. M l u dd PS1 
(cung c i p bdi Integrated DNA Technologies) bao gdm doan oligonucletide PS1 cd trinh Ig (5'-AC GGU AGA GGA GCA 
AUC -3') d f c h i fu vdi nh i iu vi khu in sal (Sienng PL va Ghiorse WC, 1997), g i n vdi ch i t phdt tfn h i fu huynh quang Cy3. 
Mdng polycarbonate mang m l u da d i kho dugc dat len lam kinh va dugc nhd dung djch d f m lai chda m i u dd lfin trfin 
tnfdc khi dugc u trong buong lai d 46* C trong 1,5 - 3 g id . Sau khi lai, mdng mang m l u dugc chuy in nhanh sang d f m 
rua (bao g i m : 800 pL NaCI 5M; 1 mL Tris/HCI I M ; 0,5 mL EOTA 0,5M; nude d t vfi trflng d i n tdi 50 ml; vd 50 pi SDS 
10% bd sung sau cCing d i trdnh k i t taJa) da dugc Idm ndng trong be dn nhift tgi 48*C, trong 15 phut Sau dd , mdng 
mang m l u dugc nhung b^ong nude eat vd trdng trong vdi gidy vd dugc dgt lfin giay t h i m cho khd ( m | t cd m l u Ifin bfin). 
T i i p dd, mfli m l u dugc nhd 50pl dung djch thudc nhufm DAPI Idn tren, g iu 3 phdt b-ong tdi; sau dd dugc rda nhanh 
Irong nude d t vd tning vd n>a trong elhanol 80% trong vdi gidy, rdi d i khd ft/ nhifin Irong khdng khf (trang budng tdi). 
C u ^ cdng, m l u duge quan sdt dud i kfnh hien vi huynh quang (Cari-Zeiss, Ddc) cd bang bj kfnh Igc chuyfin bi f t cho tfn 
hi fu tu Cy3. Kfnh h i l n vi nay cflng cho phep quan sat tin h i f u t d DAPI nhd kfnh Igc blue^cyan. 

K^T QUA VA T H A O L U A N 

Si^ sdn sinh ddng d i f n cua d c pin nhien l i f u v i s inh v i t vd vai t r d c i ia v l s inh v$t di^n hda d u g ^ iam giau 

Chr trong 1-2 ngay d i u cOa qud trinh lam giau, d thiet bj pin nhifin l i fu vi sinh v | t MFC2 (vdi ngudn vi sinh v f t Idm g l i u 
IdbCinlu nhifin) dd Uily x u i l h i fn ddng dien sdn sinh bong khi ddng d i f n d ddi chdng MFC1 Id t h i p (Hlnh 1(A)). Sau 2 
t u i n v f n hdnh vdi ngudn ch i t cho d'lfn tir duy n h i t Id Fe(ll) d n&ig dg 20 mM, thi i t bi san sinh ddng d i fn dn dinh vdi gid 
bj trung blnh Id khoang 0,6 mA (Hlnh 1(A)). Trong khi dd, ddng d i f n do dfli chung sinh ra fln djnh d muc bung blnh 
khodng 0,2 mA. S g khde bi f t duy nh i t giua hai MFC la d ngudn g i ^ g ban d i u cung d p cho MFC2. Vi v fy , cdc k i t qud 
ft-fin ggi ^ tkng ddng ^ f n sinh ra d MFC2 chfnh Id nhd cdc vi sinh v f t d i fn hda dugc Idm gidu tu ngudn ban d i u ; tmng 
khi ddng d i fn smh ra d d i l chdng ( v i n d muc nho) cd t h i Id do vi slnh vdt Irong mdi trudng xdm nh fp vdo anode cda 
MFC1 vd thfeh nghl d i n nhung vdi hogl llnh chuyfin bigt khdng mgnh bang cdc vi sinh v f t trong MFC2. 

Thfing thudng, khodng ^ d l gian d i cdc q u i n xa vi slnh vgt d i fn hda trong MFC dugc hlnh thdnh va fln ^ n h la khodng 2 
tu in (Kim BH ef al., 2003; Rabaey K va Verstraete W, 2005). Md hinh phdt sinh ddng d l fn cda MFC2 tu luc b i t d i u ldm 
gidu d i n thdi d i im 2 l u i n sau dd (fln djnh) cung tuong Ig vdi mfi hinh phdt Sinh ddng d i fn d i i n hlnh bong qud trlnh Idm 
gidu eiia m f t pin nhifin l i fu vi slnh v f t (Rabaey K vd Verstraete W, 2005). K i t quk ndy budc d i u t h i h i fn r ing th i i t bi 
cOa chdng lfii dd c6 nhdng d fe d i im v i chdc nSng giflng nhu mf t pin nhifn l i fu vi sinh v | t : sinh ddng d i fn , cd t h i b^n 
eg sd sg hlnh thdnh/iam gidu m f l ldp hgp vi sinh v f t d l fn hda trong anode. 

