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Nghién ctru qua trinh oxy héa hop chat Malachite xanh trong nuéc
thai nuéi tdém bang H,0, két hop véi chiéu xa bang dén LED cuc tim
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TOM TAT

Phuong phap oxy hoéa bac cao dua vao co ché géc tu do la phuong phép oxy héa cac hop chat
hiu co thanh cac phan t& nhé hon nhu CO, va HyO nha vao tinh oxy hda manh clia céc goc tu
do. Nghién cliu nay khéo sat qua trinh phan huy clia hop chat Malachite xanh (MG) trong nudc
thai clia ao nudi tom bdi tac nhan HyOy két hop vdi qua trinh chiéu xa bai déen LED cuc tim. Hiéu
suat lam mat mau MG sau khao sat dat xap xi 90 % sau 60 phut chiéu xa déi véi ca hai néng dé
H,O, 1an luot 13 12 gL' va 24 gL~!, d6ng thai di kém véi qud trinh phan hiy cla cac dan xuat
benzophenone thanh cac phan t& nhd hon khéng mang mau. Su bién thién clia cac thong sé hoa,
ly lién quan dén chat lugng nudc trong qua trinh phan hdy clia hop chat MG cling dugc khao sat.
Qua trinh oxy hoa MG bdi tia cuc tim va H, O, lam gidm ham lugng cac chat hoa tan trong nudc
thai, déong thai lam tdng ham lugng oxi hoa tan trong nudc thai tir 2 - 4 lan, Nghién clu ciing cho
thay HpO, thic ddy qué trinh phan htly MG dién ra nhanh hon va hoan toan han. Nghién ciu da
cho thay kha nang giam thiéu ham lugng MG trong nudc thai bang qua trinh oxy héa béc cao sit
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dung tia UV va HO5.

Tur khoa: Malachite xanh, nu6i tém, oxy hda, H202, UV, LED

MG PAU

Malachite xanh 1a mét chdt phdm nhudém dugc st
dung rong rai trong nganh dét nhuém, my phdm, thu
cong my nghé, in 4n va thudc da L2 Trong nganh y
sinh, Malachite xanh dugc st dung d€ nhuém mau
cac chung loai vi khudn nhu H.P, tryc khuin my-
cobacteria, va cac loai ky sinh trung thu¢c ho Rick-

ettsia>*

, cng nhu dugc ding trong ky thuat diéu tri
ung thu>~7. Malachite xanh 14 hgp chét dé tan trong
nudc nhung lai khong thé tu phan huy sinh hoc vi gia
tri BODs ctia né gén nhu bang 0. Trong moi trudng
nudc, Malachite xanh ton tai 6 ba dang cdu tric phan
ti la dang ion phan td, phan tl trung hoa dién dang
leucocarbinol va phan tti trung hoa dién dang leuco®.
Trong do, phén ti trung hoa dién dang leucocarbinol
ctia malachite xanh dé phén tan va bi hdp thu bai sinh
vat thuy sinh. Cdc nghién ctiu da chi ra ring phan
tt trung hoa dién dang leucocarbinol ctia Malachite
xanh c6 thdi gian ton tai trong mé va ndi tang cta
c4 lau hon dang ion phén ti ctia n6*!°, Do c6 kha
ndng khang nam va ky sinh trting, Malachite xanh da
dugc st dung trong cic trang trai nudi tom giéng véi
ham lugng dao dong tii 0.01 ppm dén 2 ppm & cic
nuéc Pong Nam A vao thap nién 1990112, Vige st
dung Malachite xanh trong nuéi trong thiy san van
con dién ra du nhiéu nudc da ban hanh 1énh cim st

dung hodc gi6i han ham lugng hop chét nay trong
hoat dong nuoi trong thiy san vi kha nang giy ung
thu tim &n ctia né cho con ngudi >4, Do d6, cin thiét
¢6 phuong phap d€ gidm thiéu ham lugng Malachite
xanh trong méi truong nudc.

