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Tém tit. Cac phuong phép tach kim loai ning trong nudc dang dugc ap dung thudong phai sir
dung hoa chit va ¢é chi phi kha cao. Do vdy viéc nghién clru cic bi¢n phap hi¢u qua hon nhu
phuong phap hip thu sinh hoc d& tach kim loai ning la rit cin thiét. Trong nghién ctiru nay da
khao sat kha nd3ng hdp thu sinh hoc mdt s6 kim loai ning (Cu?, Pb* va Zn?") cua Saccharomyces
cerevisiae. Mt s8 yéu t6 anh huong dén kha ning hip thu nhu pH, néng d¢ ban dau cua kim loai
ning ciing duoc khao sat. Két qua cho thdy S. cerevisiae sinh trudng t6t trong méi truong pH = 5,
két qud nay ciing phu hop véi cdc nghién clru trude diy. Kha ning hip thu ion Cu®, Pb> va Zn»
chui y&u xay ra & 6 gid dau khi bit ddu qua trinh hip thu. Kha ning hap thu ting khi néng d ban
diu ciia kim loat t3ng. Kha ndng hap thu cuc dai cia Cu? dat 63% sau 48 gid. Nong d¢ Cu? con lai
trong dung dich gidm tir 250 dén 92,7mg/]; va trong sinh khdi 1a 89mg/g. Kha ning hap thu kim
loai ndng cia S. cerevisiae theo thir ty: Pb2> Cu?> Zn?, vdi ndng d$ dau vao 50mg/l, sau 48 gid
nong dé cua Pb¥, Cu? vd Zn* trong dich gidm xudng twong umg con 2,8; 37,5 va 39,5mg/l. Hiéu
suat hap thu dat tuong Ung 95; 25 va 21%. Két qua cho thiy S. cerevisiae c6 kha nadng hdp thu kim
loai ndng kha t6t, tuy nhién cin phai tién hanh cic nghién clru tiép theo vé co ché qua trinh hap
thu; kha ning hip thu cac kim loai khac nhu Cr, Mn, Ni, Cd, Hg ...; va kha ning hap thu kim loai

n3dng trong nudc thai thyc té

1. M& diu

O nhiém méi truong nudc boi kim loai
nang (KLN) do hoat d¢ng khai thac mé, céng
nghiép ma, luyén kim, giao théng van tai,
hoat ddng san xuat va tai ché kim loai nang
tai cac lang nghé ¢ nudce ta dang la van dé rat
birc xiic.

Xir ly nuéc bj 6 nhiém KLN bing cong
nghé sinh hgc - gidi phap phu hgp dé lam
sach méi truong da dugc nhiéu nudc trén thé
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gidi ap dung. Cong nghé nay tuong d6i phu
hgp vdi cac nudc dang phaét trién nhu Viét
Nam vi don gian, gia thanh thap va khong
doi hoéi trang thiét bj va.quy trinh phic tap
nhu cac cong nghé khac.

Saccharomyces cerevisige (S. cerevisiae) la
m{t ching nim men c6 kha ning sinh truéng
va phat trién rat t6t, khong c6 hai khi phat
tan vao mdi truong. Ching nim men nay ¢
thé dugc phan lap tir ba thai cia cac nha may
bia, rrgu nén c6 kha nidng ung dung vao
thyc t& [1]. Trong cong trinh nay da nghién
ctru kha ning hap thu mét s6 kim loai ning
trong nudc clia nAm men S. cerevisiae va khao
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sat cac yéu td anh huong dén hiéu qua hap
thu kim loai lam co s¢& ap dung trong xtr ly
nudc 6 nhiém kim loai ning.

2. Sir dung nim men S. cerevisiae trong hip
thu KLN

2.1. Sw hdp thu kim logi cua S. cerevisiae [2]

Nim men S. cerevisiae sinh trudng tot
nhat trong khoang nhiét d¢ 27-33°C, pH 4,5 -
5,5. Nam men chju dugc 46 con, chiu man tot
va chiu dugc pH thdp nén khi nubi cay trong
moi trudng axit manh ¢ thé giam kha ning
nhiém vi khuan la ciia ching

S. cerevisiae 1a tac nhan mang va tich lay
kim loai (Pb, Hg, Cr, Mn, Cu, Zn, Cd...) vao
té bao co thé vai mire d¢ khac nhau khi sinh
truong trong moi truong cé mat cac KLN
nay. Cac kim loai Cu, Zn, Mn c6 anh hudng
duong tinh 1én hoat dong ho hap va toc d¢
phat trién cua S. cerevisiae. Tac dong doc hai
cua KLN dén co thé sinh vit giam theo trat
tu: Hg?* > Cd® > Cu? > Ni?*> Zn? > Pb?',

