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TOM TAT

Vi khudn lam doc va doc té ciia ching thuong gay ra nhitng vin d& méi truong nghiém trong anh huéng

t6i hé sinh thai tai cac thiy vuc nude ngot. Str dung vat lidu nano trong kiém soat bung phat vi tao dang 1a
huéng di méi ¢6 tiém ning vmg dung thuc t& do kha ning khang khuén ciing nhu cac dic tinh ly-hoa cua vat
lidu. Kich thudc vat liéu 1a mot trong nhimg yéu t6 quyét dinh dén sy khac biét ciia cac hat nano so voi dang
thong thuong. Tuy nhién, cic nghién ciru vé anh huong cia kich thude t6i doc tinh cia vat liéu nano con it
dugc biét dén. Nghién ciru nay c6 muyc tiéu danh gia dnh huong ciia ba kich thudc hat nano ddng khac nhau (d
<10 nm; 30 nm < d < 40 nm va > 50 nm) ddi véi vi khuin lam doc Microcystis aeruginosa. Vit liéu nano ddng
dugc ché tao bang phuong phap khir hoa hoc va dugc phu béng chitosan dé lam téng tinh bén cua vat liéu trong
moi truong nuée. Dai ndng d6 nano ddng sir dung trong nghién ctru bao gdm 0 (dbi chimg); 0,01ppm;
0,05ppm; 0,1ppm; 1ppm va 5 ppm. Sau 10 ngay thi nghiém, sy trc ché sinh truéng Microcystis aeruginosa chu
yéu xay ra ¢ cic ndng do 1 ppm va 5 ppm va khong c6 sy khic biét ¢ ca ba kich thudc véi higu sudt rc ché déu
dat trén 80% so v6i miu dbi chimg. Kich thudc hat 30 nm < d < 40 nm thé hién doc tinh manh nhat di véi
Microcystis aeruginosa voi gia tri ECso= 0,73 ppm; thdp hon hai kich thuéc d > 50 nm (ECso = 2,62 ppm) va d

< 10 nm (ECs = 5,02 ppm) twong tmg 3 + 7 lan tai cing thoi diém.

Twr khoa: Vit liéu, doc tinh, kich thuoc hat nano, Microcystis aeruginosa, vrc ché sinh truong

DAT VAN BE

Su bung phat vi tao thuong gay ra cac tac dong
tiéu cuc tdi hé sinh thai moéi truong nude do anh
huéng truc tiép téi cau tric va chirc niang cua chudi
thirc an trong thuy vuc, lam suy giam ham luong oxy
hoa tan va chét lugng ngudn nudc (Havens, 2008;
Robarts et al., 2005). Ngoai ra, mot s6 loai vi tao
trong qua trinh phat trién c6 kha nang sinh tong hop
cac hop chét thir cAp mang doc tinh gay nguy hai cho
stc khoe con nguoi va dong vat thong qua sy phoi
nhidm cép tinh hodc truong dién (Codd, 1995; Wu et
al., 2012).

Chi vi khuén lam (VKL) déc Microcystis 1a
nhom sinh vét sinh trudng nhanh, chiém wu thé trong
quan xa thyc vét phi du & cac thily vuc nude ngot
nhd céc co ché thich nghi dic biét véi didu kién
ngoai canh (Pang Pinh Kim et al., 2014). Doc tb

microcystin san sinh boi chi Microcystis thuéc nhom
hepatotoxin gy ra cac ton thuong O gan, tang trong
luong gan do xuét huyét mau va réi loan nhip tim ¢
dong vat (Sinoven, 1996). Pay 1a dang doc td manh,
ton tai kha bén trong moéi trudng nudc va duge to
chuc Y té thé giéi (WHO) dua vao danh muc cic tac
nhan giy bénh cin phai dugc giam sat v6i ham
luong t6i da cho phép trong nudc udng khong duoc
vugt qua 1 p/L (WHO, 1996).

