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ANH HUONG PQC TiNH CUA VAT LIEU NANO PONG (Cu)
DEN SU SINH TRUONG CUA Daphnia magna Strauss

Nguyén Trung Kién'*, Tran Thi Thu Hwong"*®, Duwong Thi Thiiy"

'Vién Cong nghé Moi trudng, Vién Han 1am Khoa hoc va Céng nghé Viét Nam
’Khoa Mbi truong, Trudong Dai hoc Mo Dia chat
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TOM TAT: Céng nghé nano ngay nay dang dugc Gng dung mot cach rong rdi va c6 hiéu qua
trong nhiéu linh vuc nho cac tinh chat khac biét cua vat liéu nano so vai chiing khi ton tai & dang thong
thuong. Tuy nhién, qua trinh tng dung vat liéu nano tiém an nhiéu nguy co anh huéng dén sirc khoe cia
con ngudi va méi treong. Nghién ciru ndy c6 muc tiéu danh gia doc tinh caa vét liéu nano ddng (Cu) 1én
sinh truong cua lodi vi giap xéc D. magna. Vat liéu nano dong (Cu) dugc ché tao bang phuong phap khir
hoa hoc, ndng d6 nano dong dugc lwa chon thir nghiém tir 0 (mu ddi chimg) dén 5 ppm. Sau 24h va
48h phoi nhiém, ty 1& séng sot cua D. magna cao nhat dat 100% & ndng do 0,01 ppm. Trong khi do, &
c4c ndng do dung dich nano ddng 1; 3 va 5 ppm dugc ghi nhan gay trc ché sinh truong D. magna manh
nhét vai ti 1& chét dén 100%. Gia trj LCso ghi nhan tai hai thoi diém trén tuong tmg dat 0,298 ppm va 0,1

ppm.

Tur khéa: Daphnia magna, hat nano dong, doc tinh, anh huéng, e ché sinh truong

MG PAU

Nano la nhirng dang vét liéu c6 it nhat mot
chiéu kich thudc trong khoang 1-100 nanomet.
V6i kich thude ndy, vat liéu thé hién nhiéu tinh
chat hoa-1y dic biét nhu ¢6 dién tich tiép xdc bé
mat lon, tao ra hiéu rng cong huong Plasmom
(Roduner, 2006), kich hoat cAc nhém chirc bé
mat (hydroxyl, carboxylic axit, cac géc sulphate
tu do...), kha ning bam dinh tét... (Klaine et
al., 2008; Noureen & Jabeen, 2015). Tuy nhién,
bén canh cac mat tich cuc cua cbng nghé nano,
Sy gia tang viéc sir dung loai vat liéu ndy trong
nhiéu nganh cong nghi¢p d& xuat hién nhiing
lo ngai vé tinh an toan cia ching khi dugc giai
phong ra ngoai méi trudng. Do co6 kich thudc
nhé, cac hat nano dugc cho 14 c¢6 thé d& dang
tham nhap qua thanh té bao va tich ty tai cac
bao quan nhiéu hon cac hat vat lidu co kich
thuéc 16n (Geiser et al., 2005; Oberdorster et

, 2005). Piéu tra vé doc t6 than kinh da ghi
nhan anh hudng cua qua trinh peroxy héa lipid
trong ndo bd cha ca vuoc den
Micropterus salmoides va hdi chirng u ndo cua
mot s6 loai c& nudc ngot khi tieu héa hoic tiép
xdc truc tiép v6i cac hat nano carbon C60
(Oberdérster, 2004). Cac nghién ciru trén déng
Vit ¢6 vu da chi ra hién tuong stress 6xi hoa

hodc cac phdn (mg sung viém trong co thé c6
lién quan dén nhitng gdc 6xi hoa tu do (ROSs-
reactive oxygen species) san sinh trén bé mit
cac phan tor nano (Stone et al.,, 1998). Thi
nghiém trén chudt cho thay, khi tiép xuc thuong
Xuyén véi vat liéu nano qua du(mg hé hip,
chudt d& mic phal cac van dé vé phdi tuong ty
nhu cac bénh vé ph01 do amiing gay ra. Mot sb
két qua diéu tra vé anh hudng ciia nano toi sirc
khoe con nguoi dd nhan dinh vat liéu nano co
thé thé 1am gia ting cac biéu hién bénh dbi voi
cac can bénh man tinh nhu hen xuyén hoic tim
mach (Brown et al., 2001), dong thoi c6 thé gay
ra nhimg phan tng mién dich khong mong
mudn (Handy et al., 2011).