Su hap thu kim loai & S. cerevisiae dién ra
& ca té'bao sdng va té'bao chét, qua trinh hap
thu Cu, Zn, Pb & t&'bao nAim men S. cereviSiae
duoc giai thich nhu sau: truéc tién, Cu sé
tham gia vao qua trinh tdng hgp metallo
thionein, sau d6 metallo thionein bao quanh
kim loai va bao vé S.cerevisiae khoi dgc tinh
cia KLN. Sttc dé khang cta S. cerevisiae voi
ion Cu?® lién quan dén sy tao thanh lién két
kim loai-protein (metallo thionein), sy khoang
héa va sy tich tu tam thdi tai khéng bao.

Su tich lily kém trong ndm men do kém
kich thich sy hinh thanh lién két
acetaldehyde véi alcohol dehydrogenase.
Kém thiic diy sy tong hop nhéan bao, thiéu
kém sé kim ham sy phat trién cua té€ bao.
Theo quan diém di truyén hoc, sy tich lay
lién quan dén qua trinh trao ddi chat va cau

tric cha ion kim loai. Vi vay, Cu va Zn ¢6 vai
tro tham gia vao cau tric cia Cu, Zn - peoxit
dismutase, day la enzim dam nhiém vai tro
khir d6¢ chia té'bao ndm men.

Chi l1a nguyén t6 khéng cin thiét cho vi
sinh vat. Chi dugc tich luy ¢ ca té'bao séng
va t& bao chét va déu lién quan dén hién
tugng bé mit ma khong c6 hodc rat it lién
quan dén hién tuwgng hap thu ndi bao (trao
d6i chat) trir khi khuéch tan.

2.2. Cdc yéu t6’ anh hwong dén s hdp thu KLN
ctia S. cerevisiae

Cac yéu t6 anh huong tdi qua trinh hép
thu sinh hoc néi chung va sy hap thu KLN
cha S. cerevisiae noi riéng gom [2]: - Nhiét d:
Trong khoang nhiét d¢ 20 - 35°C hau nhu
khong anh huodng toi hiéu qua hap thu; - pH:
pH duoc coi la yéu té quan trong nhat trong
qua trinh hap thu. Gia trji pH anh hudng téi
tinh chat hoa hoc cua kim loai trong dung
dich, hoat ddng cua cac nhém chic trong
sinh khdi va sy canh tranh cia cic ion kim
loai; - Ham lwong sinh khét trong dung dich: sy
hap thu sinh hgc tang ti 1&¢ thuan véi lugng
sinh khoi vi sinh trong méi truong; - Sw co
mdt cua cdc ion kim loai khdc: Su loai bd mot
ion kim loai ¢6 thé chju tic déng boi s ¢o
mit cia cac ion kim loai khac, vi dy, sy hap
thu Ur bai sinh khéi vi khuan, ndim méc va
nim men bj anh huodng bdi sy ¢6 mét cua
Mg, Co, Cu, Cd, Hg va Pb trong dung dich;
- Sy tiép xiic cua t€'bao ndim men va ion kim logi:
kha n3ng hip thu ting lén khi ting tan s6
tiép xic giira sinh khoi té'bao vi sinh vat va
ion KLN.

3. Phuong phap nghién ciru

Nghién ciru dugc thye hién tai Phong thi
nghiém Khoa M6éi truong- Dai hoc khoa hoc
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Tu nhién Ha No6i va Vién Céng nghé Sinh
hoc-Vién Khoa hoc va Cong nghé Viét Nam.
Ham lwgng kim loai nang duoc xac dinh
bing phuong phap tric quang va phé hip
thu nguyén tir (may AAS-6800- Shimadzu,
Nhat). Xac dinh s& nim men bing phuong
phap dém dia chudn (cdy trong dia betri,
moi trwomg thach Hasen). Cac thi nghiém
duoc lap lai 2-3 lan, lay gia trj trung binh.

Miu nuéc nghién ciru: Cac miu nudc
thai tr tao c6 mat KLN vdi cac noéng d¢
twong tng: Cu? (50, 100, 150, 250, 300mg/1);
Pb? (50 mg/l); Zn?* (50mg/l) dugc pha ché’sir
dung cac mudi CuSQO,.5H,0; Pb(NO,), va
ZnSO,.7H,0 va nuoc cat hai lan trong cac
binh tam giac vo trung.