Str dung cac vat liéu nano kim loai dé kiém soat
vi tdo dang la huéng di méi co tiém nang trong v1ec
ing dung va thay thé cac phuong phap truyén
théng. Co ché gy doc chinh cua vat liéu nano no6i
chung lién quan dén sy hinh thanh cic gbc oxy hoa
tu do ROS (Reactive Oxygen Species) (Kohen,
Nyska, 2002) 1a nguyén nhan din dén bién tinh
lipid, carbohydrate, protein va DNA (Carmona et
al., 2015). Trong do, qua trinh peroxide hoa lipid
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dugc cho la co tac dong nghiém trong nhét do truc
tiép gdy ra nhirng thay d6i trong tinh chat 16p mang
ngoai te bao dan dén su Xdo tron cac chirc ning
thiét yéu bén trong cia té bao sinh vét (Rikans,
Hornbrook, 1997).

Kich thudc 1a mét trong nhiing yéu t6 quan
trong quyét dinh kha ning xdm nhdp qua mang té
bao cua vat liu nano ciing nhu tao ra cac déc tinh
khac biét cua vat liéu so v6i dang khéi (Geiser et al.,
2005; Oberdorster et al., 2005). Thong thuong, theo
co ché nhap bao, dé dwoc hap thy vat liéu nano cin
phai lién két du vé6i cac thu thé va co quan thy cam
bé mat nham tao ra su giam cuc by murc nang lugng
tu do Gibbs trén mang té bao (Chithrani et al., 2005;
Jiang et al., 2008). Vi vay, nhiing hat nano cé kich
thude nhé can it cc thu thé dé lién két hon, do d6 dé
dang qua mang té bao va tich tu tai cac bao quan
nhidu hon céc vat liéu c6 kich thude 16n (Gao et al.,
2005). Tuy nhién, trong nhidu truong hop, cac
nghién ciru doc hoc cho thiy kich thude khong hoan
toan ti 1¢ v&i doc tinh cua vat li€u. Kennedy va dtg.
(2010) da ghi nhan khong co su khac biét gilta cac
liéu lugng gay chét (LCsy) ctia Daphnia magna khi
phoi nhiém véi vat liéu nano bac & cac kich thudc
10, 30 va 50nm. Nghién ctru cia Yang va dtg. (2012)
cling cho ring cac kich thuéc hat nano bac khac
nhau hau nhu khéng anh huong téi giun tron
Caenorhabditis elegans. Mot s6 danh gia doc tinh
cua vat li€u nano trén nguoi cho théy, cac hat vat
liéu c6 duong kinh 16n hon 200nm it thé hién doc
tinh hon do khi vao co thé s& dugc xir 1y boi hé thyc
bao don nhan (The mononuclear phagocyte system)
¢ 14 lach va gan. Trong khi d6, nhiing vat liéu c6
kich thudc nhd hon 6nm s€ nhanh chong bi loai bd
khoi co thé qua than va chi c6 thé duoc gitt lai, gay
doc khi chung két hop véi cac dang vét ligu khac dé
lam téng kich thudc nhu polymer, lipid hay hydrogel

Nguyén Trung Kién et al.

(Choi et al., 2007).

Nano ddng da dugc nghién ctru va ap dung trong
nhiéu linh vuc hién nay nhu cong nghé dét may, chét
xuc tac, ban dan, té bao quang dién (Jiang er al.,
2002)... D6i v6i sinh vat, ngoai kha ning khing
khuén, doc tinh ctia nano dong da dugc ghi nhan &
cac loai giap xac (Heinlaan et al., 2008; Song et al.,
2016), dong vat nguyén sinh (Mortimer et al., 2010),
mot sb loai ca (Handy et al., 2011) va vi tao (Aruoja
et al., 2009; Wang et al., 2011). Bai bao nay trinh
bay két qua nghién ctru anh huéng cua cac kich
thudc hat nano dong khac nhau dén sinh truong cia
VKL doc Microcystis aeruginosa.