Hién nay, nhiéu nghién ctiu da cho thdy qud trinh
gidm thiéu ham lugng Malachite xanh trong moi
trudng nudc cd thé dugc thyc hién bang nhiéu
phuong phap khac nhau nhu: phuong phap hip phuy,
phuong phap st dung vi sinh vat, phuong phap su
dung thyc vét thay sinh, phuong phap oxy héa bac
cao '>1%. Phuong phép hip phu c6 dic tinh 1a don
gian, dé thuc hién, st dung dugc cic ngudn nguyén
vat liéu c6 gid thanh thdp d€ lam vét liéu hdp phu
va khong c6 kha nang phan hty hgp chit Malachite
xanh '>2°. Trong khi dé, phuong phap sit dung céc
chting vi sinh vat lai c¢6 kha nang phan huy hgp chat
Malachite xanh thanh cdc hgp chét than thién véi moi
trudng. Phuong phap nay cé tinh chon loc cao va dé
thuc hién 8. Tuy nhién, phucng phap nay lai tén kém
va doi hoi cin tao ra mdi trudng thuén lgi cho vi sinh
vat phat trién 2!, Phuong phép st dung céc loai thuc
vat thay sinh nhu cay ban ha roi (Typhonium flagelli-
forme), thtty trac (Cyperus alternifolius), béo cai (Pis-
tia stratiotes L.) c6 kha nang hdp thu moét phan hoac
toan bd chit 6 nhiém2>23, Phuong phap nay c6 dic
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T. Nghién ctiu qua trinh oxy héa hgp chat Malachite xanh trong nuéc thai nuéi tdm bang H,0; két
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tinh 13 than thién véi moi trudng, it tén kém va git gin
dugc canh quan?®. Péi véi phuong phap oxy héa bac
cao, nho vao sy tham gia ctia cac gbc tu do ¢6 tinh oxy
héa manh ma phuong phép nay cé khé nang oxy hoéa
cdc hgp chiét hitu co thanh céc phéan ti nho hon nhu
CO; va H»0. Hy0, 1a hgp chit viia cé tinh oxy hoa
vita ¢6 tinh khti, va c6 gia thanh ré. Khi HyO, dugc
sti dung két hgp véi qua trinh chiéu xa HyO, bdi tia
cuc tim UV, qud trinh nay sé lam san sinh cac géc hy-
droxyl (OH) c6 kha nidng oxy héa cac hgp chit hitu co
hodc phan ting véi chit vo co, ddng thoi cac goc nay
6 thé phd v6 cic lién két ctia cdc nhém chiic khong
phén cyc duéi tic dung ctia nhiét d624. Vai trd clia
H,0; trong qud trinh phin huy hgp chit Malachite
xanh trong moi trudng nudc da dugc dé cép trong cac
nghién ctiu gin day 2>2°,

Trong hoat ddng nuoi tdm & nudc ta, HyO, dugce su
dung trong cac ao nudi tom d€ kht trung nudc, khong
ché tdo phét trién va bd sung oxy cho ao nudi tom.
Viéc nghién cttu vé kha nang phén hty ctia hgp chit
Malachite xanh trong nudc théi ctia ao nudi tom 1a
can thiét. Tic gia N. Modirshahla va dong nghiép da
bdo cdo vé qua trinh mat mau cta Malachite xanh
trong moi trudng nudc béi tdic nhan UV (254 nm)
va HO, 7. Khi nghién ctu vé qud trinh phan hay
ctia Malachite xanh, Muhammad Abdul Rauf va dong
nghiép da ghi nhan 40 % ham lugng Malachite xanh
phén huy & gid tri pH t6i uu (pH = 4) bsi HyO, duéi
qud trinh chiéu xa tia UV (254 nm) 28 Bén canh d4,
nghién cdu cua tdc gia Pham Tran Bao Nghi va dong
nghiép da cho thdy hiéu qua gidm thiéu ham lugng
Malachite xanh trong méi trudng nudc bdi vat liéu
Cu/ZIP khi c¢6 mit H>O, 29. Bing viéc két hop gitia
qué trinh oxy hda bac cao va tic nhan UV, nghién
ciu cua tac gid Nguyén Trong Anh va dong nghiép
cang cho thdy kha ning lam mat mau va gidm thiéu
ham lugng COD trong nudc thai dét nhuom 30, Tuy
nhién, hién c6 it nghién ctiu vé kha ning phan hiy ctia
hop chit Malachite xanh trong nudc thai ctia ao nudi
tom st dung qua trinh oxy héa béc cao ciing nhu sy
thay d6i ctia cac thong s6 pH, tong ham lugng chét ran
hoa tan va oxy hoa tan theo thdi gian chiéu xa UV. Vi
vay, trong nghién ctiu nay, ching toi tién hanh khao
sat qua trinh phéan hty ctia hgp chit Malachite xanh
(MG) trong nudc thai ctia ao nudi tom bdi tac nhan
H, O, kéthgp véi qud trinh chiéu xa boi den UV-LED.
Dbong thai, su thay d6i ctia cac thong s hoa, ly lién
quan dén chit lugng nudc trong qua trinh phén hay
ctia hgp chit MG ciing dugc khio sat.

