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LOI CAM DOAN

Toi xin cam doan dé tai nghién ciru trong ludn van nay la cong trinh
nghién clru cua toi dya trén nhirng tai ligu, s6 liéu do chinh toi ty tim hiéu va
nghién ctru véi sy huéng din cia TS. Nguyén Dinh Chién va GS.TS. Nguyén
Hoai Chau. Chinh vi vdy, cac két qua nghién ctru dam bao trung thyc va
khach quan nhat. Ddng thi, két qua ndy chua timg xuét hién trong bat cir mt
nghién ciru ndo. Céc sd lidu, két qua néu trong luan vén la trung thuc, néu sai
toi hoan toan chiu trach nhi¢m.

Ha Ni, ngay0tthang42niam 2023

Téac gia

Ty

Ng6é Quang Trong



LOT CAM ON
Trudce tién t01 xin tran trong cam on Ban Lanh dao va by phan Pao tao,
cdc thdy gido, ¢d gido trong Khoa Cong nghé Méi truong, Hoc Vién Khoa
hoc va Cong ngh¢ - Vién Han lam Khoa hoc va Cong nghé Viét Nam di tao
moi diéu kién thuan lgi, truyén dat kién thic, gitp t6i hoan thanh chuong
trinh hoc tip cling nhu thure hién ludn van nay.

Téi xin bay t6 long kinh trong va biét on sau sic dén TS. Nguyén Pinh
Chién va GS.TS. Nguyén Hoai Chau da giao dé tai, truc tiép huéng din,
dong gop ¥ kién va tao moi diéu kién tot nhit vé co s¢ vat chét trong sudt qua
trinh hoc tép, nghién ciru va hoan thanh luin van.

Xin chin thanh cdm on Lanh dao Vi¢n Coéng nghé mdi truong va
Phong Nghién clru va Phat trién Cong ngh¢ than moi truong (Vién Han lam
Khoa hoc va Céng nghé Viét Nam) di tao diéu kién gitip toi trong qué trinh
thyc hién dé tai.

Téi cling xin bay to long biét on chan thanh téi gia dinh, ban bé va
nhimg nguoi ludn dong vién, khich 1€ t6i trong qua trinh hoan thién ludn vin.

Ha N¢i, ngay07 thang1Znam 2023

Hoc vién

77‘w7/

Ng6 Quang Trong
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MO DAU

Nganh chan nuéi & Viét Nam la mgt by phan quan trong cdu thanh cua
noéng nghiép Viét Nam, dong thoi ciing 12 mot nhan t6 quan trong trong nén
kinh t& Viét Nam. Chin nudi ¢ nudce ta c6 lich st tir 1au doi, dong gop 1on vao
co cdu kinh té, x6a d6i giam nghéo... Tuy nhién, nganh chin nudi ¢ nudc ta
no6i chung va chin nuéi lon noi riéng ndm & trinh do phat trién chua cao, quy
mo con nhé 1é. Cac hd chan nudi nhé 1é thuong 1a mat xich yéu nhét, dé bj ton
thwong nhét trudc nhitng mdi de doa vé dich bénh. Nguyén nhdn chinh cua
van dé nay, d6 1a ngudi chin nudi nho 1é khong so hitu nhiing céng cu phong
bénh hiéu qua. Nhitng hoa chit c6 kha ning sat tring, khir khuan manh
thudng rat doc doi véi vat nudi, khong duge phép str dung khi ¢6 mit vat nudi
trong chudng, khién cho viéc khir trung thuong quy chudng trai rat kho thyc
hién. Nhimg chat sat tring duoc phép st dung truc tiép khi c6 mat gia suc
trong chudng trai lai khong c6 kha ning diét trir hoan toan vi khuan, virus gay
bénh.

Sy phat trién cta cong nghé nano va su ra doi ciia cac vat liéu nano cho
phép chiing ta c6 hy vong tao ra duoc nhimg chat diét khuan t6i wu. Khi néi
vé cac vat liéu nano c6 tinh khir tring, ngudi ta nghi ngay téi nano bac. Bac 1a
nguyén t6 c6 hoat tinh khang khuan ty nhién manh nhat duoc tim thay trén
trai dat, cac ion bac va cac hop chat gdc bac da duogc sir dung hiéu qua trong y
hoc Trung Quéc va An Do ¢ dai [1]. Ngay nay khi sir dung bac cho muc dich
diét khuan nguoi ta thuong st dung dudi dang céc hat nano do hiéu qua cao
hon gip nhiéu lan. T4t nhién can cha ¥ téi cac thudc tinh ddc biét nhu kich
thude, hinh dang... ciia cac hat nano, cac thong sd nay déng vai trd quan trong
trong viéc bat hoat hodc tiéu diét vi khuan.

Kha ning diét nhiéu loai vi khuan, trong d6 c6 ca nhimg vi khuan da
khang thudc khién nano bac c6 thé duoc tmg dung trong tha y va trong chin
nudi. Cac nha nghién ctru tai Pai hoc Tong hop Lomonosov ctia Nga d phat
trién ché phim Argumistin trén co sé nano bac va benzyl-dimethil-[3-
miristoilamino)-propyl]-ammoni chloride (tén thuwong mai la Miramistin) [2].
Ché pham Argumistin da dugc cip phép sir dung trong chin nudi gia suc, gia
cAm voi vai tro 1d mot thude khang sinh phé rong, thuong duogc st dung dé
chira cic bénh vé duong rudt, duong ho hép, sat trung vét thuong... cho vat
nudi ma khong co bat ki tac dung phu ndo. Céc thi nghiém trén tu cau vang
cho thdy, viéc sir dung két hop nano bac voi Miramistin cho hiéu qua tic dung
tir 10-20 1an tot hon so véi cac thanh phan riéng 1é. Hiéu tng cong ning cua
Miramistin va nano bac dugc giai thich nhu sau: do Miramistin 1a mdt hop
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chdt ammoni bac 4, vén 1a mot chat hoat dong bé mat cation, khi tuong tac
v6i bé mat vi khuan s& 1am giam tinh bén viing cua 16p vo, tir d6 giup phan tir
nano bac xAm nhap dé dang hon vao noi bao vi khuan. Mot tré ngai khién cho
Miramistin chua dugc st dung phd bién d6 1a gia thanh cua nd con qua dat
d6, chi phu hop khi sir dung 1am thudc cho ngudi va dong vat canh. Chua phu
hop dé sir dung cho sat trung chudng trai chan nudi ¢ sé lwong 16n. Hon nita
Miramistin va cac ché pham chira chat nay chwa duoc cip phép sir dung trong
chan nuo1 6 Viét Nam.

Trong s6 nhiing chat diét khuan dugc cdp phép st dung & Viét Nam
(trong sinh hoat, trong thi y va thily san) ciing c¢6 nhitng hop chat ammoni
bac 4 nhu: benzalkonium chloride (BKC), didecyldimethylammonium
chloride (DDAC), dimethylcocobenzyl amonium chloride... (vi du nhu céac
ché pham Sagluxide, Belucid, VT-BKC 80, Gludekol, BTV Glutar, Rebencid,
Nova-MC.A30, EMI protect, G-Omnicide, Amonicid, Anicide, ...) [3].
Nhitng hop chit ndy hoan toan c6 thé dong vai trd twong ty nhu Miramistin,
cO tac dung bao vé, 6n dinh va tang cuong hoat tinh ctia cac hat nano bac
trong hdn hop véi chung. Hai wu thé tuyét ddi cua cac hop chat nay khi so
sanh voi Miramistin: 1 — gid thanh ré; 2 — d duoc cip phép sir dung tai Viét
Nam dé khtr tring bé mit va st dung trong tha y. Viéc ché tao nhimg chat
khir tring phd rong, gia thanh ré dé c6 thé sir dung & quy mé 16n trong chin
nudi 13 rat trién vong.

Pic tinh khang khuan cta nano bac d3 dugc khang dinh trong nhiéu cong
trinh khoa hoc. Tuy nhién tng dung cta san pham ndy trong thuc té c6 nhiéu
han ché do gia thanh con cao. Benzalkonium chloride (BKC) 1a mot hop chat
amoni bac bén di duoc ung dung réng rai trong xir Iy vai soi, gidy, xtr 1y
nudc, khir trung vé sinh dung cu y té, khur trung chuéng trai chan nuoi, ao
nuoi tréng thuy san... dugc danh gia 1a hiéu qua va an toan. Viéc su dung
benzalkonium chloride — mét chit hoat dong bé mit cation c6 hoat tinh diét
khuan — lam chit 6n dinh cho nano bac hira hen giap giam néng do nano bac
can thiét dé dat hiéu qua diét khuan, tir 46 dem lai trién vong tng dung trong
thuc té. Do d6, dé tai: “Nghién ciru tong hop va danh gia kha ning diét
khuin ciia ché pham nano bac on dinh bang benzalkonium chloride”
dugc tién hanh nghién ctru. Muc dich cua d tai 1a tong hop ché pham nano
bac bang phuong phap hoa hoc, st dung benzalkonium chloride (BKC)
lam chét 6n dinh va danh gi4 kha ning diét mot s loai vi khuan cua ché
pham thu duoc, dinh hudéng tmg dung ché pham dé kht tring chudng trai
trong chan nuoi va nhiéu linh vuc khac phuc vu cho doi séng.



Muc tiéu nghién ciru

- Tbdng hop ché pham nano bac bang phuong phap hoa hoc, sir dung
benzalkonium chloride (BKC) 1am chét 6n dinh.

- Panh gia kha ning diét mot sd loai vi khuan giy bénh (E.coli va
Staphylococcus aureus) trong diéu kién phong thi nghiém.

Poi twong nghién ciru

- Ché pham nano bac tong hop bang phuong phap hoa hoc, sir dung
benzalkonium chloride lam chéat 6n dinh;
- Hai loai vi khuan giy bénh: E.coli va Staphylococcus aureus

Pham vi nghién ciru

- Nghién ctru tong hop ché pham nano bac on dinh bang benzalkonium
chloride (BKC), danh gia mot s dic trung héa 1y ciia ché pham tong
hop dugc (thé zeta, kich thudc hat, phan bd kich thudc hat), danh gia
do 6n dinh cua ché phém;

- Nghién ctru danh gia kha ning diét vi khuan gy bénh: E.coli va
S.aureus ctia ché pham trong diéu kién phong thi nghiém.

Y nghia khoa hoc va y nghia thue tién ciia dé tai

Cac két qua dat duoc cua nghién ctru ndy sé& gop phan hoan thién cong
nghé téng hop ché phim nano bac 6n dinh bing BKC dé tmg dung trong
nganh chan nudi va cong nghé¢ moi truong voi vai tro 1a cac tdc nhan khang
khuan hiéu qua.
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CHUONG 1. TONG QUAN

1.1. Téng quan vé nano bac
1.1.1. Gigi thi¢u chung

Theo dinh nghia cua T chie quéc té vé Tiéu chuan thi vat liéu nano 1a
vat lidu c6 bat ky kich thuéc bén ngoai nao nam trong khoang tir 1 dén 100
nm; hi¢u Umg cua kich thudc cd nanomet 1én cac tinh chét cua vat liu la rat
dang ké. Vat liéu nano c6 dién tich bé mit cuc 16n so véi ty 1€ thé tich, vi vay,
mot s6 ching c¢6 phan tmg hodc hoat tinh xtc tac manh. Mot diéu quan trong
nita d6 1 cac thong sd cta vat liéu nano cé thé diéu khién duoc trong qua
trinh té)ng hop, vi vay céac vat li¢u nano co thé duoc sir dung trong rat nhiéu
linh vuc khéac nhau, trong dé co6 linh vuc khu trung. Mot sb vat liéu nano da
duogc ung dung nhu chit khur trung nudc, chat khir trung trong bénh vién, chat
béo quan thue pham va thiét bi y té...

Bac 1a mot nguyén t6 hoa hoc ¢ sb hiéu nguyén tir bang 47 trong bang
tuan hoan nguyén td, ky hiéu Ag (tir tiéng Latin: Argentum). La mot kim loai
chuyén tiép mau tréng, mém, c¢6 do dan nhiét cao nhét trong tat ca kim loai.
Kim loai bac xuét hién trong tu nhién co thé & dang nguyén chit, nhu bac tu
sinh, va & dang hop kim véi vang va cac kim loai khéc, va ¢ trong cac khoang
vat nhu argentit va chlorargyrit.

Hat nano bac la nhiing hat bac c6 kich thuéc c¢& nano khoang tir 1-100
nm. Céc hat nano bac c6 hiéu tmg bé mit vo cing 16n gitp gia ting tiép xtic
ctia chiing véi vi khuan hodc nim vi thé cho hiéu qua diét khuan ngay khi tiép
xuc. Céc hat nano bac c6 hi¢n tugng cong huoéng plasmon bé mat. Hién tuong
nay tao nén mau sic tir vang nhat dén den cho cac dung dich c6 chira nano
bac, v&i cac mau sic phu thudc vao néng do va kich thudc hat nano.

Nano bac ¢4 nhiéu wu diém vuot trdi nhu dién tich bé mat riéng 16n, tinh
dan dién, din nhiét, khir tring, chéng nAm mdc, khir mui, phat xa tia hong
ngoai xa, co kha ning phan tan 6n dinh trong nhiéu loai dung méi, c6 tinh 6n
dinh héa hoc cao va khong bi bién d6i duéi tac dung cua anh sang va céc tac
nhan oxy hoa khir thong thuong.

Nho nhitng thanh tuu to 16n cia cong nghé nano, ngdy nay nguyén té bac
& dang hat nano da trd thanh vat liéu duoc ting dung rong réi trong nhiéu linh
vuc cia doi séng nhu y hoc, nong nghiép, cong nghiép, moi trudng...



5

1.1.2. Cdic phwong phdp téng hep nano bac

C6 nhiéu phuong phap khac nhau di duoc nghién ctru va phat trién dé
téng hop nano bac, gdm hai huéng chinh: (1) tir cic nguyén tir két hop lai
thanh hat nho, roi tur hat nho két dinh lai v&1 nhau tao ra hat 1én hon (goi 1a
bottom-up) va (2) di tir vat liéu khdi 16m, phan chia nho ra thanh céc hat co
kich thudc nano (goi la top-down). Tuy theo nguyén 1y ctia phuong phap cé
thé chia ra thanh phuong phap hoa hoc, phuong phap vat 1y va phuong phap
sinh hoc. V&i mdi phuong phap ché tao hat nano bac, van dé chinh 1a can phai
kiém soat duogc cac thong sb phan bd kich thuée hat d@)ng déu, hinh thai hoc,
do 6n dinh ctia hat nano cling nhu cAu trac tinh thé.

* Phuong phdp hoa hoc

Nguyén 1y cua phuong phép nay 13 st dung tac nhan héa hoc dé khir ion
Ag* thanh nguyén tor Ag°. Sau do, cac nguyén tir Ag® nay két dinh lai véi
nhau tao thanh cac hat Ag cé kich thuéc 16n hon. Trong phuong phap nay,
cac hoa chat thuong duogc sir dung bao gdm nguyén liéu dau vao chira ion Ag*
nhu cac mubdi Ag2SOs, AgNOs, AgCIO4...va cic chat khir nhu citrate,
borohydride, axit ascorbic, glucose, formaldehyde, ethylene glycol hay dich
chiét tir thuc vat [4].

3. Trang thai bén 4. Tu lai & trang
tam thoi thai ben

: "'-b::::‘-» %ﬁ - - - \)J

Hinh 1. Qua trinh hinh thanh cac hat nano bac [4]

1. Khir 2. Két dinh 5. Céc hat nano bac

Qua trinh céc hat nano bac dugc hinh thanh khi tong hop bang phuong
phap khtr héa hoc dién ra theo trinh tu sau: cic ion Ag* nhan electron tao
thanh nguyén tir Ag°, sau d6 cic nguyén tir nay lai két dinh lai v&i nhau tao
thanh cac hat bac c6 kich thuéc vai nm. Néu trong dung dich khong c6 chét
6n dinh thi cac hat nho nay sé& tiép tuc lién két voi nhau thanh céac hat 16n hon
va c6 thé tao thanh két tia tach ra khoi dung dich. DPé duy tri dung dich nano
bac, trong qua trinh tong hop ta phai bd sung chat 6n dinh, thudng 1a chat hoat
dong bé mit. Cac nhom chét nay co tac dung ngin chin sy lién két cia cac
hat bac v61 nhau, duy tri kich thudc nho cua cac hat bac va nho do giap dung



dich nano bac 6n dinh 1au hon [5].

Qua trinh khir ion Ag* bang cac chat khir NaBHy, ascorbic acid va citrate
dugc c6 thé biéu dién bang cac phuong trinh héa hoc sau:

AgNO; + NaBHs — Ag® + %Hz ¥ %BZHG + NaNO; )
2Ag+ + CeHgOg — 2Ag0 + CgHeOp + 2H* (2)
4Ag+ + NazCgHs07 — 4Ag° + Ce¢Hs07H3 +3Na* + O (3)

Tong hop nano bac bang phuong phap khir hoa hoc ¢6 nhiéu vu diém nhu
dé dang thyc hién véi chi phi thap va cho hiéu qua tong hop cao. Tuy nhién,
cac hoa chat thuong dugc sir dung trong phuong phép nay co thé gay 6 nhiém
moi truong va doc hai nhu NaBH4, hydrazine,... Nhimg nim gan day, cic
nghién ctru hudng tdi thay thé nhimg chat khir niy bang cac hoa chat than
thién v&1 moi truong va it doc hai hon hon nhu axit ascorbic, glucose, axit
amin, chiét xuat thuc vat, tinh bot, enzyme, tdo hoac dung dich chiét xuét tur
con trung. Tuy nhién, kha nang ap dung cac phuong phap nay & quy mo cong
nghiép con gip nhiéu kho khin do cac chat ndy cé tinh khir yéu hon va do dé
cho hiéu qua tong hop kém hon, hon nita viéc con chira nhiéu tap chat khong
c6 tinh khir 1am dung dich hat nano bac thu dugc c6 do tinh khiét khong cao.

* Phuong phap vat ly

Céc hat nano bac ciing ¢6 thé dugc tong hop bang cac phuong phéap vat 1y
cho thanh pham c¢6 do tinh khiét cao. Mot s phuong phap vat 1y di duoc
nghién ctru ng dung nhu : phuong phap bay hoi - ngung tu (evaporation -
condensation), phuong phép an mon laser (laser ablation), phuong phap dung
siéu am (sono-decomposition), nhiét phan, in thach ban (lithography), khir
quang hoa (photochemical reduction), hay chiéu xa tia gamma. Vi phuong
phap bay hoi - ngung tu, kim loai bac dugc nung néng & nhiét dé cao dén hon
2000°C va bj bay hoi. Hoi ndy s& ngung tu tao thanh hat nano bac khi tiép xtc
v6i moi truong lanh (dong khi lanh tro hodc dung méi). Cac hat nano bac thu
dugc bang phuong phap nay co kich thudc khoang 10 - 20 nm. Phuong phap
an mon laser c6 thé tao ra cac hat bac c6 kich thudce rat nho, ¢& 2 - 5 nm. Diéu
dic biét 13 dung dich nano bac tao ra bang phuong phap nay c6 do bén cao
trong nhiéu thang ma khong can st dung chat 6n dinh. Bé dat duoc két qua
nhu vy, Pyatenko va cOng su da sir dung tia laser c6 nang luong cao (340
mJ/ pulse) va kich thudc chum tia nho 0,5 mm [4].



laser beam

silver
nanoparticles

silver plate

Hinh 2. Qua trinh tong hop nano bac bang phuong phap in mon laser [5]

Uu diém ctia cac phuong phap vat 1y 12 ¢ thé tao ra hat nano c6 kich
thude nho, phan bd kich thude hep, va cd do tinh khiét cao. Pong thoi, day 1a
phuong phap rat than thién v6i moi trudng vi khong st dung hoa chat trong
qua trinh ché tao nén dam bao an toan vé du lugng hoa chit doc hai trong
thanh phidm. Tuy nhién, do chi st dung cac tac nhan vét Iy nhu séng dién tir
nang luong cao, tia gamma, tia cuc tim, tia laser... dé tach nguyén tir bac ma
khong st dung hoa chit 6n dinh nén phuong phap san xuit nano bac ndy cho
ra thanh pham c6 d6 6n dinh thap. Ngoai ra, chi phi san xuét kha cao do can
dau tu nhiéu vao thiét bi, quy trinh san xuit phutc tap, tiéu tén nhiéu ning
luong ciing han ché pham vi ung dung rong rii ctia phuong phap san xuét
nano bac bang tac nhan vat 1y.

* Phuong phdp sinh hoc

Phuong phéap nay st dung cac vi khuan, nam, tao hay peptide dé tong hop
tao hat nano bac. Mot sd loai vi khuén c6 thé téng hop duoc hat nano bac ca
bén trong va bén ngoai mang té bao vi khuan do protein ctia cac loai vi khuan
nay c6 kha niang khtr ion Ag* thanh dang nguyén tir dé tao ra cic trung tam
két tinh, phat trién va lién két tao thanh cac hat nano bac. Dé tién hanh
phuong phép nay, vi khuan dugce nudi cdy trong moi trudng chira nhiéu ion
Ag*. D6i v6i ndm, co ché tong hop bac nano dua trén kha ning khir cua céc
enzyme do nam tao ra. Khi nAm duoc nudi cdy & trong moi truong chira nhiéu
ion Ag*, cac ion ndy s& bam vao té bao ndm nho lyc hat tinh dién giita mang
té bao tich dién am va ion Ag* tich dién duong. Enzyme trén mang té bao
nam sé& khir ion Ag* dé tao thanh nguyén tir Ag°, roi sau d6 cac nguyén ti lién
két tao ra nano bac. Cac nghién ctru cho thdy nam c6 kha ning tao ra cac hat



8

nano bac c6 dang hinh cau va kich thudc kha dong déu, trong khi vi khuan lai
6 thé tao ra nano bac véi nhiéu kich ¢& va hinh dang khac nhau. Tdo bién
cling dugc dung dé tong hop nano bac, dién hinh 1a Sargassum wightii [4].

Uu diém nbi bat ctia phuong phap ché tao nano bac sinh hoc 13 than thién
v6i moi trudng do khong str dung hoa chit tong hop. Tuy nhién, hiéu suat qué
trinh tong hop phu thudc nhiéu vao yéu té ti nhién nhu ching vi sinh vét, moi
truong tong hop, ... din dén khé kiém soat duoc bién d6i co thé xay ra. Vi
vay, st dung phuong phap sinh hoc kho c6 thé tong hop duoc khdi lugng 16n
nano bac nén kha ning nang cap dé san xuat & quy mo cong nghiép 1a kho kha
thi hon so vé1 phuong phap vat 1y va hoa hoc.

1.1.3. Co ché diét khudn ciia nano bac

Nguyén té bac c6 kha ning khang khuan ty nhién véi pho rong tiéu diét
cac vi sinh vat gay bénh va than thién véi méi truong. Néu duoc su dung Voi
licu lwong hop ly, vira du dé khir tring s& khdng gay tac dung doc hai véi con
nguodi va dong vat khi tiép xdc. CO nhiéu quan diém giai thich co ché diét
khuan cua bac, nhung quan diém dugc nhiéu nha khoa hoc tng ho 14 dua trén
su tuong tac tinh dién giita ion bac mang dién tich duong va bé mit té bao vi
khuan mang dién tich &m va su bat hoat cac nhém thiol trong cac enzyme van
chuyén oxy, hoic dwa trén sy twong tac cua ion bac vi DNA din dén sy dime
hoa pyridin va can tro qué trinh sao chép DNA cua té bao vi khuan [6-9]. Mot
s6 nghién ctu [10] cho rang bac tac dong 1én mang bao vé té bao vi khuan.
Mang nay c6 cau tric bao gém céc glycoprotein lién két véi nhau bang cau
ndi axit amin dé tao d6 cing cho mang. C4c ion bac twong tac v6i cac nhom
peptidoglycan va ¢ ché kha ning van chuyén oxy vao bén trong té bao cua
chdng, dan dén 1am té liét vi khuan. Néu céc ion bac dugc loai bo khoi té bao
ngay lap tic, kha ning hoat dong cua vi khuan c6 thé duoc phuc hoi.

