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Tém tat. Cac phuong phap tach kim loai ning trong nudc dang duwoc ép dung thuong phai st
dung hoa chat va c6 chi phi kha cao. Do vay viéc nghién cttu cac bién phap hiéu qua hon nhw
phuong phap hdp thu sinh hoc d€ tach kim loai néng la rat can thiét. Trong nghién cttu nay da
khao sat kha nang hap thu sinh hoc mot s& kim loai néng (Cu?, Pb>* va Zn2") cua Saccharomyces
cerevisize. Mot sO yéu t6 anh hudng dén kha ning hap thu nhu pH, néng do ban d4u cua kim loai
néng ciing duoc khao sat. Két qua cho thdy S. cerevisige sinh truedng tot trong moi truong pH = 5,
két qua nay cling phu hop véi cac nghién ctu trudc day. Kha nang hap thu ion Cu?, Pb* va Zn**
cht yéu xay ra & 6 gio dau khi bat dau qua trinh hap thu. Kha nang hap thu tang khi néng do ban
d4u cta kim loai tdng. Kha nidng hap thu cuc dai ctia Cu?* dat 63% sau 48 gio. Nong do Cu?* con lai
trong dung dich giam tir 250 dén 92,7mg/l; va trong sinh khdi 1a 89mg/g. Kha nang hap thu kim
loai ndng cua S. cerevisiae theo thit tu: Pb?> Cu2> Zn?, v6i nong dd ddu vao 50mg/l, sau 48 gio
ndng do6 cua Pb*, Cu?* va Zn? trong dich giam xudng twong tng con 2,8; 37,5 va 39,5mg/l. Hiéu
suét hap thu dat tuong tng 95; 25 va 21%. Két qua cho thay S. cerevisize c6 kha néng hap thu kim
loai ning kha t6t, tuy nhién can phai tién hanh cac nghién ctiu tiép theo vé€ co ché qué trinh hép
thu; kha nang hép thu cac kim loai khac nhu Cr, Mn, Ni, Cd, Hg ...; va kha niang hap thu kim loai

nang trong nudc thai thuc té.

1. Mé dau

O nhiém moéi treong nwdc boi kim loai
ndng (KLN) do hoat dong khai thac mo, cong
nghiép ma, luyén kim, giao thdng van tai,
hoat dong san xuat va tai ché kim loai nang
tai cac lang ngh€ ¢ nudc ta dang la van dé rat
btrc xtic.

Xt Iy nuéc bi 6 nhiém KLN bang cong
nghé sinh hoc — giai phap phu hop dé lam
sach moi truong da duoc nhiéu nuwde trén thé’
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gioi ap dung. Cong nghé nay tuwong d6i phu
hop véi cac nudc dang phat trién nhuw Viét
Nam vi don gian, gia thanh thap va khong
doi hoi trang thiét bi va quy trinh phtc tap
nhw cac cong nghé khac.

Saccharomyces cerevisiae (S. cerevisiae) la
mot chung ndm men c¢6 kha nang sinh truong
va phat trién rat tot, khong c6 hai khi phat
tan vao moi treong. Chung ndm men nay co
thé duoc phan 1ap tir ba thai ctia cac nha may
bia, reou nén c6 kha nang tng dung vao
thuc t€ [1]. Trong cong trinh nay da nghién
cttu kha nang hap thu mot sd kim loai ndng
trong nudc ctia ndm men S. cerevisiae va khao
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sat cac yéu t0 anh huong dén hiéu qua hap
thu kim loai lam co s¢ 4p dung trong xi ly
nudc 6 nhiém kim loai nang.

2. St dung ndm men S. cerevisiae trong hip
thu KLN

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

Nam men S. cerevisize sinh truong tot
nhat trong khoang nhiét d6 27-33°C, pH 4,5 -
5,5. Nam men chiu duoc dd con, chiu mén tot
va chiu duoc pH thap nén khi nubi cdy trong
moi truong axit manh cé thé giam kha nang
nhiém vi khuan la cta chting

S. cerevisige la tac nhan mang va tich liy
kim loai (Pb, Hg, Cr, Mn, Cu, Zn, Cd...) vao
té' bao co thé véi mirc 36 khac nhau khi sinh
tredng trong mdi treong cé6 mat cac KLN
nay. Cac kim loai Cu, Zn, Mn ¢6 anh hudéng
duong tinh 1én hoat dong ho hap va tdc do
phat trién ctua S. cerevisize. Tac dong doc hai
cua KLN dén co thé sinh vat giam theo trat
tue: Hg? > Cd* > Cu?*> Ni?*> Zn?" > Pb>".