POI TUGNG VA PHUONG PHAP
NGHIEN CUU

D01 TUGNG NGHIEN CUU

Chung t6i tién hanh nghién ctiu trén déi tugng la
nudGce thai nudi tom chia hgp chit MG. Nudc thai nudi
tom dugc thém vao hop chat MG sao cho néng d6 ctia
MG dat gi4 tri1a 16 mg.L™!.

PHUONG PHAP NGHIEN CUU

Phuong phdp téng hop tai liéu

Nhém nghién ctiu tién hanh tim kiém va thu thap cac
tai liéu la cdc cong trinh khoa hoc dugc cong bs &
trong nudc va quéc té. Céc cong trinh nay dugc st
dung dé phuc vu cho qud trinh xay dyng co s6 Iy luan
va phuong phép nghién ctiu ctia nghién ctu.

Phuong phdp ldy mau

Nhom nghién ctu tién hanh 14y ba mau tai ba vi
tri khdc nhau ctia ao chiia nudc thai nuéi tom, cach
nhau 10 m, & d6 sau 20 cm. Céc méiu dugc ldy trong
khoéng thoi gian tii 13 h dén 15 h trong cling mot
ngay khong c6 mua tai ho nudi tom thé chan tring &
tinh Séc Trang. Cac mau dugc chita trong can nhya 2
lit, dan nhén, dugc bao quan va van chuyén vé phong
thi nghiém d€ phén tich. Qud trinh phan tich cic
mau dugc thuc hién theo cic tiéu chuidn TCVN va
SMEWW hién hanh. Cac thong s khao sat dugc do
truc tiép bai thiét bi cAm tay Aqua TROLL 500 (USA).
Danh muc céc thong s6 hod ly va phuong phap phan
tich tuong ting dugc trinh bay tai Bang 1.

Bang 1: Cac théng sé héa ly can phan tich va cac
phuong phap phan tich duoc sit dung

S6thity Ténthéongsé  Phuong phép phan tich

1 pH Do truc tiép

2 Nhiét do Do truc tiép

3 DO Do truc tiép

4 TDS Do truc tiép

5 COD SMEWW 5220C:2017
6 TSS SMEWW 2540D: 2017

Phuong phdp do ham luong hop chdt Mala-
chite xanh

Ham lugng hop chdt MG trong dung dich dugc xac
dinh dya trén viéc do phd hép thu phén ttt UV-VIS
ctia hgp chit MG tai bu6c séng hép thu cuc dai A yayx
= 618 nm. Nhom nghién ctu tién hanh thiét l4p
phuong trinh dudng chuén d€ xdc dinh ndng d6 caa
hgp chdt MG tai cung budc song hép thu cuc dai. Hiéu
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sudt xt ly hop chit MG dugc xdc dinh tii cong thic
sau:
C

R(%) = G x 100
trong do, C, (mg.L*I) la n6ng d6 lic ban dau (t = 0)
ctia hgp chit MG,
C (mg.L*I) la n6ng d6 ctia hgp chat MG do dugc tai
thoi diém t £ 0,
R (%) la hiéu sudt xt ly hgp chit MG.

