Tap chi Khoa hoc Pai hoc Hué: Khoa hoc Ty nhién pISSN 1859-1388
Tép 135, S6 1C, 29-36, 2026 eISSN 2615-9678

LOAI BO KHANG SINH TETRACYCLINE TRONG MOI TRUONG
NUOC BANG PHUONG PHAP PIEN DI LANG DONG

Ding Thi Ngoc Hoa', Nguyén Ngoc Nghia23, Nguyén Dic Hong?, Nguyén Hai Phong?

1 Khoa Co ban, Truong Pai hoc Y - Duoc, Dai hoc Hué, Hué, Viét Nam
2 Khoa Héa hoc, Truong Dai hoc Khoa hoc, Pai hoc Hué, Hu€, Viét Nam
3 S¢ Gido duc va Dao tao Thanh ph6 Hué, Hué, Viét Nam
4 Trueong Pai hoc Nong 1am, Dai hoc Hué, Hu€, Viét Nam

* Tac gia liéen hé Dang Thi Ngoc Hoa <dtnhoa@hueuni.edu.vn>
(Ngay nhin bai: 13-03-2026; Hoan thanh phdn bién: 20-05-2026; Ngay chip nhin ding: 21-05-2026)

Tom tit. Bai bdo trinh bay két qua nghién cttu stt dung phuong phép dién di lé'mg dong d€loai bo chét
khang sinh tetracycline. Cac yéu t6 anh huwong nhu pH (pH = 2), dién thé (8,0 V), thoi gian dién phan
(15 phuit), nong d6 chét dién ly NaCl (1,0 g/L) va luong vat liéu iron (III) oxide/graphene oxide ban dau
(50 mg/L) da dwoc nghién ctu va t6i wu hoa. O diéu kién t8i wu, hiéu suat loai bo tetracycline dat
64,71%. Dong hoc hdp phu tuan theo mo hinh bac nhat va qua trinh hdp phu tuan theo mé hinh dang
nhiét Freundlich.
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Abstract. The paper presents the results of a study using the electrophoretic deposition method to
remove tetracycline from the water environment. Factors, namely pH (pH 2), applied voltage (8.0 V),
deposition time (15 minutes), NaCl electrolyte concentration (1.0 g/L), and the initial iron (III) oxide
/graphene oxide concentration (50 mg/L), were investigated and optimised. Under optimal conditions,
the tetracycline removal efficiency reached 64.71%. The adsorption kinetics followed the first-order
model, and the adsorption process was in accordance with the Freundlich isotherm model.
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1 Mo dau

Khang sinh da tré thanh mot ngudn 6
nhiém quan trong trong nudc do viéc st dung
rong rai trong sudt cac thap ky qua. Tetracycline
(TCL) la mot trong nhitng loai khang sinh chinh,
bén canh sulfonamide, macrolide va quinolone,
duoc st dung phé bién cho con nguoi va thu vat,
ciing nhu trong noéng nghiép va nuodi trong thay
san nhw chat kich thich tang truong [1]. Cac loai
tetracycline thé hé tht ba da dwgc Cuc Quan ly
Thye pham va Dugc pham Hoa Ky (FDA) phé
duyét vao nam 2005 va sau mot thap ky stz dung
l1am sang, ching van duy tri hiéu qua tuong d6i
cao chong lai nhiéu loai vi khudn khang thudc da
tri bao gobm Staphylococcus aureus, Acinetobacter
baumannii, Klebsiella pneumoniae va Escherichia coli
[2]. C6 nhiéu cach thtc dan dén viéc khang sinh
phat tan ra mdi truong, nhung nhin chung, bat ky
hoat dong nhan tao nao can st dung khang sinh
déu c6 thé gay 6 nhiém dat va tram tich va lam
cho khang sinh xdm nhédp vao nudc ngam, ho va
song ngoi [3]. Cac nghién cttu da canh bao vé
nguy co sinh thai va méi de doa lén stic khoe
cong dong do su gia tang khang thudc cua cac gen
va vi khuan. Day la van dé nghiém trong vi chung
khong thé dé dang bi loai bo [4]. Su xudt hién cta
TCL trong nudc mat va dat dang tré thanh van dé
toan cau va tac dong doc hai cudi cung sé anh
huong dén cac hé sinh thai [3, 5].