Té bao cua dong vat bac cao cd cau tric khac té bao vi sinh vat, 16p
mang bao vé cua té bao khong cho phép ion bac xam nhap nén khéng bi ton
thuong khi tiép xdc vai cac ion ndy. Kha ning diét khuan cia cac chat khang
sinh dya vao dac tinh 18y nhim cua vi khuan, trong khi d6 kha ning diét
khuan cta bac dwa vao co ché tac dong Ién cau tric té bao. Bat ky té bao nao
khong c6 mang bao vé bén hda hoc (té bao vi khuan, vi rat) déu bi tac dong
boi bac. Té bao dong vat mau nong khdng chira cac 16p peptidoglycan nén
bac khong thé tac dong 1én ching. Nho sy khéc biét d6 ma nano bac c6 thé
tac dong 1én 650 loai vi khuan, trong khi pho tac dung cua bat ky loai khang
sinh ndo cling chi tir 5 dén 10 loai. Mit khac, bac dong vai tro 1a chat xdc tac
nén it bi tiéu hao trong qué trinh st dung.



Cac nha khoa hoc Trung Quéc [11] lam viéc trong hdng ANSON da
nghién ciu va mé ta co ché tac dong cua cac ion bac 1&n vi khuan nhu sau:
khi ion Ag* tac dung véi 16p mang cua té bao vi khuan gay bénh nd s& phan
g véi nhom sunphohydril (-SH) caa phan tir men chuyén hda oxy va vo
hiéu héa men nay dan dén tc ché quéa trinh ho hap cua té bao vi khuan:

-S|H '?Ang
Men hoat djng + 2Ag™ — Men thy dong + 2H"
| |
-SH -SAg”

Ngoai ra, cac ion bac con c6 kha nang e ché qua trinh phét trién cua vi
khuan bang céch san sinh ra oxy nguyén tir siéu hoat tinh trén bé mat cua hat
bac:

2AgT+ 02 — 2Ag°+ O°

Theo két qua tong hop tir nhiéu nghién ciu caa nhém tac gia ngudi Nga
[12,13], d3 c6 nhiéu gia thuyét dugc dua ra lién quan dén co ché tac dung
khang khuan cua ion bac, trong d6 1y thuyét hap phu duoc chap nhan nhiéu
nhat. Theo thuyét nay, vi khuan bi vo hiéu hoa do tuong tac tinh dién giira bé
mat té bao vi khuan tich dién am va céc ion Ag" tich dién duwong hap phu trén
d6, cac ion xam nhap vao bén trong té bao vi khuan va vé hiéu hoéa ching.
Kha ning khang khuin cua hat nano bac 1a két qua cua qua trinh chuyén doi
cac nguyeén tir bac kim loai thanh cac ion Ag™ tu do, sau d6 cac ion tu do nay
tac dong Ién cac vi tri tich dién &m trén mang té bao vi sinh vat.

Tom lai, da sé cac nha khoa hoc cdng nhan kha ning diét khuan cua hat
nano bac l1a két qua caa qué trinh bién d6i (giai phong lién tuc) cac nguyén tir
bac kim loai trén bé mit hat nano bac thanh cac ion Ag* ty do va céc ion tu do
nay sau do tac dung Ién vi khuan va diét khuan theo céac co ché sau [7-9]:

- Co ché thir nhat: Uc ché quéa trinh van chuyén cac ion Na* va Ca?*
qua mang té bao, ngin can qua trinh trao doi chat.

- Co ché thtr hai: Pha v mang té bao, oxy hoa nguyén sinh chat cua
té bao vi khuan, pha hay nguyén sinh chat boi oxi hoa tan trong nudc Véi vai
tro xdc tac cua bac.

- Co ché thtr ba: Tac dong gian tiép 1én phan t DNA bing cach ting
s6 lugng cac goc ty do 1am giam hoat tinh cua céc hop chat chira oxy hoat
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dong, 1am rdi loan cac qua trinh oxy hoa ciing nhu phosphoryl hoa trong té
bao vi khuan.

- Co ché thtr tu: V6 hiéu hdéa enzym c6 chaa cac nhém —SH va —
COOH, phé v& can bing ap suét thim thau, hoic tao phuc véi acid nucleic
dan dén lam thay d6i cdu trdc DNA cua té bao vi sinh vat (tac dong truc tiép
dén cau tric DNA).

1) Disrupt cell walland  4) Disrupt membrane

membrane by Ag* i i
6) Denature membrane y '\ L ?. by reactive oxygen species

by AgNPs

3) Interrupt
! ATP production

2) Denature @

ribosomes )

> %

7) Perforate membrane
by AgNPs

Hinh 3. M phoéng co ché tac dong 1én té bao vi khuan ciia nano bac (AgNP) [14]

* Chu thich: 1) Pha v& thanh té bao va mang té bao chat: cac ion bac (Ag*) do hat
nano bac giai phdng bam vao hoic xuyén qua thanh té bao va mang té bao chat. 2) Bién
tinh ribosome: ion bac 1am bién tinh ribosome va tic ché tong hop protein. 3) Gian doan
san xuét adenosine triphosphate (ATP): Viéc san xuat ATP bi cham dut do cac ion bac vd
hiéu héa enzyme hd hap trén mang té bao chat. 4) Sy pha v& mang do oxy phan wng: cac
loai oxy phan mg dugc tao ra bai chudi van chuyén dién tir bi dut gay c6 thé gay ra sy phé
v& mang. 5) Su can thiép vao qua trinh sao chép axit deoxyribonucleic (DNA): cac ion bac
va oxy phan ung lién két véi axit deoxyribonucleic, ngan chin su sao chép va nhan Ién cua
té bao. 6) Bién tinh mang: c4c hat nano bac tich tu trong céc 15 cua thanh té bao va gay
bién tinh mang. 7) Thang mang: cac hat nano bac di chuyén truc tiép qua mang té bao chit,
giai phong cac bao quan ra khoi té bao.

Ngoai ra, ciing c¢6 y kién cho rang bac khdng anh huong tryc tiép dén
DNA cua té bao ma gian tiép 1am tang sé luong gdc tu do, dan dén giam ndng
do céac hop chat oxy hoat tinh trong té bao, gay réi loan qué trinh oxy hda va
phosphoryl héa trong té bao vi khuan. Ngudi ta cling tin rang mot trong
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nhitng nguyén nhan gay ra tac dung khang khuan phé rong 1a sy Gc ché van
chuyén qua mang cua cac ion Na* va Ca?* bai cac ion bac [15].

M6t sé nha nghién cau nhan dinh rang ion bac c6 kha ning bat hoat cac
loai virut gdy bénh dau mua, bénh cim A-1, B, adenovirus va HIV, cho hiéu
qua diéu tri tot ddi véi cac bénh virut Marburg, virut bénh duong rudt (enterit)
va virut bénh chd dai. Bé c6 thé vo hiéu hda hoan toan virut bacteriophag
duong rudt N163, virut Koksaki serotyp A-5, A-7, A-14 can dén ndng do bac
cao hon (0,5 - 5,0 mg/lit) so véi cac chang vi khuan Escherichia, Salmonella,
Shigellia va cac loai virut duong rudt khac (0,1 - 0,2 mg/lit) [16].

1.1.4. Tac dung cia nano bac Ién co thé dpng vit bac cao

Céac tac dong cua nano bac 18n té bao dong vat bac cao 1a van d@é ludn
duoc cac nha khoa hoc quan tam dic biét. Khi tién hanh thi nghiém u céc té
bao nédo cua chudt va cua vi sinh vat vao dung dich co ion bac nguoi ta da
nhan thay rang hinh thai cia hong cau va bach cau hoan toan khong thay doi,
trong khi cac té bao vi sinh vat bj tiéu diét hoan toan. Céc té bao chudt dudi
tac dong cua ion bac chuyén thanh dang hinh cau nhung khong bi pha hay va
thanh té bao giir nguyén dang. Céc té bao ndo chudt nay sau do sinh san binh
thudng va cau tric té bao ciing nhu kha nang sinh san van duoc gitt nguyén
[17].

Pé danh gia doc tinh cua bac, Co quan Bao vé Mai truong Hoa Ky
(EPA) da dua ra khai niém vé liéu RFD tiéu chuan cta bac vao nam 1991, 1a
lwong bac duoc phép hap thu mdi ngay trong sudt cude doi ma khdng gay anh
huong xdu dén stc khoe. Liéu tiéu chuin dwoc EPA chap nhan 1a 5
ng/kg/ngay. Do d6, mot ngudi nang 70 kg c6 thé tiéu thu 350 pg bac mdi
ngdy. Nong d6 bac tdi da cho phép trong nudc udng ¢ Hoa Ky 1a 100 pg/L.
Néu mot ngudi udng 2 lit nudc mdi ngay s& hap thu 200 pg bac, thuc pham ho
an hang ngay chiém trung binh 90 pg, phan con lai hip thu qua cic con dudng
khac khdng qué 60 pg. Ngay nay, nhiéu phuong phép diéu tri ting sur dung
bac da bi loai bé nhu: bénh dong kinh - cho uéng dung dich bac nitrat; bénh
giang mai - tiém tinh mach dung dich aphenamine bac; nhiéu bénh nhiém
tring - cho uéng dung dich keo bac. Gan day, Hoa Ky da cdm ban tit ca céac
loai thudc c6 chira bac khong can ké don [17].

T6 chic Y té Thé gigi (WHO) [10] da xac dinh liéu luong bac téi da
khong gay anh hudng tiéu cuc dén stc khoe con ngudi 13 10g (néu hap thy tir
tir). Nghia 13, néu mot ngudi trong sudt cude doi (70 tudi) an hoic udng 10g
bac thi dam bao s& khong gap van dé gi vé sic khoe. Trén co sd d6, Cuc Bao
vé Mai truong Hoa Ky (EPA) di thiét Iap tiéu chuan toi da cho phép caa ham
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lwong bac trong nuéc ubng 1a 0,1mg/L, trong khi Lién minh Chau Au &p dung
tiéu chuan t6i da cho phép 1a 0,01mg/L va ¢ Nga la 0,05mg/L.

Theo nghién ciu cua Vainar va cac cong su, bac 1a nguyén té vi lugng
can thiét cho hoat dong cua céc tuyén noi tiét, ndo va gan nhung ham luong
cho phép khong vuot qua 0,05 mg/L dich co thé. Theo céc tac gia, ché do an
trung binh hang ngay cia con ngudi chira 80 pg ion bac. Tong ham luong bac
trong nguoi va dong vat do dugc ¢ mac 0,2 mg/kg trong luong khd, cdé ham
lwong cao nhét ¢ ndo, cac tuyén noi tiét, gan, than va xwong. Khi c6 mit ion
bac, cuong d6 phosphoryl hoa, oxy héa cua ty thé ndo va ham luong axit
nucleic ting 1én dang ké, giup cai thién chic nang ndo. Khi nghién cau céc
mo khac nhau duoc ngam trong dung dich sinh ly c6 nong do ion bac 0,001
mg/L, céc tac gia nhan thdy mac do hap thy oxy cia mé no ting 24%, co tim
ting 20%, gan ting 36% va than tang 25%. Nhung néu ndong d6 Ag* ting 1én
0,01 mg/L thi muac d6 hap thu oxy cua cac md nay giam dang ké. Piéu nay
chung to ion bac tham gia diéu hoa qua trinh trao d6i nang lugng [18-20].

Brugdunov va cac coéng su [19] da tién hanh nghién ctu tac dong cua
nano bac vai co thé con ngudi bang cach cho bénh nhan udng nuéc ion bac
thay nugc ubng véi nong do 30 - 50 mg/L trong thoi gian 7 - 8 nam. Két qua
cho thay xay ra hién tuong tich tu bac dudi da lam cho da bénh nhan c6 mau
xam (bénh argiria) nhung lai khdng phat hién dugc & cac bénh nhan nay bat
ky thay doi ndo vé chuc ning cua cac co quan ndi tang, khdng nhitng thé cac
bénh nhan con thé hién dé khang tét d6i vai nhiéu loai vi khuan va virut.

Vai trd sinh ly caa bac trong co thé con ngudi hién chua dugc 1am rd.
Nhiéu quan diém cho rang bac déng vai tro 1a chét ¢c ché enzyme [19-21].
Két qua thi nghiém cho thay ion bac c6 thé twong tac voi bazo nito timine va
guanine caa phan ti: DNA 1am phé v& chire ning ctia DNA, din dén tc ché sy
phat trién va sinh san cua vi sinh vat. Ngudi ta cling xac dinh duoc ion bac cé
kha ning bao quanh nhém —SH cé mat ¢ trung tam hoat dong cua nhiéu loai
enzyme va uc ché hoat dong cua ching. Vi du, bac ¢c ché hoat dong ATP cua
enzyme miozin (protein co ban ciia mo co nguoi), enzyme nay cO kha nang
phan giai ATP dé giai phong niang luong. Qué trinh diét khuan cua ion bac
cling dién ra theo co ché nay.

1.1.5. Cac #ng dung caia nano bac

Ung dung ctia nano bac chil yéu dén tir dic tinh khang khuan, tiép theo 1a
tinh chat quang hoc cho cam bién va mot s6 ung dung lam xdc tac cho cac
phan tmg hoa hoc.
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* Ung dung khdng khudn

Bac da dugc st dung tur nhiéu thé ky nhu mdt chat khang khuan vé co
an toan voi con ngudi. Cac ion bac va cac hop chét tao ra tir nd c6 tac dung
pha hity rat manh d6i v&i nhiéu loai vi khuan va cling c6 doc tinh thap ddi véi
té bao dong vat bac cao. CO nhiéu bao céo cho r@ing bac ¢ dang nano it doc
hon so v61 ion Ag'. Do ¢6 déc tinh khang khuén, nano bac duoc ung dung
rong rai trong nhiéu linh vuc nhu y hoc, nhidu nganh cong nghiép, nong
nghiép, dong gbi, phu kién, my pham, va quan su.

bé ung dung kha nang khang khuan cta nano bac, hat nano bac duoc trén
vao trong vat lidu polymer, gdm dé loc nuéc, hay trang 1én bé mat thiét bi y
té, giéy, dung cu gia dung nhu may giat, thiét bi diéu am, loc khong khi, may
diéu hoa, quan 4o sir dung trong mdi truong y té, bit tat, miéng 16t gidy chong
mui hoi hay son khang khuan. Nano bac cling dugc tng dung trong bao quan
thie pham, dét may. Bac dang ion (Ag®) co thé duoc sir dung dé tam thiét bi
loc nudc trén nén dat sét dé khang khuan [22].

Khong khi chtra nhiéu vi sinh vt rat ¢6 hai cho chiing ta. Bioaerosol 1a
cac hat trong khong khi c6 ngudn gdc sinh hoc. Ching bao gém virus, vi
khuan, ndm, c6 kha ning gy ra cac bénh truyén nhiém va di tmg. Theo bao
céo ciia WHO, 50% 6 nhiém sinh hoc c6 trong khong khi trong nha dén tir hé
théng xur ly khong khi va sy hinh thanh cac vi sinh vat ¢6 hai nhu mam bénh
vi khuan va nidm di dugc tim théy trong cac bo loc khong khi. Bde t nAm
méc do cidc mam bénh ndy tao ra rat nguy hiém cho stc khoe con nguoi. Tuy
nhién, su phat trién cta bo loc khong khi dya trén hat nano bac da gép phﬁn
lam gidm van dé 6 nhiém sinh hoc & mot mire dd nao do.

Dic tinh khang khuan cua bac cling dong mot vai trd quan trong trong y
hoc do vi khuan ngdy cang tré nén khang thudc khang sinh. Hién nay, nhiéu
t6 chirc qudc té dang kéu goi cac nha khoa hoc nghién ctru tim giai phap han
ché va thay thé mot sb loai khang sinh hién c6. Céac nghién ctru da chi ra rang
khi nano bac két hop véi cac khang sinh nhu gentamicin, ofloxacin va
ampicillin thi kha niang diét khuan ctia n6 co6 thé ting gip déi so véi dung
khang sinh don thuan. Piéu nay cho thdy nano bac cé vai tro tich cuc trong
cac ung dung khang khuan. Ngoai ra, cac hat nano bac dang duoc nghién ctru
vé cac tng dung chdng nim, khang virus, chdng viém, chdng ung thu va han
ché su phat trién mét can bang ctia mo (anti-angiogenic).

Nano bac rat thich hop dé diét khuan va phong bénh cho vat nudi ma
khéng anh huong dén chung. Mot sé bénh dién hinh ¢ vat nudi 1a bénh tai
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xanh ¢ lgn, dich ta lgn chau Phi, cim gia cam va mot s6 bénh khac anh huéng
to1 stc khoe gia cam. Ngoai ra, nano bac con giip ngan ngura bénh ti€u chay
do virus, dich ta, san day, nam...

* Ung dung lam xiic tac va vat liéu dan dién

Ngoai nhimng tmg dung phd bién dé khang khuén, bac con dugc sir dung
lam chat xtc tac cho cac phan tmg hoa hoc, téng hop cac héa chat hitu co
phan tir nho c6 gia tri cao hodc xir Iy cac chit 6 nhidm moi truong. Trong b
chuyén doi xac tac 6 to va thiét bi phat di¢n, vat liéu nano c6 thé dugc sir
dung 1am chat xtc tac dé phan ung vi mot sb loai khi doc hai nhu carbon
monoxide va nito oxit dé ngan nglra 6 nhiém moi trudng do d6t xang va than.
Nano bac con dugc st dung két hop véi titan oxit (TiO,) dé ting cudng hoat
tinh xuc tac quang caa TiO,. Trong hé ndy, bac dong vai trd han ché hién
tugng két tu pha huy céac electron ty do va nang cao hiéu qua xUc tac quang
[4].

Bac dang micro thuong dugc sir dung 1am keo dan dién dung trong cong
nghiép san xuat hang dién tir hodc cac bang mach dién tir ¢ kha ning co dan.
Hién nay, cac dang bac khac nhu sgi mong va aerogel dugc s dung cho céc
ung dung khong chi trong dién tir ma con trong vat li¢u Iuu trir nang lugng do
cau trac 16 x0p tot hon va trong luong nhe hon [23].

1.1.6. C4c phwong phdp khdo sét cac tinh chdt dic trung ciia nano bac

Kha ning tmg dyng cta nano bac phu thudc nhiéu vao tinh chat cia no.
Vi vay, viéc nghién ctru, khdo sat, danh gid cac dac tinh ctia nano bac sau qua
trinh tong hop 1 rit quan trong. Mot s phuong phap thuong duoc sir dung dé

nghién ctru tinh chit ciia nano bac duoc liét ké trong bang sau:

Bang 1. Mot s6 phuong phéap ding cho khao sét tinh chat ciia nano bac

STT Phwong phap Ky hi¢u Muc dich khao sat
. : Do hinh dang va kich thudec,
1 | Atomic Force Microscope AFM thé tich hat 3D
. . Sy phan bé kich thude, cé thé
2 | Dynamic light scatterin DLS i . ’
y g g do trong dung dich

Thanh phan hoa hoc, su phan
EDS bd thanh phé“m trén don vi dién
tich

Energy Dispersive X-ray
spectroscopy
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4 Scanning Electron SEM Hinh dang, kich thudc (gidi
Microscope han tdm 100 - 200 nm)
Transmission Electron Hinh dang, kich thudc, tinh

5 ) TEM .. L ..
Microscope thé (gid1 han dén vai nm)
Ultra Violet-Visible _ o hicu ‘Au’ngv C?ng huong

6 UV-Vis | plasmon bé mat ctia hat nano
Spectroscopy

bac

. X-ray photoelectron YPS Thanh phan hoa hoc, méi
spectroscopy truong hoa hoc bé mit

8 | X-ray difractometry XRD | Cau tric tinh thé, loai tinh thé

1.1.7. Tinh hinh nghién ciu vé nano bac trén thé gidi va 6 Viét Nam

Tinh hinh nghién ciru trén thé gici

Do ¢6 hiéu qua diét khuan cao nhung lai an toan voi nguoi va dong vat
béc cao, trén thé gidi nano bac duoc nghién ctru tng dung rong rii trong cac
linh vuc mdi trudng, y sinh, cong nghiép va nong nghiép. Trong bang 2 tong
hop mdt sb linh vuc ma nano bac dang duogc nghién ctru, khai thadc dudi vai
trd mot chat diét khuan (xtr 1y khéng khi/nuée, tmg dung trong y té, cac san
pham tiéu dung dét may...).

Bang 2. Mot sb linh vuc ung dung nano bac véi vai tro mot chit diét khuan

STT Vit li¢u M& ta ngin gon Ung dung Ngudn

1 [ nAg/TiO; Vat lieu xac tac|Cong nghé thuc | [24,25]
quang chirc nang héa | pham

2 | nAg@ZnO Vat lieu xac  tdc|Mang boc  thyc | [26,27]
quang diét khuan tu | pham
lam sach

3 | nAg Vat liéu nano duoc |Ung dung trong | [28,29]
chtrc nang héa bé mat | diéu tri vét bong

4 | nAg/polyamide |Nhya  polyamide | Bao bi cho dung cu | [30]
dugc bd sung nano |y té
bac

5 |nAg Mang loc chéng virus | Diét virus [31]
chira nano bac
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6 | nAg@Co Vat liéu si€u thudn tr | Khir trung nudc [32]

7 |nAg@SiO, | Vat liéu hybrid Khir trang khong | [33]
khi

8 |nAg/Chitosan | Vattuy té Lam  lanh  vét| [34]
thuong

9 |nAgl/cellulose | Vattuy té Biang gac y té [35]

Céac nghién ciru img dung nano bac trong cong nghiép thyc pham cé thé
ké dén nhu nghién ctru ctia Cozmuta va cac cong su (2015) [24]. Nghién ctru
nay dugc thuc hién nham danh gia thoi han st dung va dg an toan vi sinh cua
banh my trong qua trinh bao quan déng goi bang vat liéu tong hop chira nano
Ag/TiO, (NAg/TiO,) so v6i banh mi duoc dong goi bang polyetylen mat do
cao (HDP-P) va banh mi khong dong goi. Nanocompozit NAg/TiO, duoc diéu
ché bang quy trinh sol-gel. NAg/TiO, dugc dua vao giita cac 16p polyetylen dé
tranh tiép xuc gitra banh mi va nanocompozit NAg/TiO,. Do 6n dinh héa hoc
va vi sinh vat cia banh mi thé hién dudi dang téng chit béo, protein, dudng,
lipid hydroperoxide va ndm men, ndm mdc ciing nhu sd luong Bacillus
subtilis va Bacillus cereus tuong ung, dugc theo doi trong 6 ngay. D li€u
thie nghiém chi ra rang nAg/TiO; kéo dai dang ké thoi han sir dung va do an
toan vi sinh ctia banh mi so vé1 HDP-P. Nghién ctru cia nhém tac gia nguoi
An @6 Deshmukh va céc cong sy (2018) cho thiy kha ning khir hoat tinh
quang xuc tac ciia nano Ag/TiO, chéng lai vi khuan khi ¢6 anh sang UVA 1a
t6t hon so vai viée chi sir dung UVA hoic chit xtc tac don thuan [25].