Phuong phdp tién hanh thi nghiém

50 mL dung dich chtta hgp chat MG c6 néng d¢ 1a 16
mg.L~! dugc chiia trong becher 250 mL. Tién hanh
thém vao dung dich mét lugng thé tich dung dich
H,0; 30 % sao cho thu dugc cac dung dich c6 nong
do H,O, dugc khao sat 1a 4, 8 va 12 g.L*I. Sau do
tién hanh chiéu xa dung dich & phia trén mét thodng
10 cm bang dén UV-LED 365 nm trong 60 phut trong
diéu kién khudy tron dung dich bang méy khudy tu.
Sau khoang thgi gian 15-30 phut, tién hanh rat ra 5
mL dung dich r6i cho vao 6ng quay ly tdm, tién hanh
quay ly tdm trong 3 phut vé6i van t6c quay ly tdm 1a
3000 vong.phit~!. Dung dich sau khi quay ly tim
dugc mang di do quang & budc song hdp thu cuc dai
Amax = 618 nm. D€ khdo sat sy hinh thanh cfia cic
dan xudt benzophenone trong qua trinh phan huy cta
MG, ph6 hdp thu UV-VIS ctia MG dugc do boi thiét
bi trdc quang UV-VIS tit 200 nm dén 800 nm.

Trudc khi tién hanh cic tht nghiém, pH cta dung
dich dugc di€u chinh béng cich thém HCl hoic
NaOH c6 néng d¢ 0.1 M.

Phuong phdp xir ly s6 liéu

Céc dii liéu do sé dugc thu thap, luu tri va xi ly trong
phin mém Excel, va dugc trinh bay duéi dang d6 thi
va bang biéu.

KET QUA VA THAO LUAN

Khao sat anh huéng cia néng dé H,0, va
thai gian phan ting

Két qua khao sat anh hudng ctia nong do H,O, 1én
hiéu suét xti Iy MG (pH = 8) trong Hinh 1a cho thay
hiéu sudt xt ly MG tang khi taing nong d6 H,O, tu
4 gL' 1én 12 gL~ trong 30 phut ddu tién clia qua
trinh chiéu xa tia UV. Hiéu suét xti ly MG ctia ca ba
néng do H,O, dugc khao sat déu dat x4p xi khoang
93 % sau 60 phut chiéu xa. Sy bién thién ti 1é nghich
ctia hiéu sudt xti Iy MG theo n6ng d6 H, O, ciing dugc
quan sat qua nghién ctiu ctia N.Modirshahla va dong
nghiép?’. Khi quan sat phé hdp thu UV-VIS ctia MG
(Hinh 1b), ta thdy cudng d¢ ctia cic dinh phé hidp

thu gidam dan theo néng dd H,O,, cho thdy qua trinh
phén hay ciia MG dién ra manh mé ¢ néng do cao cta
H,0,. Dong thdi, hiéu sudt phan hy MG ting theo
thoi gian chiéu xa. Diéu nay dugc thé hién thong qua
su dich chuyén vé budc song ngan hon ctia dinh phé
hép thu tai budc séng hép thu cuc dai theo thoi gian
chiéu xa (Hinh 1c), cho thdy qud trinh oxy héa nhém
chtic amin dién ra theo thdi gian. Sy hinh thanh cta
dinh hép thu tai budc séng hdp thu 350 nm cho théy su
tao thanh cdc dan xuit benzophenone dugc tao thanh
la két qua cuia qua trinh phan hay MG.

Khao sat qua trinh phan hdy ciia MG béi tia
UV va vai tro ctia H,0,

Hinh 2 cho théy kha nidng phan htly cia MG bdi tia
UV khi khong c6 miat HyO;. Qua trinh phén hay
MG béi tia UV dién ra manh mé trong diéu kién méi
truong kiém. Hiéu suit phan hay MG tang khi pH
tang. Khi khong c6 médt H>O», hiéu sudt phan huy
MG thdp hon khi c¢6 sy tham gia ctia Hy O,. Mitkhac,
két qua tinh todn hang s6 t6c do phan ting cho thiy
qua trinh phan hay MG khi ¢6 mit HyO, c6 hing s6
t6c do phan ting cao hon hin so v6i khi khong c6 mat
H,0, (Bang 2). Diéu nay cho thdy vai tro ctia HyO,
trong viéc thic ddy qué trinh phan hay MG dién ra
nhanh hon.