Vi sinh vit nghién ciru: Chung S.
cercuisiae do Vién Cong nghé Sinh hoc - Vién
Khoa hoc va Coéng nghé Viét Nam cung cap,
duoc bao quan ¢ nhiét dé 4°C. Méi truong
Hansen nudi cay vi sinh dugc pha bing nuwéc
cat 2 lan trong cac binh tam gidc vé tring,
didu chinh pH vé 4,5-5 bing dung dich
H2S0s, b sung nuéc thai ty tao, nit bong va
bao kin lai bang gidy bio, dva vao néi hap
khtr trung,.

Moi trwong Hansen dich thé (g/l):
Glucosa: 50g; Pepton: 5g; MgSO,.7H,0: 3g;
KH,PO,: 3g; K,HPO,: 3g; Cao nim men: 1g.
Khi cay trén dia thach, moéi truong dugc bo
sung 20g thach/l.

3.1. Phwong phap nuéi cdy vi sinh trong moi
trieomg dich thé

Ching nim men dugc hoat hoa trong ti
am ¢ 28°C trong 2 gio truoc khi cay. Nudi cdy
cdp 1: Ching nam men da hoat hoa dugc cay
vao 50ml méi treong dinh dudng trong binh
tam giac 250ml, tién hanh & diéu kién v6
trung (t0 hat voi dén cye tim); nut bong va
bao kin lai bang giay bao, lic (300 vong/phiit)
¢ nhiét 4§ phong trong 48 gio. Nuéi cdy cip 2:

Chuyén 50ml sinh khéi cdp 1 vao binh tam
giac vo trung c6 chira 500ml moi truong dinh
dudng (ti 1€ 1:10), tién hanh tuong ty qua
trinh nudi ciy cip 1, thu duoc dich sinh khéi
cap 2.

3.2. Phuong phdp khdo sit dnh hwong cua pH dén
qué trinh sinh trwomg cua S. cerevissiae

Cho 100ml nudc thai ty tao vao cac binh
tam giac (6 binh); cho vao 6 binh khac 100ml
nudc ct 2 1an lam d6i chung; diéu chinh pH
cua cac dung dich dén gia tri: 3,5; 4; 4,5; 5; 5,5;
6 (sir dung dung djch H,50, 0,5M va NaOH
lodng). B4 sung 50ml sinh khéi cap 2 vao mbi
binh tam giac (tuvong duong 0,26g sinh khoi
kho). Khi 46, thé tich mdi truong la 150ml,
néng 46 Cu?50mg/l, lic & nhiét 46 phong
trong 6 gid (150 vong/phut).

Lay tir mbi binh tam giac 10ml dijch, ly
tam (4000rpm, 20 phut); tach phan djch trong
& trén; phan sinh khéi VSV ling & day dugc
say & 105°C dén khéi luong khong d6i trong
48 gidy.

3.3. Nghién ciru kha ndng hap thu KLN cua nim
men

Chuén bj 4 binh chira 50ml sinh khéi cap
2 va 100ml dung dich Cu? ¢6 néng d¢ Cu?
twong ung la: 50, 150, 250, 300mg/l. Piéu
chinh pH vé 5; Iic (150 vong/phit). Lay 2ml
mau tir cac binh sau cac khoang thoi gian: 1;
3; 6; 12; 24 va 48 gio, ly tam (4000rpm, 20
phit). Phan dich trong dugc tach riéng ra dé
xac dinh ham luong KLN con lai. Phan sinh
khéi ling & ddy dugc sdy dén khéi lugng
khéng ddi (105°C, 48 gio). Tién hanh tuong
ty vdi dung dich chira Zn?* va Pb? 50mg/l.

3.4. Phuong phdp thu héi KLN trong sinh khéi
sau hdp thu

Phan sinh khéi ling & ddy éng ly tim
dugc rira 2-3 lin bing nudc cat, chuyén vao
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chén stt, c6 can va nung ¢ 500°C trong 24 gio;
phan tro tring trong chén nung (oxit kim
loai) dugc hoa tan b‘éng 5ml dung dich axit
HCI 20%, dinh mitc dén 50ml béng nudc cat
hai lan va xac dinh ham lugng Cu?. Tién
hanh tuong tw véi miu déi ching: 13y 5ml
HCl 20% cho vao binh dinh mitc 50ml, dijnh
mitc bang nudc cat 2 14n va phan tich néng
d¢ ion Cu® trong mau.