Hlnh 1. (A) 06 thj the hi^n sg phdt sinh dong dlgn bdi MFC2 vd doi chdng MFC1 Irong glai do^n iam gl iu v l khuln 
dl^n h6a sd dgng Fe(ll) l im ngu&n cho dlfn td . (S) Quan hg tuong quan giira dl fn lugng sinh ra (trong 1 md v |n hdnh) v i 
cudng df ddng dlfn vdi n&ng d$ Fe{ll) trong djch anoda cQa MFC2 va d6l ch&ng MFC1. Ghi chii: MFC2 dugc bfl sung ngufln vl 
smh v^t (bOn i v nhifin) Irong 3 ngay dku v jn hanh. MFC1 (doi chdng) khflng dugc bo sung nguin vi sinh v f l . MFC1 DCHH Cddi chdng 
h6a bpc") Ih l hi^n phdn dng cua MFC1 sau khi du'gc khd trOng (khoang anode) bang elhanol 70% trong 24 h; tring 3 l ln b ing mfli 
tnrdng M9 vd tning vd thd vdi cSc nflng dg Fe{ll) kh^c nhau ngay trong 3h d iu ti§n (trong dilu kifn coi nhu vfl trting - chl cd phdn dng 
h6a hgc phi sinh hgc diln ra). CAc MFC dugc v^n hdnh von d 25° C vdi difn trd mgch ngodi 10 Ohm. 

T h f l v fy , vai bd cua cua vl sinh v | t d i fn hda the hien ro khi so sanh mfli tuong quan ddng d i fn - ndng d f Fe(ll) d 
MFC2 vd d ddi chdng MFC1. Ddng chi i y la. d l fn lugng sinh ra (trong 1 me v | n hanh) bdi MFC2 cd phdn dng tdng gidm 
tuong dng r l l rd rdng vdi sg tdng giam nflng dg Fe(ll) trong djch anode; ft^ong khi dd a f n lugng sinh ra bdi MFC1 hodn 
todn khdng t h i h i fn sg tuong ung (Hinh 1(B)). D i togi bd khd nang dong d i fn sinh ra cd ttii d i l I f do ph ln d n g hda 
hgc, mf t thi nghifm ddi chung khae dugc thgc hign: khoang anode cua MFC1 duoc khd bung b i n g elhanol 7 0 % bong 
24h. trdng 3 l l n bdng mdi budng M9 vfi bung vd thd^ /d iede nf lngdo Fe(ll) khde nhau ngay bong 3h d i u bfin (trong 
difiu kl fn coi nhu vfl bung - dd Wim chdng bdng nuoi d y khuin Igc t r fn dTa ttiadi Vl/lnogradsky - d u l i fu khfing bdo 
cao). Trong difiu k i fn nhu v fy , khi md chi cd phan dng hoa hge phi sinh hgc d i l n ra, d i fn lugng cOng nhu cu&ng d f 
ddng d i fn sinh ra Id khdng ddng k l (Hinh 1(B), MFC DCHH). K i t qua ndy chdng tf l lugng d i fn sinh ra bdi sg 6-xi hfla 
hda hgc Fe(ll) m f l cdch ft/ nhifin la r i t thap, va chi dong gdp mgt ty I f khflng ddng ke vdo lugng d i fn sinh ra cOa th i i t bj 
MFC2. D i i u ndy cOng cd nghTa Id ddng d l fn sinh ra bdi MFC2 chO y l u Id do sg khae bi f t cua t h i l l b[ ndy: cd vl s inh v f t 
* f n hda dugc ldm gidu bong anode. 