Sw hap thu kim loai ¢ S. cerevisiae dién ra
0 ca t&€'bao song va té' bao chét, qua trinh hap
thu Cu, Zn, Pb & t& bao nAm men S. cerevisiae
dwoc giai thich nhw sau: trudc tién, Cu sé
tham gia vao qua trinh tong hop metallo
thionein, sau dé metallo thionein bao quanh
kim loai va bao vé S.cerevisine khoi doc tinh
cua KLN. Strc d€ khang cua S. cerevisiae voi
ion Cu* lién quan dén sy tao thanh lién két
kim loai-protein (metallo thionein), sit khodng
hda va sw tich tu tam thoi tai khong bao.

Su tich lay kém trong ndm men do kém
kich thich sy hinh thanh lién keét
acetaldehyde vé&i alcohol dehydrogenase.
Kém thac day su tong hop nhan bao, thiéu
kém sé kim ham sy phat trién cua t&€ bao.
Theo quan diém di truyén hoc, su tich lay
lién quan dén quad trinh trao d6i chat va cau

trtc ctia ion kim loai. Vi vay, Cu va Zn cé vai
tro tham gia vao cdu trac cta Cu, Zn — peoxit
dismutase, day la enzim dam nhiém vai tro
khtr ddc ctia t&' bao nAm men.

Chi 1a nguyén t6 khong can thiét cho vi
sinh vat. Chi duogc tich luy ¢ ca t&€ bao sdng
va t& bao chét va déu lién quan dén hién
tegng bé mdt ma khong co hodc rat it lién
quan dén hién tuong hap thu néi bao (trao
d6i chat) trir khi khuéch tan.

2.2. Cic yéu t0 dnh hwéng dén sw hip thu KLN
cua S. cerevisiae

Cac yéu td anh hudng téi qua trinh hap
thu sinh hoc néi chung va si hap thu KLN
cua S. cerevisiae noi riéng gom [2]: - Nhi¢t dj:
Trong khoang nhiét d6 20 — 35°C hau nhu
khong anh huong téi hiéu qua hap thu; - pH:
pH duoc coi la yéu td quan trong nhat trong
qua trinh hdp thu. Gia tri pH anh huong toi
tinh chat hoa hoc ctia kim loai trong dung
dich, hoat dong ctia cdic nhéom chttc trong
sinh khoi va su¢ canh tranh ctia cic ion kim
loai; - Ham lwong sinh khoi trong dung dich: sw
hap thu sinh hoc ting ti 1¢ thuan véi luvong
sinh khoi vi sinh trong moi truong; - Sw cé
mdt cua cdc ion kim logi khic: Sy loai bd modt
ion kim loai c6 thé chiu tdc dong boi sw co
madt ctia cac ion kim loai khéc, vi duy, su hap
thu Ur bédi sinh khoi vi khudn, ndm méc va
nam men bi anh huong boi su ¢d mdt cua
Mg, Co, Cu, Cd, Hg va Pb trong dung dich;
- Sw tiép xtic cua té’bao ndm men va ion kim logi:
kha nang hap thu ting lén khi ting tan s6
tiép xtc gitta sinh khoi t& bao vi sinh vat va
ion KLN.

3. Phuong phap nghién ctitu

Nghién cttu dugc thuee hién tai Phong thi
nghiém Khoa Moi trueong- Dai hoc khoa hoc
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Tw nhién Ha No6i va Vién Céng nghé Sinh
hoc-Vién Khoa hoc va Cong nghé Viét Nam.
Ham lwong kim loai nang duoc xac dinh
béng phuong phap tric quang va phd hap
thu nguyén tir (may AAS-6800- Shimadzu,
Nhat). Xac dinh s6 nim men bang phuong
phdp dém dia chuan (cdy trong dia betri,
mdi treong thach Hasen). Cac thi nghiém
duoc 1ap lai 2-3 1an, 18y gia trj trung binh.