Céc phuwong phap chinh d€ loai bo cac chat
6 nhiém vi mo tlr cdc moi truong bi 6 nhiém bao
gom hdp phuy, phan hay sinh hoc, phan huy
quang va qua trinh oxy hda nang cao [6]. Tuy
nhién, mot s phwong phép gap nhiéu khoé khan
do chi phi van hanh cao va cac qua trinh x ly ton
thoi gian. Hap phu la mot phuong phép ré tién,
dé trién khai, c6 hiéu qua cao va khong tao ra san
pham phu ddc hai. Hiéu qua ctia qud trinh hap
phu phu thudc vao cac ddc tinh ly hda cta chat
hap phuy, chéng han nhw dién tich bé mat riéng,

d6 x0p, do phan cuc bé mat va hinh thai vat liéu,
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cting nhu cac ddc tinh cta chat hap phuy, nhu kich
thude, dd phan cuc, dién tich ion va d¢ ky nude.
Trong nhiing ndm gan day, nanocarbon nhu 6ng
nano carbon (CNT) va cac vat liéu twong tw
graphene da duoc dp dung rdng rai lam chat hap
phu cho mot s chat 6 nhiém hitu co, trong d6 c6
khang sinh [7]. Vat liéu dwa trén graphene duogc
stt dung nhiéu nhit d€ hap phu TCL la graphene
oxide (GO) va cac composite cia GO thong qua
hdp phu qua tuong tac m—m va lién két cation-m.
Viéc b6 sung pha thit hai anh huong dén cac tinh
chat hdp phy, ching han nhuw gmax va cac diéu kién
hdp phu (pH va nhiét d9) [8, 9]. Médc du GO va
GO dang khtr (rGO) ¢6 hiéu qua trong viéc hap
phu TCL, nhung van con mot s6 han ché nhu kha
nang hap phu khong cao va kho khan trong viéc
thu hoi vat liéu sau khi st dung. D€ khic phuc
nhitng nhwoc diém nay, cac nghién ctu gan day
da tap trung vao viéc két hop GO va rGO voéi kim
loai dang hat nano, ddc biét la Fe,Os, nham cai
thién kha nidng hap phu va bd sung tinh nang tt
tinh, giup dé dang thu héi vat liéu sau khi xt ly.
Cac vat liéu composite véi iron (1)
oxide/graphene oxide da cho thay hiéu qua hap
phu TCL vuot trdi. Su két hop gitta cdc nhom
chttc chta oxy c6 kha nang twong tac voi TCL va
tinh t& tinh cua Fe,O; cho phép thu hoi vat liéu
qua tach tr tinh. Diéu nay gitp giam thiéu chi phi
va nang cao hiéu qua ctia qua trinh xt ly [10, 11].
Céac nghién cttu vé cau truc va tinh chat ctia vat
liéu lai nay cho thdy ching c6 tiém nang 16n trong
viéc xt ly 6 nhiém TCL trong méi trudng nudc,
dong thoi dé dang thu hoi va tai st dung, lam
giam chi phi va tang tinh bén vitng ctia qua trinh
xtt ly nude.

Ngoai ra, phuong phap dién di lang dong
(electrophoretic deposition, EPD) duoc xem la
mot phuong phap vira tong hop vat liéu vira st
dung dé& xt ly chat 6 nhiém trong moi treong
nudc va la mot phuwong phdp véi chi phi thép,
thoi gian x@ ly nhanh va than thién véi moi

treong [12-15]. Vi vay, trong bai bao nay, chung
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toi st dung phuwong phap EPD két hop véi iron
(IIT) oxide /graphene oxide trong mdi truong chat
dién ly sodium chloride nham loai bo TCL trong

moi treong nudc.

2 Thuc nghiém

2.1 Hoéa chit va thudc thi

Trung nghién cttu nay ching t6i sit dung
graphite bot (< 20 um), Sigma-Aldrich, USA;
Fe(NO:s)s-6H20, Merck, Dtic; sulfuric acid (H2S0x)
98%, d = 1,84 g/mL; phosphoric acid (HsPOxs) 85%,
d = 1,71 g/mL; hydrochloric acid (HCl) 37%, d =
1,18 g/mL, Merck, Dttc; potassium permanganate
(KMnOs), Scharlau, Tay Ban Nha; sodium
chloride (NaCl), Merck, Dttc, va mét s6 hda chat

khac ctia Trung Qudc.