Vasile va cong sy (2017) da tién hanh nghién ctru nhim tGng dung nano
bac trong mang boc thuc pham. Trong nghién ciru nay, cac mau Polylactic
axit (PLA) déo hoa c6 gin bot ZnO pha tap Cu dugc chic ning héa bang
nano bac. Két qua cho thiy rang sy gia ting ham luong hat nano bac (tir 0,5
dén 1,5% trong luong) trong cong thirc PLA dan dén sy gia ting mic do két
tinh cua PLA. Loai vat li€éu nanocomposite sinh hoc nay co6 cac dac tinh co va
nhiét phit hop 1am mang boc thuc pham, rdo can tét voi tia cuc tim, hoi nudc,
oxy va carbon dioxide, c6 hoat tinh khang khuan cao va lugng di chuyén cta
hat nano Ag vao thuc pham thap [26].

Nhiéu nghién ctru tng dung nano bac trong khir tring nuéc hay khir tring
khong khi ciing di duogc tién hanh. Vat liéu polyme trao d6i ion da dugc sir
dung rong rai trong cic quy trinh xtr Iy nudc nham xt 1y ham lugng ion doc
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hai trong nuéc. Tuy nhién, chung khong c6 tinh khang khuan va vi khuan c6
thé bi mic ket trong cAu trac cia cdt trao ddi ion va sinh sbi nady nd trg thanh
ngudn 6 nhiém vi khuan. Alonso (2013) di nghién ctru cac hat nano Ag@Co
(NAg@Co) v6i 161 Co® siéu thuén tir chi phi thdp va vo Ag khang khuan duogc
téng hop trén polyme trao ddi cation dang hat. Nghién ctru cho thay su hién
dién cua NAg@Co cung cap cho vt liéu nanocompozit (NC) tong hop duoc
cudi cung cac chirc ning bd sung (siéu thuan tir va hoat tinh khang khuan),
khién no trd nén 1y tudng cho tng dung loc nude [32].

Mot nghién ctru khac cia Ko Y (2014) da chirng minh hoat tinh khang
khuan nhanh chéng cta hat lai silica pht nano bac (NAg@SiO,) chéng lai ca
vi khuan gram am Escherichia coli va vi khuan gram duong Staphylococcus
cholermidis trong qua trinh loc khong khi. Trong nghién ctru ndy, cic mau vat
lidu loc (vat liéu soi thuy tinh) dugc phu cac hat NAg@SiO; va kiém tra hiéu
qua khang khuan. Hiéu qua khang khuan > 99,99% ddi v6i ca hai loai vi
khuan déu thu duoc béng cach str dung mau loc c6 mat do dién tich 16p phu la
1x108 hat/cm?. Hat lai NnAg@SiO, va hé thong loc khong khi duoc phu cac
hat nay dugc ky vong s€ hiru ich cho cac ing dung moéi trudong xanh trong
tuong lai [33].

Trong linh vuc y té, mot sb hop chit cta bac di duoc st dung dé lam
thude trong nhiéu thé ky. Hi¢n nay, nano bac dang ndi 1én nhu mot lya chon
diéu tri kha thi cho cic bénh nhiém tring gip phai ¢ vét bong, vét thuong ho
va vét loét man tinh dugc chimg minh bdi nhiéu nghién ctru. Andrea Zille va
cong su (2015) da nghién ctru dac diém bé mat, hoat tinh khang khuan cua vai
polyamide 6,6 (PA66) tién xir Iy bang plasma duoc phil hat nano bac tmg
dung lam bao bi dung cu y té. Sau 30 ngiy, tit ca cac miu vai dugc xir ly
bang nano bac ¢ kich thuéc <100 nm déu dat dugc muc (e ché ting truong
vi khuan twong duong nhau. Két qua cho thdy rang thay vi giam kich thudc
ctia nano Ag, diéu nay c6 thé gy doc tinh cao hon, cac hoat tinh khang khuan
dai han tuong tu co thé dat dugc vé&i cac hat nano Ag kich thudc 16n hon (40-
60 nm), ngay ca ¢ nong do thap hon [30].

Liang D va cong su (2016) da nghién ctru ché tao ra mot loai bang chua
hat nano bac/chitosan (nAg/Chitosan) c6 bé mit thim udt khong dbi xung
ung dung y sinh lam vat li€u chira lanh vét thuong. Viéc két hop nano bac va
chitosan vao biang co thé ting cuong hoat dong khang khuan chdng lai vi
khuan gdy bénh nhay cam voi thubc va khang thubc. Bé mat ky nudc cua
bang c6 kha ning chéng tham nudc va chéng bam dinh dbi véi cac chat gy 6
nhiém, trong khi bé mat ua nudc duy tri kha nang hép thu nude va te ché hiéu
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qua sy phat trién cua vi khuan. Hon nira, bang tong hop nAg/chitosan cho
thdy kha ning giit Am va dong mau duoc cai thién so véi bang thong thudong
[34]. M6t nghién ctru khéac cta Pal va cong sy (2017) véi bing gac y té vai soi
Cellulose dugc chirc ning hoa bang cc hat nano bac ciing cho hiéu qua cao
trong viéc khang khuan dé diéu tri chira lanh vét thuong [29].
Tinh hinh nghién cuu o Viét Nam

Tai Viét Nam ciing c6 nhiéu céng trinh nghién ctru vé nano bac véi dinh
huéng ung dung trong nhiéu linh vuc khic nhau. Cac nghién ciru vé ché tao
nano bac di duoc tién hanh tap trung chu yéu & mét s6 vién nghién ctru thudc
Vién Han lam Khoa hoc va Cong ngh¢ Vi¢t Nam, cu thé 1a tai Vién Hoa hoc,
Vién Cong nghé moi truong va Vién Khoa hoc Vat ligu.

Téac gia Nguyén Ptic Nghia va cong sy (2009) [36] da tong hop thanh
cong nano bac vai kich thudc hat trung binh 4-7 nm bang phuong phap mixen
ddo, tir d6 ché tao thanh cong vat li€u bac nano compozit trén co s& polyme
(epoxy, polyvinylalcol, polyacrylic axit) phuc vu muc dich khir trung.

Huynh Thi Ha va cong su (2006) [37] d3 ché tao nano bac bang phuong
phap dung dich nudc ¢ nhié¢t d§ so1 sir dung natri citrat hoac NaBH4 lam chat
khir va chat 6n dinh keo bac, déng thoi ché tao vat liéu phu tor compozit nano
bac/polime trén co s& polymetylmetacrylat, polyuretan va nano bac. Vat li¢u
nano compozit thu dugc d6 dugc thi nghi¢ém khir trung trén maot sb vi khuan
c6 stc dé khang cao nhu Escherichia coli ATCC 25922, Staphylococcus
aureus ATCC 25923, Pseudomonase aeruginosa ATCC 27853, Streptococcus
va nAm Candida albican véi két qua rat kha quan.

Nhom tac gia Hoang Anh Son, V& Thanh Phong, Trin Anh Tuan cua
Vién Khoa hoc vat liéu — Vién Han 1am Khoa hoc va Cong nghé Viét Nam
[38] d& nghién ctru ché tao mang loc c6 tinh sat khuan cao sir dung trong xur
Iy nudc sinh hoat hg gia dinh tir compozit polyuretan/nano bac. Phong cong
nghé nano, truong Pai hoc Khoa hoc Ty nhién thanh phé HO Chi Minh cling
d3 nghién ciru tao va ghép nano bac 1én chit mang polyuretan lam vat liéu loc
nudc khang khuan.

Phong Trién khai khoa hoc k¥ thuat — Vién Khoa hoc Vat liéu ing dung,
dtng dau 1a TS Bui Duy Du [39] di thanh cong trong viéc ché tao keo bac
nano bang birc xa Gamma Co-60 dung PVA, PVP va chitosan lam chit 6n
dinh, tmg dung trong (¢ ché vi khuan E. Coli, S.aureus va khang nim
Corticium salmonicolor, Piricularia ozyaza, Pseudonomas glumae. Kuria et.
Tabei trén lua.
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Vién Bong Qudc gia Lé Hiru Trac da c6 dé tai nghién ctru tmg dung bing
dinh c6 chira nano bac (do GS. Lé Thé Trung l1am chii nhiém) cho két qua 1a
bang dinh c¢6 chira nano bac cho lién vét md nhanh, c¢6 wu diém giam dau,
tham dich tiét, qué trinh biéu mo hoa va tan tao vi mach dién bién tot, co tac
dung trc ché vi khuan va khong thiy tac dung phu. Nghién ctru tuong ty cua
nhom tac gia Tran Thi Ngoc Dung, Nguyén Hoai Chau va cac cong su thudc
Vién Cong nghé Méi trudng ciing cho thdy sir dung nano bac cho hiéu qua
cao trong diéu tri bong [40].

Nghién ctru cta nhém tac gia Tran Thi Ngoc Dung va céc cong su
(2019) thudc Vién Cong nghé Moi truong [41] di ching minh rang nano bac
12 mot chat khir tring hiéu qua chdng lai ca Salmonella va virus gy bénh
dich ta lon chau Phi (ASFV). Su trc ché hoan toan vi khuan Salmonella dugc
quan sat thdy & nong do nano bac 1a 25 ppm va ¢ nong do vi khudn 1a 108
CFU/mL. Dung dich nano bac véi néng d6 0,78 ppm khong co bat ky doc
tinh nao ddi véi té bao dai thuc bao phé nang cua lon; trong khi hoan toan trc
ché ASFV ¢ muc 103 HADS0 (Liéu hap phu hong cau). Nghién ctru ndy xac
nhan rang nano bac c6 kha ning khang virus cao d6i voi ASFV va 1a mot chat
khir tring day hira hen c6 thé duoc st dung dé ngin ngira sy ldy truyén
ASFV.

Kha niang khang khuan cta nano bac trong son nudc ndi that ciing duoc
nghién ctru boi Lé Thi Ngoc Hoa va cac cong su. Két qua cho thdy son nhil
tuong c6 kha ning diét khuan khi ham luong nano bac trong son 13 0,1- 0,5
ppm. Hiéu qua khang khuan cua nano bac trong son nhii twong duoc duy tri
trong khoang thoi gian téi thiéu 1a 30 ngay [42].

O nudc ta, nhitng san phim chira nano bac véi tinh chat khang khuan
phan 16n chi naim trong pham vi nghién ctru, chua duoc dua ra tng dung rong
rdi. Ngoai trir san phdm khau trang nano bac do Phong Cong nghé than moi
truong thudoc Vién Cong nghé méi truong — Vién Han 1am Khoa hoc va Cong
nghé¢ Viét Nam san xuét. Khau trang nano bac c6 tac dung ngan bui, vi khuén,
virus tir bén ngoai vao co thé qua duong ho hip ciing nhu tir bén trong co thé
ra moi truong. Lop vai tdm nano bac cé chirc nang diét khuén, virus, ndm bi
gilr lai trén khau trang dong thoi c6 tac dung khor mui. Hién nay trén thi
truong Viét Nam ciling da dua ra mat hang la bd loc vi sinh Watts
Microbiological Purifier. Ngoai chtrc nang khir mui, khir clo, cac loai hoa chat
hoa tan con c6 kha ning loai bo virus, vi khuan. Tuy nhién do gia thanh cua
bd loc con cao nén ddi tuong co thé sur dung han ché dic biét 1a nguodi dan &
vung ndng thon.
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1.2. Téng quan vé benzalkonium chloride (BKC)
1.2.1. Gigi thi¢u chung

Benzalkonium  chloride (BKC), hay con dugc goi la
alkyldimethylbenzylammonium chloride (ADBAC), 1a mdt loai chit hoat
dong bé mit cation. N6 1a mot loai mudi hiru co duoge phan loai 1a hop chét
amoni bac bén [43].

Ammoni bac 4 1a mdt trong s6 nhitng hoat chat phd bién nhit duoc phép
str dung 1am chat diét khuan trong y té, trong gia dung va trong thi y. Trén
tong s6 gan 1700 ché pham diét khuan dugc phép luu hanh tai Viét Nam do
Cuc Quan 1y mdi truong — Bo Y té cho phép c6 khoang gan 50 ché pham
chtra hoat chat khir tring chinh 1 cac ammoni bac 4. Ngoai ra, trong danh
sach cac thude thi y duoc phép luu hanh tai Viét Nam (hon 4000 san pham,
do Cuc Thu y khdo nghiém va cap phép, bao gém cic san phim san xuat
trong nudc va nhap khau) — c6 khoang 200 ché pham sir dung cho muc dich
khir tring, tiéu doc chudng trai. Trong s 200 ché pham nay ciing c6 khoang
trén dudi 140 chat chira thanh phan chinh 13 cdc ammoni bac 4. Nhiing con 80
thong ké trén da cho thay vai trd quan trong va tinh hiéu qua cao ctia cac hop
chat ndy trong bao dam an toan vé sinh moi trudng chian nudi. Mot sé hop
chat ammoni bac 4 dugc cap phép st dung & Viét Nam (trong sinh hoat, trong
tht y va thay sdn) nhu: Benzalkonium chloride (BKC),
Didecyldimethylammonium chloride (DDAC), Dimethylcocobenzyl amonium
chloride... (vi du nhu cic ché phim Sagluxide, Belucid, VT-BKC 80,
Gludekol, BTV Glutar, Rebencid, Nova-MC.A30, EMI protect, G-Omnicide,
Amonicid, Anicide, ...) [3].

Benzalkonium chloride (BKC) dugc nghién ctru va st dung nhu mét chat
khir tring bat dau tir nim 1935 bai Gerhard Domagk, duoc dua ra thi truong
v4i tén goi clorua zephiran. Nam 1947, san pham dau tién c¢6 chita BKC da
duogc dang ky véi Co quan Bao vé Moéi truong (EPA) tai Hoa Ky. Hién nay,
BKC 1a chat khir tring dugc str dung rong rii nhat trong nhom cac hop chat
amoni bac 4 [44].



n=28,10, 12, 14, 16, 18

Hinh 4. Cong thirc cAu tao ctia Benzalkonium chloride

Theo Duoc dién My USP32-NF 27 da mé ta BKC 1a mot hon hop cua
alkylbenzyldimethylammonium chlorides v&é1 véi  cong thic chung
[CsHsCH2N(CH3),R]Cl, véi R gdm hdn hop alkyl bao gom cac nhom n-CgH17
va cac mach cao hon nhu n-Cy2Hgs (dodecyl), n-Ci4H2g (dodecyl), va n-CigHas
(hexadecyl). Chung thudng duoc thuong mai héa dudi dang hon hop cac hop
chat c6 do dai khac nhau d6i voi chudi alkyl, tir C8 dén C18, v6i hoat tinh
diét khuan cao hon ddi v6i cac dan xuat C12 va C14 [45].

1.2.2. Cac urng dung BKC

BKC thuong dugc tmg dung véi ba vai tro chinh 13 1am chat hoat dong bé
mat cation, 1am chét chuyén pha hodc lam chat diét khuan.

Vai tro lam chat hoat dong bé mat

BKC 1a mot chat hoat dong bé mat cation dién hinh. Chét hoat dong bé
mat cation c6 nhom phan cuc bi phan ly thanh ion duong trong dung dich,
ching thuong 13 cic din xuét cia mudi amoni bic 4, c6 kha ning lam bén
bot, tao nhii tét, léy dau it nén ém diu vdi da, chu yéu dung lam mém, xép X0
soi va triét tiéu tinh dién. Piéu dic biét ching hép thu rat tdt trén toc, lam
muot téc nén thuong ching duoc st dung phd bién hon trong cic san pham
cham soc toc. BKC 1a mot trong nhitng chat tmg dung phd bién nhat trong
cong nghiép my pham. Chung duoc st dung trong chit khtr mui dang xit,
lotion dung sau cao rau, dau g01 tri gau, chét chéng tiét md héi, chat 1am mém
16p biéu bi, thudc nhuém téc, kem dudng, thudc ubn toc, nudc suc miéng.
BKC c6 thé hoa tan pha lipid cia mang nudc mat va ting kha ning tham thau
thudc, khién no tré thanh ta dugc hiru ich, nhung c6 nguy co gy tén thuong
bé mit ctia mat néu sir dung qua lidu luong.

Vai tro lam chdt chuyén pha

BKC c6 thé dugc sir dung lam thanh phan chinh cta xuc tic chuyén pha,
téng hop cac hop chat hitu co, bao gdm ca thude [46].
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Vai tro lam chat diét khuan

BKC 1a chét diét khuan va khang khuan hiéu qua, than thién v6i méi
truong va con nguoi. Tac dung chinh cua hoat dong khang khuan cia BKC 1
pha hily mang té bao, c6 hiéu qua nhat d6i voi mot sé vi khuan Gram duong,
mot sd vi khudn Gram am, mét sd virus bao phu, nim men. Trong do, hoat
dong khang khuan phu thudc vao d6 dai thay dbi cta chudi n-alkyl. Pugc biét
dodexylbenzyl dimethyl ammoni chloride (C12) c¢6 hiéu qua nhat dbi v6i ndm
men va nam, tetradexylbenzyl dimethyl ammoni chloride (C14) chéng lai vi
khuan Gram duong va hexadexylbenzyl dimethyl ammoni chloride (C16)
chbng lai vi khuan Gram am. Cac hop chat nay thuong khong duge sir dung
nhu céc thanh phan don 16, ma 1a cac hdn hop bao gom hai hoidc ba thanh vién
benzalkonium chloride khac nhau vé chiéu dai cua cac chudi alkyl [46].

Bing 3. Nong do t0i thiéu tre ché vi khuan (MIC) va nong do toi thiéu dit
khuan (MBC) ctia BKC do6i vi mot so chung vi khuan [47]

Chiing vi khuan MIC (mg/l) | MBC (mg/l)
Vi khuan | S. aureus 40 45
Gram dwong [ “1on6cvtogenes 30 35
B. cereus 140 160
Vi  khuan | S. typhimurium 80 100
Gramam  Fgco) 40 45
P. aeruginosa 60 80

Vao thang 11 nam 2020, Tap chi Journal of Hospital Infection dd cong bd
mot nghién ctru vé BKC, nguoi ta phat hién ra rang cic chat khir trung trong
phong thi nghiém va thuong mai voi néng do 0,13% BKC da lam bat hoat
virus SARS-CoV-2 trong vong 15 gidy sau khi tiép x(ic, ngay ca trong dat
hodc nuéc cung. Str dung BKC lam chét khir trung tay c6 loi hon so voi
ethanol trong mot sd trudong hop vi né ¢ tac dung khang khuan luu lai trén da
nhiéu 1au hon dang ké sau lan sir dung dau tién [48].

Do ¢6 hoat tinh khang khuan, BKC duoc tmg dung rong rii trong cac
hoat dong sinh hoat, y té, nong nghiép...

Ung dung trong hoat déng sinh hoat

- Trong hoat dong sinh hoat, BKC 1a thanh phan tich cuc trong cic san
pham chim soc ¢4 nhan nhu nudc rira tay, khan udt, dau goi dau , xa phong ,
chat khor mui va my pham. BKC ciing duoc sir dung trong chét tdy rira san
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nha va cac bé mit cimg voi vai tro chat khir tring, chang han nhu binh xit va
khan lau khang khuan Lysol va Dettol.

Ung dung trong nong nghiép

- Trong chin nudi, BKC d3 duoc dwa vao st dung trong nghé nudi ong,
do thanh phan nay c6 cong dung diéu tri bénh thdi nhiin ctia dan ong. BKC ¢
kha nang tiéu di¢t nam, vi khuan protozoa va mot s6 loai virus nén dugc st
dung rong rii trong nganh chin nudi thity san. Nguoi ta dung BKC dé khtr au
tring trong bé ao trong san xuat gidng va nudi thuong pham. Trong nudi tom,
BKC ¢6 tac dung khéng ché su phat trién cta tao vi vay dugc dung trong hd
nudi tom. O licu thap ciing c6 thé gitp tdm 16t xAac.

'BKC 80

UGC, DIET KHUAN, VIRUS, NA|

......

Hinh 5. Ché pham BKC 80 xt Iy nudc ao hd nudi tom
Ung dung trong y té
Trong y té€ BKC dugc dung 1am thanh phan cua cac san pham duoc pham
nhu thudc xit, nhé tai mii va méat; thudc sat trung ngoai da va thudc xit rira
vét thuong, chang han nhu Bactine. Trong nuéc stc miéng, vién ngdm hong
thi BKC ciing dong vai tro nhu mot chat diét khuan.

&: ESKAR

101 lp 15ml
HO - GMP

e

Hinh 6. Mot loai thudc nho mét chira thanh phin BKC
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BKC dugc sir dung trong thanh phan cta thuc nho mét do vira cé tac
dung sat khuan vira ¢6 tinh hoat dong bé mit c6 tac dong lam tang tinh thaim
clia giac mac d6i v6i duoc chét trong thubc nho mat, ting kha niang hap thu
duoc chat qua giac mac. Thanh phan BKC trong thuc nhé mit thuong co
noéng d6 0,01 - 0,02% (c6 khoang 60% cac thudc nho mét luu hanh trén thi
truong c6 chit sat khudn nay). Thong thudng, né duoc sir dung phdi hop véi
cac ta dugce bao quan hodc cac cht hiép dong nhu dinatri edetate v6i ndng do
0,1% (khéi luong/ thé tich) dé ting cudng kha ning e ché sy phat trién cua
cac ching vi khuan.

BKC ciing duoc sir dung 1am thanh phan trong mot san pham vién ngam
tri dau hong véi lidu luong 0,5 - 1 mg/vién va bd sung mdt sb ta dugc phu
hop. Thude dugce st dung cho ca tré em va ngudi 16n, dugc ding trong cic
truong hop diéu tri nhiém khuan duong miéng, hong. Nhom tac gia J. Palm va
cac cong su (2018) da nghién ctru so sanh hiéu qua va do an toan cua su két
hop 0,5mg tyrothricin, 1,0mg BKC va 1,5 mg benzocaine trong vién ngam
(thudc nghién ctru duoc ban trén thi trudng dudi tén Dorithricin®) voi lidu
lap lai trong 3 ngay dé phu hop voi vién ngam gia dugc trong diéu tri viém
hong cép & ngudi 16n. Két qua cta nghién ctru ndy cho thay loi ich dang ké
ctia thude nghién ctru so véi gia duoc trong diéu tri viém hong cip tinh. Vién
ngam (0,5 mg tyrothricin, 1,0 mg BKC va 1,5 mg benzocain) mang lai hi€u
qua cao trong viéc giam dau hong dit doi cling nhu khé nudt lién quan dén
viém hong cdp tinh va thuyén giam hoan toan trong vong 72 gid. Phdi hop ba
hoat chat 1a mot lwa chon phu hop cho bénh nhén trong viée tu diéu tri viém
hong cip va viém hong hat [49].

1.2.3. Vién dé djc tinh ciia BKC

Paoc tinh cua BKC d6i véi con ngudi va cac dong vat khac da dugc mo ta
trong nhiéu tai liéu, tuy nhién cac két luan trai nguoc nhau nay sinh tir sy
khéc biét vé diéu kién thi nghiém. Trong mot sb nghién ctu, BKC dugc biét
dén 13 chét gay kich tmg da, cling ¢ nhitng béo cdo (hiém hon) BKC 1a chat
gy di ung (chat gdy man cam da). V& dir liéu doc tinh cdp tinh, BKC duoc
EPA phan loai 1a doc tinh loai II theo duong udng va dudng hé hap va doc
tinh loai III qua duong da. Tac dung gy ddc gen nho nhung dang ké ¢ ca té
bao thuc vat va dong vat di duoc quan sat thiy trong dng nghiém d6i véi
ndéng d6 BKC 1 mg/lit [50-52].