Mau nuéc nghién ctu: Cac mau nuwdc
thai tu tao c6 mat KLN véi cac nong do
tuong tng: Cu?* (50, 100, 150, 250, 300mg/1);
Pb* (50 mg/l); Zn* (50mg/l) duoc pha ché st
dung cac mudi CuSO,.5H,O; Pb(NO;), va
ZnSO,.7H,0 va nudc cat hai lan trong cac
binh tam gidc vo trung.

Vi sinh vat nghién ctu: Chung S.
cerevisize do Vién Cong nghé Sinh hoc — Vién
Khoa hoc va Céng nghé Viét Nam cung cap,
duwoc bao quan ¢ nhiét do 4°C. Mdi treong
Hansen nu6i cay vi sinh dugc pha bang nuéc
cat 2 lan trong cac binh tam gidc vo trung,
diéu chinh pH vé 4,5-5 bang dung dich
H2S0s4, bd sung nudc thai ty tao, nat bong va
bao kin lai bang gidy bao, dua vao noi hap
khtt trung.

Mo6i truong Hansen dich thé (g/l):
Glucosa: 50g; Pepton: 5g; MgSO,.7H,0O: 3g;
KH,PO,: 3g; K,HPO,: 3g; Cao ndm men: 1g.
Khi cdy trén dia thach, moéi truong duoc bo
sung 20g thach/L

3.1. Phwong phdp nudi cdy vi sinh trong moi
trieong dich thé’

Ching ndm men duoc hoat hod trong tu
am ¢ 28°C trong 2 gio trudce khi cdy. Nudi cdy
cdp 1: Chung ndm men da hoat hoa duwoc cay
vao 50ml moi treong dinh dudng trong binh
tam gidc 250ml, tién hanh ¢ di€u kién vo
trung (ta hat véi déen cye im); nat bong va
bao kin lai bang gidy bao, lac (300 vong/phtit)
6 nhiét d6 phong trong 48 gio. Nudi cdy cip 2:

Chuyén 50ml sinh khéi cdp 1 vao binh tam
giac vo trung cé chita 500ml moéi treong dinh
dudng (ti 1& 1:10), tién hanh tuong tw qua
trinh nudi cdy cap 1, thu dugc dich sinh khoi
cap 2.

3.2. Phirong phip khdo sdt anh hweong ciia pH dén
qud trinh sinh trieéng cua S. cerevissiae

Cho 100ml nuwéce thai ty tao vao cac binh
tam gidc (6 binh); cho vao 6 binh khac 100ml
nudc cat 2 1an lam d6i ching; diéu chinh pH
cua cac dung dich dén gia tri: 3,5; 4; 4,5; 5; 5,5;
6 (st dung dung dich H,50, 0,5M va NaOH
lodng). B& sung 50ml sinh khdi cap 2 vao mdi
binh tam gidc (twong dwong 0,26g sinh khoi
kho). Khi d6, thé tich méi treong la 150ml,
ndng d6 Cu250mg/l, lic & nhiét do phong
trong 6 gio (150 vong/phut).

LAy tir méi binh tam gidc 10ml dich, ly
tam (4000rpm, 20 phat); tach phan dich trong
& trén; phan sinh khéi VSV lang & day duoc
sdy ¢ 105°C dén khoi luong khong doi trong
48 gio.

3.3. Nghién ciru kha nang hip thu KLN ciia ndm
men

Chuén bi 4 binh chtta 50ml sinh khoi cap
2 va 100ml dung dich Cu?** ¢6 néong d6 Cu®
teong tng la: 50, 150, 250, 300mg/l. Diéu
chinh pH vé 5; lic (150 vong/phtt). Ly 2ml
mau tit cac binh sau cac khoang thoi gian: 1;
3; 6; 12; 24 va 48 gio, ly tam (4000rpm, 20
phut). Phan dich trong dwgc tach riéng ra dé
xac dinh ham lwgng KLN con lai. Phan sinh
khéi lang & day duwoc sdy dén khdi luong
khong ddi (105°C, 48 gio). Tién hanh tuong
tie véi dung dich chira Zn?* va Pb? 50mg/1.