2.2  Thiétbi

May DC Power Supply cuia hang Yihua,
Trung Qudc véi dién thé mot chiéu thay déi tir 0
dén 30 V véi sai s6 + 0,1 V va phuong phap quang
pho hédp thu phan tie (UV-Vis) thue hién trén thiét
bi Cary 60 UV-Vis ctia hang Agilent (My) duoc st

dung trong nghién cttu.

2.3  Tong hgp vat liéu graphene oxide

Vat liéu graphite oxide dau tién duoc tong
hop bang phuong phdp Hummer cai tién theo
Tour va cong su [16]. Fe20s3/rGO duoc tdong hop
theo Zhu va cs. ¢ bién déi d€ dat tdi wu héa [17].
Tiép theo, huyén phu Fe:03/rGO duoc phan tan
trong dung moi la nwdc cat hai [an véi se hd tro

cua siéu am [18].

3 K&t qua va thao luan

3.1 Xac dinh bwédc song cuc dai va xay dung
duong chuin caa khang sinh TCL

Tién hanh pha dung dich TCL bang nuéc
cat voi nong do 50 mg/L. Sau d9, 1dy dung dich va
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tién hanh quét phd hap thu phan ti (UV-Vis) ¢
budc song ttr 200 nm dén 500 nm. Pho UV-Vis cta
TCL dwoc trinh bay trén Hinh la. C6 thé nhan
thdy, d6i voi khang sinh TCL, chi xudt hién hai
peak cuc dai tai budc séng 275 va 357 nm. Tuy
nhién, ching toéi st dung budc séng 357 nm dé
tranh anh huwong ctia mot s6 hgp chat co cuc dai
hap thu tai vung t ngoai gan khi dinh luwong
trong moi treong nudc. Budc séng nay phu hop
véi cac cong bd trude day [19, 20] va duoc chon
dé€ do do hédp thu quang trong cac thi nghiém tiép
theo.
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Hinh 1. Ph6 UV-Vis, CrcL = 50 mg/L a) va duong chuin
b) cia dung dich TCL

Puong chuan dugc xay dung bang cach
chudn bi mét day dung dich chuan c¢6 nong do
xac dinh ttr 5 dén 60 mg/L trong nudc cat hai lan.
Tiép theo, tién hanh do d6 hdp thu quang (Abs)
cua cac dung dich tai budc séng 357 nm. Két qua
dwoc trinh bay ¢ Bang 1 va Hinh 1b.
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Bang 1. Gid tri d6 hap thu quang tai cic ndng d6 khac nhau cta dung dich TCL

C (mg/L) 5 10

30 40 50 60

Abs 0,098 0,182 0,312

0,482 0,632 0,790 0,972

Phuong trinh duong chuan c6 dang
Abs = (0,0160 + 0,0004) x Crct (mg/L) )

véi R? = 0,9995 va p = 4,03 x 10-2. Gidi han phat
hién (LOD) va giéi han dinh luong (LOQ) lan luot
la 0,029 mg/L va 0,087 mg/L.

Nhu vay, gitta d0 hip thu quang va nong
do dung dich TCL c¢6 teong quan chat ché va
LOD rét thap. Phuong trinh (1) duoc sit dung dé
xac dinh nong d cta TCL trong cac budc

tiép theo.

3.2  Nghién cttu kha ning hip phu cta vt liéu
iron (III) oxide/graphene oxide va hiéu
suat xir ly TCL

Anh huéng ctia pH

Chuan bi mot day dung dich bao gom:
sinh TCL 50 mg/L, iron (III)

oxide/graphene oxide 50 mg/L va NaCl 1,0 g/L.

Sau d6, diéu chinh pH dén céc gia tri 2, 4, 6, 8, 10

va 12 bang dung dich HCI 0,1 M va NaOH 0,1 M.

Lap dat hé théng dién hoa véi mot bo cung cdp

khang

dién mot chiéu (DC) va hai dién cuc béng vat liéu
Inox 304, kich thudc (2 cm x 2 cm). Trong d6, mot
dién cyc dong vai tro la anode va moét dién cuc
dong vai tro la cathode (Hinh 2).