Nguoc lai, mot s6 bao céo cho théy BKC duoc coi 1a an toan. Mot bao
cdo cua EPA (2006) da khong cong nhan BKC 1a chat gy ung thu, gy dot
bién hodc gay doc gen [53]. V& viéc bd sung chiing vao cac san pham xit mii,
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Marple va cac cong sy dd xem xét cac nghién ctru tir 18 tai lidu cho thay
khong c6 mbi lo ngai lon nao vé an toan khi BKC dugc st dung & néng do tu
0,00045% dén 0,1% [54]. Mot danh gia gan day vé d6 an toan cua BKC trong
cac san pham my pham [55] coi viéc st dung chung 13 an toan, dua trén tinh
toan bién do an toan (MOS), xem xé&t néng do BKC trong san phém, tan suét
st dung, $6 lugng va udc tinh cac thong s6 nhu muc dd tac dung phu khong
quan sat duoc va ty 1é hap thu qua da. Pdi voi ing dung cu thé cia BKC
trong dung dich nhan khoa, mgt nghién ctru do Phong thi nghiém Alcon tai
tro da két luan rﬁng khong c6 su khac bi¢t vé mat an toan gitta nhiing dung
dich c6 hoic khong c6 bo sung BKC [56].
Bang 4. Liéu lugng giy doc (LD50) cua BKC voi chudt thi nghiém qua cac
duong tiép xuc khac nhau [57]

Sinh vat L trinh tiép xuc Liéu lwgng (LD50) (*)
Chuot Tiém tinh mach 13,9 mg/kg
Chuot Miéng 240 mg/kg
Chuot Trong phiic mac 14,5 mg/kg
Chuot Dudi da 400 mg/kg

(*) LD50: liéu luong cua hoa chat phoi nhiém trong ciing mot thoi diém, giy ra cai chét
cho 50% (mot nira) cia mot nhom dong vat dung thir nghiém.

V& khia canh doc tinh & ngudi, lidu luong duge cho 13 gay tir vong 13
100 - 400 mg/kg BKC dung qua dudng udng hodc 5 - 15 mg/kg BKC dung
qua dudng tiém. Cac nghién ciru ciing chimg minh rang néng d6 BKC 1én t6i
0,1% 1a an toan dé sir dung lam chat chong vi tring. BKC thuong dugc s
dung két hop véi cac hop chit amoni bac bén khac va ¢ ndng d6 1am viéc nho
[58]. Cuc Quan 1y Thuc pham va Dugc pham Hoa Ky (FDA) di xép BKC vao
loai hoat cht khir trung loai III (cac thanh phﬁn duoc phan loai 1a loai III khi
dir liéu hién c6 khong du dé phan loai 12 an toan va hiéu qua va can phai thir
nghiém thém). Nong d6 t6i da sir dung chung 1a 0,1%, tai ndng do thap hon s&
an toan va khong gay kich tmg ban dau trén da [59].
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Bang 5. Quy dinh yé nong do Benzalkonium chloride (BKC) cho phep trong
san pham thuwong mai & mot so quoc gia/khu vuc [47]

San phim Qubc gia/Khu vie | Nong d6 BKC tbi da
cho phép
Thudc nhan khoa Hoa Ky 0,003 - 0,02%
Dau x4 Hoa Ky 0,5 - 2%
Nong d6 BKC dugc khuyén
nghi dung sau khi pha loéng Hoa Ky 0,03-0,2%
tir san pham dic 17%
Mosquitocide Hoa Ky 200 ppm
Céc gidi han ctia phap luat d6i
v6i cac nha mdy, thiét bi va Hoa Ky 200 - 400 ppm
dung cu ché bién thuc phém
Chat khir trung (Lysol) Hoa Ky 0,1% (wt/vol)
Chat khir tring trong cac khu Dan Mach
A1 A A 3%
vuc cheé bién thyc pham (trwdc nim 2016)
Chét bao quan ban Mach
o 0,10%

(trudc nam 2016)

Chét bao quan diét khuan sinh Phéap/Anh
< 2,5%

hoc (trwde nam 2016)
BKC tdi da duoc phép trong
cac san pham thyc pham theo Chau Au 0,1 mg/kg

quy dinh 1119/2014/ EU

1.3. Tong quan vé hai loai vi khuan gay bénh: E.coli va Staphylococcus

aureus
1.3.1. Khudén E.coli

Escherichia coli (E.coli) dwoc phat hién lan dau tién badi Theodore
Escherich (1857-1911), mdt nha vi khuan hoc nguoi Ao, vao nim 1885. Chi
Escherichia thudc ho vi khuan duong rudt. Trong sb cac loai thudc chi nay, E.
coli 1a vi khuédn dién hinh va déng vai trd quan trong nhat trong y hoc. E. coli
da dugc str dung trong cac mo6 hinh nghién ctru sinh hoc phan tir trong linh
vuc vi sinh hoc néi riéng va sinh hoc néi chung tir rat 1au. E. coli K19 I3 vi
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khuan dugc st dung nhi€u nhat trong cdc mo hinh nghién ctru. Nhi€u thanh
tuu vé di truyén va hoa sinh da dat dugc dya trén nghién clru vé vi khuan nay.

Hinh 7. Mo phong chiing vi khuan E.coli

E. coli 1a tryc khudan Gram am c6 kich thuéc trung binh tir 2 dén 3
micromet x 0,5 micromet; trong nhitng diéu kién khong thich hop (vi du trong
moi trudng cd khang sinh) vi khuan cé thé rat dai nhu soi chi. Rat it ching E.
coli ¢6 vo, nhung hau hét c6 16ng va c6 kha ning di dong.

E. coli 1a thanh vién ctia hé vi sinh binh thuong cua duong ti€u hoa va
chiém ty 1& cao nhét (khoang 80%) trong sé vi khuan hiéu khi. Tuy nhién, E.
coli cling 13 vi khuan giy bénh quan trong, dimg dau trong sb cac vi khuan
gy tiéu chay, nhidm tring dudng tiét niéu, viém duong mat va dung dau
trong 86 cic nguyén nhin gdy nhiém tring huyét. E. coli 1a nguyén nhan phd
bién gy viém mang ndo va viém phdi ¢ tré so sinh. E. coli con gip trong
nhiém trung phau thuat va nhiém trung bong. Theo bdo cdo ctia Chuong trinh
giam sat khang thude qudc gia d6i véi cac cac vi khuan gay bénh thuong gip
(1988-1994) thi & nudc ta, ty 1& phan 1ap dwoc cta vi khuan E. coli (tinh
chung tit ca cac loai bénh pham) ding thir hai sau Staphylococcus Aureus
[60].

1.3.2. Khudn Staphylococcus aureus

Nam 1871, Recklinghausen di thu dugc ciu khudn trong than cta nhiing
bénh nhan chét vi nhiém tring mau. Nam 1880, Alexander Ogston ching
minh ap xe sinh mu 12 do tu cau khuén, va Ogston duoc cong nhan 13 nguoi
phat hién va dit tén cho tu cau khuan 1 Staphylococcus vao nam 1882. Nam
1884, Rosenbach d3 nghién ctru va dit tén cho cAu khudn tao khuan lac mau
vang la Staphylococcus pyrogen aureus.



Hinh 8. M6 phong vi khuan Staphylococcus aureus

Staphylococcus aureus (S.aureus) 13 vi khuan gram duong, hinh cau, c6
duong kinh khoang 0,5 - 1,5 micromet. N6 co thé dirng mot minh, theo cép,
thanh chudi ngan hodc thanh timg chum khong déu nhu chim nho. Pay 1a loai
vi khuan khéng di dong, khong hinh thanh bao tr, thudng cu tra trén da va
mang nhay cta ngudi va dong vat mau néng. Khoang 20 loai khac nhau thudc
chi Staphylococcus da duoc ghi nhéan [60].

S.aureus c6 kha ning ton tai trén co thé dong vat. Khi stc dé khang yéu
hodc do da bj nhiém vi khuén c6 doc luc cao sé gay ra mu, sung téy trén da
hodc niém mac, gdy loét, ap xe. Vi khuan gay bénh bang cach gay ton thuong
tryc tiép dén cac co quan cia co thé, chang han nhu:

- Da: gdy mun nhot, ap xe, viém mo té bao;

- Hé ho hap: viém khi quan, viém phdi hoai tir, ap xe phdi c6 thé dan t6i
bién chtng tran khi mang phoi, tran khi trung that, tran khi dudi da, viém mu
mang phoi;

- Tim: viém noi tAm mac, tran dich mang ngoai tim;

- Ndo: viém mang nao mu;

- Xuong: viém tuy xuong, viém khép;

- Méu: giy cac bénh do nhiém tring mau hoic do tiét doc td gian tiép, gy
viém da troc vay hodc hoi chimg séc nhidm doc, dic biét 1a S.aureus con tiét
ra 6 loai enterotoxin khac nhau (enterotoxin A, B, C, D, E, F). Nhiing chat
doc nay 6n dinh nhiét (c6 thé chiu dugc nhiét do soi trong hon 30 phut) va
khong bi anh huong bo1 enzyme duong rudt nén mot khi thuc phém bi nhiém
cac chat doc nay, viéc nau nuong hodac ham nong déu tré nén vo ich. Khi vi



29

khuan phat trién trén thyc pham chira nhiéu dudng va protein (thit, sita, banh
ngot) chiing s& tiét ra nhiéu doc td rudt hon. Tac dung giy non 1a két qua su
kich thich trung tdm 6i mira ctia hé than kinh trung uong sau khi doc t tac
dong trén thy thé than kinh trong rudt.
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CHUONG 2. NGUYEN VAT LIEU VA PHUONG PHAP NGHIEN

cuu

2.1. Nguyén vit liéu

2.1.1.

Hoa chat

Mudi bac nitrat (AgNO3), do tinh khiét > 99,99%, Trung Qudc;
Benzalkonium chloride dang 16ng, d6 tinh khiét > 95,0%, Trung Quéc;
Chat khir Sodium borohydride NaBH,, d6 tinh khiét > 99,99%, Trung
Qubc;

Chung vi khuan: Escherichia coli (E.coli, ATCC 25922);
Stapphylococus aureus (S.aureus, ATCC 25923) dugc cung cap boi
Vién Cong nghé sinh hoc;

Moi truong PCA, Sigma;

Glyceryl, Sigma,;

Muébi NaCl, Merck;

Nuéc cat 2 lan;

Dung dich BKC thuong mai

Dung dich nano bac thuong mai

. Dung cu, thiét bi:

Cdc thuy tinh cac dung tich khac nhau;
Bdp cao su;

Can phan tich ¢6 do chinh xac £0,001;
May khuay diia;

Tau am duy tri ¢ 37 £ 2 °C (99 + 4 °F);
Dén con;

Bé 6n nhiét duy tri ¢ 45-50 °C (113-122 °F);
Pipet: 10-1000 pL;

Ong nudi cdy c6 nip dung tich t6i thiéu 10 mL;
bia Petri, kich ¢& 90 mm x 15 mm, v trung;
Kep, que cdy vo tring;

Kinh hién vi, 46 phong dai t6i thiéu 40X;
Thudc;

Gang tay vo trung;

May Vortex mixer;
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- May quang phd UV-VIS hai chum tia Hitachi UH-5300 tai Vién Cong
ngh¢ moi truong (Vién CNMT) — Vién Han 1dm Khoa hoc va Cong
ngh¢ Viét Nam;

- May phan tich ¢& hat nano va thé zeta HORIBA SZ-100 tai Vién Cong
ngh¢ moi truong (Vién CNMT) — Vién Han 1dm Khoa hoc va Cong
ngh¢ Viét Nam;

- Kinh hién vi dién tr truyén qua phan giai cao (HR-TEM): JEM2100
(Jeol, Nhat Ban) tai Vién Khoa hoc Vat liéu — Vién Han 1am Khoa hoc
va Cong nghé Viét Nam,;

- May tiét trung, n6i hap khur trung.

2.2. Phwong phap nghién cau

2.2.1. Phwong phdp nghién ciru tong hep ché pham nano bac én dinh bang
benzalkonium chloride (BKC)

2.2.1.1. Téng hep ché phdm nano bac én dinh bang BKC

Céac hat nano bac duogc tong hop bang phuong phap hoa hoc. Nguyén
tic ctia phuong phap nay 1a khir ion Ag*™ dé dua céc ion ndy vé nguyén ti
khong mang dién Ag®. Theo phuong phap ndy, cac chit sir dung gdm nguyén
liéu dau vao chira ion Ag* nhu Ag,SO4, AGNO3 hay AgClO4, va chat khir nhu
mudi citrate, borohydride, ascorbic acid, glucose, ethylene glycol hay dung
dich chiét tir thuc vat [61]. Trong luin vin ndy nano bac dugc téng hop theo
quy trinh hoa hoc dugc st dung phd bién tai Vién Cong nghé moi trudng, cu
thé ngudn ion bac s& 1a mudi nitrate bac (AgNO3), chat khir duge st dung 1a
natri borohydride (NaBH,). Bé lwa chon ham luong chat 6n dinh (BKC) tdi
wu dua vao hé phan ung, tién hanh thi nghiém véi cac ty 18 giita khéi luong
chit 6n dinh va ion bac khéac nhau.

Cich tién hanh:

Ché pham nano bac 6n dinh bang benzalkonium chloride (BKC) duoc
tong hop bang phuong phép khir hoa hoc nhu dugc moé ta ¢ trén hinh 9 gom
cac budc chinh sau:

Budc 1: Hoa tan mudi bac nitrat vao nudc cat. Tuy ting mau thi
nghiém, pha muoi bac dé dugc dung dich c¢6 nong do 100-1000 ppm tinh theo
Ag" (1000 ppm tuong duong 1,575g AgNOs/L dung dich).

Budc 2: B6 sung benzalkonium chloride (BKC) vao dung dich da

chuan bi ¢ buéc 1. Nong d6 BKC dua vao dao dong trong khoang 100-5000
ppm tiy timg mau thi nghiém. Khuay tron déu trong thoi gian 30 phut.
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Buéc 3: Nho tir tir dung dich NaBH, vao dung dich hon hop [Ag*-
BKC] da chuan bi. S6 mol NaBH; thém vao gip 1-4 lan so voi s mol
AgNOs;, twong duong véi 0,035-1,4 g/L. Ngay sau khi nho dung dich NaBHa,
dung dich trong cdc chuyén sang mau vang va tré nén sam mau. Téc do
khudy trong qua trinh téng hop cua tat ca cac mau ~ 1200-1500 rpm.

Dung dich nano bac thu dugc dugc chuyén vao chai mau mau nau va
duoc gilt ¢ diéu ki¢n phong d€ phuc vu cho cac nghién ctru ti€p theo.

Dung dich _ .
BKC » Khuay
A\ 4
Hén hop
Ag* - BKC
Dung dich > Khuiy

NaBH4

Dung dich
nano Ag

Hinh 9. So do quy trinh tong hop ché pham nano bac 6n dinh bang
benzalkonium chloride

2.2.1.2. Phirong phdp danh gid mét sé ddc trung héa 1y ciia ché pham nano
bac téng hop dwroc

* Phwong phap UV-VIS

Phé tir ngoai-kha kién UV-Vis (Ultraviolet-Visible) 1a phuong phap phan
tich sir dung phd hap thu hoic phan xa trong pham vi viing cuc tim cho téi
viing anh sang nhin thiy duoc. VUng tir ngoai co6 budc song tir 200 - 400
(nm), viing kha kién cé budc song tir 400 — 800 (nm). Nguyén tic cua phuong
phap 1a cho chim 4nh sang c6 do dai bude song xac dinh trong vung kha kién
(Vis) hay trong ving tir ngoai gan (UV) di qua vat thé hap thu (thuong dang
dung dich). Dua vao luong anh sang da bi hap thu boi dung dich ma suy ra
nong d6 (ham lugng) cua dung dich do.

Cong huong plasmon la dao dong cong huong cua cac electron khi mot
plasmon bé mat bi kich thich ¢ tin s6 cong huang cia nd boi song dién tir bén
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ngoai (trong trudng hop cau tric kim loai kich thudc nano, noé dugc goi 1a
cong huong plasmon cuc bd). Hiéu tng nay lam co s¢ cho nhiéu cdng cu dé
do sy hap phu cua mot vat liéu trén bé mat kim loai, duoc dic trung bai hién
tuong cong huong plasmon bé mat (Surface plasmon cong huéng — SPR).
Cac hat nano kim loai déu thé hién hiéu tng cong hudng plasmon. Tuy nhién,
nano bac 12 loai vat liéu c6 twong tac véi anh sdng manh nhat. Cuc dai hap thu
cua dung dich nano bac thudng nam trong khoang 400-420 nm [62].

Phé UV-Vis cho phép xac dinh dinh hap thu cuc dai. Tir dinh hap thu dic
trung c6 thé khang dinh dung dich diéu ché duoc la dung dich nano bac. Tur
d6 dich chuyén cua cac dinh hap thu cuc dai, ¢ thé du doan duoc su ting
hoic giam kich thuéc hat nano bac trong dung dich sau qué trinh tong hop.

Trong luan van nay, hiéu tng cong huéng plasmon bé mat caa hat nano
bac dugc xac dinh biang phuong phap phd UV-Vis. Céc phép do duoc thyuc
hién trén may quang pho UV-VIS hai chim tia Hitachi UH-5300 tai phong thi
nghiém caa Vién Cong nghé moi truong (Vién CNMT) — Vién Han 1am Khoa
hoc va Cong nghé Viét Nam.

* Phuwong phap do kich thuoc hat trung binh

Mot trong nhitng k¥ thuat dugc st dung phd bién trong viée xac dinh kich
thuoc hat co kich thudc nano 1a tdn xa anh sdng dong (Dynamic Light
Scattering-DLS) vi phuong phap nay dé& tién hanh, khong can cong doan xir 1y
mAu phirc tap nhu cac phuong phéap hién vi dién tir, thoi gian can thiét dé do
mau khong dai va d6 lip lai két qua twong ddi tot.

Phuong phap tan xa anh sang dong xac dinh kich thudc tiéu phan dya trén
su tan xa anh sang laze khi cac tiéu phan chuyén dong Brown trong méi
truong phan tan. Céc tiéu phan cé kich thudc nho chuyén dong nhanh hon so
v6i nhitng tiéu phan co kich thudc 16n. Do d6, kich thudc tiéu phan truc tiép
anh huong dén toc do chuyén dong ctia chung. Trong phuong phap tan xa anh
sang dong, khi chiéu mot chim anh sang laze di qua miu cin do, céac tiéu
phan trong mau chuyén dong Brown va gy ra hién tuong tan xa 4nh sang
theo cac hudng khac nhau. Anh sang tan xa duoc phat hién va ghi nhan boi
detector & mdt goc nhét dinh (cac thiét bi thuong thu nhan anh sang tan xa &
g6c 90° va 173°). Cuong do anh sang khuéch tan dugc dung dé tinh kich
thudc trung binh theo cuong do (Z-avergae) thong qua hé thirc Stokes —
Einstein.

D= KT
onmr
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Trong d6 D: téc 6 khuéch tan

K: hang s Boltzman

T: Nhiét do

n: do nhdt cua moi trudong

r: ban kinh tiéu phan

Phuong trinh Stoke-Einstein duoc phat trién dua trén gia thuyét cac tiéu

phan co thé chat ran va hinh cau. Do chinh xac va do 1ap lai két qua do bi
anh hudng boi nhiéu yéu té nhu: khoang phan bd kich thudc tiéu phan
cua h¢, count rate, d nhot... Trong dd, count rate 1a dai lugng chi sb lugng
photon dén detector trong mot don vi thoi gian bang mot gidy, theo quy dinh
ciia thiét bi do str dung trong nghién ctru, count rate yéu ciu nam trong

khoang 100-500 kcps. Count rate ciia mau do phu thudc vao ti 1é pha lodng
mau [63].

Trong ludn van nay kich thudc hat trung binh dugc do trén may phan tich
¢ hat nano va thé zeta HORIBA SZ-100 tai phong thi nghiém cuaa Vién Cong
nghé moi truong (Vién CNMT) — Vién Han 1am Khoa hoc va Cong nghé Viét
Nam.

* Phwong phdp do thé zeta

Thé zeta 1a su chénh 1éch thé gifra bé mat trugt (shear surface, hodc 16p tich
dién lién két chit v6i bé mat) va ving trung tinh ctia dung dich bén ngoai.

Nguyén tic co ban cta viéc do thé zeta dya trén tan s6 chuyén dong cua hat
nano trong vung dién trudng quan sat duoc nhd nhiéu xa tia laser. Khi dat
mot di¢n truong 1én hé, tiéu phan s€ di chuyén vé phia dién cuc trai dau véi
van tdc ty 1€ voi thé zeta. Thé zeta dugc xac dinh dua vao d6 nhét moi truong
va dinh luat Smoluchowski — Huckel. Trong thuc nghi€ém, hé phan tan nano
cO gia tri tuyét dbi cua thé zeta gitra 30 va 60 mV s¢€ tao su on dinh tinh dién
hoc nho luc ddy giita cac tiéu phan nano tich dién cung dau, néu gia tri nay tir
5 dén 15 mV sé gid1 han do bén viing cuia hé phan tan, thé zeta tir 3 dén 5 mV
thudng xuat hién cac hién tuong khong bén. Do 6, thé zeta 1a mot cong cu
quan trong dé tim hiéu trang thai bé mit cua cac tiéu phan nano, gitip du doan
d6 6n dinh dai han cua cac tiéu phan nano [64].

Thé zeta c6 lién quan voi kha ning di dong dién tich (electrophoretic
mobility) thong qua phuong trinh Henry:

Ue = 2eZf(Ka)/3n
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Trong d6: U la kha nang di dong dién tich;
Z: thé zeta;
€ héng s6 dién moi;
n: do nhot;
f(Ka) 1a ham sb Henry.
Thé zeta duoc do trén may phan tich ¢& hat nano va thé zeta HORIBA
SZ-100 tai phong thi nghiém cua Vién Cong nghé moi truong (Vién CNMT)
— Vién Han lam Khoa hoc va Cong nghé Viét Nam.

* Hién vi dién tir truyén qua (TEM)

Kinh hién vi dién tir truyén qua (tiéng Anh: transmission electron
microscopy, viét tat: TEM) 1a mot thiét bi nghién ctru vi cau trac vat ran, su
dung chum dién tir c6 ning lugng cao chiéu xuyén qua mau vat rin mong va
str dung céac thau kinh tir dé tao anh voi d6 phong dai 16n (co thé téi hang
triéu 1an), anh c6 thé tao ra trén man huynh quang, hay trén film quang hoc,
hay ghi nhan bang cac may chup k¥ thuat s6.

Nguyén Iy: Ngudn phat xa trén dinh phat ra chum dién tt, chum nay duoc
tang toc trong moi truong chan khéng cao, sau khi di qua tu kinh, chum dién
tr taic dong 1én mau mong. Tuy thudc vao tiung vi tri va loai mau ma chum
dién tir bi tan xa it hodc nhiéu. Mat d6 dién tu truyén qua ngay dudi mit mau
phan anh tinh trang ctia mau, hinh anh dugc phong dai qua mot loat cac thau
kinh trung gian va cudi cung thu dugc trén man huynh quang. Véi d6 phan
giai cao co 1 A° do phong dai tur 50x tdi 1.500.000x, TEM dong vai tro quan
trong trong nghién ctru mau c6 kich thudc nho [64].