Bang 2: Hang sé tdc d6 phan ting clia cac qua trinh
phén hay MG.

S§tht  Diéu kién clia phan k.10 R?

tu tng (phut™!)

1 pH4 + UV 1,34 0,98

2 pH 6 + UV 1,12 0,95

3 pHS8 + UV 1,92 0,75

4 pH 10 + UV 1,85 0,89

5 pH 8+ Hy0p (4gL™!) 454 0,99
+ UV

6 pH8+H,0, 8gL™") 482 0,85
+ UV

7 pH 8 + HyO, (12 4,98 0,89
gL )+ UV

Khao sat su phan hdy cia MG trong nudc
thai nu6i tom bdi tia UV va H,0,

Qua trinh phén hiy ctia MG trong nudc thai nudi tom
(pH = 8) dugc thuc hién trong diéu kién dung dich
dugc chiéu xa béi tia UV va c6 chita HyO, v6i nong
dolanlugtla 12 gL~ va24 g.L=! (goila M1 va M2).
Thong s6 chat lugng nudce thai nudi tom duge néu
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Hinh 1: a) Hiéu suat xtt ly MG cla 3 néng d6 H,0, dugc khao sat; b) Phé hap thu UV-VIS clia MG clia cac dung dich
sau 60 phut; ¢) Phé hap thu UV-VIS clia MG theo thdi gian chiéu xa

100 ~

T T T T

0 30 60

T
90 120 150

t (phat)

Hinh 2: Hiéu suat phan hiy MG khi khéng c6 H,O, & cac gia tri pH khac nhau.

trong Bang 3. Sau 60 phut chiéu xa, hiéu sudt phan
htty MG ghi nhan dugc d6i véi hai gid tri ndng do
H,0; déu xdp xi 90 % (Hinh 3a). Két qué phén tich
phd UV-VIS cho thdy déu khong phat hién cac dinh
hép thu ctia MG cang nhu ctia cdc dan xudt benzophe-
none tai 340 va 380 nm, chung to cac din xuét ben-
zophenone ti€p tuc phan hiyy thanh cac phéan tit nho
hon khong mang mau theo co ché N-demethyl héa va
c6 ché m& vong benzene® (Hinh 3b).

Gia tri pH ctia cac dung dich dao dong trong khoang
6,5 - 8 trong qua trinh chiéu xa va dat gia tri 6n dinh
sau 90 phut (Hinh 4). Trong khi dd, gia trj tdng ham
lugng chdt ran hoa tan cta céc dung dich gidm sau

Bang 3: Théng sé chat lugng nudc thai

nuoi tom.
S6thitu  Thongs6 (donvi)  Triso
1 pH 8,0
2 COD (mg.L™!) 105
3 TSS (mg.L~1) 18
4 Nhiét d6 (°C) 32

qua trinh chiéu xa, cho thdy qud trinh oxy héa bsi UV
va HyO; lam gidm ham lugng cdc chit hoa tan trong
nudc thai. Pong thdi, qud trinh nay cling lam tang
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Hinh 3: Qua trinh phan hiy MG trong nudc thai nuéi tom

ham lugng oxi hoa tan trong nudc thai tii 2 - 4 lan.
Qua trinh phan hty ctia H,O, dudi tac dung ctia tia
UV sé tao thanh cac g6c tu do c6 tinh oxy hoa manh,
déng thoi giai phong 0,31,