Hinh 2. So d6 hé dién di lang dong

Sau thoi gian 4p thé, mau duoc 1dy ra va

tién hanh ly tdam & 5000 vong/phut trong 5 phut.
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Cubi cung do do hap thu quang ctua dich loc &
bwdc song 357 nm. Cac gia tri Abs tai cac pH duoc
trinh bay ¢ Bang 2.

Bang 2. Hiéu sudt loai bo khang sinh TCL & cac gia tri
pH khac nhau

pH 2 4 6 8 10 12

Hiéu
suit, | 65,22 | 47,49 | 41,67 | 36,35 | 33,06 | 26,23
%

biéu kién thi nghiém (PKIN): Crct = Creoyrco = 50
mg/L, CNac1 = 1,0 g/L, EDep =10 V, tDep =15 phﬁt

Khi pH cang tdng, hiéu suat loai bo khang
sinh TCL cang giam. Diéu nay c6 thé la do khi pH
16n hon 2,81 (diém déng dién ctia GO [15]) thi GO
tich dién am (-) va do dé di chuyén vé anode (+)
[21]. Nhu vay, qua trinh khit GO thanh GO dang
khtr (rGO) bi han ché; vi vay, hiéu suat giam.
Trong treong hop pH giam va nhé hon 2,81, GO
tich dién duong (+) va de dang bi khw, tao diéu
kién hdp phu khiang sinh dé léng dong
(deposition) [12]. Nhu vay, gia tri pH thich hop la
2,0 (hiéu suat loai bo khang sinh TCL cao nhat).
Két qua nay la kha tuong dong véi két qua cua
céc tac gia [22] va [23] khi chon pH = 3,0.

Anh huéng cta thé va thoi gian

Thé dién mot chiéu (Epep) 4p vao hai dién
cuc dugc thay doi tir 2 dén 12 V va thoi gian (fpep)
la 15 phut. Tt Hinh 3a c¢6 thé nhéan thay khi thé
tang dan tir 2 dén 8 V, hiéu suat loai bo tang dan
tir 48,76 dén 59,90%, nhung khi tiép tuc tang thé
dén 12 V thi hiéu suat loai bo c6 xu hudng giam.
Theo Diba [12] va Besra cung cong su [24], thé ap
vao cao gay ra dién truong 16n, va do d6, dan dén
mot sd hién tuong: i) Van t6c di chuyén cua cic

hat 16n hon; ii) Kich thudc cua hat tang; iii) T6c do
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lang dong nhanh hon. Tir cac két qua thuc
nghiém, chung t6i chon thé ap 1a 8 V.

Viéc kéo dai thoi gian dan dén su két khéi
gitta cac 16p GO; vi vay, kich thwedc hat tang va do
x0p tré nén khong dong déu [12], lam cho hiéu
sudt cting giam. Mat khéc, theo Besra va cong su
[24], viéc tang thoi gian va thé cling dan dén bé
day cta cac 16p vat liéu tang va mat do dong
giam. D@ tiét kiém thoi gian nhung van dat duoc
hiéu suat 16n, chung t6i chon 15 phut la thoi gian
dién phan thich hop (Hinh 3b).

a) 100

<o

< 604

(%)) ./"'—'./.\l\.
I
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< 604 ._—../\\_
%)
I
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t (min)
Hinh 3. Anh hudng ctia thé a) va thoi gian b) 4p vao hai
dién circ dén hiéu suat loai bo TCL
DKTN: Crct = Cre,0,:60 = 50 mg/L; Cnaci = 1,0 g/L; a) tpep
=15 phl:lt, b) EDep =8V

Anh huéng ctia chét dién ly va luwong iron (III)
oxide/graphene oxide

Nong d6 ctua chét dién ly trong dung dich
déng vai tro quan trong trong phuwong phap EPD.
Th nhét la d€ ting do dan dién caa dung dich;
tht hai la tao mot dién truong gitra bé mat cua
hai dién cuwec va do d¢, cac ion sé di chuyén thuan

loi vé hai phia ctia dién cuc. Trong khi d6, cau
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tric cta vat liéu da hap phu khang sinh cong
kénh sé di chuyén cham va diéu nay anh huong
dén toc dd léng dong. Tai nong do cua chat dién
ly NaCl 1,0 g/L, hiéu sudt dat cao nhat (Hinh 4a).
Vi vdy, nong do chét dién ly nay dwoc lya chon
cho viéc loai bo TCL.