Cdc k i t q u i trfin chi ra r ing thi i t bj MFC2 da duoc phat t r i ln ttianh m f t dgng pin nhifin l i fu vi sinh v f l vdl ddng d i f n 
sinh ra nhd su cd m| t vd/hofc hogl Ifnh cua cdc vi sinh vdt d i fn hda dugc Idm gidu. 
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Vi k h u i n s i t t rong t h i l t b] MFC phan dng vd i Fe(ll) 
(MFC2) 

Dh t lm h i iu ve w ^sinh v f l bong khoang anode cda 
MFC2, chiing lfii tien hanh cdc phdn Uch vi smh ttieo 
cdc phuong phap t ruyin ttiflng nhdm so sdnh cdc w 

• sifrtr v f t d anode cua MFC2 vd anode cda dfli ehdng 
MFC1. K i t qua phdn Igp trdn mfii tn/dng LB vd mffi 
trudng Wlnogradsky cho Bi iy chl cd vi khuan cfl m| t 
trong khoang anode ciia cdc MFC nay. T d khoang 
anode cda MFC2 chdng tdi phdn I fp dipgc 7 chdng vi 
khu ln d i u t h i hi fn hinh ttidl khu ln Igc dgc trung ctJa . 
vi khu ln s i t trdn mfii I rudng Wlnogradsky': khuan Igc ' 
mdu ndu vang hogc nku do, da sfl cd dnh d i u (hllnh 
2). Trong khi dd, t d khoang anode cua MFC1, chiing 
tfii chf phdn I fp dugc 4 ehCing vi khu in trong dd cd 3 
chCing cd h1nh thdi khu in Igc gidng vi khu in sat. 

D i kh lng (flnh sg ed m f t ciiia vl khuan s i t trong 
khoang anode cua MFC2, chdng tdi thgc hifin phuong 
phdp lai hujrnh quang tgi chfl sd dgng m l u dd E>S1 ' 

' dgc h i fu chung cho nh i iu \ i khu in s i t (Siering PL vd 
Ghiorse WC, 199^ . K i t qud (Hlnh 3A1, 3A2) 
cho ttiiy trong mau ngudn Idm gidu (bun tg 
nhifin), vdl m$t d f t i bdo thua thdt, vl khu in 
s i t khdng chi^m uu I h i . Trong khi dd, trong 
djch anode ciia MFC2, vl khuin s i t t h i hign sg 
cd m i l uu t h i , ehi lm ty I f cao trong tdng sd vi 
sinh v f t cfi m f t trong anode (Hlnh 3B1, 3B2). 
M f t d i iu ddng nggc nhifin Id vi khu in sal 
khfing cd m f t nhi iu trfin b i m f t di fn ego 
anode ciia MFC2 (Hinh 3C2). 

Cde k i t qud Irfin ggi y r ing v l ' khu in sat ehii 
y i u cht cd m f t vd ch i im u u t h i trong ph ln d|ch 
anode chd khfing phdl trfin b i m| t d i fn cgc 
anode ciia ttilit bj thd nghifm (MFC2) D i iu 
ndy d i n d i n m f l gid Ihuyi t Id: Vi khuan sdt 
khong tmy in dl fn tu trgc t i ip d i n d i fn g g c 
Trong cdc cdng trlnh v i sg truyin d i fn td trgc 
tiep eho d l fn cgc (bdng protein ngodi mdng 
hole b ing nanowire), cac t i bdo vi khuln luon 
duge quan sat th iy cd sg g i n k i t vdi b i mf t 
dien cue (Kim BH et ai. 2003; Rabaey K va 
Verstraete W, 2005). Nhu v fy , c6 hai gid thuyet 
ddt ra v i vai trd eda vi khuln sdt trong anode 
ctJ2 thi i t b|. Gia thu>'it thd nh i t Id vl khu in si t -
truyin d i f n ft> d i n d i f n cgc 
thfing qua m f l ehIt t m y i n d i fn 
tu do chOng sinh ra (vi trong 
mfli t rudng khfing cd mgt chat 
trung glan t ruyin dign td t i lm 
nang ndo). Co c h i nay da duge 
phat h i fn d nhi iu MFC v fn 
hanh vdi cdc vl khuln d i fn hda 
khde (Rabaey K vd Verstraete 
W, 2005). Vi dg nhu 
Pseudomonas aeniglnosa. GId 
thuylt thu hal Id. Vi khu ln s i t 
su dyng nkng lugng t u su d-xl 
hoa s i t d i tdng hgp eg ch i t ed 
ttii sd dyng dugc bdi m f t logi 
vi khu ln khde luong-tdc In/c . 
tiep vdi d l fn cgc. Tuy nhifin, xdt 
muc ndng lugng th ip thu dugc 
td sg fi-xi hda s i t , cung vdl 
quan sdt r ing trfin b i m f t d l fn 
cgc cQng r l t nghdo vi slnh vf t , 
gid thuyfit ndy kdm ttiuyit phyc 
hon. 