3.4. Phwong phdp thu hoi KLN trong sinh khoi
sau hdp thu

Phan sinh khoi ling ¢ day ong ly tam
dugc rira 2-3 1an bang nudc cat, chuyén vao
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chén stt, ¢6 can va nung ¢ 500°C trong 24 gio;
phan tro trafmg trong chén nung (oxit kim
loai) dwgc hoa tan béng 5ml dung dich axit
HCl 20%, dinh mttc dén 50ml bang nudc cat
hai lan va xdc dinh ham lwong Cu?. Tién
hanh twong tw véi mau ddi chimg: 18y 5ml
HC1 20% cho vao binh dinh mic 50ml, dinh
mtic bang nudc cat 2 1an va phan tich nong
dd ion Cu? trong mau.

4. Két qua va thao luan

4.1. Két qua khdo sit khd nang sinh triedong cia
S.cerevisiae phuy thudc vio pH moi truong

Anh huong cia pH moi treong (dung
dich khong c6 va ¢6 mdt ion Cu?* 50mg/1) dén
qua trinh sinh trudng S. cerevisiae (sau 6 gio)
duoc chira & d6 thi 1. D6 thi cho thdy su tc
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ché'sinh trudng ctia S. cerevisiae ctia ion Cu?,
sinh trudng ctia t& bao ndm men trong moi
treong khong c6 ion Cu?* 16n hon trong moi
truong c6 mat ion Cu* (nong do6 50 mg/l).
Trong ca hai truong hop, sinh khdi t€bao sau
6 gio dat gia tri 16n nhat & mai truong pH =5;
khoi lwong sinh khoi dat 2,71g/l trong moi
truong ¢6 Cu? 50mg/l. Két qua nay cho thay
pH c6 anh huong dang ké téi su phat trién
ctia t& bao ndm men. Anh hwdng nay c6 thé
giai thich do si tao thanh ATPase-H', lién
quan dén sy hap thu cation cua t& bao thong
qua thiét l1ap lién két plasma mang t&'bao. Két
qua nay cling phtt hop véi cac nghién cttu
trudc day [3-5]. Tue két qua nay, cic thi
nghiém tiép theo duogc tién hanh trong moi
truong pH =5, gia tri pH t6i wu cho sinh
tredng cua S. cerevisiae.
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D6 thi 1. Kha nang sinh trudng cta S. cerevisine phu thudc vao pH mdi truong.

4.2. Két qua khdo sdt khd niang hdp thu Cu?* ciia
S. cerevisiae

Kha nang hap thu Cu?* khi b6 sung 50ml
sinh khoi cdp 2 vao mdi binh chita 100ml
dung dich Cu* nong do tuong tng 50; 100;
250mg/l; thoi gian hap thu 48 gio. Két qua o
D0 thi 2 cho thdy khi thoi gian hdp thu tang

thi nong d6 Cu* trong dung dich giam dan,
ddc biét ro rét trong khoang 6 gio dau. Hiéu
suat hap thu Cu® cta S. cerevisiae ti 16 thuan
v6i ndng d6 ion Cu? ban dau, twong ting dat
25; 40; va 60% v6i ndong d6 ban dau la 50; 100;
va 250mg/1 (sau 48 gio). Két qua nay co6 thé
do trong thoi gian ddu néng doé ion KLN
trong dung dich va dinh dudng cho vi sinh
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vat con 1on, sd lugng ndm men ti€p xuc voi
ion KLN con cao nén hiéu suat hap thu tot hon.

Két qua cing cho thdy anh huong cua
nong d¢ ion Cu?* trong moi truong dén qua
trinh sinh truwdong cua S. cerevisiae, khoi luwong

103

sinh khoi té'bao ti 1€ nghich véi nong d6 Cu?
trong moi treong (D6 thi 3). Co6 thé thdy rd
st ttc ché sinh truong dang ké hon ¢ moi
truong c6 nong do Cu?* 300mg/1 so voi ndng
do 50mg/1.
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D6 thi 2. Két qua khao sét kha nang hap thu Cu?* ctia S. cerevisiae.