Nano dong duoc &p dung kha phd bién
trong nhiéu linh vuc hién nay nhu bao quan gd,
khang khuan, dét may (Gabbay et al., 206), c6
tiém ning s dung lam chat xdc tac, chat long
chuyén nhiét trong may céng cu (Aruoja et al.,
2008), lam chit ban dan, polyme, quan tric sinh
thai... (Ingle et al., 2013). Tuy nhién, mic du
duoc kiém soat kha chat ché, sy phat thai nano
ddng ra ngoai mdi truong ciing khong thé tranh
khoi (Gottschalk et al., 2013). Trong moi truong
nude, nano dong duoc cho 1 ton tai kha bén va
gay ra nhitng anh hudng xau t6i cac loai dong
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vat thuy sinh. Theo Smith et al. (2007) va
Handy et al. (2011), vat liéu nano Cu tich tu
trong cac t& bao mang cua ca hdi
(Oncorhynchus mykiss) va ca ngua van (Danio
rerio) gay ra cac hién twong kich tmg pht né.
1301 voi cac loai gidp xac, dong vat nguyén sinh,
ndm men va tao, c4c dang nano cua dong cling
dugc danh gia 1a c6 doc tinh cao gap nhiéu lan
S0 V6i dang vat liéu dong ¢ dang khéi (Blinova
et al., 2010; Heinlaan et al., 2011). M6t s danh
gi4 doc tinh té bao va di truyén trén ngudi ciing
ghi nhan kha ning giy anh hudng t&i chudi
thong tin di truyén AND cua nano dong do truc
tiép san sinh ra cac gbc ROSs hoic dong vai trd
trung gian van chuyén cac vat cht la tir bén
ngoai vao gitra cac sgi DNA giy ra cac hién
tugng bién di (Carmona et al., 2015; Studer et
al., 2010).

Daphnia magna la loai gidp xac nu6c ngot
thuoc ho Cladocera, phan bé phd bién & céc
thily vire nuéc ngot nhu ao, hd. Day 1a loai kha
nhay cam véi nhing thay dbi cua didu kién moi
truong va cac chat 6 nhidm, dic biét & do tudi
dudi 24 gio. Do do, Daphnia magna thuong
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200nm

duoc st dung trong nhiéu nghién ciru khoa hoc
VvGi vai trd nhu mot sinh vat chi thi chuan trong
cac phuong phap danh gia doc tinh cua moi
truong nudc (Baun et al., 2008; OECD, 2004).
Bai bao nay trinh bay anh huong cua vat liéu
nano dong ché tao bang phuong phap khir hda
hoc dén D. magna sau thoi gian 24 va 48 gio
phoi nhiém.

VAT LIEU VA PHUONG PHAP NGHIEN CUU

Vit liéu nano Cu

Vit liéu nano dong dugc tong hop bang
phuong phép khir héa hoc, tién chat dugc sir
dung 1a CuSO, (>99%), chat khir 1a NaBH,
(>98%) (Liu et al.,, 2012; Selvarani & Prema,
2013; Zhang et al., 2010). Cac héa chat duoc

mua tir Sentmenat, Barcelona, Tay Ban Nha. Qué
trinh diéu ché dung dich nano déng duoc thuc
hién tai Phong Cong nghé than méi trudng, Vién
Cong nghé moi truong, Vién Han 1am Khoa hoc
va Cong nghé Viét Nam. Cac hat nano ddng sau
khi tong hop c6 dang hinh cau va kich thudc
ddng déu trong khoang 20 - 40 nm (hinh 1).

Hinh 1. Anh SEM (a) va TEM (b) cua vat liéu nano ddng dugc tong hop bang phuong phap khur
hoéa hoc tai phong Céng nghé than méi truong, Vién Cong nghé moi truong, Vién Han 1am Khoa

hoc va Cong nghé Viét Nam.

Daphnia magna

D. magna st dung cho thi nghiém c6 ngudn
géc tir cong ty Microbiotests Inc (Bi), duoc TS
bao Thanh Son, Vién Méi truong va Tai
nguyén, Dai hoc Quéc gia TP. HCM cung cap.
D. magna duoc nudi trong moéi truong COMBO
(Kilham et al., 1998) ¢ diéu kién tiéu chuan:
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nhiét do 21°C #+ 1°C, chu ky sang: tdi la 16: 8
gio V6i cuong do chiéu sang tir 500 - 800 lux.
Thirc an cho D. magna la tao luc Chlorella
vulgaris. M6i truong va thirc an dugc thay mai
sau mdi 2 ngay nudi cdy cho dén khi du sb
lugng D. magna cho thi nghiém.