VAT LIEU VA PHUGNG PHAP NGHIEN CUU

Vit liéu nano dong

Nano ddng duoc tong hop béng _phuong phdp
khir hoa hoc va phu bang chitosan dé tao tinh bén
cho vat liéu, tién chat dwoc st dung 13 CuSO,
(>99%) v6i chit khir NaBH, (>98%) trong méi
truong nude (Ngo ef al., 2014). Qua trinh diéu ché
dung dich nano ddng dugc thyc hién tai Phong Cong
ngh¢ than moi truong, Vién Cong nghé moi truong,
Vién Han 1am Khoa hoc va Cong nghé Viét Nam
(Hinh 1).

Piéu kién ché tao vat liéu nano déng:
- d <10 nm: Nong d6 Cu® tao thanh: 0,5 g/L; Ty

16 mol NaBH,: Cu*" = 2,5:1; Téc do khudy: 2000
vong/ phut.
- 30 nm < d < 40 nm: Nong do Cu® tao thanh:

3,0 g/L; Ty 1¢ mol NaBHy: Cu*' = 2:1; Téc do
khuay: 1500 vong/ phut.

- d > 50 nm: Nong d6 Cu° tao thanh: 5,0 g/L;
Ty 1&¢ mol NaBH,: Cu”" = 2:1; Téc d6 khudy: 500
vong/ phut.

Hinh 1. Anh TEM vat liéu nano ddng dwoc tdng hop bang phuong phap khir héa hoc A: d < 10nm; B: 30 nm < d < 40 nm;

C:d=50nm.
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Microcystis aeruginosa

Chung Microcystis aeruginosa dung cho céc thi
nghiém dénh gid djc tinh dugc phan 1ap tir hd Ké Go
va nudi cdy trén moi truong CB tai nhiét d 25 £ 2°C
v6i cudng do chiéu sang 1000 lux, chu ky 14 h sang:
8h ti (Shirai ez al., 1989).

B& tri thi nghiém

Vat liéu nano déng v6i cac kich thude < 10 nm;
30nm + 40 nm va > 50 nm duogc bd sung vao cac
binh nudi chira sinh khdi M. aeruginosa dé tao thanh
cac ndng d6 0; 0,01 ppm; 0,05 ppm; 0,1 ppm; 1 ppm
va 5 ppm. Dung dich CuSO, duoc st dung lam d6i
chirng so sanh hi€u qua diét M. aeruginosa v&i nano
ddng. Cac cong thic thi nghiém dwoc lap lai 3 1an va
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tién hanh trong diéu kién nuéi cdy tiéu chuan (Shirai
et al., 1989). Bong thai sinh trudng cua ching M.
aeruginosa dugc theo doi ¢ cac ngay 0, 1, 3, 6 va 10
cua thi nghiém. Sinh truéng cua ching M.
aeruginosa dugc danh gia qua qua mat d quang hoc
(OD) ¢ budc song 680 nm st dung may do quang
phd UV-VIS (Shimadzu) (Wetherell, 1961) va ham
luong chlorophyll a (Chla) (Lorezen, 1967).

Dir liéu dugc phéan tich bang phin mém SPSS
23. So sanh sy khac biét gitta 3 kich thudc hat va cac
cong thtre thi nghiém st dung phéan tich phuong sai
ANOVA (one-way) va kiém dinh student t-test véi
nghia thong ké dugc chip nhan & mic p < 0,05. Udc
tinh gia tri ECs, cua nano ddng ddi voi M.
aeruginosa bang phuwong phap Probit (Finney, 1971).
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Hinh 2. Bién dong ham Iwgng Chlorophyll a (A) va mat do quang (B) clia chiing M. aeruginosa theo thoi gian dudi tac dong

cla cac kich thwdc hat khac nhau.