Qua két qua 6 Hinh 4b cho thdy rang khi
thay doi khoi lugng vat liéu tir 1,0 dén 12,5 mg thi
hiéu suét loai bo tang dang k& va dat cuc dai
(64,71%) & nong dd 1,0 g/L cta NaCl. Theo Diba
va cdng su [12], viéc tdng khGi lwong cua
Fe20s3/rGO sé anh huong dén d¢ phéan tan ctua vat
liéu trong dung dich, kéo theo nhitng anh huong
nhu: 6 nhdm ctia bé mit vat liéu, cic hat keo dé
keo tu va két khdi. Do d6, khoi luong vat liéu
Fe203/rGO duogc luwa chon 1a 5 mg (ttrc la 50 mg/L).

./‘/\'\-\.

00 04 08 12 16 20 24
Cpaci (9/L)

E\OIGO. -//\-\-.\_‘
[92)
T

0 2 4 6 8 10 12 14
Mee203/60 (MY)
Hinh 4. Anh hudng ctia nong dd NaCl a) va lwong
Fe205/rGO b) dén hiéu suét loai bo TCL
DKTN: a) CrctL = Crez03i60 = 50 mg/L; Epep = 8 V; tpep = 15
phut; b) Crcr =50 mg/L; Cnaci=1,0 g/L; Epep =8 V3.2.4.
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Nghién ctru dong hoc va mé hinh hip phu
dang nhiét

Cac tham s dong hoc hap phu da duoc
nghién cttu trong bai bao nay thong qua phwong
phép dién di lang dong véi dién thé mot chidu la
Epep = 8 V. Cac dung dich thi nghiém bao gém
NaCl 1,0 g/L, vat liéu iron (III) oxide /graphene
oxide 50 mg/L, thé tich dung dich 50 mL va nong
d6 ctia khang sinh TCL tir 20 mg/L dén 100 mg/L.
Sau 2 phut 1dy ra 5 mL dung dich, tién hanh ly
tam va do d¢ hdp thu quang tai budc séng 357
nm. Tiép theo, xac dinh nong dd cua TCL bang
phuong phap duong chuin va dung luong hap
phu. Két qua dugc trinh bay trén Hinh 5.

Dung luwong hap phu duwgc xdc dinh theo
cong thirc:

_ (Co-Ce) xV — (Co-Ce)
e m CvL

2)

trong do6 ge 1a dung lwong hap phu (mg/g); Co va
Ce 1a nong d6 ban dau va can bang ctia TCL
(mg/L); V 1a thé tich ctia dung dich (L); m 1a khoi
luwong cua vat liéu (g); Cvi la ndng do ctia vat liéu
(&/L)-

Tt két qua 6 Hinh 5 va ap dung md hinh
dong hoc biéu kién bac nhat (3) va bac hai (4) &

dang phi tuyén, chung toi xac dinh cac tham s&

dong hoc va dai lugng thong ké (Bang 3).

q,=q,(-e™9 3)
_ qg Kyt
9= 15 g.Kat 4)

trong d6 g: la dung luwong hép phu tai thoi gian ¢
(mg/g); t la thoi gian hap phu (phut); Ki va Ko
twong tng la hing s t8c do ciia md hinh dong

hoc biéu kién bac nhat va bac hai.

100 - == 20 (Mg/L); =@= 40 (Mg/L); =dhe= 60 (Mg/L);
== 80 (mg/L); 100 (mg/L)
804
~~
(@]
~
(@)}
£
N
o

t (min)

Hinh 5. Dung luwong hap phu TCL theo thoi gian ¢ ndm
ndéng d6 khac nhau

Béng 3. Cac tham s0 va dai luong thong ké ctia hai mé hinh dong hoc bac nhét va bac hai

Nong do Dong hoc bi€u kién bac nhit Dong hoc bi€u kién bac hai
TCL
(mg/L) qe Ka SSE © ge K2 SSE © R2

20 4,761 0,0634 0,0476 0,9943 5,119 0,0157 0,143 0,9875
40 25,35 0,4262 2,835 0,9950 29,06 0,0196 3,502 0,9965
60 44,88 0,6350 2,661 0,9985 48,65 0,0232 12,14 0,9962
80 65,82 0,8700 1,394 0,9996 69,06 0,0302 8,916 0,9987
100 86,06 1,0346 1,686 0,9997 89,09 0,0340 6,707 0,9994