Thiét ké thi nghiém



Anh hwéng déc tinh cia vat ligu nano dong

Thi nghiém danh gid doc tinh caa nano
ddng dén D. magna dugc theo ddi ¢ cac thoi
diém 24h va 48h. D. magna dugc phoi nhidm
Véi vat liéu nano dong & 6 nong do khac nhau
(0,01; 0,05; 0,1; 1; 3 va 5 ppm) va mdi truong
db6i chung (moi truong khong chaa vat lidu nano
dong). Cac nong do thi nghiém duoc lap lai bon
lan, 10 c4 thé D. magna (1 ngay tudi) duoc lya
chon ngau nhién va nuoi riéng I¢ trong cac binh
thay tinh caa mdi ndng do. Boc tinh cua vat ligu
dén D. magna duoc tinh bang ty & % s6 lugng
con sdng/chét sau 24h va 48h. Udc tinh gi tri
LCso tai thoi diém 24 va 48 gid caa nano dong
bing phuong phap Probit (Finney, 1971) s
dung phan mém SPSS 23.

KET QUA VA THAO LUAN

Anh huwéng cia cic nong do vat liéu nano
dong (Cu) dén sinh trwéng cua Daphnia
magna

OTy lechét Ty Ié séng

uve

usy

Néng d6 nano dong (ppm)

Hinh 2. Bién dong ty 1¢ ca thé séng/chét cua D.
magna sau 24h va 48h phoi nhiém

Sau 24h va 48h thir nghiém, & cac ndng do
vit liéu nano dong bd sung 1a 1; 3 va 5 ppm,
hdu hét s6 ca thé D. magna déu cé ti 1& séng
thip. Trong d6, ndng d6 (Sppm) thé hién doc
tinh manh nhat voi ti 1¢ chét dat 100% sau 24h
phoi nhiém. O ndéng do 1 va 3ppm, thoi diém
24h s6 lwong ca thé chét da chiém tir 87 dén
92% tong s6 ca thé nghién ctu va ting lén
100% sau 48h. Péi v6i cac ndng do con lai
(0,01; 0,05 va 0,1 ppm) ti 18 séng sét kha cao, &
hai ndng d6 0,05 va 0,1ppm ti 1& nay dao dong

tir 75 dén 97% sau 24h va tir 50 dén 90% sau
48h. Riéng ndng d6 0,01ppm khong ghi nhén c6
hién twong ca thé D. magna bi chét & hai thoi
diém phoi nhiém trén.

So véi mau déi chimg co ty 1& sdng sot dat
97,5 va 90% tuong tng Véi cac thoi diém phoi
nhiém trén hinh 2 cho thiy, nong d6 nano dong
khéc nhau anh huéng khac nhau dén D. magna
Va gi6i han gy chét t6i thiéu cua vat liu duoc
xac dinh tir 0,015ppm va 0,034ppm sau 24h va
48h thi nghiém.

U6 tinh nong dd giy chét cia vat liéu Nano
dong déi véi Daphnia magna

Két qua wdc tinh cac nong do giy chét cua
Daphnia magna trong bang 1 thé hién xu
hudng ting dan doc tinh cia dung dich nano
dong khi kéo dai thoi gian tiép xuc. Didu nay
c6 thé gay ra boi sy tich tu ting dan nano dong
trong co thé Daphnia magna dan dén lam ting
tdc dung gy déc cua vat liéu (Reddy et al.,
2016). Gia tri LCso ghi nhan tai hai thoi dlem
phoi nhiém 24 va 48 gio lan luot 12 0,298 va
0,1ppm. Két qua LCs, Sau 48 gid ciia nghién
ctru nay kha twong dong véi cac gid tri LCso
cua Xiao et al. (2015) (0,093ppm) va Song et
al. (2016) (0,103ppm) khi st dung vat liéu
nano dong co cung kich thudc 25-50nm.

So sénh kha ning gdy déc cua nano dong
gitta Daphnia magna va mot s6 loai Daphnia
pulex, Daphnia galeata, Chydorus sphaericus
va Ceriodaphnia dubia (Cladoceran) cho thay,
Daphnia magna c6 kha ning chdng chiu cao
nhat voi lidu lugng gay chét 50% cua dung dich
nano déng, cao hon tir 2-50 lan so véi 4 loai con
lai & clng thoi diém (Song et al., 2016). Piéu
nay thé hién kha ning giy doc cia nano dong
khac nhau d6i véi cac loai khac nhau. Ngoai ra,
theo Peters (1986), doc tinh cia cac doc to6 moi
truong néi chung va nano dong ndi riéng nhin
chung c6 xu hudng phy thudc vao trong lugng
va kich thudc cua cac ca thé nghién ctu. Nhung
c& thé nho hon c6 kha ning bi phoi nhidm véi
c4c hat vat liéu nhiéu hon do ti 1& giira dién tich
bé mat va thé tich co thé cao hon. Bén canh do,
nhirng ca thé nho thudng cé cuong d6 ho hap va
qué trinh tudn hoan trao ddi chat cao 1am cho
c4c hat vat liéu d& dang dugc hip thu va chuyén
hoa vao ruét nhanh hon nhimng cac thé 16n

247



Nguyen Trung Kien et al.

