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STERILIZATION OF BACTERIA
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TOM TAT

Chiing t6i thiét ké dén sir dung cdc LED buéc song cwce tim 365nm cho img dung diét vi khudn
E.Coli. Phuong phap diéu ché do rong xung dwoc su dung dé diéu khién cwong do phat xa cua cdc
UVLED qua ldp trinh vi xir Iy. Chiing t6i khdo sdt kha ndng diét khuan E. coli véi thoi gian va cwong
do phat xa khac nhau. Cac xét nghiém vi sinh cho thd'y vi khuan da bi khir & cdac mire dé khdc nhau.
Pay la thiét bi khit vi khudn tiém néing trong twong lai cho mede sinh hoat va cdc g dung khac.

Tir khoa: UVLEDs, PWM, cuong do phdt xa, thiét bi khur trung.

ABSTRACT

We studied and designed the lamp of LED with 365nm of ultraviolet wavelength for e.coli bacteria
sterilization. The pulse width modulation (PWM) was used to control the radiation intensity of
UVLEDs with micro controller. We studied the possiblity of sterilization of E.coli bacteria with the
change of time and intensity radiation. The microorganism tests revealed that E.coli bacteria was
killed with different levels. This device will be useful to sterilize the bacteria in water and others in

next time.
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1. GIOI THIEU

Tinh hinh 6 nhiém ngudn nudc va mat an toan
v¢ sinh thuc phfm [1-3] hién nay da tré nén bao
dong ¢ Viét Nam va nhiéu nudc trén thé gidi.
Hang nam, trén thé giGi, hon 14 ngan ngudi bénh
va chét vi uéng phai nuéc nhiém ban [4-5]. Hang
tram ngan nguoi phai nhadp vién vi ngd doc thuc
pham va nhiém khuén trong thtrc an,... 1a nhiing
con s6 nodi 1én van nan toan cau.

Céc cong nghé xir 1y nude va khir vi khuan
trong nude di c6 nhidu cai tién. Tuy nhién, ching
van ¢ nhitng han ché nhu: dung hoa chat thi lam
thay doi mui vi va dé lai du lugng hoa chét [7].
Néu dung nhiét thi lam thay ddi tinh chat cia
vat khir va dung ozone hiéu qua khir khong cao,

gia thanh cao. Riéng viéc dung birc xa cuc tim
v6i dén thuy ngén ap suét thap thi nguy hai cho
ngudi [8] khi bi tia UV chiéu vao va phai xur 1y
thuy ngan khi dén hong,...

Nim bat duoc nhu cu cua thuc tién, nhém
tac gia da thyc hién nghién ctru dén LED budc
song cuc tim [9,10] cho khir vi khuan E.coli [11].
Dua trén nhitng ddc tinh ndi troi cua cua loai linh
kién nay so v&i dén thuy ngan nhu: tudi tho cao;
tiéu thu cong suat thap, khong giy nguy hiém
cho ngudi, khong chira cac chit thuy ngan, hay
chi. C4u trac ctia UVLED va budc song phat xa
dugc khao sat tir mQt cong trinh trude do [12].

Trong dé tai ndy, nhom tac gia s& thuc hién



nghién ciru cac ndi dung nhu: thiét ké mach didu
khién cong suit st dung phuong phap diéu ché
d6 rong xung, nghién ctru phuong an sap xép
UVLED ti wu dé kha nang khir vi khuan cao
nhat [13]. Ngoai ra dé kiém nghiém kha ning
diét khuan cua thiét bi nhom tac gia di tién hanh
chiéu thir va thuc hién cac kiém nghiém vi sinh
v6i cac thong s6 nhu dau vao nhu: Thay doi thoi
gian chiéu xa; thay d6i cong suat chiéu; thay doi
mét d6 vi khuén,... Céc két qua kiém nghiém da
ching t6 kha nang khir vi khuéan ciia thiét bi ma
nhom tac gia da thyc hién véi cac mac do khéc
nhau & thoi gian, cong suat, mat do vi khuan
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khac nhau. Viéc kiém tra thong s6 UVLED dugc
tién hanh & Nhat ban. Cac két qua khao sat va xét
nghiém vi khuan duoc tién hanh tai PTN. Cong
nghé Mai truong [14], Truong Pai hoc Su pham
ky thuat Tp.HCM.

2. THUC NGHIEM
2.1. Thiét bi thue hi¢n thir nghiém

Chung toi da thu:c hién cac thir nghiém khir
vi khudn voi ngudn phat tia UVA tir UVLED
(SBI 100UV-365, cua Cong ty Sbend, Pai Loan)
dé ché tao thiét bi.