KET QUA VA THAO LUAN

Anh huéng cia cac kich thwée hat vat liéu nano
dong (Cu) den vi khuan lam Microcystis
aeruginosa

Bién dong ham lugng Chla va mat d6 quang
dudi tac dong cua cac kich thudce hat khac nhau c6
xu hudng phu thude cha yéu vao ndng d6 nano dong
trong dung dich (Hinh 2). Cy thé & ca ba kich thudc
hat, kha nang tc ché manh nhét duoc ghi nhan & cac
ndéng d6 1 ppm va 5 ppm voi méat do quang ting
khong dang ké 13+18% (ndng do 1ppm) hodc giam
hon nhiéu 1an so v&i ban déu -42% + -66% (ndng do
5 ppm). Tuong tng, ham lugng Chla cta hai ndng
d6 nay ciing thip hon so véi cac cong thirc con lai.
Trong d6, ndng do Sppm thé hién kha ning trc ché

manh nhit véi ham lwong Chla giam trung binh
khoang 68% so vdi cong thuc khong su dung vat
liéu. DSi voi ndng d6 1 ppm hidu qua e ché VKL
M. aeruginosa c6 xu hudng phu thudc vao cac kich
thudc hat nano ddng thi nghiém. Biéu hién & kich
thude hat d < 10 nm sy phat trién cua M. aeruginosa
hau nhu khéng c¢6 hién twong bi anh huong véi ham
luong Chla cao hon khoang 20% so dbi chimg.
Trong khi d6, cac kich thudc 16n (30 nm < d < 40nm
va d > 50nm) sy tc ché thé hién rd khi ham lugng
Chla giam tuong tng khoang 17 + 55%.

O céc nong do thap hon (0,01 ppm, 0,05 ppm va
0,1 ppm) su anh huéng 1a twong dbi khac nhau dbi véi
ba kich thudc hat. Trong cac thi nghiém st dung vét
liéu nano Cu kich thudc 16n (30 nm + 40 nm va > 50
nm), mat d quang va ham lugng Chla do dugc tang
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dan theo thoi gian véi cac gia tri do dugc khi két thuc
thi nghiém tuong tmg ting khoang 5+6 1in so véi ban
dau va cao hon 20% + 30% lan so v&i d6i chung.
Trong khi d6, kich thude hat < 10 nm méac du cé cung
xu huéng voi hai kich thude trén. Tuy nhién, kha nang
tic ché M. aeruginosa duge thé hién rd hon khi cac gia
tri OD va Chla thap dbi chimg khong sir dung kim loai
khoang 15% tai cing thoi diém.

Kiém dinh student t-test cho thiy khong cé su
khac biét v& mit théng ké gitra hai gia tri OD va
Chla (p > 0,05). Pdng thoi, phan tich twong quan
Correlations cho hé sé Pearson kha cao (0,906) phan
anh mdi quan hé chit ché cua hai thong s6 nay dbi
v6i sy bién thién mat do sinh khdi M. aeruginosa
trong thi nghiém. Phan tich phuong sai mot nhan t6
one-way ANOVA thé hién c6 sy khac biét v& hiéu
qua tc ché M. aeruginosa cua céc kich thudc hat
nano Cu khac nhau ciing nhu ddi véi cac ndng d thi
nghiém trong cung mot kich thudc hat (p < 0,05).
Ngoai ra, danh gia hau kiém Post Hoc str dung ham
Tukey va Dunnett’s T3 mo ta cac khac biét chu yéu
tap chung vao nhém kich thudc hat c6 ndng do thap
(0,01; 0,05 va 0,1), cho thdy & hai ndng d6 1 ppm va
5 ppm sy anh huong cua kich thude hat téi hiéu qua
ttc ché VKL M. aeruginosa 1 khong dang ké.

Nguyén Trung Kién et al.