4. Két qua va thao luin

4.1. Két quad khdo sit kha ndng sinh trueémg cua
S.cerevisiae phu thudc vao pH moi trieomg

Anh huwong ctia pH méi truong (dung
dich khong cé va c6 méit ion Cu?* 50mg/1) dén
qua trinh sinh truong S. cerevisiae (sau 6 gio)
dugc chi ra ¢ d6 thj 1. D4 thj cho thdy sy e
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ché’sinh truong cta S. cerevisiae cua ion Cu?,
sinh truong cua té& bao ndm men trong mai
treong khéng c6 ion Cu? 1én hon trong méi
truong ¢6 mat ion Cu? (néng 46 50 mg/l).
Trong ca hai truong hop, sinh khéi té'bao sau
6 gio dat gia trj 1én nhat & méi truong pH = 5;
khoi lugng sinh khoi dat 2,71g/l trong méi
truong c¢d Cu? 50mg/l. Két qua nay cho thay
pH cé anh huong dang ké tdi sy phat trién
cla t& bao ndm men. Anh huodng nay c6 thé
gidi thich do sy tao thanh ATPase-H’, lién
quan dén sy hap thu cation cua té bao thong
qua thiét 1ap lién két plasma mang té'bao. Két
qua nay cung phu hop véi cac nghién ciru
trwde diy [3-5]. Tur két qua nay, cac thi
nghiém tiép theo duoc tién hanh trong moi
trudong pH =5, gia trj pH t6i wu cho sinh
trudng cua S. cerevisiae.
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D4 thj 1. Kha nang sinh tredng cia S. cerevisiae phu thude vao pH méi trudmg.

4.2. Két qua khdo sat kha néng hap thu Cu® cua
S. cerevisiae

Kha ning hip thu Cu? khi b6 sung 50ml
sinh khéi cdp 2 vao méi binh chira 100ml
dung dich Cu? ndng d tuong tng 50; 100;
250mg/}; thoi gian hap thu 48 gio. Két qua ¢
D& thi 2 cho thdy khi thoi gian hap thu ting

thi nong d6 Cu? trong dung dich giam dan,
d3c biét r6 rét trong khoang 6 gio dau. Hiéu
suat hiap thu Cu? cta S. cerevisiae ti 1¢ thuan
v&i ndng d¢ ion Cu? ban dau, tuong tng dat
25; 40; va 60% voi nong 4§ ban dau la 50; 100;
va 250mg/l (sau 48 gid). Két qua nay co thé
do trong thoi gian dau nong dé ion KLN
trong dung dijch va dinh dudng cho vi sinh
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vat con 16n, s& lugng ndm men tiép xic vai
ion KLN con cao nén hi¢u suat hap thu t6t hon.

Két qua cing cho thady anh huodng cua
nong dd ion Cu? trong méi truong dén qua
trinh sinh trudng cua S. cerevisiae, khoi lupng

sinh khoi t&'bao ti 1€ nghich véi nong 46 Cu®
trong mdi trudong (DS thi 3). C6 thé thiy rd
sy trc ché sinh truong dang ké hon & méi
trudong c6 néng dé Cu?* 300mg/l so véi nong
d¢ 50mg/1.
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D4 thj 2. Két qua khao sit kha ning hip thu Cu?* clia S. cerevisiae.

4.3. Két qua so sdnh kha ndng hap thu ion Cu?,
Pb%, Zn?* trong dung dich cua S. cervisiae

Kha nidng hap thu sinh hoc vdi ion Cu?,
Pb? va Zn? (ndng 46 50mg/l) cho thay kha
ndng hap thu clia ndm men S. cerevisiae 1a
khac nhau déi véi moi kim loai.

Kha n3ng hip thu ion Pb% clia S. cerevisiae
1a lon nhat, néng 46 trong dung dich sau hap
thu con 2,8 mg/1 (hiéu suat ~ 95%), hiéu suat

hap thu Cu?* va Zn? tuong ung la 25 va 21%.
Két qua nay la do trong mdi trudng 6
mat Pb»* kha ndng sinh truong cua
S. cerevisige t6t hon nhi€u so vdi trong modi
tredng ¢6 mat Cu?. Diéu nay ciing thé hién
qua sd lugng ndm men trong dich cay cap 2;
trong mdi truong sau khi hdp thu ion Zn%,
Cu?; va Pb?* tuong ung la 6,4x108; 7,6x10% va
12,6x10°MPN/100ml (D3 thi 4).
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D4 thj 3. Anh hudng cia ndng dd ion Cu? trong méi trrimg dén qua trinh sinh truong cia S. cerevisiae.
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D34 thij 4. So sinh kha nang hip thu ion Cu?, Pb¥, Zn? trong dung dich ctia S. cerevisiae.