Bang 1. Théng s6 quang va dién ciia UVLED SB1100UV-365 [9,10].

Parameters Values Units
Radiation power 200 mWatt
Peak wavelength 365 nm
Full width at half maximum 10 nm
Maximum current 700 mA
Minimum current 350 mA
Forward voltage at maximum current 3.6 Volt
Forward voltage at minimum current 4.0 Volt
Radiation angle 160 Degree

Céc thong s dién va quang cia UVLED SB1100UV dugc thé hién qua bang 1. Khi cung cip gia
tri dong dién 16n nhat 700mA thi cong suat phat xa cia UVLED s¢€ 1a 16n nhat 200mW. Hinh dang ctia
UVLED va pho budc song da dugce kiém tra lai nhu trong hinh 2.b.
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Hinh 1. (@) Hinh dang bén ngodi va (b) phé budc séng phat ra tir UVLED SB1100UV-3635.
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Céc cong thirc sir dung:

Mat dg cong sut trén don vi dién tich:

P _ Pmax — Pmax
Slee — - 1
“ S, TR’ ]
Trong d6: P, : mat do cong suat trén 1
cm? tai mat UVLED(mW/sz) P _ . Cong
suat cuc dai cia UVLED(mW); S, . Tiét dién

mat cia UVLED(cm); R: ban klnh mat phat xa
UVLED(cm).

Tai bé mat vat chiéu xa, ta c6 khai niém mat do
cong suit, P_ , cia UVLED dugc tinh bang mat
do cong suat tren lem? tai mat UVLED chia cho
binh phuong khoang cach d (tr UVLED dén bé
mit vat chiéu, cm) nhu cong thire [2]:
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Hinh 2. So sdnh co ché khir vi khudn cia tia cuc fim
vang A, ,Bva C [11].

2.2. Co ché khit vi khuin cta tia UVA

Birc xa UVA  budc song 325-400nm s& cit
nho cac tryptophan, hay goi 12 san phdm bi anh
sang phan hily doc hai. Nhitng san pham nay, tac
dung dong thoi v6i cac birc xa gan tr ngoai lam
pha v& co ché hoat dong cua cac dimmer, tuc la
khong cho qua trinh nhan cac ADN. Co ché cu
thé cua tac dung nay hoi khac véi co ché tac dung
cua UV véi1 bude song 260nm nhu so sanh trong
hinh 2. Cudi ciing, ADN khong duogc phat trién,
tc 1 vi khuan da khong dugc phat trién bang
cach nhan s luong, ddng nghia vai bi khir.

3. KET QUA VA THAO LUAN
3.1. Thiét ké phin ctng cho dén:

Chiing t61 da nghién ctru nhiing tinh nang,
yéu cau cta thiét bi va ché tao thiét bj nhu so dd
khéi hinh 3 (a) v6i cac khéi nhu:

. Khbi giao tiép dleu khién cong suét, thyc
hién diéu khién cong suét chiéu xa cho UVLED

. Cam bién nhiét thyc hién chir ning giam
sat nhiét 46 ctia UVLED dé khéi Vi xtr 1y tit hé
thong khi UVLED qua nhiét.

. Khdi thoi glan thuc cung cap xung ddng hd
dém thoi gian chiéu xa va cung cép thoi gian
thuc hién thi trén man hinh Graphic LCD.

. IC nh¢ thuc hién chirc nang luu trit lich st
chiéu xa cua UVLED phuc vu cho viéc thong ké
qué trinh chiéu sau nay.

. Ban phim gitip cho ngudi dung tryc tiép diéu
khién hoat dong thiét bi va nhdp thong s6 cho
chiéu xa.

. Bo phan glao tlep may tinh gitip cho nguoi
dung co thé diéu khién va giam sat thiét bi truc
tiép tir may tinh, cap nhat lich st chiéu xa lén
may tinh xuét ra file excel dé thong keé.

. Ngudn cong suit cung cip ngudn cho toan
bd h¢ thong gom MCU va UVLED.
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Hinh 3. (a), So dé khéi mach diéu khién thiét bi khir vi khudn va (b), mach diéu khién céng sudt
[13].

Dé diéu khién cong suat phat xa cho UVLED
ta phai diéu khién dong dién qua UVLED, vi¢c
diéu khién nay ching t61 dugc thyc hién béng
phuong phép diéu ché d6 rong xung (PWM) dong
dién trung binh qua UVLED duogc tinh bang cong
thirc [3]. Trudc tién UVLED dugc ¢ dinh dong
dién 16n nhét 1a 700mA. Viéc diéu chinh dong s&
dugc thyc hién thong qua viéc thay doi thoi gian
T  vaT . cua Mostfet [am nhi¢ém vu dong ngit
dong qua UVLED.