Céu tao chinh cua TEM la cot kinh bao gém cac b phan: Sung dién tu, tu
kinh, buéng dat mau, hé théng thau kinh tao anh (kinh vat, kinh trung gian,
kinh phong), budng quan sat va bo phan ghi anh. Cot kinh c6 chan khéng cao,
ap sudt tir 10%-10°° torr. Hé théng bom chan khong, hé thong dién, dién tir, hé
thong diéu khién bang may tinh 1a nhiing b phan kém theo dé dam bao cho
qué trinh 1am vi¢c lién tuc cua phuong phap nay. Pac trung cho phuong phap
nay la cac thong sb: Hé s6 phong dai M, d6 phéan giai & va dién ap gia toc U.
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Sdng dién tu

Kinh ty thd nhat
Kh&u dé kinh tu

Kinh ty thd hai
Khau dé kinh vat
Kinh vat

Thau kinh trung gian thd 1
Khau dd gidi han
Théu kinh trung gian thd 2

Kinh phéng

Van khi

Man phat quang

Hinh 10. So @6 mit cit kinh hién vi dién tir truyén qua [64]

Trong luan vin ndy, anh hién vi dién tir truyén qua dugc chup trén may
chup anh hién vi dién tir truyén qua phan giai cao (HR-TEM): JEM2100 (Jeol,
Nhat Ban) tai Vién Khoa hoc Vit li¢u — Vién Han 1am Khoa hoc va Cong
nghé Viét Nam.

2.2.2. Phwong phap danh gia kha ning diét vi khuan caa dung dich ché
pham nano bac 6n dinh bing benzalkonium chloride (BKC)

Nghién ctru hiéu qua diét vi khuan cua dung dich ché pham chira nano
bac tong hop dugc trén cac dbi twong 1a cac chung vi khuan giy bénh dé xac
dinh duoc néng dd nano bac tdi uu cioa ché phém co tac dung diét trén
99,99% d6i twong vi khuan trong diéu kién phong thi nghiém.

Chung vi khuan str dung dé nghién ctru 13 hai chung gy bénh dién hinh
& nguoi va dong vat gébm ching vi khuan Gram am (-): Escherichia coli
(E.coli, ATCC 25922) va ching vi khuin Gram duwong (+): Stapphylococus
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aureus (S.aureus, ATCC 25923) duoc cung cip bai Vién Cong nghé Sinh hoc.

Céc chung vi khuan thi nghiém duoc nuéi cdy ting sinh trong phong thi
nghiém, lam giau dén mat do > 108 cfu/ml. Phuong phap danh gia kha ning
diét khuan cua vt liéu duoc ap dung theo AOAC 961 02 -2013.

Thi nghiém duoc tién hanh véi dai néng do nano bac va cac murc thoi
gian tiép xuc khac nhau. Bén canh do st dung dbi chirng chira nano bac va
BKC riéng 1¢ ¢ cung ndng do.

B tri thi nghiém:

Thi nghiém 1: Nghién ctu xac dinh nong do téi wu ctia ché pham dé
diét trén 99,99% céc chung vi khuan (Escherichia coli; Staphylococcus) gay
bénh dién hinh trong diéu kién phong thi nghiém dat tiéu chuan hién hanh.
Thi nghiém duoc lap lai 3 1an véi cac cong thic st dung ché pham nano bac ¢
cac nong do (tinh theo bac) khac nhau. Nong d6 ché pham nano bac thu
nghiém danh gia kha nang khang khuan duoc lya chon trén co so nghién ciu
trude do cia Ansari va cac cong su (2021) [65] nhu sau:

- CT1: Str dung ché pham nano bac néng do thir nghiém 0,5ppm (tinh
theo bac)

- CT2: St dung ché pham nano bac nong dd thar nghiém 0,75ppm (tinh
theo bac)

- CT3: Str dung ché pham nano bac néng dé thir nghiém 1ppm (tinh theo
bac)

Thi nghiém 2: So sanh hiéu qua khir tring ctia ché pham tong hop duoc
véi cac thanh phan riéng 1é & ciing nong 46

CT4: Dung dich nano Bac (cung cip bai vién Céng nghé méi truong
nong do gdc 500ppm)

CT5: Dung dich BKC

CT6: Ché pham Ag/BKC

Phwong phdp thi nghiém dinh gid kha ning diét khuén ciia ché phim

e Chuan bj vi khuan: Céac chung vi khuan thi nghiém dugc nudi ciy ting
sinh trong phong thi nghiém, lam giau dén mat do > 108 CFU/ml
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Hinh 11. Vi khuan dugc luu va ting sinh trong phong thi nghiém

Phuong phap dénh gia kha nang diét khuan cia vat liéu: Ap dung theo
AOAC 961 02 -2013

Pha lodng ché phdm nano bac dén ndéng d6 thi. Hut 9 ml ché pham vao
6ng nghiém.
Thém 1ml dich vi khuan d3 lam gidu vao Ong nghiém dung 9ml ché
pham.
Tinh thoi gian va votex déu mau
Hut 1 ml mAu vao dia petri. P6 10 — 15 ml moéi trudng, lic déu va dé
nguoi
Nuoi u cac dia & nhiét do 37°C
Sau 24 gid nudi cay, doc két qua va so sanh
Cong thuc tinh hiéu lyc:
%H = (1-Dn/D).100

Trong do:

%H: hiéu suét diét vi khuan (%)

Dn: sb khuan lac trén dia thi nghiém (CFU)

D: s6 khuan lac ¢ dia dbi chimg (CFU)
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O
Dung dich
miuda
phaloang l
10-15 ml

I W ———

Dia petri vd Lac deu dia petn
tring L&t nguore
= Dé ngudi
- 5 e ———
Rt . U 30°C
U ém s6 khudn lac
va tinh két qua

Hinh 12. Quy trinh thi nghiém dénh gia kha nang khang khuan cua ché pham
nano bac 6n dinh bang benzalkonium chloride
Luu y néu vwot qud giéi han dém thi mbu can pha loang va tién hanh cdc buéc

nuoi dem nhw trén

1.Pha lodng mau

1/100 11000  1/107 1110% 1108 11107

Ig+99 miH,0
' 2,Phan lap

Hinh 13. Phuong phap pha loing mau

Dung pipet hat 1ml dich trong dng nghiém cho vao éng nghiém thir 2
c6 chira 9ml nudce cat vo tring, lic déu ta duoc dung dich pha lodng 107 Tiép
theo dung pipet hat 1ml tir dung dich 10 cho vao éng nghiém c6 chira sin 9
ml nuéc cat vo tring lac déu thu dugc dung dich pha lodng 102. Cu tiép tuc
nhu vay cho dén khi thu duoc dung dich pha lodng thich hop thi dirng lai.
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Mat d6 té bao vi sinh vat trong mau ban dau tinh tir sé liéu cua do pha
loang Di duogc tinh theo cng thic sau:

M, (CFU/ml) =2 B

Trong d6: A 1a sb khuan lac trung binh/dia;
D; 1a @6 pha loang;
V 1a dung tich huyén phu té bao cho vao méi dia (ml).

2.2.3. Phwong phap phan tich, xir Iy s6 ligu

- Phuong phép xir Iy s6 ligu: Sé lidu dugc xir Iy bang Excel.
- Phuong phép phan tich sé liéu: Sir dung phuong phap théng ké mé ta, thong
ké so sanh.
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CHUONG 3. KET QUA VA THAO LUAN

3.1. Két qua nghién cteu tong hep ché pham nano bac 6n dinh bang
benzalkonium chloride
3.1.1. Két qua tong hop nano bac

C6 nhiéu phuong phap khac nhau dé diéu ché nano bac nham tao ra céc
ché pham hay vat liéu chira nano bac c6 tinh khang khuan nhu phuong phap
phun phu vat Iy (bdc hoi chan khéng, phu plasma hd quang, plasma ion (ion
plasma deposition), phin xa...), phuong phap hoéa hoc dung dich nudc,
phuong phap mixen dao trong dung méi hitu co, phuong phap dién phan...
Tuy nhién, phuong phap dung dich nudc dugc sir dung rong rai do tinh don
gian cua no, trong d6 phan tng hinh thanh nano bac duoc dién ra trong mot
dung dich déng nhat chira cac thanh phan tham gia ban dau la cac ion Ag* hoa
tan cung voi chat chéng tap hop va tac nhan khir duoc thém vao sau bang
cach nho giot. Pé kiém soat tot qua trinh téng hop, can phai st dung dung
moi 13 nudc méi chung cat, hoic nude RO da dugce dun nong t6i 80°C dé loai
bo khi oxy.

Cac mau dung dich nano bac duoc diéu ché liét ké trong bang 6 (thé
tich dung dich la 1000mL):

Bang 6. Cac mau dung dich nano bac duogc tong hop

STT | Néng dd bac ban Nong d¢ chat 6n Khéi lwong Nhiét dé (°C)
dau (ppm) dinh BKC (ppm) NaBH: (g)
MO01 100 100 0,035 Nhiét d6 phong
MO02 100 200 0,035 Nhiét d6 phong
MO03 100 500 0,035 Nhiét d6 phong
MO04 100 1000 0,035 Nhiét d6 phong
MO05 100 5000 0,035 Nhiét d6 phong
MO06 200 100 0,07 Nhiét d6 phong
MO07 200 200 0,07 Nhiét d6 phong
M08 200 500 0,07 Nhiét d6 phong
M09 200 1000 0,07 Nhiét d6 phong
M10 200 5000 0,07 Nhiét d6 phong
M11 500 100 0,175 Nhiét d6 phong
M12 500 200 0,175 Nhiét d6 phong
M13 500 500 0,175 Nhiét d6 phong
M14 500 1000 0,175 Nhiét d6 phong
M15 500 5000 0,175 Nhiét d6 phong
M16 1000 100 0,35 Nhiét d6 phong
M17 1000 200 0,35 Nhiét d6 phong
M18 1000 500 0,35 Nhiét d6 phong
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M19 1000 1000 0,35 Nhiét do phong
M20 1000 5000 0,35 Nhiét do phong
M21 100 100 0,07 Nhiét do phong
M22 100 200 0,07 Nhiét d phong
M23 100 500 0,07 Nhiét do phong
M24 100 1000 0,07 Nhiét d phong
M25 100 5000 0,07 Nhiét do phong
M26 200 100 0,14 Nhiét do phong
M27 200 200 0,14 Nhiét d phong
M28 200 500 0,14 Nhiét do phong
M29 200 1000 0,14 Nhiét do phong
M30 200 5000 0,14 Nhiét d6 phong
M31 500 100 0,35 Nhiét d phong
M32 500 200 0,35 Nhiét do phong
M33 500 500 0,35 Nhiét do phong
M34 500 1000 0,35 Nhiét do phong
M35 500 5000 0,35 Nhiét do phong
M36 1000 100 0,70 Nhiét d6 phong
M37 1000 200 0,70 Nhiét d6 phong
M38 1000 500 0,70 Nhiét d6 phong
M39 1000 1000 0,70 Nhiét do phong
M40 1000 5000 0,70 Nhiét do phong
M41 1000 100 1,4 Nhiét do phong
M42 1000 200 1,4 Nhiét do phong
M43 1000 500 1,4 Nhiét do phong
M44 1000 1000 1,4 Nhiét do phong
M45 1000 5000 1,4 Nhiét do phong
Trong do:

Cac mau tir MO1 — M20 tong hop véi ty 16 nAg : nNaBH, = 1:1;
Cac mau tir M21 — M40 tong hop véi ty 16 nAg : nNaBH, = 1:2;
Cé4c mau tir M41 — M45 tong hop véi ty 1é nAg : nNaBH, = 1:4;

Tbc do khuay trong qua trinh tong hop cia tat ca cac mau ~ 1200-1500 rpm.

Viéc téng hop thir nghiém theo ty 18 nay dua trén quan diém sau: cac ion
BH4 duoc hap phu trén bé mit cac hat nano bac méi tao thanh, ngin can su

tap hop cua cac hat nano [61].
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Hinh 14. Cac ion BH4 dugc hap phu trén bé mit cac hat nano bac [61]

Dung dich muéi AgNOs chuyén sang mau vang ngay sau khi thém dung
dich NaBH,4 chung té cé kha nang hinh thanh cac hat nano bac. Su tao thanh
cac hat nano bac duoc giai thich bang phan ung kha ion Ag* véi tac nhan khi
la NaBH,4 nhu sau [61]:

AgNO; + NaBH; — Ag’+ 1/2H, + 1/2B;Hs + NaNO3

2 {

Hinh 15. M6t miu dung dich chtra nano bac tong hop duoc

Dung dich nano bac thu dugc hoan toan déng nhét va khong co két tua.
Mau cua dung dich nano bac phu thudc vao néng dd cua mudi bac, n6ng do
NaBH, va nong 6 BKC, mau sic dung dich nano bac tong hop duoc thay doi
tr vang nhat dén nau dam. Su thay ddi mau sic cua dung dich nano bac 1a do
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pho hap thy electron ciia cac hat nano bac nam trong khoang tir 400 dén 490
nm. Dung dich t6i mau hon quan sat dugc khi dung dich NaBH,4 dugc thém
Va0 véi ndng do cao hon 1a do ndng do nano bac ting, ty 18 v4i cudng d6 hap
thu, diéu nay da dugc ching minh trong cac nghién ciu trude day [61,66].

3.1.2. Két qua danh gia mot s6 dic trung hoéa 1y cia ché pham nano bac
da tong hop dwoc
3.1.2.1. Phé plasmon cia cac mdu thu dwoc

Trong bang dudi day (Bang 7) liét ké cac gia tri cac budc song twong (ng
véi cuc dai hap phu cua cac mau tong hop duoc. Phép do thuc hién trén may
Hitachi UV VIS 5300 tai phong thi nghiém cua Vién Céng nghé moi truong.
Bang 7. Pho hap phu plasmon cua cac dung dich nano bac diéu ché duoc (WL
= Wave Length = budc song)

STT | WL(nm) | STT | WL(nm) | STT | WL(nm) | STT | WL(nm) |STT | WL(nm)
MO1 405 M11 412 M21 411 M31 414 M41 416
MO02 405 M12 413 M22 411 M32 412 M42 417
MO3 408 M13 412 M23 411 M33 412 M43 416
MO04 410 M14 413 M24 412 M34 412 M44 416
MO5 410 M15 410 M25 412 M35 412 M45 417
MO6 412 M16 410 M26 410 M36 412

MO7 412 M17 414 M27 413 M37 412

MO8 413 M18 410 M28 414 M38 413

M09 413 M19 414 M29 415 M39 413

M10 409 M20 418 M30 417 M40 413

Két qua phan tich phé UV-Vis (Bang 7) cia cac mau dung dich nano bac

téng hop duoc déu xuét hién dinh cuc dai hép phu (cuc dai dao ddong
plasmon) & budc séng 405 - 418 nm. Theo két qua cua cac cdng trinh nghién
ciru di duoc cdng bd trude @6, cuc dai hap phu cta dung dich nano bac
thudng nam trong khoang 400-420 nm [66-68]. Két qua nay cho thay trong tat
ca cac mau tong hop duoc déu cd su hinh thanh cac hat nano bac. Biéu nay
cling thé hién rang, phuong phap tong hop ché pham nano bac bang kha hoa
hoc trong dung dich nudc véi chat khir NaBH, ¢6 thé tng dung duoc trong
mot khoang bién thién rong cua cac théng sé, bao géom ndng dd mudi bac ban
dau, nong do chat 6n dinh, ty 1 chat 6xy hoa va chat khr.
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Hinh 16. Pho plasmon ciia mau M19 va céc dung dich pha lodng tir n6

Cac dac tinh quang hoc cua cac hat nano bac phu thudc nhiéu vao kich
thudc cua hat nano, khi kich thuéc hat nano cang Ién thi budc séng hap thu s&
cang dai, nén 1am giam mat d6 quang cua dung dich. Tir buéc séng hap thu
cuc dai cua c4&c mau nano bac tong hop duoc va dya theo nghién cau cua
Salem va cé4c cong su (2012) [69] c6 thé du doan cac hat nano bac téng hop
duoc ¢6 dang hinh cau kich thuéc khoang 20-50 nm.

3.1.2.2. Kich thwréc hat trung binh cia cac mdu téng hop diroc

Kich thuéc hat trung binh dugc do trén may HORIBA SZ100 theo
phuong phap tan xa anh sang dong (Dynamic Light Scattering — DLS), st
dung cuvet nhya trong suét 4 mat.

Hinh 17. Cuvet nhya dé do DLS

Trong bang dudi day (Bang 8) liét ké cac gia tri kich thudc hat trung binh
ciia c&C mau tong hop duoge. Phép do thuc hién trén may HORIBA SZ100 tai
phong thi nghiém cua Vién Cong nghé moi truong.
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Bang 8. Kich thudc hat trung binh ciia cAc mau nano bac tong hop duoc

STT | Kich thwéctrung | STT Kich thwéc STT Kich thudc
binh (nm) trung binh (nm) trung binh (nm)
MO1 38,7 M16 28,1 M31 41,4
MO02 24,4 M17 44,1 M32 43,5
MO03 33,3 M18 39,6 M33 41,2
MO04 24,5 M19 44 4 M34 46,2
MO05 27,2 M20 42,2 M35 40,2
MO06 21,1 M21 42,3 M36 39,8
MOQ7 27,3 M22 49,9 M37 47,2
MO8 35,2 M23 29,2 M38 48,3
M09 34,3 M24 41,2 M39 41,3
M10 37,1 M25 40,7 M40 40,4
M11 38,5 M26 36,4 M41 57,2
M12 36,6 M27 33,1 M42 66,7
M13 29,7 M28 41,4 M43 70,1
M14 28,6 M29 39,5 M44 78,3
M15 33,3 M30 36,7 M45 65,2

Cac két qua trong bang 8 thu duoc bang phép do tan xa anh sang dong
véi cdc mau nano bac ngay sau thoi diém tong hop (trong ngay).

Cac mau nano bac téng hop duoc tai ty 16 s6 mol AgNO3 : NaBH, la
1:1 va 1:2 déu cho kich thudc hat dudi 50 nm. Cac mau ti lé 1:4 c¢6 vé cho hat
¢6 kich thuéc 16n hon, két qua thu duogc tring véi giai thich caa cac nha khoa
hoc tai cong trinh nghién ctu [61] khi cho rang: “Lugng sodium borohydride
phai da dé 6n dinh cac hat nano. Tuy nhién, néu quéa nhiéu chat nay tham gia
vao hé s& lam ting lyc ion tong thé cua dung dich, tir d6 gdy ra xu hudng tap
hop lai cua cac hat nano”.
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Size Distribution | Autocorrelation Function | Residual
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1.0+

0.0 Y e
0.1 1 10

Diarneter (hm)

Measurement Type

Sample Name

Scattering Angle

Temperature of the Holder
Dispersion Medium Viscosity
Transmission Intensity before Meas.
Distribution Form

Distribution Form(Dispersity)
Representation of Result

100

Undersize (%)

EEEEE:
1000

L
100

: Particle Size

: Chien BKC

: 90

: 25.0 deg. C

: 0.896 mPa.s

: 4329

: |Standard|

: Monodisperse

: Scattering Light Intensity

Molecular Weight Measurement
Molecular Weight
Parameters for Molecular Weight Calculation

Count Rate : 158 KCPS
Calculation Results
Peak No. | S.P.Area Ratio Mean S. D. Mode
1 1.00 81.6 nm 254.2 nm 37.3 nm
2 — —nm —nm —nm
3 -—- —nm — nm — nm
Total 1.00 §1.6 nm 254.2 nm 37.3 nm
Cumulant Operations
Z-Average : 444 nm
Pl : 0.334

: 1.114 x 10 kDa
:a=1.000x 10°and K =1.000 x 10? cmi/sec

Hinh 18. Két qua do kich thudc hat va phan bé kich thuéc hat cia mau M19

Su khac biét gitta kich thudc cac hat nano bac & céc ndong d6 BKC khac
nhau di cho thdy tac dung 6n dinh dung dich nano bac cia BKC. Miu c6
nong d6 BKC thap, dién tich duong cua cac hat nano bac ciing thap, tao diéu
kién cho céc hat nano bac két tu dé tao ra nhiing hat 16n hon. Khi ting nong
d6 BKC, phan tr BKC tao thanh mét 16p ting cuong 6n dinh cac hat nano
bac. Bi véi ndng do BKC qué cao, 16p BKC xung quanh cac hat nano bac
khdng thé hinh thanh mot cach hiéu qua. Vi vay, cac hat nano bac khong duoc

bao vé ciing din toi sy két tu [70].
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3.1.2.3. Thé zeta cia cac mdu téng hop diroc

Thé zeta — hay con duoc goi 1a “thé dién dong” 1a sy chénh Iéch dién
thé trén “mat phang truot”; “mat phang truot” 1a bé mat phan cach gitra moi
truong phan tan va cac phan tir bam dinh trén bé mat cua vat ran (¢ day 1a bé
mat hat nano bac).

Bang 9. Gi4 tri thé zeta va d6 bén cua hé phan tan [64]

Bién d¢ thé zeta (mV) Hanh vi cia hé phan tan
-5 <> +5 Nhanh chéng két tu, tao bong
(-30 < -10) va (+10 « +30) Hé khong 6n dinh
(-40 < -30) va (+30 « +40) Hé khé 6n dinh
(-60 > -40) va (+40 < +60) Hé on dinh tét
< -61va> +61 Do 6n dinh rat cao

Thé zeta 1a dai luong vat Iy quan trong bac nhat thé hién mic d6 va dic
trung twong tac gitra cac hat trong hé keo. Di v4i cac hé keo ma trong d6 hat
hoac cé4c phan tir phan tan co kich thude du nho, thi thé zeta s& 1a thude do do
bén cua hé. Khi gia tri cua thé zeta nho, cac luc hit chiém uu thé so véi luc
day, cac hat c6 xu hudng két tu lai va do bén cua hé bi pha va. Khi thé zeta c6
tri s6 cao, cac hat c6 xu hudng day nhau va duy tri d6 bén caa hé. N6i mot
cach khac, cac hé keo co gia tri thé zeta 16n dugc goi 14 “hé bén dién”; con
cac hé keo c6 gia tri thé zeta nho thudng c6 xu hudng két tu lai vai nhau.

Thé zeta cia cac mau tong hop dugce do trén may HORIBA SZ100 bang
phuong phap dién di, sir dung cuvet nhua chuyén dung c6 dién cuc than chi.

Hinh 19. Cuvet nhua c6 dién cuc than chi dé do thé zeta
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Trong bang dudi day liét ké gia tri thé zeta cia cac mau tong hop duoc.
Phép do thuc hién trén mady HORIBA SZ100 tai phong thi nghiém cua Vién
Cong nghé moi truong.