KET LUAN

Nghién cttu dé tién hanh khao sat qua trinh phan hay
MG dudi su chiéu xa ctia dén UV-LED véi sy tham gia
ctia tdc nhén oxy hoa H,O,. Két qua cho théy khi tang
nong do HyO, tii4 g L~ 1én 12 g.L ™1, hidu sudt xt ly
MG ting trong 30 phut dau tién clia qua trinh chiéu
xa tia UV va dat x4p xi khoang 93 % sau 60 phiut chiéu
xa. Qud trinh phan hay cia MG di kém véi su oxy
héa nhém chitic amin trong phéan ttt MG da dan dén sy
tao thanh cdc dan xuét benzophenone 14 cdc san phdm
cta qud trinh phan hity MG. Mdc di MG c6 kha niang
phéan hty béi tia UV, su c6 mat ctia HyO, da gép phan
thuc ddy qué trinh phén htly cia MG nhanh hon va
hoan toan hon. Trong nén mau 1a nude thai nuoi tom,
nghién ctiu da cho thdy hiéu suit phan huy MG dat
x4p xi 90 % sau 60 phut chiéu xa d6i v6indng do H, O,
lan lugt 12 12 g L 7! va 24 g 17!, dong thoi di kem véi
qua trinh phan huy ctia cdc din xudt benzophenone
thanh cdc phan ti nho hon khéng mang mau. Qud
trinh oxy héa MG béi UV va HyO, lam gidm ham
lugng cac chit hoa tan trong nudc thai, dong thoilam
tang ham lugng oxi hoa tan trong nuéc thai. Nghién
ctiu da cho théy kha ning gidm thiéu ham lugng MG
trong nudc thai bang qua trinh oxy hda bac cao st
dung tia UV va H,O».

LOI CAM ON

Nghién ctiu dugc tai trg boi Pai hoc Qudc gia Thanh
phé H6 Chi Minh (PHQG-HCM) trong khudn khé
Dé tai ma s6 DN2022-24-01. Tap thé tac gid chan

thanh guii 16i cdm on dén PHQG-HCM da tai trg thuc
hién nghién ctiu nay, Vién Moi trudng va Tai nguyén
da hé trg, tao moi diéu kién thuén lgi d€ chung toi
¢6 thé hoan thanh nghién cttu. Chén thanh cim on
cac S6 Ban Nganh dic biét la S& Tai nguyén va Moi
trudng cac tinh DBSCL di ho trg va cung cép s6 liéu,
tao di€u kién khdo st thuc t€ dia phuong.

DANH MUC TU VIET TAT

UV: Ultraviolet

LED: Light-Emitting Diode

COD: Chemical Oxygen Demand
DO: Dissolved Oxygen

BOD: Biochemical Oxygen Demand
TSS: Total Suspended Solid

TCVN: Tiéu Chuén Viét Nam

XUNG POT LO1iCH

Nhém tac gid cam doan rang khong cé xung dot loi
ich trong cong b bai bdo nay.

PONG GOP CUA TAC GIA

Tac gid Nguyén Lé Minh Tri, Nguyén Thi Phuong
Théo, Tra Van Tung, Ng6 Thi Phuong Nam, Nguyén
Quoéc An, Tran Thi Hiéu cung thyc hién tat ca cac
budc va quy trinh x4y dung két qua ctia nghién ctu

nay.
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Treatment of malachite green in the wastewater of a shrimp
farming activity using a H,O0,/UV-LED system

Nguyen Le Minh Tri", Nguyen Thi Phuong Thao, Tra Van Tung, Ngo Thi Phuong Nam, Nguyen Quoc An,
Tran Thi Hieu

e
”‘-:\\\,\\_g'a:! ABSTRACT

Y o The free-radical- based advanced oxidation method is a method that can oxidize organic sub-

OB 50 o stances into simple molecules such as CO, and H,O due to the formation of free radicals with

Use your smartphone to scan this strong oxidizing power. In this study, we investigated the decomposition of Malachite green (MG)

QR code and download this article compound in the wastewater of a shrimp farming activity by using HyO,/UV-LED system. The study

showed that MG decomposition efficiency reached approximately 90% after 60 minutes of the UV
irradiation in the presence of H,O, with concentrations of 12 gL~! and 24 g.L=!. It led to the de-
composition process of MG into benzophenone derivatives, and smaller and colorless molecules.
Fluctuations in chemical and physical parameters related to wastewater quality during the decom-
position process of MG compound were also investigated. The results showed that the oxidation
of MG by H,O, under UV irradiation reduced the concentration of total dissolved substances in the
wastewater, while increasing its dissolved oxygen content by 2-4 times. The sutdy also showed
that H,O, promoted the decomposition of MG faster and more completely. The results revealed
the role of advanced oxidation process in the valorization of MG by UV and HO5.
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