T
[, = z I,
T +Toﬂ

a

[3]

Tiép theo, chung t6i nghién ctru viéc bo tri
UVLED dé cuong do chiéu xa khi dén bé mat
cua vt can chicu xa la twong doi dong déu trén

mit can chiéu va lam cho hiéu qua chiéu xa 1a
t6i uvu. Co so dé tac gia dua ra duoc cach bb tri
UVLED dya vao cac tinh chét ciia quang hoc va
thong s6 k¥ thuat vé goc phat, do suy hao cuong
dd theo gbc phat cua dir 1iéu linh kién (datasheet)
do nha san xuit cung cip. Dé 6n dinh dong va
bao vé LED, ching t61 st dung dién tr¢ riéng
cho timg LED, MOSFET dugc dung dé diéu
khién déng cit dong cho cic UVLED nhu hinh
3.b. Diéu khién dong cit dong dugc thuc hi¢n
boi mach diéu khién trung tim voi phuong phép
diéu ché do rong xung nhu da néu.

Chuing t6i da thuc hién mach diéu khién cong
sut phat xa va thoi gian chiéu xa cho UVLED
nhu hinh 4. a va tién hanh chiéu xa cac mau nudc
dé x4c dinh s lugng vi khuén trude va sau chiéu
xa (xem hinh 4.b).

(b)

Hinh 4. Dén khir vi khuén(%)a thue hién (a) toan bé cdc modul cia thiét bi (b) thiét bi dang chiéu xa |
[13].
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V6i viée st dung phuong phap diéu khién d6  3.2. Thir nghiém kha ning diét khuin cia
rong xung nhiét d6 cia UVLED va Mosfet nho thiét bi
do trong qua trinh hoat dong s& c6 khoang thoi
gian T .. Mat khac, do bién d¢ turc thoi cua dong
dién tal mot thoi diém nhéat dinh hodc 1a 16n nhat
hodc 14 bang 0 nhu vay kha ning dim xuyén vao
mdi truong 13 cao nhat nhu vay kha nang diét
khuan s& 1a ti uu.

Pé kiém nghiém kha niang diét khuan cua
thiét bi, chung t6i da thyc hién liy hai ngudn
nuée mau khac nhau 1a nuéc mua dong tai cac
vung dét triing, nude thai sinh hoat c6 chira phan
dong vat. Cac mau nay dugc qua loc thd dé loai
bé can, léng dong, lam trong va loc tinh dé loai
bdé mot phﬁn cac can va cac géc kim loai chura
trong mau.

Cac xét nghiém thuc hién trén 2 mau nudc
gom: thay d6i thoi gian chiéu, thay doi mat do
vi khuén, thay doi cuong do chiéu, d6 dam cua
mau nudc,. ..

Cac mau duoc dua vao chiéu xa va kiém
nghiém luong vi khuan trudc sau chiéu tai
tai phong thi nghiém Cong nghé Moi truong
thudc trung tdm CEET [14]. Ching t6i sir dung
phuong phép nudi cdy dém khuan lac trén dia
petrifilm 3M danh cho E.coli va Coliform.

Hinh 5. Dia petrifilm 3M diung dém khuan lac d6i v6i
E.coli va Coliform.

Cac mau duoc nudi cdy trong diéu kién 37°C trong thoi gian tir 18-24 gior s& cho ra két qua 1a cac
dom (khuan lac) do va xanh duong biéu thi cho lugng E.Coli va Coliform nhu hinh 6. K&t qua xét
nghi€m cua qua trinh thi nghiém dugc trinh bay qua céc biéu do sau:

Anh hwéng ciia mau xanh dwong dén ti 18 diét khuén Anh hwéng mau Xanh Dwong dén ti 18 diét khudn
o % o a a P ¢ dig
Thei gian chieu 90 phat; mat do CS 2,54mW/cm2,mat d6 vi khuan Thei gian chidu 180 phut; mat do CS 2,54mW/cm2,mat do vi khun 8280CFU/mI

8280CFU/ml
| BEColi
BColiform

1
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90.00
B Ecoli 80.00
" Coliform 70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00
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D6 Dam mau
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80.00
70,00 -
60.00 +
50.00
4000 ~
30.00 4
2000
10.00 =
0.00

Ti 1@ diét khudn(%)
Ti 1& digt khuan (%)

(a) . (b)
Hinh 6. (a) Quan hé ti I¢ diét khuan va do dam cua mau xanh dwong trong 90 phut va (b) quan hé ti
lé diét khuan va do dam cua mau xanh dwong trong 180 phut [13].