Hlnh 2 Hlnh anh khuln Ifc ciia m$t sfl chdng vi 
khu ln phSn l^p tu MFCS trfln mfli trudng Wlnogradsky. Mdu 
nSu dnh diu cua khuln Igc dgc tnmg cho vl khuln saL (Ghi chii: d 

' gdc mfli hlnh Id sfl hi^u chdng). 

u iu t,bn t f piiiin 
(nguin tim giauj 

: v | . ^ * ., ' 

l--;i|ft8 

IhSludicTianads 
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•• ft • 
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nr=MF« 

• • # : • 

Hlnh 3. K i t qud phdn tich vl khuln sat trong thi l t b\ bang k? thuft lai 
huynh quang tgi chS. Td trdi qua phSI l ln lugt 1̂  hlnh dnh brong dng cOa 
c^c mdu: bCin Ig nhifln (ngufln lam gi^u) (A), d|ch anode ciia MFC2 (B), vd b l 
m$t difn cgc anoda cOa MFC2 (C). Cdc hlnh d f i n (1) Id cic dnh hi ln vl 
tflng hgp tin hifu hu^nh Quang tii DAPI, phdn anh sg cd [nM cOa todn t i f vi 
slnh vft tnsng mlu Cdc hlnh d diiir] (2) Id cdc dnh hiln vl long hgp tin hifu 
hujinh quang ti> Cy3, phdt ra Id dau do PSi; phdn anh sg o i rrifl dia vi 
khuln sat trong mlu. (Bar d hlnh Al tirang dircng S pm). 

MnodS F«iin (rang (Uch en 

Hinh 4. Bfl thj b i lu d l ln quan h | gifra cudng d ^ dong dl6n vdl nflng dg Fe(ir) trong 
d|ch anoda ciia MFC.2. EluOTig thing ddt ao?n la fluii'ng hit quy thfl hifn quan hf trfin 
trong khoang nflng dfFe{H)S 15 mM Cdc h$ sfl trong hinh Id cdo hf sfl cua phuong trinh 
hfll quy, bao gflm cd gid trj R'. Cdc gid tri cudng dp dfing dl$n tmng binh Id kgt qud oia ba 
l ln I jp lai thi nghifm. 
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Khd n i n g cdm bien Fe (11) cua thiet bi 

De ddnh gid khd nang cdm b i l n phdt h i fn Fe(ll) cda MFC2, ttiiit bj dugc thu nghifm vdi cdc ndr^ d f Fe(ll) khde nhau. 
K i t qud (Hinh 4) cho ttily dong d i fn sinh ra co quan h f tuy in tinh vdi ndng d f Fe (11) trong djch anode cda th i i t bi 
(MFC2) bong khodng n i n g dg Fe(ll) I d 1-15 mM. Phugng trinh hoi quy phdn dnh quan h f giua cudng dg ddng d i f n vdi 
n ing dg Fe(ll) c6 ttie dugc tinh todn nhu sau: l(mA) = [Fel(mM) " 0,06 + 0.038 vdi he sd hdi quy R ' = 0,0955 (ch ip 
nhfn dugc). Tuy vgy, vdi n i n g d f Fe(ll) bfin 15 mM, ddng d i fn cd b i iu h i fn khfing t i i p tyc tSng md c6 phan gldm dan. 
D i iu ndy, cho ttily ttiiit bi ed ttii dugc ap dyng t i t nh i t dfi do ndng dfl Fe(ll) bong khoang n ing dg Id dirdi 15 mM. 

Mf t trong nhung nguyfn nhan khi in dong d i fn sinh ra bdi MFG2 khong Uip luc tdng ( th fm chr giam) d ndng dO Fe(ll) 
>15 mM cd t h i la dgc tinh cua s i t (khi ^ n i n g dg nh i t djnh) ddi vdi vi khu ln . Dd cd mgt sd cfing bfi cho ttidy cdc kim 
logi cd t h i dnh hudng ldm suy gldm hoat d fng trao ddi eh i t d vi khu ln . Tuy nhifin, cung khdng logi bd khd nSng ddng 
d i fn khdng tdng chl Id do n i n g d$ Fe(ll) tdng vugt qud muc d f t i i da md vi khu ln s i t cd t h i d-xi hda. 