Bang 10. Thé zeta cua cac mau tong hop duoc

STT Thé § (mV) STT Thé { (mV) STT Thé { (mV)
MO01 +18,7 M16 +29,1 M31 +31,4
MO02 +20,4 M17 +21,1 M32 +28,5
MO03 +24,3 M18 +31,6 M33 +25,2
MO04 +28,5 M19 +35,7 M34 +26,2
MO05 +39,2 M20 +46,2 M35 +40,2
MO06 +17,1 M21 +32,3 M36 +29,8
MO07 +26,3 M22 +38,9 M37 +27,2
M08 +26,2 M23 +27,2 M38 +28,3
M09 +27,3 M24 +37,2 M39 +31,3
M10 +39,1 M25 +39,7 M40 +39,4
M11 +33,5 M26 +36,4 M41 +27,2
M12 +31,6 M27 +36,1 M42 +26,7
M13 +29,7 M28 +31,4 M43 +30,1
M14 +28,6 M29 +29,5 M44 +28,3
M15 +42,3 M30 +41,7 M45 +35,2
Nhan xét:

1/ T4t ca cac mau nano bac tong hop dugc déu co thé zeta duong.

2/ Tri s6 thé zeta cua cac mau tong hop dugc déu kha cao, mau thap nhat
la mau M06 ciing dat +17,1mV. Nhu vay, Véi két qua do dugc thi thé zeta dat
duoc 12 kha t6i wu, khing dinh tinh bén vitng va 6n dinh caa hé dung dich
nano.

3/ Cac mau M05; M10; M15; M20; M25; M30; M35: M40 va M45 c6 gia
tri thé zeta rat cao. Pay 1a cac mau sir dung BKC & ndng d6 cao dé bao vé hat
nano bac duogc tao thanh (néng d6 BKC ~5000ppm). Tuy nhién nhiéu mau
con lai ciing van c6 gia tri thé zeta nam trong diéu kién ¢ bang 9 (>30mV)
mac du st dung it BKC hon. Trong thuc té san xuit cac chat khir tring, sat
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khuan s& dat hiéu qua cao hon khi cac chat thanh phan c6 néng d6 cao. Vi
vay, uu tién tiép tuc nghién ciu cac mau st dung nhiéu BKC.

Zeta I Mub\htﬂ
1.0

0.8+

=
T

=
=

Intensity (a.u.)

0.4

s s 5 O o s i s
=150 -100 =50 0 50 100 150 200

Zeta Potential {mb)

Measurement Type . Zeta Potential
Sample Name : AChien
Temperature of the Holder : 25.0 °C
Dispersion Medium Viscosity : 0.895 mPa-s
Conductivity : 3.289 mS/cm
Electrode Voltage o AN

Calculation Results

Peak No. | Zeta Potential | Electrophoretic Mobility
1 35.7 mV 0.000277 cm2/Vs
2 — mV - cm2/Vs
3 — mV — cm2/Vs
Zeta Potential (Mean) : 35.7 mV

Electrophoretic Mobility Mean : 0.000277 cmZ/Vs

Hinh 20. Két qua do thé zeta caa mau M19

3.1.2.4. Két qud dic trung bang phirong phap TEM

Pé phan tich rd hon vé hinh théi cdu trac cac hat nano bac trong dung
dich thu dugc, mau dung dich chta nano bac tiép tuc duoc phan tich béng
phuong phap hién vi dién tir truyén qua (TEM).

Hinh 21-23 14 két qua chup TEM ctia mau t6i uu duoc lra chon tir qua
trinh khao sat (Mau 15). Qua anh TEM cho thay hat nano bac tong hop duoc
c¢6 dang hinh cau, kich thuéc khoang tir 10-50 nm, kich thudc niay hoan toan
pht hop vé6i két qua phan tich DLS truée d6. Co thé nhan thiy cac hat nano
phan bb dong déu trong dung dich va kich thudc hat ciing tuong ddi dong
déu, khong bi co cum. Két qua nay tuong tu v6i két qua di duge cong bd
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trong nghién ctru Ansari va cong su khi tong hop nano bac sir dung BKC 1am
chat 6n dinh ciing thu duoc hat nano bac kich thuéc khoang 30 nm [65].

Két qua anh TEM ciing cho thiy cac hat nano bac duoc phan tan trong
dung dich mot cach riéng biét va khong bi bién d6i hinh dang, chimg to BKC
da bao v¢ cd hiéu qua cac hat nano bac va gilr 6n dinh cho dung dich nano
bac.

Mot s hinh anh chup nano bac bang phuong phéap hién vi dién tir truyén
qua (TEM):

S
._..; s
o .o ‘

A
o.: : g

JEM-2100_MAG_X50k_Ag_Chien_003
Date: 15/5/23
Time: 10:15:10

Hinh 21. Anh TEM mAu nano bac tong hop bang phuong phap hoa hoc on
dinh bang BKC. DB phéng dai 50.000 lan

A

EM-210_MAG_XlOOk_A_ChiemOOl l J‘f‘fr}-ﬁ&_MAG}(})‘Ok_‘Ag_CH}en_’OUZ

Date: 15/5/23 Date: 15/5/23

Time: 10:05:23 Time: 10:08:25

Hinh 22. Anh TEM mau nano bac tong hop bang phuong phap hoa hoc 6n
dinh bang BKC. D6 phong dai 100.000 lan



JEM-2100_MAG_X200k_Ag_Chien_004
Date: 15/5/23
Time: 10:25:21

Hinh 23. Anh TEM maiu nano bac tong hop bang phuong phap hoa hoc on
dinh bang BKC. B¢ phong dai 200.000 1an

3.1.3. Nghién citu danh gia @ on dinh ciaa ché pham nano bac tong hep
dwoc

Ché pham chra nano bac da duogc tong hop thanh cong bang phuong
phap héa hoc st dung BKC 1am chat on dinh véi kich thudc hat nho nam
trong khoang 20-50 nm. Tuy nhién, dé ché pham nano bac dugc tng dung
rong rai trong thyc tién thi kha nang 6n dinh vé kich thudc va su phan b 1a
dic tinh vo cing quan trong gidp cho ché pham nano bac duy tri duoc cac
hoat tinh sinh hoc quy cua chung nhu kha ning khang khuan. Do d6, can
nghién ctru, danh gia d6 on dinh cua ché pham nano bac tong hop dugc.

Cac mau ché pham nano bac duoc nghién ciru danh gia d6 on dinh liét ké
trong bang 11. P on dinh cua ché pham nano bac dwugc dénh gia trong
khoang thoi gian 6 thang bang céch theo ddi cac chi tiéu sau:

1/ Phé plasmon — Thuc hién trén may UV-VIS Hitachi 5300

2/ Kich thuéc hat va phan bd kich thudc hat — Thyuc hién trén may Horiba
SZ100

3/ Thé zeta — Thuc hién trén may Horiba SZ100
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Bang 11. Cac miu dugc theo ddi d6 6n dinh

STT Néng dd bac ban Néong dé BKC Khéi lugng Nhiét d (°C)
dau (ppm) (ppm) NaBH; (9)
M16 1000 100 0,35 Nhiét d6 phong
M17 1000 200 0,35 Nhiét do phong
M18 1000 500 0,35 Nhiét d6 phong
M19 1000 1000 0,35 Nhiét d6 phong
M20 1000 5000 0,35 Nhiét d6 phong
M36 1000 100 0,70 Nhiét d6 phong
M37 1000 200 0,70 Nhiét d6 phong
M38 1000 500 0,70 Nhiét d phong
M39 1000 1000 0,70 Nhiét d phong
M40 1000 5000 0,70 Nhiét d phong
M41 1000 100 1,4 Nhiét d6 phong
M42 1000 200 1,4 Nhiét d6 phong
M43 1000 500 1,4 Nhiét do phong
M44 1000 1000 1,4 Nhiét d6 phong
M45 1000 5000 1,4 Nhiét d6 phong

3.1.3.1. PG én dinh cua phé plasmon
Phé cong huong plasmon cua cac mau dugc do tai cac thoi diém: Sau tong
hop (trong ngay); 1-4-7-14-21-28 ngay; ~3 va ~ 6 thang.
Bang 12. Do bién thién cua cuc dai hap phu trén phd UV-VIS cia cac mau
nghién ctu

AWL (bién thién buwéc séng tai cuwe dai hip phu — nm)

WL 14 21 28 3 6
Méau | (nm) | 1ngay | 4ngay | 7ngay | ngay | ngay | ngay | thang | thang
M16 | 410 0 -1 0 +1 +2 +2 +4 +8
M17 | 414 0 0 0 +1 +1 +2 +5 +8
M18 | 410 0 0 +1 0 +1 +2 +6 +10
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M19 | 414 0 +1 +1 0 +1 +2 +8 +10
M20 | 418 0 +1 +1 0 +1 +2 +3 +10
M36 | 412 0 -1 0 0 +1 +2 +2 +8
M37 | 412 0 0 +1 0 0 +2 +6 +9
M38 | 413 0 0 -1 0 +1 +1 +10 +13
M39 | 413 0 0 -1 0 +1 +1 +15 +16
M40 | 413 0 0 -1 -1 -2 0 +12 +15
M4l | 416 0 -1 -1 -2 -2 0 +9 +10
M42 | 417 0 0 +1 +2 +2 +1 +6 +10
M43 | 416 0 +1 +1 +2 +2 +2 +8 +12
M44 | 416 0 -1 +1 +2 +2 +2 +10 +12
M45 | 417 0 -1 +1 +2 +2 +2 +9 +12

Té6i thoi diém ~ 6 thang sau tong hop, cdc mau nano bac diéu ché duogc
déu c6 vi tri dinh peak cuc dai hap phu trong phé UV-Vis bi dich chuyén vé
phia bwéc séng cao. Piéu ndy c6 thé do cac hat nano di phan nao bi két tu
lai v6i nhau tao thanh cac hat c6 kich thudc 16n hon ban dau. Huéng nghién
ctru danh gia do on dinh cua ché pham nano bac téng hop dugc ciing duoc
Mahammadinejad va cac cong su cong bd khi sir dung chiét xuat tir hat
S.Marianum Iam tac nhan khtr va 6n dinh. Tac gia da tong hop duoc hat nano
Vvé6i kich thuéc nho trong khoang 1-25 nm va giit duoc dic tinh 6n dinh vé
kich thudc trong khoang thoi gian 6 thang [71].

3.1.3.2. P én dinh ciia kich thuéc hat trung binh

Kich thudc hat trung binh dugc do trén may Horiba SZ100 tai cac thoi
diém sau: Sau tong hop (trong ngay); 1-4-7-14-21-28 ngay; ~3 va ~ 6 thang.
Két qua thé hién trong bang 13.

Bang 13. Bién thién kich thuéc hat trung binh ctia cac mau theo doi

Ad (nm) — bién thién kich thwéc trung binh so v6i thoi diém sau tong hop

d 14 21 28 3 6
Miu | (nm) | 1ngay | 4ngay | 7 ngay | ngay ngay ngay | thang | thang
M16 28,1 0 0* +1,1 +1,6 +1,6* +2.8 +7.,5 +14,2
M17 441 0 0* +1.3 +1.4 +2.2 +3,1 +8,2 +15,5
M18 39,6 0 0* +2.5 +2 5* +3,0 +3,0* | +6,5 +14,6
M19 44,4 0 0* +1,2 +1,2* | +1,8 +3,6 +6,8 +17,1
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M20 42,2 0 0 +1,8 +1,8* | +2,5 +4,2 | +8,2 +14,7
M36 39,8 0 0 +2,5 +2,8 +2,8* | +3,1 | +5,0 +11,9
M37 47,2 0 0 +3,6 +3,6* | +4,2 +4,2* | +10,5 | +15/4
M38 48,3 0 0 +1,5 +1,5* | +3,0 +3,1 | +58 +16,5
M39 41,3 0 0* +2,5 +4,0 +6,2 +6,2 | +9,2 +14,6
M40 40,4 0 0* +3,1 +3,5 +3,5* | +5,1 | +8,6 +15,9
M41 57,2 0 0* +4,4 +4,4* | +6,0 +6,0* | +9,5 +10,8
M42 66,7 0 0 +4,8 +5,8 +5,8* | +7,5 |+12,8 | +16,2
M43 70,1 0 0* +4,2 +4,2% | +7,7 +10,5 | +152 | +18,5
M44 78,3 0 0* +3,5 +3,5% | +10,3 | +11,3 | +14,1 |+20,1
M45 65,2 0 0* +3,6 +3,6* | +8,3 +11,8 | +15,6 | +19,9

Chu thich: Céac gia tri di kém dau * 1a nhitng mau ma phép do trén may
SZ100 cho két qua nho hon so véi thoi diém do trude do. Vé thyc té day co
thé 1a sai s6 cua phép do, chir trong qua trinh luu trir va bao quan cac ché
pham nano bac khong thé c6 su giam kich thuéc cua cac hat nano dugc (do
qua trinh nano hoa thudng tiéu ton nang luong). Vi vdy, quy doi kich thudc
hat & cdc mau nay (cac gia tri danh ddu *) vé gi4 trj kich thudc hat duoc do
tai thoi diém trudc.

Trong qué trinh luu trit, bdo quan cadc mau ché pham, quan sat thay co su
két tu cua cac hat nano, thé hién qua sy ting kich thuéc trung binh cua cac
mau. C4c mau co kich thuéc hat trung binh 16n (mau M41 tgi M45) ¢6 téc do
ting kich thudc nhanh hon so voi cdc mau con lai. C6 thé luong du NaBH,
qua cao di dan t6i két qua nay. Sau 6 thang luu trir ké tir ngay tong hop kich
thudc cac hat ting 1én kha nhiéu. Cac hat cang I6n thi téc d6 ting lai cang
nhanh hon so véi cac hat nho.
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Hinh 24. Bién thién kich thudc hat trung binh tai cac thoi diém sau tong hop

Str dung phuong trinh Stoke dé tinh toc do sa lang cua cac hat nano bac
trong cac dung dich da tong hop duoc. That vy, theo phuong trinh Stoke téc
d6 sa lang (v) cua hat keo ty & nghich véi @6 nhét caa dung dich (p):

S= g rzg(pp_pf )
9 M

r — ban kinh hat nano, st dung két qua do DLS

g — gia toc trong truong (chap nhan 13 9,8 m/s?)

pp — ty khdi cua hat, sir dung ty khoi cia kim loai bac 1a 10,9.103 kg/m®

pr — ty khdi cia mdi trudng, sir dung gié tri gan ding 1a ty khdi cua nudc
(~1000 kg/m?)

U - d6 nhét cua dung dich. Di véi cac dung dich nano bac tong hop sir
dung it chat 6n dinh BKC, lay gi4 tri 1a do nhét cua nudc & 25°C (0,89.10-3
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Pa.s). Di vai cac dung dich nano sau khi tong hop di bd sung BKC t6i ndng
d6 60 g/L, tam sir dung d6 nhot caa BKC nguyén chat 12 0,13 Pa.s.

Chung ta tinh dugc toe d6 sa ling cua cac hat nano bac trong cac mau
trén nhu sau (khi dé tat ca cac dai luong trong phuong trinh Stoke & hé Sl thi
cac don vi triét tiéu nhau, don vi cua van tdc con lai 12 m/s), lay vi du mau
M16 & ngay dau tién véi ban kinh hat 13 ~14nm (14.10° m) trong méi trudng

nudc la;
V= % * {(147%m)? * 9,8 [m/s?] * (10900-1000) [kg/m3]} / {0,89.10° Pa.s}

=4,6.10° m/s = 4,7 nm/s.

M3u nay trong mdi trudng BKC 60g/L s& co téc do sa lang cac hat 1a:
V= % * {(147%m)? * 9,8 [m/s?] * (10900-1000) [kg/m3]} / {0,13 Pa.s}
=0,032. 10° m/s = 0,032 nm/s

Nhu vay trong méi trudng BKC 60 g/L toc do sa lang cua cac hat nano
thip hon han so vdi trong méi trudong it BKC ban dau (mai téng hop, chi st
dung BKC dudi vai trd chat 6n dinh & mac néng do rat thap cho cac hat
nano). Vi vay, ta c6 thé khang dinh viéc bd sung BKC vao téi nong do 60 g/L
gilp giam han tc do sa lang, ting d6 6n dinh cta cac hat nano.

Chiing ta tinh duoc tdc d6 sa lang cua cac hat nano trong méi truong
méi tong hop nhu sau (don vi tinh 12 nm/s)

Bang 14. Téc d6 sa lang cua cac hat nano bac trong mai trudng mai tong hop

Téc d6 sa ling trong dung dich it BKC (nm/s)
Miu | 1ngay | 7ngay | 14 ngay | 21 ngay | 1thang | 3 thang | 6 thang
M16 4,7 5,0 54 54 6,1 7,8 10,6
M17 11,6 12,2 12,2 12,7 13,3 16,2 21,6
M18 91 10,6 10,6 11,1 11,1 13,3 18,2
M19 11,6 12,2 12,7 12,7 13,8 16,2 22,3
M20 10,6 11,6 11,6 12,2 12,7 15,6 19,5
M36 9,6 11,1 11,1 11,1 11,1 12,2 16,2
M37 13,3 15,6 15,6 16,2 16,2 20,2 23,1
M38 13,8 15,0 15,0 15,6 15,6 18,2 19,5
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M39 10,1 11,6 12,2 13,8 13,8 15,6 18,8
M40 9,6 12,2 12,7 12,7 12,7 14,4 18,8
M41 19,5 23,1 23,1 24,6 24,6 26,9 28,6
M42 26,1 31,1 32,0 32,0 32,9 37,4 41,3
M43 29,4 32,9 32,9 35,6 39,4 39,4 47,5
M44 36,5 40,3 40,3 47,5 48,6 50,8 58,8
M45 25,4 28,6 28,6 32,9 35,6 38,4 44.4

Tuong tu, ta tinh duoc tbc d6 sa lang cua cac hat nano trong
truong da thém BKC té1 60g/L nhu sau:
Bang 15. Téc d6 sa lang cua cac hat nano trong moi truong da thém

BKC t6i 60g/L

moi

Téc @) sa ling trong dung dich nong dé BKC 60 g/L (nm/s)
Miu |[1ngay |[7ngay |14ngay |21ngay |1thang |3thang |6 thang
M16 0,032 0,035 0,037 0,037 0,042 0,053 0,073
M17 0,080 | 0,084 0,084 0,087 0,091 0,112 0,149
M18 0,063 0,073 0,073 0,076 0,076 0,091 0,125
M19 0,080 | 0,084 0,087 0,087 0,095 0,112 0,153
M20 0,073 0,080 0,080 0,084 0,087 0,107 0,134
M36 0,066 0,076 0,076 0,076 0,076 0,084 0,112
M37 0,091 0,107 0,107 0,112 0,112 0,139 0,159
M38 0,095 0,103 0,103 0,107 0,107 0,125 0,134
M39 0,069 0,080 0,084 0,095 0,095 0,107 0,129
M40 0,066 0,084 0,087 0,087 0,087 0,099 0,129
M41 0,134 | 0,159 0,159 0,169 0,169 0,185 0,196
M42 0,180 | 0,214 0,220 0,220 0,226 0,257 0,284
M43 0,202 0,226 0,226 0,245 0,271 0,271 0,327
M44 0,251 0,277 0,277 0,327 0,334 0,349 0,404
M45 0,174 | 0,196 0,196 0,226 0,245 0,264 0,305

Can cur vao dir liéu cua hai bang trén (Bang 14 va Bang 15), c6
thdy trong mdi trudng chira BKC ndng d6 cao (60 g/L), cac hat nano bac c6
téc do sa lang thap hon han so véi trong méi truong chi chira BKC ndng do
thap (tc 1a cac dung dich sau tdng hop chi st dung BKC dudi dang chat on

thé
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dinh thuan tay). Biéu nay khang dinh rang khi dua thém BKC vao dung dich
sau téng hop, hé keo nano bac s& 6n dinh hon vé mit thoi gian so véi dung
dich ban dau.
3.1.3.3. Bg 6n dinh cua thé zeta

Thé zeta cua cac mau duoc do trén may Horiba SZ100 tai cac thoi diém
sau: Sau téng hop (trong ngay); 1-4-7-14-21-28 ngay; ~3 thang va ~ 6 thang.
Két qua thé hién trong bang 16.

Bang 16. Thé zeta cua cac mau theo ddi

Thé { (mV)

Ongay | 1ngay | 4ngdy | 7ngay | 14 ngay | 21 ngay | 28 ngay | 3 thdng | 6 thang

M16 | +29,1 | +26,2 | +27,6 | +25,2 +21,1 +26,4 +27,7 +21,3 +18,5

M17 | +21,1 | +15,7 | +19,5 | +20,1 +25,1 +23,2 +25,6 +20,1 +16,5

M18 | +31,6 | +25,3 | +29,1 | +26,2 +21,0 | +245 +28,9 | +18,3 +10,5

M19 | +35,7 | +28)9 | +30,5 | +33,5 | +26,1 | +31,6 +26,9 | +20,4 +11,3

M20 | +46,2 | +35,6 | +32,1 | +29,9 | +33,6 | +37,1 +38,0 | +28,2 | +14,0

M36 | +29,8 | +27,0 | +29,1 | +29,6 +31,0 | +31.1 +30,5 | +20,5 +14,7

M37 | +27,2 | +25,7 | +23,8 | +24,0 +31,2 +28,5 +31,5 | +18,6 +16,2

M38 | +28,3 | +26,2 | +27,5 | +29,1 +29,5 | +251 +31,2 +26,5 +20,2

M39 | +31,3 | +29,1 | +30,8 | +28,8 +29,9 +33,2 +31,0 | +20,5 +16,5

M40 | +39,4 | +32,1 | +34,0 | +28,5 +29,5 | +351 +37,0 | +311 +18,5

M41 | +27,2 | +25,1 | +24,5 | +29,0 +27,0 | +29,1 +26,6 | +25,7 +17,2

M42 | +26,7 | +22,9 | +23,2 | +24,1 +25,1 +26,8 +217,2 +20,1 +13,2

M43 | +30,1 | +24,1 | +25,6 | +27,1 +26,1 +33,1 +30,5 | +20,2 +15,6

M44 | +28,3 | +22,1 | +26,6 | +29,9 +28,5 | +259 +26,1 | +18,5 +16,5

M45 | +352 | +29,8 | +33,3 | +28,5 +31,1 +33,7 +29,9 | +24,6 +20,3
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Hinh 25. D4 thi bién thién thé zeta ciia cac mau theo ddi

Két qua thuc nghiém di cho thay san pham thu duoc tam on dinh sau 1
thang, nhung tir thoi diém 3 thang tré di mot so tinh chat hoa ly cua céc hat da
thay d6i, va cho thidy xu huéng tap hop lai tao thanh cac két ciu Ion
(aggregation) so véi c4c hat ban dau. Két qua nay twong tu véi két qua thu
duoc khi tong hop nano bac bing chitosan/gelatin d3 dugc bdo cao trong
nghién ctru trude do [72].

3.2. Két qua nghién ciru danh gia kha ning diét vi khuan E.coli cia dung
dich ché pham

Pé khao sat va danh gia kha nang diét khuan cta ché phim nano bac, st
dung phuong phap dém khuan lac trén hai loai vi khuan E.coli va S.aureus
voi cidc mau vat ché phém c6 cac ham lugng bac khéac nhau.