4.3. Két qua so sanh khd ning hip thu ion Cu?,
Pb*, Zn** trong dung dich ciia S. cervisiae

Kha nang hap thu sinh hoc véi ion Cu?,
Pb* va Zn?*" (nong d6 50mg/l) cho thay kha
nang hap thu ctia ndm men S. cerevisiae la
khéc nhau d6i véi mdi kim loai.

Kha nang hap thuion Pb* cta S. cerevisiae
la 16n nhat, noéng do trong dung dich sau hap
thu con 2,8 mg/1 (hiéu suat ~ 95%), hiéu suat

hap thu Cu?* va Zn? tuwong ting la 25 va 21%.

Két qua nay 1a do trong moi truong cd
Pb? sinh
S. cerevisige t6t hon nhi€u so v6i trong moi

mat kha ndng treong cua
truong c6 mat Cu*. Diéu nay ciing thé hién
qua s6 luong ndm men trong dich cay cap 2;
trong moi truwong sau khi hap thu ion Zn?,
Cu?; va Pb* tuong tng la 6,4x10%; 7,6x10° va

12,6x10°MPN/100ml (D6 thi 4).
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DG thi 3. Anh huong ctia ndng d6 ion Cu?* trong mdi treong dén qué trinh sinh trwdng ctia S. cerevisiae.
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D6 thi 4. So sanh kha nang hap thu ion Cu?, Pb?, Zn? trong dung dich ctia S. cerevisiae.

Nhu vay kha nang hap thu ctia ndm men
S. cerevisiae c6 thé sdp xép theo trat tu: Pb? >
Cu? > Zn*. Két qua nay cling phu hop véi
mot s6 nghién cttu truede day [6, 7]. Ngoai ra,
cac nghién cttu ciing cho thdy doc tinh doi
vdi vi sinh vat ciia Cu?* 16n hon so véi Pb?,

5. Két luan

Saccharomyces cerevisiae cd kha nang sinh
treong tot trong moi treong pH = 5, di€u nay

cting phtt hop vdi cac nghién cttu truedc day.
Saccharomyces cerevisiae trong moi truong cd
mat Cu?', Pb* va Zn?* khong nhiing van sinh
truong tot ma con cd kha nang hap thu hiéu
qua cac kim loai nay.

Qua trinh hap thu chu yéu trong 6 gio
ddu tién. Khi thay d6i nong d6 Cu?* ban dau
tte 50 dén 250mg/l, hiéu suat hap thu ti 1&
thudn véi ndng d6. Véindng dd Cu?* ban dau
250mg/l kha nang hdp thu cao nhat, sau 48
gio nong do Cu* con lai trong dung dich la
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92,7mg/l, trong sinh khoi kho la 89mg/g sinh
khoi t&'bao kho, hiéu suat hap thu dat 63%.

Kha nang hap thu caa S. cerevisiae cé trinh
tw: Pb* > Cu? > Zn? voéi cung nong dod ban
dau la 50mg/l, sau 48 gio hdp thu nong do
Pb%, Cu* va Zn* trong dung dich teong ting
giam xudng con 2,8; 37,5 va 39,5 mg/l; hiéu
sudt hap thu dat khoang 95; 25 va 21%.

Dbé lam co s¢ d€ cho tng dung xtt Iy kim
loai ndng trong nudc thai, cac nghién ctru
tiép theo can xem xét day du hon cac yéu t6
anh huong dén qua trinh, co ché hap thu
KLN cua S. cerevissiae; kha nang hdp thu cta
S. cerevisine d6i v6i nhitng kim loai khac nhuw
Cr, Mn, Ni, Cd, Hg... va sy hap thu kim loai
néng trong mau nudc thai thuc 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

Department of Environmental Science, College of Science, VNU
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
this study, the heavy metal (Cu?, Pb* and Zn?) absorption capacity of Saccharomyces cerevisiae is
investigated. 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. cerevisiae is in order: Pb2 > 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/1, 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.