S g khdng tuy in llnh cua ddng d l fn vdi ndng d f ea ch i t d dai ndng dfi cu ch i t cao cOng dugc quan sdt t h i y ddi vd i ttiiit 
bj MFC dgng BOD sensor (cam b i in do BOD), phat t r i in bdi Kim va es. (Kim BH ef al., 2003). Th i i t bi ndy cho ddng cnfn 
ed cudng d f d mdc "bfio hda" fdii gid trj BOO vug t hon 100 ppm. Klm vd cs. nhfn x f l rang n i u sd dyng d i fn lugng Idm 

. chl sd ddnh gid thi quan h f h i y in tinh v i n dgt dugc tdi nong d f 200 ppm BOD nhung ttidl gian do khd ddi (Ifin den 10h). 
Tuy vfy, mf t gidi phap don gidn nh l t d i kh ie phgc td pha loang m l u ed ndng d f eg ch i t cao. Cdch ldm ndy eOng ed t h i 
dugc dp dyng cho th i l l bi eua chdng tdi. Nhu vdy, v i cg-ban, phan dng eiia th i i t bj MFC (MFC2) do chOng tfil phdt b i i n 
vdi ndng d f Fe(ll) khd g i lng vd i p iSn dng eOa ttilit bj BOD sensor ndi trfin vdi BOD. Thiet bi BOD sensor da dugc dng 
dgng Uigc t i tgi Han Qudc (Kim BH et al.. 2003). Thfim vao dd, MFC2 U i l h i fn d f I fp Igl khd cao vd i s g 6hfinh I f ch giua 
cdc l i n do khde nhau cho cOng mf t ndng d f Fe(tl) khflng qud 10% gia tri cudng d f ddng d l fn (dd l i fu khfing bdo cdo). 
Vi v fy , thiet bi MFC ehua \ri-khuln s i t duge Idm gidu t h i h i fn nhi iu tiem nang sd dyng nhu m f t cam bi in sinh hgc phdl 
h i fn si t . 

K&TLUiSJ* 

Cde k i t qud nghidn cdu cOa chdng tdi da budc dau eho th iy vi khu ln s i t dd dugc ldm giau thdnh cfing trong th i i t bj pin 
nhifin l i fu vi sinh v fL Gid thuyi t h i fn t ^ v i hogl tinh cua cdc vi khuan nfiy Id: chOng fl-xi hda Fe(ll) trong dich anode, thu 
d l fn t d vd nhi iu khd ndng cdc d i fn t u nay dugc t ruyin d i n d l fn cgc nhd m f t eh l l truyen d i fn t d bung gian do cdc vi 
khuln s i t sinh ra. Thiel bi pin nhifin l i fu ehda cdc vi khu ln s i t dugc Idm gidu ndy dd budc d i u t h i h i fn cac d | c d i i m 
cda m f l cdm b i in slnh hgc phat h i fn nhanh Fe(ll) ed m f l trong m i u dich anode. 
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-PRFMMttMARY RTI IHY DM nFVFI OPING A MICROBIAL FUEL CELL ENRICHED 
WITH IRON BACTERIA TO BE USED AS AN ON-SITE DETECTOR FOR IRON IN 
WATER SOURCES 

Hal Pham*, Thtiy Nguyen, Phuong Tran*, Tha Luong* - - _ 

University of Sciences. Vietnam National University. Hanoi 

SUMMARY 

In many rural areas in Vietnam, having no access to clean water, people have to use ground water as their water sources, many of 
which are contaminated with metals such as iron, manganese and arsenic. Currently, the detectiDn of these metals in water sanqiles is 
complicated and costly. A microbial fuel cell ( M F Q typed reactor with iron bactena enriched in its anode compartment could be 
promisingly used as an on-site biosensor to delect these metals with a sinqile procedure. In this study, we preliminarily investigated 
tbe possibili^ of enriching iron bacteria in a MFC and the cqiability of such a MFC to detect Fe(II, #737). After two weeks of start­
up, our MFC typed reactor generated an average electrical current of 0.6 mA, while being operated with an inflow containing Fe(II, 
#757) at the concentration of 20 mM. With the inflow Fe(n, #757) concentration ranging from 1-LS mM, the generated current was 
proportional to the Fe(II, #757) concentration in a hnear relation (R^ = 0 955). Results of microbial isolation and fluorescent DNA 
hybridization experiments demonstrated the dominant presence of iron l>aclenain theanolyte of our reactor. The results, altogether, 
proved the capabili^ of the device as a biosensor detecting iron, owing to Ihe electrochemical activity of the iron bacteria enriched in 
its anode. 

Keywords: microbial fuel cell, iron bacteria, biosensor, detection of metals 
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