Ghi chii: (*): SSE: Tong sai s& binh phuwong (Sum of square errors)

Két qua tong binh phuong sai s6 (SSE) &
nam noéng do cta TCL d6i v6i dong hoc biéu kién
bac nhat déu nhé hon so véi dong hoc biéu kién
bac hai. Thém vao d6, hé s6 xac dinh (R?) trung
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binh trong mo hinh ddng hoc biéu kién bac nhat
1a 0,9974 + 0,0026 (x18 = SD; 1 = 5), 16n hon so vdi
trong déng hoc biéu kién bac hai 0,9957 + 0,0048
(xt8 + Sd; 1 = 5). K&t qua nay c6 thé cho thay rang
dong hoc hdp phu cta TCL trén vat liéu
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Fe205/rGO tuan theo mo6 hinh dong hoc biéu kién

bac nhat hon.

Qua trinh hdp phu dang nhiét ¢ kha nhiéu
mo hinh khéac nhau. Trong nghién cttu nay, ching
toi lwa chon hai mo6 hinh phé bién da va dang
duoc nghién ctru la mé hinh hap phu Langmuir
(5), dac trung cho hdp phu don 16p, va md hinh
hdp phu Freundlich (6), dic trung cho hap phu da
16p. Cac diéu kién thi nghiém d6i véi phuong
phap EPD la Epep = 8 V va foep = 15 phut. Dung
dich dién phéan c6 thé tich 50 mL, chtta NaCl 1,0
g/L va vat liéu Fe20s/rGO 50 mg/L. Két qua duoc
trinh bay ¢ Bang 4.

_ 4 KL Ce
9.~ q +Kp. Cp) ®)

4, =Kr (C'F (6)

trong dé Kv la h.:ng sO déng nhiét Langmuir
(L/mg); Kr la hz‘?mg sO d:fmg nhiét Freundlich
(mg/g)(L/mg)V%; gm 1la dung luong hdp phu cuc

dai; nrla s6 mii cia mo6 hinh Freundlich.

Cac thong s6 thong ké cho thay sy khac
nhau cta cac gia tri tong binh phuong sai s& va hé
sO xac dinh khong nhiéu. Tt mo6 hinh hdp phu
Langmuir, chung t6i xac dinh duoc dung lwong
hdp phu cuc dai la 139,0 mg/g. Gia tri nay la kha
16n. Tuy nhién, két qua c6 xu thé tuan theo mo
hinh hap phu Freundlich hon véi gia tri tong binh
phuong sai s6 bé hon va hé sd xac dinh cao hon,

pht hop véi [23].

Béng 4. Cac tham sd va dai luong thong ké ctia hai mo hinh hap phu déang nhiét Langmuir va Freundlich

Nong do M5 hinh hép phu Langmuir M5 hinh hédp phu Freundlich
TCL Ce qe
(mg/L) qm Ko SSE R? 1/nr Kr SSE R?
5 4412 | 11,76
10 9,000 20,00
20 18,24 35,30
139,0 0,0188 1,765 0,9988 0,685 4,076 1,397 0,9990
30 27,65 47,06
40 37,12 57,64
50 46,82 63,52

4 Kétluan

Chung t6i da xac dinh dwoc cac thong sd
thich hop nhu pH = 2, dién thé (8,0 V), thoi gian
dién phan (15 phuat), nong do chat dién ly NaCl
(L0 glL) va
oxide/graphene oxide ban dau (50 mg/L) bang

lwong wvat lieu iron (III)

phuong phap dién di ling dong nham loai bod
khang sinh TCL trong mdi treong nudc. Qua
trinh hdp phu tuan theo dong hoc biéu kién bac
nhdt va m6 hinh hap phu déng nhiét da 16p
Freundlich. M&c du hiéu suat chwa cao (64,71%),
nhung két qua ciing cho thay dién di ling dong la
mot phuong phép don gian, chi phi thap va than

thién véi moi treong.

DOI: 10.26459 /hueunijns.v135i1C.8200
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Nghién cttu nay dwoc thuc hién véi su tai
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