U'éc tinh ndng dd e ché sinh trwéng cia VKL M.
aeruginosa cua cac kich thuéc hat nano dong

Két qua udc tinh ndng do hiéu qua trung binh
(Effective concentration 50%, hay ECs) trong Bang
1 thé hién xu huéng doc tinh cua vat liéu nano dong
dbi véi M. aeruginosa it bi phu thudc boi kich thude
hat. Trong do, vat li¢u co kich thudc 30 nm + 40 nm
thé hién doc tinh kha manh vdi cac gia tri ECsg déu
thip hon tir 4 + 8 1in so véi hai kich thudc con lai.
bang chu y 1a vat liéu < 10 nm ¢6 dgc tinh thip nhét,
lidu lugng e ché 50% ghi nhan dwoc sau 3 va 10
ngdy twong tng dat 7,9 mg/L va 5,02 mg/L. Didu
nay cé thé duoc giai thich bdi tinh co cum cia vét
liéu nano khi ton tai & kich thuéc nho 1am giam ti 1¢
giita thé tich va dién tich bé mit din t6i han ché kha
nang giai phong ion Cu**, do @6 han ché doc tinh ctia
vat liu (Matzke et al., 2014). Ngoai ra, 16p phu
chitosan ciing c6 thé 1a nguyén nhéan can tré sy gia
phong ion Cu", biéu hién qua gi tri ECso sau 3 ngay
trong nghién ctru nay thip hon so v&i nghién ctru ctia
Wang et al.,, (2011) st dung nano CuO khong phu
d6i v6i M. aeruginosa & cung kich thuée < 10 nm
(ECso = 1,42 mg/L). Sy giam dgc tinh khi phu vat
liéu ciing dugc Matzke et al., (2014) ghi nhén ¢ vi
khuén Pseudomonas putida giita vat liéu nano bac 20
nm c6 phu citrate (ECso = 13,4 mg/L) va khong phu
(EC50 = 0,25 mg/L)

Bang 1. Uéc tinh néng doc trc ché sinh trwdng clia cac kich thuwéc hat nano ddng va dung dich CuSO, ddi véi Microcystis

aeruginosa.

d <10 nm 30 nm <d <40 nm d 250 nm CuSO,
Thoi gian 3 10 3 10 3 10 3 10
(ngay)
EC, 0,67 1,84 0,11 0,01 0,10 0,19 0,00 0,00
EC1o 2,03 2,89 0,38 0,08 0,46 0,61 0,02 0,00
ECy 3,23 3,49 0,62 0,17 0,88 1,01 0,06 0,02
ECs 4,53 4,00 0,90 0,30 1,42 1,44 0,14 0,05
ECy4 6,04 4,50 1,23 0,47 2,14 1,96 0,31 0,11
ECso 7,90 5,02 1,64 0,73 3,13 2,62 0,65 0,25
ECeo 10,33 5,59 2,20 1,14 4,57 3,50 1,35 0,55
ECo 13,77 6,29 3,00 1,81 6,87 4,76 2,95 1,28
ECso 19,28 7,21 4,33 3,14 11,07 6,83 7,37 3,48
ECq 30,75 8,72 7,18 6,72 21,42 11,26 26,24 13,81
ECq 93,15 13,68 23,90 40,91 102,89 36,94 53,634 36,577

Tuy nhién, so véi mdt so loai vi tdo c6 lgi, doc

tinh ctia nano dong ddi voi M. aeruginosa 1a kha cao
nhung hau nhu khong c6 su e ché tao luc Chlorella
vulgaris (Saranya et al,2017). Trong khi ndng do
gdy trc ché 50% mat do vi tao Chlorella pyrenoidosa
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sau 72h cua dung dich nano CuO 12 45,7 mg/L (Zhao
et al., 2016). Nguyén nhan M. aeruginosa nhay cam
cao voi doc tinh cua vt liéu nano chu yéu lién quan
dén mang té bao dugc cau tao boi 16p peptidoglycan
mong (2-6 nm), dic trung cia cac vi khuin Gram
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am. Trong khi cac loai tdo luc khac co 16p
peptidoglycan day (20-40 nm) va thanh t& bao céu
tao boi polysaccharide khién cho cic hat nano kho
tham nhap hon (Park et al., 2010).