Két qua danh gia kha nang diét vi khuan E.coli ciia ché pham nano bac
thu dugc bang phuong phap khir héa hoc on dinh bang BKC véi cac ndng do
bac khac nhau trén vi khuan E.coli dugc dua ra trong bang 17. Thi nghiém
duoc tién hanh lap lai 3 1an, 1ay két qua trung binh.
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Bang 17. Két qua diét khuan E.coli ctia ché phdm nano bac téng hop duoc véi
cac nong do bac khac nhau

cong Mt d§ vi khuan | Mat dg vi khuan con lai sau 10 | Higu qua %
thirc thie | ban dau cfu/ml phut tiép xac truc tiep Cfu/ml
CT1 1,45.10? 99,9
CT2 1,03. 10° <10 99,999
CT3 <10 99,999
Trong do:

CT1: Sir dung ché pham nano bac nong d6 thir nghiém 0,5 ppm (tinh
theo bac)

CT2: Sir dung ché pham nano bac noéng do thir nghiém 0,75 ppm (tinh
theo bac)

CT3: St dung ché pham nano bac nong d6 thir nghiém 1 ppm (tinh theo
bac)

CT2 CT3
Hinh 26. Két qua diét khuan E.coli truc quan cta cidc mau ché pham voi ham
luong bac khac nhau sau 10 phut tiép xtc

Tur két qua trén ta thay cac mau ché pham nano bac 6n dinh bang BKC
déu cd kha nang diét khuan rat t6t. Kha nang diét vi khuan E.coli trong diéu
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kién thi nghiém tuy theo ham lwong nano bac trong mau ché pham, khi ham
lwong nano bac cang Ion thi kha nang diét khuan cang tét. Két qua cho thay
sau 10 phdt tiép xuc véi mau ché pham nano bac (ham lwong bac 0,5ppm)
mat d6 vi khuan E.coli da giam dén 99,9%, v&i mau ché pham c6 ham lugng
bac cao hon (0,75ppm va 1 ppm) gan nhu todn bo vi khuan E.coli da bi tiéu
diét.

Dé so sanh hiéu qua diét khuan E.coli caa ché pham nano bac tong hop
dugc véi céc thanh phan riéng Ié & ciing ndng do, thi nghiém duoc tién hanh
véi cac mau co cong thic liéu luong nhu sau:

CT4: nano bac 1 ppm
CT5: BKC 10 ppm
CT6: Ag-1/BKC-10ppm
Thi nghiém duoc lip lai 3 1an, 14y két qua trung binh. Két qua thi nghiém
dugc trinh bay trong cac bang dudi day.

Bing 18. Két qua so sanh hiéu qua khir triing cua ché pham vai céc thanh
phan riéng ré doi vai vi khuan E.coli

Cong thiec | Mat dd vi khuan Mat dé vi khuan con lai sau 5
thir ban diu cfu/ml phut tiép xdc truc tiép Cfu/ml
CT4 201
CT5 1,04.10° 195
CT6 <10

Két qua trong bang cho thay cac mau ché pham chira thanh phan nano bac
(1 ppm) va BKC (10 ppm) riéng ¢ déu c6 kha nang diét khuan E. Coli twong
dbi tot trong diéu kién phong thi nghiém. Khi két hop hai thanh phan nay
trong mot ché pham hiéu qua tiéu diét vi khuan tang 1én nhiéu lan, gan nhu
toan bo khuan E. Coli bi diét sau 5 phut tiép xic véi mau ché pham Ag-
1/BKC-10ppm.
3.3. Két qua nghién ciru danh gia kha ning diét vi khuan S.aureus cia
dung dich ché pham

Két qua danh gia kha ning diét vi khuan S.aureus cua ché pham nano bac
thu dugc bang phuong phap khir héa hoc on dinh bang BKC véi cac ndng do
bac khac nhau dugc dua ra trong bang 19. Thi nghiém duoc lap lai 3 lan, lay
két qua trung binh.
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Bang 19. Két qua diét khuan S.aureus ctia ché pham nano bac tong hop dugc
v6i1 cac nong do bac khac nhau

cong Mt d§ vi khuan | Mat dg vi khuan con lai sau 10 | Higu qua %
thirc thie | ban dau cfu/ml phut tiép xac truc tiep Cfu/ml
CT1 1,35.102 99,9
CT2 1,05. 10° <10 99,99
CT3 <10 99,999
Trong do:

CT1: Sir dung ché phdam nano bac ndng do thr nghiém 0,5ppm (tinh
theo bac)

CT2: Sir dung ché pham nano bac néng d6 thir nghiém 0,75ppm (tinh
theo bac)

CT3: St dung ché pham nano bac ndng d6 thir nghiém 1ppm (tinh theo
bac)

CT2 CT3
Hinh 27. Két qua diét khuan S.aureus truc quan cua cic mau ché pham voi
ham lugng bac khéac nhau sau 10 phut tiép xuc
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Két qua trén cho thay cac mau ché pham nano bac 6n dinh bang BKC
déu cé kha nang diét khuan S.aureus rat tdt, tuong tu nhu véi khuan E.Coli.
Sau 10 phat tiép xGc véi mau ché pham nano bac (ham luong bac 0,5ppm)
mat d6 vi khuan S.aureus da giam dén 99,9%, véi mau ché pham c6 ham
lwong bac cao hon (0,75ppm va 1 ppm) gan nhu toan bo vi khuan S.aureus da
bi tiéu diét (tiéu diét dén 99,999% vi khuan). Tir cac két qua trong bang 19
lya chon duoc lidu luong nano bac 1ppm cho hiéu qua diét khuan trén
99,99%.

So sanh hiéu qua kha khuan S.aureus cua ché pham tong hop duoc véi
cac thanh phan riéng ¢ & cling nong dd, cac thi nghiém duoc tién hanh voi
licu luong nhu sau:

CT4: nano bac 1 ppm

CT5: BKC 10 ppm

CT6: Ag-1/BKC-10ppm
Thi nghiém duoc 1ap lai 3 lan, léy két qua trung binh. Két qua thi nghiém
dugc thé hién trong bang 20.

Bang 20. Két qua so sanh hiéu qua khir triing caa ché pham véi cac thanh
phan riéng ré doi vai vi khuan S.aureus

Cong thiec | Mat dd vi khuan Mat dé vi khuan con lai sau 5
thir ban diu cfu/ml phut tiép xuc truc tiép Cfu/ml
CT4 182
CT5 1,08.106 218
CTo6 <10

Két qua trong bang 20 cho thay khi str dung ché pham téng hop c6 ham
luong nano bac 1ppm, BKC 10ppm cho tac dung diét gan nhu 100 % vi
khuan S.aureus sau 5 phut tiép xtc tét hon so voi cac mau thanh phan riéng lé
(CT1 chi cé nano bac ham lugng 1 ppm va CT2 ham lugng BKC 10 ppm).
Piéu nay chtng toé viéc tong hop ché pham nano bac 6n dinh bang BKC dem
lai hiéu qua tot nhat c6 kha nang ung dung khtr tring trong diéu kién thuc té.
Hoat tinh khang khuan hiéu qua cia ché pham nano bac 6n dinh bang
BKC ¢4 thé 1a do BKC phan @ng véi mang té bao vi khuan va 1am suy yéu n6
trude tién, do d6 cac hat nano bac c6 thé dé dang xam nhap vao té bao vi
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khuan va nhanh chéng khién vi khuan chét. Do tac dung khang khuan cong
gop ciia BKC va hat nano bac nén kha ning khang khuan caa ché pham duoc
tang cudng rat nhiéu so vai chi s dung BKC va nano bac riéng Ié. Ché pham
chi can sir dung nong d6 BKC 10ppm thap hon rat nhiéu so véi gigi han cho
phép ma mot sb nudc trén thé gisi quy dinh ndng ¢6 BKC trong san pham
thuong mai [65].

Qua viéc nghién ctru danh gia kha nang khang khuan cua ché pham nano
bac 6n dinh biang BKC, lra chon dugc ndng do ché pham téi wu dé sir dung 1a
1ppm tinh theo bac va 10ppm tinh theo BKC.
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CHUONG 4. KET LUAN VA KIEN NGHI
KET LUAN

Nghién ctru nay dugc thuc hién tai phong thi nghiém cua Phong nghién
ctru va phat trién cong nghé than moi truong, Vién Cong nghé moi trudng.
Sau qua trinh nghién ctru mot sb két luan chinh thu duoc nhu sau:

1) D3 tong hop thanh cong ché pham nano bac bang phuong phap héa hoc
6n dinh bang BKC. Str dung cic phuong phap dic trung hién dai nhu
TEM, pho hap phu plasmon, DLS di xac dinh dugc kich thudc cac hat
nano bac trong ché pham tong hop duoc cha yéu trong khoang tir 10-50
nm.

2) Ham lugng BKC thém vao phu hop 1am chét 6n dinh cho qua trinh tong
hop ché pham 14 ty 18 10:1 so voi ham luong bac ([BKC]:[Ag]= 10:1).
Luong sodium borohydride phtl hop cho qua trinh tong hop 1a 1:1 tinh
theo ti 1 s6 mol véi bac nitrat.

3) BKC sau khi dugc thém vao téi nong d6 60 g/L di giup 1am ting do
nhdt cua dung dich, gidm dang ké tbc do sa léng cua cac hat nano, tir do
lam tang do 6n dinh cta hé da téng hop. Ban chat BKC 1a mot chét ¢6
tac dung diét khuan, cho nén viéc dua chat nay vao ché pham ciing s&
1am ting kha ning diét khuin ctia ché pham, giam ndng d6 can thiét cta
nano bac, gitp gidm gia thanh.

4) Nghién ctru danh gia thanh cong kha ning khang khuan ctia ché pham
nano bac on dinh béng BKC, lua chon duoc néng do ché phém t6i wu dé
str dung la 1ppm tinh theo bac va 10 ppm tinh theo BKC

KIEN NGHI

Do diéu kién thoi gian va pham vi nghién ctru con han hep nén luan van
méi chi kiém tra dugc do 6n dinh cua ché phém nano bac trong khoang thoi
gian ngin (6 thang) va danh gia duoc kha ning khang khuan cta ché pham
trong diéu kién phong thi nghiém véi hai ching vi khuan E.coli va S.aureus.

Pé huéng téi tng dung san pham trong thuc té va san xuat thuong mai
can c¢6 nhitng nghién ctru k¥ ludng. Can theo ddi va danh gia d6 6n dinh cua
ché pham trong khoang thoi gian dai hon (>1 niam), danh gia kha ning khang
khuan véi nhiéu d6i twong ching loai vi khuan, virus gdy bénh khac nhau
trong ca diéu kién phong thi nghiém va diéu kién méi trudng thuc té. Pong
thoi, cling can phai c¢6 nhitng nghién ctru sau hon vé mirc d6 an toan cua ché
pham v&i con nguoi, dong vat va cac tac dong téi moi truong dé dua ra cac
khuyén céo cho nguoi st dung
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SILVER NANOPARTICLES, STABILIZED BY BENZALKONIUM
CHLORIDE. PART 1: PHYSYCO-CHEMICAL CHARATERISTICS

Ngo Quang Trong', Nguyen Dinh Chien’, Nguyen Hoai Chau’,
Nguyen Tan Thanh’

1 - Faculty of Environmental Technology, Graduate University of Sciences and Technology,
Vietnam Academy of Science and Technology. E.mail: quangtrong96nd(@gmail.com

2 —Institute of Environmental Technology, Vietnam Academy of Science and Technology. E.mail:
ngudichi@yandex.ru; nhchau.iet@gmail.ru

Silver and its alloys inhibit a wide range of bacteria, fungi and viruses [1].
Compared to many other chemical elements, silver has a relatively low toxicity to
mammalian cells [2]. Therefore, silver and its forms, in particular, zerovalent metal
in the form of nanoparticles, can be used as a safe antibacterial agent.

The growing resistance to antibiotic drugs in pathogens is a serious problem in
medicine, which requires the development of new types of antibacterial agent. Silver
nanoparticles are a promising alternative to antibiotics. The uniqueness of silver
nanoparticles lies in the fact that they are effective agents against even polyantibiotic
resistant strains of bacteria; this has been confirmed in a number of scientific
publications [3,4].

The purpose of this work is studying physicochemical silver nanoparticles
obtained by chemical reduction by sodium borohydride (NaBH4), and
alkylbenzyldimethylammonium chloride was used as a stabilizing agent. Precursor
of silvernanoparticles — nitrate salt of this metal (AgNOs3). All of chemical reagents
were purcharsed from Sigma Aldrich. Silver nanoparticles were obtained by a
procedure similar to that described in [5] with the replacement of chitosan with
alkylbenzyldimethylammonium chloride as a stabilizer. The mass concentration of
silver nanoparticles in the resulting solution is 500 mg/l; the mass ratio of silver :
stabilizer is 1:10.

The optical absorption spectrum of the obtained solutions of silver
nanoparticles (figure 1) was recorded on a UH-5300 spectrophotometer (Hitachi).
The zeta potential of nanoparticles (Table 1) was determined on a Nano particle
analyzer SZ-100 (Horiba).

0.354
0.304
0.254
0.20 4 420 nm
0.154
0.104

0.05 4

0.00

Fig. 1. Optical absorption spectrum of the obtained silver nanoparticles.
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Table 1
Changes in physicochemical parameters over time of sample storage
Parameter Zeta potential (mV) Peak of UV-VIS spectrum (nm)
Storage time (days) 30 180 360 30 180 360
Value +354 | +30,3 | +28,6 420 427 433

According to UV-VIS spectrophotometry data, the presence of peaks in the
region of about 420 nm indicates the existence of nanoparticles formed as a result of
the chemical reduction of silver ions with borohydride. A rather high value of the
zeta potential (~ 28-35 mV) characterizes the stability of a colloidal system - a
solution of silver nanoparticles. For long periods of storage (up to 360 days), an
insignificant enlargement of nanoparticles was observed, which is confirmed by the
shift of the spectrum peaks towards longer wavelengths.
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Silver nanoparticles are promising biocidal agents and can be used in medicine,

household, agricultural and industrial sectors. There have been many scientific
works demonstrating the ability of nano silver to kill many microorganisms,
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including Escherichia coli [1], Staphylococcus aureus (2], Klebsiella mobilis,
Mpycobacterium tuberculosis 3], hepatitis B virus [4], African swine fever virus [5].

In the research, production and application of nanomaterials, ehe stabilizer
plays a significant role in the properties of the obtained products [6]. Many
compounds have been successfully used as a stabilizer for nanosilver solutions, such
as starch, polyvinyl pyrrolidone (PVP), polyethylene glycol (PEG), polyvinyl
alcohol (PVA), etc. However, from our point of view, these stabilizing agents are
inappropriate choices for creating colloidal systems of silver nanoparticles, that are
used as biocidal agents. The reason is that these stabilizers do not have an inhibitory
effect on pathogenic bacteria, which means that silver nanoparticles are the only
active substances in the sterilization process. This leads to low economic efficiency
of the process due to the high cost of silver metal.

The use of alkylbenzyldimethylammonium chloride (BKC) as a stabilizer for
the silver nanoparticle solution can solve the above problem. Firstly, BKC is
essentially a surfactant with a molecular size large enough to stabilize nanoparticles.
Secondly, BKC has good bactericidal ability, so when combined with silver
nanoparticles can bring good economic effect because it can reduce the
concentration of silver nano and still achieve bactericidal effect.

The purpose of this work is studying antibacterial activity of silver
nanoparticles obtained by chemical reduction by sodium borohydride (NaBH4), and
stabilized with BKC (AgNPs-BKC). The antibacterial activity of the studied samples
was determined on Escherichia coli according to the method, described in the work
[1]. Growth rates and bacterial concentrations were determined by measuring optical
density (OD) at 600 nm through time series. To identify the role of stabilizers,
samples of silver nanoparticles synthesized by an analogous method, but stabilized
by other chemical reagents, were taken as standards.

The results of evaluation the antibacterial activity of the samples are shown in
Figures 1-3.

" "] ODgoo "] ODgoo

3.5 —=—0ppm
—e— 1 ppm
3.0 —+—2ppm
—v—5 ppm
2.5| ——10 ppm

351 —=—0ppm

—e—1ppm
304 —a—2 ppm
=v—5ppm
254 ——10 ppm

AQNPs-Starch

AgNPs-PVP AgNPs-BKC

................. Time (h)

Time (h)
00 v
0 10 20 30 40 50 60 70 80 ° v 2 N o H 0 M ®
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Analysis of the growth curves of E.coli under the influence of nano silver
samples can realize the important role of stabilizers in inhibiting bacterial growth.
The starch and PVP-stabilized silver nanoparticles samples, concentrations of 1 and
2 ppm had almost no effect on the growth of E.coli, these curves almost coincided
with the control curve (0 ppm). At concentrations of 5 and 10 ppm, the ability to
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inhibit bacteria of these two samples was better, but still not reached the minimum
inhibitory concentration for E.coli under the experiment condition.

AgNPs-BKC sample showed a significant advantage over the two control.
Even at concentrations of 1 and 2 ppm this sample had certain effects in mhibiting
E.coli growth. The 5 ppm concentration level of AgNPs-BKC also outperformed
controls samples at the same concentration level. Especially at the concentration of
10 ppm, no bacterial growth was observed at all after 72 hours of the experiment,
which proves that the concentration level of 10 ppm of AgNPs-BKC sample can be
considered as the minimum inhibitory concentration against E. coli.
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VIENHANLAM CONG HOA XA HQI CHU NGHIA VIET NAM
KHOA HOC VA CONG NGHE VN DPoc lip - Tw do - Hanh phic
HOQC VIEN KHOA HQC VA CONG NGHE

' Ha Noi, ngay 10 thang 10 nam 2023
So: 1167 /QD-HVKHCN

QUYET PINH
Vé viéc thanh 1ap Hoi dong d4nh gis ludn viin thac si

GIAMPOC
HOQC VIEN KHOA HQC VA CONG NGHE

Can cir Quyét dinh s6 303/OD-VHL ngay 01/3/2023 cua Chu tich Vién Han lam
Khoa hoc va Cong nghé Viét Nam vé viée ban hanh Quy ché Té chite va hoat dong cuia
Hoc vién Khoa hoc va Cong nghé;

Cdn cie Thong tw s6 15/2014/TT-BGDPT ngay 15/5/2014 cia B truong Bé Gido
duc va Dao tao ban hanh Quy ché dao tao trinh do thac si:

Can cir Quyét dinh s6 775/0P-HVKHCN ngay 21/11/2016 cia Gidm déc Hoc
vién Khoa hoc va Cong nghé ban hanh Quy ché dao tao trinh dj thac st;

Can cir Quyét dinh s6 1488/QD HVKHCN ngay 01/11/2021 ctia Giam déc Hoc

vién Khoa hoc va Céng nghé vé viée céng nhan hoc vién cao hoc tring ruyen dot 2 nam
2021;

Can cir Quyét dinh so 128/0D-HVKHCN n gay 03/3/2023 cua Gidam doc Hoc vién
Khoa hoc va Céng nghé vé viéc cong nhan dé tai va cie nguoi hwdng dan ludn vén thac
SI;

Xét dé nghi cia Truong khoa Céng nghé méi trieomg, Truong phong Dao tao.

QUYET PINH:

Piéu 1. Thanh lap Hoi dong danh gia luén van thac si cho hoc vién Ngé Quang
Trong vai dé tai: “Nghién ciru tong hop va danh gia kha nang diét khuin cia ché
pham nano bac on dinh bang benzalkonium chloride”.

Chuyén nganh: K§ thuat moi truong, Mi sb: 8 52 03 20

Danh sach thanh vién Hoi dong danh gia ludn van kém theo Quyét dinh nay.

Piéu 2. Hoi ddng co6 trach nhiém danh gia luén van thac si theo dung quy ché
hién hanh cua Bg Giao duc va Pao tao, Hoc vién Khoa hoc va Cong nghé. Quyét dinh
nay c6 hiéu luc trong thoi han t6i da 60 ngay lam viéc ké tir ngay ky.

Hoi d(")ng tu giai thé sau khi hoan thanh nhiém wvu.

Piéu 3. Truong phong To chirc — Hanh chinh va Truyén théng, Truéng phong
Pao tao, Truong phong Ké toan, Trudng khoa Cong nghé moi trudng, cc thanh vién
c6 tén trong danh sach Hoi dong va hoc vién cao hoc ¢6 tén tai Diéu 1 chju trach nhi¢m
thi hanh Quyét dinh nay./. } %

Noi nhan:

- Nhu Piéu 3;

- Luu hd so hoc vién;

- Luu: VT, BT, HK.12.




Ma s6: 8 52 03 20
Ngudi huéng dan 1:

TS. Nguyén Dinh Chién, Vién Céng nghé méi truomg,

eo Quyét dinh s6 1167 /OP-HVKHCN ngay 10/ 10 /2023
cua Gidm doc Hoc vién Khoa hoc va Céng nghé)

a4y an cua hoc vién: Ngé Quang Trong
8#4i: “Nghién ciru tong hop va danh gia kha ning diét khuén ciia ché
janobac 6n dinh biing benzalkonium chloride”.
Chuyén nganh: K§ thuét moéi truong

Vi¢n Han 1am Khoa hoc va Céng nghé Viét Nam

Ngudi huéng dan 2: GS.TS. Nguyén Hoai Chau, Vién Cong nghé méi truong,
Vién Han 1am Khoa hoc va Cong nghé Viét Nam
A Trach nhiém
H , hoc ham, & ¢
TT e t;n hq.)c . (I:‘h:i;;n Co quan cong tic trong Héi
oc vl g dﬁng
Cong ngiy Vién Cong nghé moi trudng
I. | GS.TS. Trinh Van Tuyén héﬁ hoc va Vién Han 1am KHCNVN Chu tich
mo1 truong
| 4 x . Cong nghé | Hoc vién Nong nghiép Viét Nam, Gy
< | 15-Neuyen Thanh Hio' || b 1oo B NN Phit trién nong thon Erian bien |
Cong nghé ol L o8 £
\ Khoa h , ey
3. | TS.Lé Tuan Enzyme va mg“ .gh oan’a 3 k;’a f;f S:I',S.‘mg Phén bién 2 |
vi sinh vt ai hoc Bach khoa Ha Noi
. Hoéa phéan Vién Cong nghé mai truong, Uy vién-
% ke Lueng Thi Heol tich Vién Han 1am KHCNVN Th ky
A . g i Vién Héa hoc, O
5. | TS. Tran Quang Vinh Hoa ly Vién Han 1am KHCNVN Uy vién

Hoi dﬁ;ng gd:m 05 thanh vién./.ﬁ’



VIEN HAN LAM CONG HOA XA HQI CHU NGHIA VIET NAM
KHOA HQC VA CONG NGHE VN Djc 1dp - Ty do - Hanh phiic
HQC VIEN KHOA HQC VA CONG NGHE :

Ha N¢i, ngay 27 thdng 10 ndm 2023
BIEN BAN HQP HQI PONG PANH GIA LUAN VAN THAC Si

Thyc hién Quyét dinh sb: 1167 /Qb- HVKHCN ngay 10/ 10 /2023 cua
Gidm dbc Hoc vién Khoa hoc va Cong nghé vé viéc thanh lap Hoi dong dénh
gid luan van thac si cia hoc vién Ngﬁ Quang Trong

Ten dé tai: “Nghlen ciru tong hgp va danh gia kha ning diét khuin
ciia ché phim nano bac én dinh bing benzalkonium chloride”.

Nganh/Chuyén nganh: Ky thudt méi trudong

Ma s6: 8 52 03 20
Hém nay, ngay 27/10 /2023 Hoi dong da hop tai P.1705 - Hoc vién Khoa hoc va
Cong nghg, Vién Han lam KHCNVN vao ltc 14h, Hgi ddng gdm 05 thanh vién:

TT Ho va tén Chirc danh
1. | GS.TS. Trinh Vin Tuyén Chii tich Hoi dong
2. | TS. Duong Thi Hanh Thu ky Hoi dong
3. | TS. Nguyén Thanh Hao Phan bién 1
4. | TS.Lé& Tuén Phan bién 2
5. | TS. Trin Quang Vinh Uy vién Hoi dong

Thanh vién véing mét: 0 (Phan bién hodc iy vién, d4 c6 ban nhén xét déng
y cho phép hoc vién dugc bao vé truéc Hoi ddng danh gia ludn vin thac si)

NQI DUNG LAM VIEC

Pai dién co s& dao tao doc quyét dinh thanh 13p Hoi ddng dénh gi4 luan vin
Chu tich Hi dong, diéu khién phién hop

Thu ky HD, doc li lich khoa hoc va bang diém cia hoc vién

Hoc vién trinh bay luan van truéc Hoi dong

Phén bién 1, doc ban nhéan xét ludn van, dit cau hoi

1) Nguyén nhén tai sao can danh gid tinh n dinh ctia ché phm nano bac?