Dé dam bao viéc pha mau khong lam anh hudng dén vi khuan, tic gia di cay thir mot mau pha
mau khong chiéu UV két qua sau nudi cay vi khuan van phat trién nhu khi chua pha.
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Quan Hé Giira Tilé diét khuan va Céng suét chiéu
Mat D6 Vi Khuan Chuc Ngan (CFU/ml)
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Hinh 7. Quan hé ti 1é diét khudn va cong sudt chiéu véi mdt d vi khudn: (a) chuc ngan, (b) hang
ngan va (c) hang tram CFU/ml. (d) So sanh ti I¢ di¢t Coliform voi 2 mau nudc lay tie 2 nguon khac
nhau [13].

Theo hinh 7 (a,b,c) ta thdy ring cong suét
chiéu cang cao thi ti 1& diét khuan cang ting.
Diéu nay 1a tat yéu do khi cong suit cang cao thi
kha nang pha v& ciu tric ADN ciia vi khuan s&
manh hon va kha nang xuyén vao moi truong sé
tot nhat.

Két qua hinh 7 (d) ta thay ti 1& diét khuan
coliform véi mau nudc lay tir viing nuéc mua
dong cao hon so v6i méu lay tir ngudn nude thai
sinh hoat ¢ chtra phan dong vat. Diéu ndy co6 thé
giai thich dua trén yéu t6 anh hudng bai nong do
tap chét ctia ngudn nudce, voi mau nude thai sinh
hoat do duc, d0 can va cac géc kim loai cao, cac
tap chat va gbc kim loai nay s& hap thu manh tia
UV lam giam hiéu qua diét khuan, trong khi d6
mau nudc mua dong lai thi it tap chit hon.

Anh hwéng ctia mau két hop voi mat do dén ti 18 diét khuan
100.00
95,00
90.00
85.00
80.00

Ti 1& diét khuan (%)

75.00

L Tl
11100(1mi)

1/1000(0.5ml)

Mt do (Mau)

Hinh 8. Anh huong cua mat do vi khbfcfn két hop voi
do pha mau den ti I¢ diét khuan [13].

4. KET LUAN

Chung t6i da thiét ké va ché tao thiét bi khur
vi khuan dung LED c6 buéc song cuc tim [13].
Céc xét nghiém mau chiéu xa cho thiy vi khuan
da bi diét vdi ti 16 kha cao tiry theo ndng do, mau
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sic, thoi gian va cuong do chiéu xa. Phuong phap
diéu khién dong qua UVLED bang diéu rong
xung PWM da chirng minh la hiéu qua trong giai
nhiét UVLED. Céc ndi dung khac, nhom sé tiép
tuc nghién ctru va cong bo trong cac cong trinh
khac. Do diéu kién vé sb luong UVLED gan vao
thiét bi chura nhiéu (hién tai 11 bong led gia thanh
50USD/1 bong), chung toi chua thé kiém tra mau
voi lugng nude nhiéu, dién tich bé mat 16n.

Bén canh do, do gia thanh cia UVLED kha
cao nén sd lwong UVLED va cong suat UVLED
con thap (0.08W/ 1 béng) nén thoi gian chiéu
xa con dai. Néu st dung béng UVLED c6
cong suat 0.12W thi thoi gian chiéu xa giam
xubng dudi 45 phit cho 1 miu xét nghiém.
Hién tai, gid thanh cac bong LED con cao. Tuy
nhién, trong vai nam téi, voi thi truong LED
dang canh tranh so6i ndi, thi viée trién khai san
pham thuong mai 1a rat kha thi va hiéu qua

5. GHI NHAN VA CAM ON

Pé tai nay dugc sy hd trg tir chuong trinh
nghién cuu co ban cua TP. HCM (86/HD-
SKHCN) va dé tai nghién ctru khoa hoc cip
DPHQG TP. HCM 2011. Nhém nghién ctru xin
cam on trung tam CEET (Truong Pai hoc SPKT
TP. HCM) va cac PTN khac vi dd phéi hop xét
nghiém mau nudc. Cam on nhém nghién ctru ciia
Pai hoc Ritsumeikan (Nhat ban) da tu van vé k§
thuat. Tran trong giri dén cac gido su phan bién
va dong gop y kién hiru ich nham hoan chinh bai
bao cao nay.
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