Két qua bang 1 ciing cho thay dung dich CuSO,
ttc ché M. aeruginosa hiéu qua hon cac thi nghiém
st dung vat liu nano véi gia tri ECsy = 0,65 mg/L
sau 3 ngay va 0,25 mg/L sau 10 ngay. Zeng va cong
su (2010) cho réng trong nhém thyc vat phu du, M.
aeruginosa 1a loai cé tinh nhay cam cao véi CuSO,.
Ngoai ra, thuc té cho théy, ddc tinh cua dung dich
CuSO, khong chi thé hién qua viéc gidi phong ion
Cu* gdy ra hién tugng stress oxy hoa. Sy hién dién
cua CuSO, trong moi truong cd kha nang anh huong
t6i qua trinh trao di chat (Mela et al., 2013), kha
ning tong hop chit béo (Fokina et al., 2013) chirc
nang mién dich va trc ché hoat dong cua cac emzym
dac biét la emzyme Na'/K'-ATPase cua té bao
(Shaw, Handy, 2011).

KET LUAN

Céc kich thudc hat nano ddng thi nghiém (d <10
nm; 30 nm < d <40 nm va > 50 nm) déu thé hién
doc tinh dbi véi VKL M. aeruginosa. Trong d6, kich
thudc 30nm + 40 nm ¢6 doc tinh manh hon hai kich
thude con lai voi lidu lugng trc ché 50% sau 10 ngay
thip hon twong tng tir 3,5 + 6,8 1an. Tuy nhién, hiéu
qua rc ché M. aeruginosa c6 xu huéng phu thudc
chu yéu vao ndng do nano ddng trong dung dich
cing nhu doc tinh cua vat liéu nano déng thap hon
nhiéu 1an so voi CuSOy cho thiy can tiép tuc cac
nghién ctru tiép theo nhim phat trién tao ra vat liéu
nano c6 kha nang trc ché cao d6i véi sy bung phat vi
tao ndi chung va chi VKL doc M. aeruginosa noi
riéng, dong thoi it gay anh huong t6i hé sinh thai
hon céc phuong phap truyén thong.

Loi cam on: Nghién citu nay dwoc hoan thanh trong
khuén khé d@é tai VAST0701/15-16. Tdp thé tic gia
chan thanh cam on Vién Han Lam Khoa hoc va
Cong nghé Viét Nam da tai tro kinh phi thyc hién.
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SIZE EFFECT OF COPPER NANOPARTICALS ON MICROCYSTIS AERUGINOSA
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SUMMARY

Cyanobacterial and toxins produced in cyanobacterial water blooms cause serious environmental problems
which effects on freshwater ecosystems. The use of nanomaterials to control algal blooms is a new potential
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way for practical application due to its antibacterial as well as distinct physicochemical properties of
nanomaterials. The particle size is one of the most determinant characteristics creating the different between
nanomaterials and their larger bulk counterparts. However, size-dependent toxicity of nanoparticles has
remained largely unknown. This study aimed to evaluate effect of three different nanoparticle sizes (d < 10 nm;
30 nm < d <40 nm and d > 50 nm) on toxic cyanobacteria Microcystis aeruginosa. The copper nanoparticles
were synthesized by electrochemical method and coated with chitosan to enhance the stability of materials in
the water environment. The copper nanoparticle concentrations selected for toxic test were range from 0
(control); 0,01ppm; 0,05ppm; 0,1 ppm; lppm and 5 ppm. After ten days of experiment, the growth of M.
aeruginosa was mainly affected at concentrations of 1 ppm and 5 ppm and there are no differences in
inhibition between the particle sizes with efficiency of more than 80% in comparison to control. The highest
toxicity of copper nanoparticles in M. aeruginosa was observed at particle size of 30 nm < d < 40 nm with
ECso= 0,73 ppm, which was respectively three to seven times less than the particle sizes of d > 50 nm (ECsy =
2,62 ppm) and d < 10nm (ECs = 5,02 ppm) at the same time.

Keywords: Growth inhibition, material, Microcystis aeruginosa, nanoparticle size, toxicity
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