(Scanlan et al., 2013). Cac dang thu hinh khac
nhau cua vat liéu nano ciing thé hién sy anh
huoéng khic nhau dén D. magna. Heinlaan
(2011) d& chung minh duwgc CuO va céc dang
thd hinh cia né biéu hién doc tinh khac nhau
dén D. magna. O cac nong do 0,01; 0,05 va

0,07ppm, sau 48h phoi nhiém CuO gay doc cao
gap 50 lan so véi cac dang thi hinh con lai cua
Cu. Do & dang ndy, CuO lam bién déi ciu tric
rudt cia D. magna manh hon dan dén anh
huong dén kha ning tidu hoa thire an cua chiung
(Heinlaan et al., 2011).

Bang 1. Uéc tinh gia tri LCso Ctia dung dich Nano dong tai cac thoi diém 24 va 48 gio.

Nong d6 Nano dong (ppm)
Ty le chét 24 gio 48 gio
Glatiuse  ciiqusi Canwen  CRWIUOCcanqusi Cantrén
tinh tinh
LC, 0,015 0,001 0,044 0,034 0,016 0,046
LCyo 0,057 0,012 0,127 0,055 0,038 0,064
LCx 0,100 0,030 0,208 0,067 0,053 0,078
LCs 0,151 0,054 0,307 0,098 0,066 0,092
LCux 0,215 0,088 0,441 0,117 0,76 0,109
LCso 0,298 0,135 0,641 0,100 0,086 0,131
LCso 0,413 0,198 0,965 0,112 0,095 0,159
LCy 0,587 0,289 1,552 0,127 0,105 0,198
LCq 0,884 0,431 2,817 0,148 0,117 0,258
LCqo 1,562 0,712 6,780 0,181 0,136 0,374
LCgy 6,034 2,087 61,544 0,294 0,192 0,909
KET LUAN Pseudokirchneriella subcapitata. Sci. Total

Vit liéu nano dong (Cu) c6 anh hudng bat
lgi dén sy sinh truong va phét trién cua D.
magna. Poc tinh cta vat liéu thé hién xu hudng
tang ti 1 thuan voi ndng do va thoi gian phoi
nhiém. Do dé, viéc tmg dung thuc té cia vat
liéu nano noéi chung va vat liéu nano dong (Cu)
noi riéng phai duoc xem xét mot cach can than
hoic can nghién ciru dé tim duoc dai nong do
phil hop c6 thé tng dung trong xir Iy mdi trudong
ma khong anh hudng dén qua trinh sinh truéng
va phat trién cua cac dong vat thuy sinh.
Loi cdm on: Nghién ciru nay dugc hoan thanh
trong khuon khé dé tai VAST0701/15-16. Tap
thé tac gia chan thanh cam on Vién Han Lam
Khoa hoc va Céng nghé Viét Nam da tai tro
kinh phi thuc hién.
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TOXICITY OF COPPER NANOPARTICAL IN Daphnia magna

Nguyen Trung Kien?, Tran Thi Thu Huong™?, Duong Thi Thuy!

! Insititute of Environmental Technology, Vietnam Academy of Science and Technology
2 Faculty of Environment, Hanoi University of Mining and Geology

SUMMARY

Nanotechnology has been widely and efficiently used in many areas due to unique physicochemical
properties of nano-materials in comparison with their larger bulk counterparts. However, materials application
process also have potential risks to human health and the ecological environment. To evaluate the safety of
nanomaterials in water environment, the experiments on aquatic organisms should be carried out to test the
toxicological effects of nanomaterials. A crustacean organism, Daphnia magna, has been used as a model
organism for testing the toxicity in the aquatic environment because of unique features such as easy to
identify and easy to control with toxic substances, widely distributed, reproduce quickly in the form of
virgin production in a short time. The aims of this study is to evaluate the toxicity of copper nanomaterials
(Cu) on the growth of D. magna. The material concentration selected to test toxicity ranged from 0
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(control) to 5 ppm. After 24 h and 48 h of exposure, the highest survival rate of the D. magna 100% was
found at a concentration of 0.01 ppm, whereas the copper nanomaterial concentrations of 1, 3 and 5 ppm
caused 100% growth inhibition of D. magna. The acute toxicity (LCs) of Cu nanoparticle to D. magna
after exposure for 24 and 48h were 0.289 ppm and 0.1 ppm, respectively.

Keywords: Daphnia magna, copper nanoparticle, toxicity, effects, growth inhibition.
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