2) Giai thich viéc tinh CFU sau xit Iy nano bac?

6. Phan bién 2, doc ban nhan xét luan vin, dat cau hoi

3) Két qua Bang 6 Luén van khong lam mau 13p do d6 co s& nao dé danh gia do
tin cay cia két qua nghién cru?

o= W R e



4) Panh gia d¢ 6n dinh cta phuong phap nghién ctru khong dugc néu Ién trong
muc chuong II. Phuong phép nay can dugc néu trong phuong phap nghlen clr,
diéu kién thi nghiém. ..

5) Bao quéan ché phédm trong thi gian dai, kich thué'c hat thay d01 Co ché nao
anh hudng dén sy thay ddi nay?

6) Hiéu qua diét khuan do BKC hay nano bac?. .
. Céac thanh vién HD va nhimg ngudi tham du néu cau hoi

7) Tai sao khﬁng img dung dung dich ché phém dé diét 2 chiing vi khuén trong
nudc thai thye t€ nhu nude thai bénh vién, cong nghiép, sinh hoat...?

8) BKC 6n dinh bac bang cach nao?

9) Tai sao phai dung RO dun néng dé loai bo oxi? Oxi anh hudng nhu thé nao ma
can phai loai bo?

10) Tai sao chon mAu M19 khong tdi wu, c6 kich thucrc nano bac 1én dé dic
trung?

11) MAu M07 c6 ndng do nano bac tang gép dbi so véi MO1 nhung kich thuéce
hat nano Ag nhé hon?

12) Bém khuén mét bao nhiéu thoi gian, dém bing gi?

. Hoc vién tra 101

1) Dénh gi4 tinh 6n dinh v6i muc dich sau ndy thuong'mai héa san phdm.

2) Tinh CFU duya trén phuong phap pha loang (v6i ndng do > 300).

9) Cén loai bé oxi trong nude do oxi ¢6 tinh oxi héa nén anh hudng dén tong hop.
12) Hoc vién dém vi khuén bang may.

Céc cau hoi con lai hoc vién xin phép nghién ciru tré 161 sau va bd sung vao luan
van cho hoan thién.

9. Hoi ddng hop kin va cho diém
- Hoi ddng bau ban kiém phiéu gom 3 thanh vién:

Truéng ban: TS. Tran Quang Vinh
Uy vién: TS. Duong Thj Hanh
Uy vién: TS. Lé Tuan

- Két qua kiém phiéu nhu sau:

S6 phiéu phat ra: 05

S6 phiéu thu vé: 05

Téng sb diém: 39,3

Piém trung binh: 7,86

Piém thudng cong trinh cong bd: 0,82

Téng diém danh gi4 luan vin va thudng cong trinh cong bo:



- Két luan ctia Hoi dong:
+ Luén van Dat (dat/khéng dat yéu cau)

+ Luén van khong tring 13p vé ndi dung va ten de tai vé6i cde cong bd
trude do

10. Chu tich Hi df‘ing, cong bd két qua, yéu cau hoc vién chinh sira lugn vin véi
cac ndi dung sau:

- B6 cuc lai luan vin theo mau.

- Chuong L 11, bd sung trich din TLTK, lam r3 héa chét vét tu t1eu hao co sér dua
cac thong s6 vao thuc nghiém.

- Chuong 111, tang binh luén so sénh két qua , 1am gon lai két ludn.
D& nghi hoan thién va chinh sira luan vin theo ¥ kién ctia thanh vién hi ddng.

Budi hop da két thic vao 17 gior 00 phiit ngay 27/ 10 /2023
Ha Néi, ngay 27 thang 10 nédm 2023

THU KY HQI PONG CHU TICH HQI PONG

|

QAU’ICZ}/ Ta" _H,q'j

Nguyén Thj Trung



CONG HOA XA HOI CHU NGHIA VIET NAM
Ddc 1dp — Ty do — Hanh phiic

BAN NHAN XET PHAN BIEN LUAN VAN THAC Si

Ho va tén ngudi phan bién: Lé Tuan

Hoc ham, hoc vi: Tién sy

Chuyén nganh: Cong nghé Enzyme va Vi sinh vét

Co quan cdng tac: Truomg Hoa va Khoa hoc sy séng, Dai hoc Béch khoa Ha Noi

Ho va tén hoc vién: Ng6 Quang Trong

Tén dé tai: NGHIEN CUU TONG HQP VA BANH GIA KHA NANG DIET KHUAN
CUA CHE PHAM NANO BAC ON PINH BANG BENZALKONIUM CHLORIDE

Chuyén nganh: Ky thuat moi trudng
Ma s6: 8520320

NOI DUNG NHAN XET

1. Tinh cép thiét, tinh thoi su, ¥ nghia khoa hoc va thyc tién cia dé tai ludn vin:

Muc tiéu ciia dé tai lugn van nham nghién ciru tong hop ché pham nano bac on dinh
bang benzalkonium chloride dé ung dung trong khu tring chuong trai chan nudi va mot
56 linh vue khdc. Ni dung ciia dé tai c6 tinh thiee tién cao, cé tiem ndng wng dung o thi
trueong chadn nudi tai Viét Nam

2. Sy khong trung Igp cua dé tai nghién ciru so véi céc cong trinh khoa hoc, luén vin da
cong bd & trong va ngoai nudc; tinh trung thue, rd rang va day du trong trich din tai liéu
tham khao:

Noi dung nghién ciru khong o sy trung ldp voi cdac céng trinh khoa hoc da cong bé o
trong va ngoai nudc. Vé tong quan tai liéu tham khao, ludn véin da trich dan 51 tai

liéu trong va ngoai nudc; nhin chung cdc tai liéu dwgc trich dan hop Iy. Tuy nhién hoc
vién con chua trich ddan mét sé nghién ciru cé noi dung gan véi dé tai, vi du: Clinical
Application of Silver Nanoparticles Coated by Benzalkonium Chloride, DOI
10.3390/coatings 1111138 hodc cong bé ciia nhém tdc gia Viét Nam Ag-decorated
novel h’-WO3 nanostructures for sustainable applications, DOI
10.1016/j.ceramint.2022.03.142

3. Su phu hop gitra tén dé tai v6i noi dung nghién ciru cling nhu véi chuyén nganh va
ma so dao tao:
Noi dung nghién ciru hoan toan phii hop véi tén dé tai va chuyén nganh dao tao

4. D0 tin cdy va tinh hi¢n dai clia phuong phép nghién ciru da sir dung dé hoan thanh
luan vian:



Nghién ciru nay sw dung cdc phmmg phdp phan tich thuong quy va da duoc sir dung
béi nhiéu tdc gia trong va ngodi nude khi nghién ciru vé vdt lieu nano. Cdc phan tich cé
do tin c@y va cdp nhat.

~ 5. Két qua nghién ctru cua lun vén:

Tdc gia da tong hop thanh cong ché pham nano bac, 6n dinh bang BKC theo phuong
phdp héa hoc va phan tich kich thuée ché phdam bing TEM, DLS

Tac gia da khao sdt dwgc su thay déi vé tinh chadt cia nano bac theo thoi gian bao quan

Tdc gia da ddanh gid dugc kha ning khdng khudn trén déi twong E. coli ATCC 25922
va S. aureus ATCC 25923

6. Nhirng han ché, thiéu s6t cta ludn vin vé ni dung va hinh thirc:

Nhin chung khia canh xir 1y 56 li¢u chua dugc chil trong, tdc gia chua khai thdc her tiém
nang vay nghza khoa hoc ciia cdc 56 liéu thu diege. Ludn van con mét s6 diém cdn dwoc
chinh stra vé khia canh trinh bay nhu sau.

e Hinh 3 tdc gia xem xét b6 sung nguon trich dén

o Chuong 2, muc Déi twgng nghién citu cdn trinh bay ngdn gon théng tin vé cdc
chung E. coli va Sraphylococcus aureus da duwoc sir dung trong nghién ciru nay,
cdc thong tin mang tinh Iy thuyét vi sinh vé loai nén dugc trinh bay ¢ chwong 1
néu thuc sw quan trong. Hinh 8 va H‘ nh 9 nén xem xét loai bo khoi quyén ludn
van vi noi d:mg khong thuce s thiét yéu.

e Hinh 11 can cé chii thich ngi dung cua tung anh chup dia petri.

e Hinh 13 c6 thé can nhdc logi bé vi phirong phdp pha loding méu la co bén trong
nganh vi sinh vat

® Muyc 3.1.2.2 Chi xem xét trén chi s6 Z-average la chua di, cdc thong 56 Mean,
Median, Mode Span, Pl cung can duwoc xét dén va thao luan.

e Bdng 9 can c6 trich dan nguon tai liéu tham khao

® Muc 3.1.2.4 tir hinh anh phan tich TEM va thang kich thuée, tdc gia hoan toan
co thé dya vao phwcmg phdp phan tich hinh anh (image analysis) dé do dac thong
s6 kich thuce cla cdc hat (chu vi, dién tich) tir do tinh todn dugc théng soé dic
trung la Dcg (dzameter of c:rcle equzvalenr)

* Muc3.13.2 phdn tinh todn téc do léng ciia cde hat trong dung dich nano bac
can xem xét ky hom cdc gia thuyét. Khi so sdnh hat nano bac thu duwgc tir qud
trinh ¢6 va khong b6 sung BKC, viée ude tinh dp nhét dung dich sé dadn dén sai
56 lom, boi cde Iy do: i) BKC dua vao dung djch ¢ thé ton tai ¢ dang chat phan
tén hodic ndm trong cdu tric cia cdc hat nano bac, ii) tuo’ng tdc giita cdc hat
nano trong dung djch ciing sé lam tiang dj nhét, iii) v6i méi dung dich huyén phi
nano bac, cdc phan tir ¢é kich thuée dao dong trong mét dai lom, nhu vdy tinh
todn toc dg ling dua trén gid tri dwong kinh hat trung binh tir phép do DLS c6
thé chira mang tinh ddc trung.

e  Muc 3.2 khai niém thoi gian tiép xiic triec tiép 5 phut, 10 phiit nén dwoc can nhéc,
boi sau thoi gian do, hon  hop dugc trai lén dia petrz co moi truong thach, nano
bac va té bao vi khudn vén c6 thé tiép tuc “tiép xic” va twong tac.

7. Néu tac gia chua viét bai bao khoa hoc thi ndi dung cua luan vin c6 thé dugc v1et
thanh céc bai bao dé guri déng trén trén tap chi khoa hgc, sach chuyén nganh hogc tuyén
tdp cong trinh hoi nghi khoa hoc cip quéc gia, quéc té hay khong?



Téc gia da c6 cong trinh khoa hoc c6 néi dung phit hop vdi két qua thu dwgc tir dé tai
thac sy

8 . Két ludn chung (khdng dinh muc d6 dap ung cac yéu cau dbi véi mot luan vin Thac
sT: luéin van c6 thé dua ra bao vé dé nhan hoc vi Thac si dugc hay khong")

Lugn van cua hoc vién Ngo Quang Trong ddp img dugc cdc yéu cau déi véi mét ludn
viin Thac sy va c6 thé dwgc diea ra bao vé dé nhan hoc vi Thac sp.

Ha Noi, ngay 4. thang .AQ nam 2023

Xdc nhén cia co quan cong tac Nguwoi phan bién
(Ky, ghi rd ho tén)

15 Tuam

Luu y:

- Nhdn xét dwoc lam thanh 02 ban, c6 chit ky cua nguoi nhdn xét va xdc nhén cua
co quan cong tdc (néu dang cong tdc) va giri vé phong Pao tao 02 ngay trudc
buoi bao vé.

- Dia chi lién hé: phong Dao tao, Hoc vién Khoa hoc va Cong nghe, Vién Han ldm

Khoa hoc va Céng nghé Viét Nam. 18 Hoang Quéc Viét, Cau Gidy, Ha Ngi. DT
024.33899977



CONG HOA XA HOI CHU NGHIA VIET NAM
Doc lap — Tu do — Hanh phic

BAN NHAN XET PHAN BIEN LUAN VAN THAC Si

Ho va tén nguoi phan bién: Nguyén Thanh Hio
Hoc ham, hoc vi: Tién sy
Chuyén nganh: Cdng nghé sinh hoc

Co quan cong tac: Hoe vién Nong nghiép Viét Nam

Ho va tén hoc vién: Ngb Quang Trong

Tén dé tai: “Nghién ctru tong hop va danh gid kha ning diét khuln cta ché phdm Nano
bac on dinh bing Bezalkonium chloride”

Chuyén nganh: K thudt méi trurong
Mi sb: 8520320

NOI DUNG NHAN XET

L. Tinh cdp thiét, tinh thoi su, ¥ nghia khoa hoc va thuc tién ctia dé tai luin vin:

Dé tai ¢6 tinh maoi, b‘i‘mg Viéc téng hop Nano bac theo huéng than thién vai méi trudn g,
st dung benzalkonium chloride 1a mét chét hoat dong bé miit cation cé hoat tinh
diét khuan lam chét én dinh s& giup ting cuong tinh khang khuén ctia Nano bac,
giam lidy lugng can thiét, bao vé mdi truong, dap Gng dugc viée diét trir virus, vi
khudn, huén g t&i viée phét trién ché pham khir tring chudng trai trong chén nudi.

2. Sy khong tring 13p cia dé tai nghién ctru so vdi céc cong trinh khoa hoc, luin vin da
cOng bo & trong va ngoai nude; tinh trung thye, rd rang va day du trong trich din tai liéu
tham khéo: )

Dé tai khong triing 13p véi céc cong trinh cong bb trude ddy. Tai liu tham khao duoc
trich dan r3 rang, tuy nhién mét s6 ndi dung cin bd sung thém trich dan dé ting tinh

thuyét phuc cua thong tin da d& cap.

3. Sy phit hop giira tén dé€ tai véi ndi dung nghién ciru cling nhur véi chuyén nganh va
ma s dao tao:

Hoan toan phu hop gitta tén dé tai véi noi dung nghién ctru cling nhu véi chuyén nganh
va ma s6 dao tao

4. D6 tin cdy va tinh hién dai ctia phuong phap nghién ciru da sir dung dé hoan thanh
ludn vén:

Ludn van sir dung céc Rhuon’g phép thudng quy trong nghién ctru vi sinh vat, két hop
véi cée phuong phép diéu ché Nano bac truyén thong

Céc phurong phap déphan tich ddc tinh Iy hoa, do bén cta ché phdm Nano str dung kha
nhicu phurong phap hién dai nhur: DLS, TEM, Plasmon. ..
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5. Két qua nghién ctru cua luan van:
Luén van bao gébm hai nhom két qua chinh:
- Pau tién, la viéc ti uu céc thong sb ky thuat dé tong hop ché pham Nano bac 6n

" dinh bang benzalkonium chloride, sau do tap trung phan tich kich thudc hat, dién tich

bé mat (thé Zeta), danh gia do on dinh cua ché pham sau thoi gian bao quan, phén tich
céu triic hat Nano sur dung anh TEM.
- Thir hai, la viéc danh gia hoat tinh ctia ché pham Nano trong viéc tc ché hai vi sinh
vat gay bénh la vi khuan E. coli va vi khuan S. aureus
Nhin chung, cac két qua thu dugce la dang tin cdy, dung luong pht hgp véi mot luan
van thac sy.
6. Nhirng han ché, thiéu sot cua luan van vé noi dung va hinh thirc:
- Loi dién dat: can chuan myc theo van phong khoa hoc, khong sir dung dai tir ta, t6i
- Can théng nhat cach trich dan tai liéu tham khao, cach trinh bay tai liéu tham khao
tai danh muc tai liéu tham khao cho dung quy chuan.
- Cén bo sung phuong phap xur ly thong ké sur dung trong luan van.
- Phan phuong phap nghién ciru can duge viét lai, tach biét phuong phéap va vt lidu
ciing nhu thiét bi st dung cho nghién ciru.
- Can mo ta chi tiét cac phuong phéap sir dung trong danh gia dac tinh ly hoa cta ché
pham nano nhu: phuong phap DLS, phuong phap Plasmon, phuong phap chup anh
TEM.
- Can bo sung thém trich dan cho céc hinh anh str dung trong ludn van.
- Can viét lai két luan cho ngén gon hon.
7. Néu tac gia chua viét bai bao khoa hoc thi ndi dung ctia luan van co thé dugc viét
thanh céc bai bao dé guri dang trén trén tap chi khoa hoc, sach chuyén nganh hodc
tuyén tap cong trinh hoi nghi khoa hoc cip qudc gia, qudc té hay khong?
- Téc gia da trinh bay két qua tai mot bao cao khoa hoc tai Moscow, Russia thang
03/2023 '
- Tac gia da viét hai ban thao dé cong bé két qua trén tap chi qudc té.
8 . Két luan chung (khing dinh murc d6 dap img cc yéu cau déi voi mot luén van
Thac si; ludn van co thé dua ra bao vé dé nhan hoc vi Thac si dugc hay khong?):
- Pat yéu cau, can chinh sira nghiém tic theo gop y.
- Ddng y cho hoc vién bao vé luan van trudce hoi dong.
Ha No¢i, ngay 24 thang 10 nam 2023

Xidc nhéin cia co quan cdng tic Ngudi phan bi¢n

/ (Ky, ghi rd ho tén)

M AT
A0 PHAYS
Y )

o

I Nguyéen Thanh Hao




VIEN HAN LAM

KHOA HQC VA CONG NGHE VN
HOC VIEN KHOA HQC VA CONG NGHE

Hoc vién Khoa hoc va Céng nghé da co
10 thang 10 nam 2023 vé viéc thanh lap Hoi dd
Ngé Quang Trong, sinh ngay

Dinh

De tai: Nghién ctru tong hop va danh gia kha nin

CONG HOA XA HQI CHU NGHIA VIET NAM

Doc lip - Ty do - Hanh phic

BAN GIAI TRINH CHINH SUA LUAN VAN THEO
KET LUAN CUA HOI PONG PANH GIA LUAN VAN THAC Si

dinh bing benzalkonium chloride

Chuyén nganh: Ky thuat moi truong,

Quyét dinh s6 1167 /QD-HVKHCN ngay
ng danh gia luan vin thac si cho hoc vién
15/03/1996, tai xa Lién Minh, huyén Vu Ban, tinh Nam

g diét khudn ctia ché phdm nano bac én

Mai s6: 8520320

Ngay 27 thang 10 nam 2023, Hoc vién Khoa hoc va Cong nghé da té chirc cho hoc
vién bio v¢ truéc Hoi dong danh gia luan van thac si. Theo Bién bin ctia Hoi dong danh
gid ludn van thac si, hoc vién phai b sung va sira chira cac diém sau day:

S6TT Néi dung cii Noi dung di chinh sira
1. Phan m¢ dédu thiéu din ching vé viee | B sung tai ligu tham khéo [3] tai
BKC dugc cip phép sir dung & Viét dong 6, doan 2 trang 2
Nam
2. Muc dich, déi twong nghién ctru & B6 cuc lai ludn van, dua muc dich,
chuong 2 doi twong nghién ctru vé phan “Ma
dau” tai trang 3
3. Chuong 1. Tong quan, Muc 1.1.2. Cée | Bd sung tai liéu tham khao [4] cho
phuong phép téng hop nano bac hinh 1 tai trang 5
Bo sung tai li¢u tham khao [5] cho
hinh 2 tai trang 7
4. Chuong 1. Tong quan, Muc 1.1.3. Co | Bd sung tai ligu tham khao [14] cho
ché diét khuén ctia nano bac hinh 3 tai trang 10
5. Chuong 1. Téng quan, Muc 1.1.7. Tinh Bd sung thuyét minh tinh hinh
hinh nghién ctru vé nano bac trén thé | nghién ctru vé nano bac trén thé
gidi va & Viét Nam gidi: “Cac nghién ctru ung dung
nano bac...dé diéu trj chira lanh vét
thuong™ tai trang 16-18
6. Chuong I.Téng quan, Muc 1.2.1. B6 sung tai liéu tham khao [43]
doan 1 va [44] doan 3 trang 20
7 Chuong 1. Tong quan, Muc 1.2.2. Cac | B sung tai liéu tham khao [47] cho
ing dung BKC Baéng 3 tai trang 22

—




8. Chuong 1. Tong quan, Muc 1.2.3. Vin | Bd sung tai liéu tham khao [57] cho
dé doc tinh cia BKC Bang 4 tai trang 25
- 9. Téng quan vé hai loai vi khun E.coli | Bé cuc lai thanh Muc “/.3. Téng
va Staphylococcus aureus & chuong 2 | quan vé hai loai vi khudn gdy bénh:
E.coli va Staphylococcus aureus”,
tai “Chuong 1. Téng quan”, trang
26-29
10. Chuong 2. Phuong phap nghién ctru Déi thanh “Chuong 2. Nguyén vat

liéu va phuong phap nghién ciru”.
B cuc, chinh sira lai ndi dung
chuong 2:

- Toan b cac hoéa chét, dung cu,
thiét bi s dung trong qué trinh
thuc hién luan van duoc liét ké
trong muc “2.1. Nguyén vét liéu”
tai trang 30

- B6 sung md ta nguyén ly mot sb
phuong phap danh gid dic trung
héa 1y cta ché phim nano bac tai
muc “2.2.1.2. Phuong phdp ddnh
gia mot sé ddc trung héa ly cua ché
phdm nano bac tong hop duwgc”
trang 32-36

- B6 sung co s& lya chon ndng do
ché pham nano bac khao sat kha
ning khang khuén tir 0,5-1 ppm (tai
liéu tham khao [65]) tai doan 3
trang 37

L1

Chuong 3. Két qua va théo ludn

Chinh stra, b6 sung bién luan, so
sinh két qua véi cac nghién ciu
khac tai cac doan:

- “Dung dich mudi AgNO3 chuyén
sang mau vang... dugc chirng minh
trong cac nghién ciru truge day
[61,66].”, trang 43, 44

- “Két qua phan tich phd UV-Vis
(Bang 7)... dang hinh ciu kich
thude khoang 20-50 nm.”, trang 44,
45

- “Su khéc biét giira kich thude cac
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hat nano bac... khong duoc bao vé
cling dan t6i su két tu [70].”, trang
47

- “Hinh 21-23 1a két qua chup TEM
... gitt 6n dinh cho dung dich nano
bac.” trang 50, 51

- “Ché pham chira nano bac. .. danh
gi4d do én dinh cua ché phdm nano
bac téng hop dugc.”, trang 52

- “Hoat tinh khang khudn hiéu
qua... nf’ing d6 BKC trong san
phim thwong mai [65].”, trang 64,

65
12. Chwong 4. Keét luan va kién nghi gdm 2 | Rut gon phin két luén con 1 trang
trang tai trang 66

Hoc vién chén thanh cam on quy thdy, c6 trong Hi dong danh gia luan van thac st oy
da gop y va tao co hdi cho hoc vién hoan thién ludn vin cua minh.

Xin trén trong cam on!

CHU TICH HOI PONG TAP THE HUONG DAN HOQC
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