Nhu vay kha ndng hdp thu ciia ndm men
S. cerevisiae c6 thé sap x&p theo trat ty: Pb2 >
Cu? > Zn?. Két qua nay ciing phu hop véi
mdét s& nghién ciru trwede day [6, 7). Ngoai ra,
cac nghién ciru ciing cho thady doc tinh déi
vdi vi sinh vat cua Cu? 16n hon so véi Pb?.

5. Két luian

Saccharomyces cerevisiae c6 kha ning sinh
trudng tot trong mdi truong pH =5, diéu nay

cling phu hop vdi cac nghién ciru trrde day.
Saccharomyces cerevisiae trong moéi truong co
mit Cu?, Pb? va Zn? khong nhirng van sinh
truong t6t ma con c6 kha ndng hap thu hiéu
qua cac kim loai nay.

Qua trinh hap thu chu yéu trong 6 gio
dau tién. Khi thay d6i néng d¢ Cu? ban dau
tr 50 dén 250mg/l, hiéu suat hap thu ti I¢
thudn voi ndng d6. Vi nong d¢ Cu? ban dau
250mg/l1 kha ning hap thu cao nhit, sau 48
gio nong d¢ Cu? con lai trong dung dich la
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92,7mg/l, trong sinh khéi khd la 89mg/g sinh
khéi té&'bao kho, hiéu suat hap thu dat 63%.

Kha ning hap thu cia S. cerevisiae ¢ trinh
ty: Pb?* > Cu? > Zn? vodi cung néng d¢ ban
dau 13 50mg/l, sau 48 gio hap thu nong dé
Pb?, Cu? va Zn? trong dung dich twong ung
giam xudng con 2,8; 37,5 va 39,5 mg/l; hiéu
suat hdp thu dat khoang 95; 25 va 21%.

Dé lam co s& dé cho tng dung xir ly kim
loai ndng trong nudc thai, cac nghién ciu
tiép theo cin xem xét day du hon cac yéu t6
anh huong dén qua trinh, co ché hap thu
KLN cua S. cerevissiae; kha nang hap thu cta
S. cerevisige 61 vdi nhirng kim loai khac nhu
Cr, Mn, Ni, Cd, Hg... va sy hdp thu kim loai
nang trong mau nudc thai thye té,
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Preliminary study on removal of some heavy metals (Cu?*,
Pb?, Zn?) in water by biosorption using Saccharomyces
cerevisiae yeast

Nguyen Thi Ha, Tran Thi Hong, Nguyen Thi Thanh Nhan
Do Thi Cam Van, Le Thi Thu Yen
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334 Nguyen Trai, Hanoi, Vietnam

Traditional methods currently employed to remediate heavy metal contaminated waters prove to
be cost prohibitive. Therefore, more cost-effective methods of remediating heavy metals from
contaminated waters need to be developed. The use of bio-adsorbents may be a possible solution. In
‘his study, the heavy metal (Cu?, Pb** and Zn?') absorption capacity of Saccharomyces cerevisiae is
‘nvestigated. The effect of pH of media and the concentration of heavy metal ion are also studied.
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The results show that S. cerevisiae is well developed in the media having pH 5, This is in agreement
with the previous studies. The absorption of Cu?, Pb?* va Zn? ions mainly occurs during first 6 hours
with the absorption efficiency increased together with increasing of initial concentration of heavy
metals. The maximum absorption efficiency for Cu? reaches 63% after 48 hours (Cu?* concentration in
substrate reduces from 250 to 92.7mg/l; and is 89mg/g dry biomass.

The heavy metal absorption capacity of S. cerevisize is in order: Pb* > Cu? > Zn?, at initial
concentration of 50mg/l, after 48 hours the concentration in substrate containing Pb?, Cu? and Zn>
reduces to 2.8; 37.5 and 39.5mg/], respectively and absorption efficiency reaches by 95; 25 and 21%.

Although S. cerevisiae has shown to be very effective at removing heavy metal ions from aqueous
solution, more research is needed to understand the metal binding mechanism. Also the investigation
of absorption capacity for other heavy metals like Cr, Mn, Ni, Cd, Hg...; and for the heavy metals
contaminated wastewater in practice are required.



