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Tém tit. Vat liéu cellulose/TiO, dugc tong hop tir cti chudi va tinh chit cua phan tich béng cac phuong
phap SEM, FTIR, XRD. Vit li¢u duoc ap dung dé hap phu lam giau malachite green véi cac diéu kién chiét
pha rin nhu pH, khéi luong cua vat liéu, thoi gian hép phu, chét giai hdp phu duoc 1an lugt khao sat dé dat
hiéu suat hip phu va giai hap phu cao nhét. Két qua cho thiy khi sir dung 100 mg chat hap phu trong 60
phiit & pH 7 thi higu suat hip phu dat 94,64% véi dung lugng hap phu ti da cta vt liéu 1a khoang 79,42
mg/g. Ethanol/HCI 1M (8:2) 1a dung dich giai hip phu malachite green véi hidu suét giai hap phu dat 100%
v6i ndng d6 ban dau ciia malachite green 1 100 mg/L. Véi cac diéu kién t6i uu, malachite green duoc xac
dinh bang phuong phap quang pho UV-VIS trong khoang tuyén tinh 0,1 + 20,0 mg/L (r?=0,9977) v&i gidi
han xac dinh va gi6i han dinh luong 1an luot 1a 0,023 mg/L va 0,068 mg/L; hiéu suat thu hdi ciia phuong
phap khoang (96,28 + 1,58) %. Phuong phap dugc Gmg dung dé xac dinh malachite green trong mau nudc
nuoi tom va tém.

Tir khéa. Cellulose/TiOz, chiét pha ran, Malachite Green, UV-VIS.

1. MO PAU

Trong nhimg ndm gan day, nganh nudi trong thuy san da tro thanh mot trong nhimg nganh san xuit lvong
thue rat quan trong va la nganh kinh té mii nhon cia nude ta. Hién nay, nganh nudi trong thay san ngay
cang phat trién véi da dang loai hinh nu6i trong khac nhau tir quy md nho dén quy mé 16n, nudi trong thiy
san nudc ngot, nudce lo, nudc man. Cling véi sy gia ting vé san lugng thity san thi viéc sir dung ngay cang
tang cac loai thudc dé phong bénh va chita bénh thily san. Bén canh nhiing loai thudc cho phép st dung
trong nudi trong thiy san thi mot s6 loai chit cAm van dang dugc st dung khong cong khai béi tinh kinh té
va hiéu qua phong, chita bénh cuia chiing. Trong s6 d6, malachite green 1a chat c6 kha ning diét khuan,
chbng nam, xir Iy bénh nhidm tring va xir Iy méi trudng ao nudi duge sach s&. Tuy nhién, sy ton du green
malachite trong méi truong nude thiy san va san phim thuy san, nhat 13 tom nuéi s& anh hudng truc tiép
dén strc khoe cuia con nguoi. malachite green va chét chuyén hoa cua né 1a leucomalachite green c6 thé gay
ton thuong gan, anh hudng dén chirc nang tuyén giap, gay thiéu méu, va c6 kha ning gy ung thu. Chinh
vi vay, theo Vién klem nghiém an toan v¢ sinh thuc pham Qudc gia, malachite green 1a mot chat cim sir
dung trong san xuat, nudi trong thuy hai san. Vi nhitng tac hai nghiém trong ctia malachite green dén moéi
truong nude va sirc khoe con ngudi ma viée kiém soat va xac dinh ham luong malachite green trong cac
mau nudc thily san va san pham thay san, dic biét 1a mau tom la rét can thiét.

Nhiéu phuong phap xac dinh malachite green nhu phuong phép sic ky long [1,2], phuong phép quang pho
UV-Vis [3, 4], phuong phép dién hoa [5] ... Bén canh do, c6 vai cong bd vé viée két hop vat liéu dé chiét
lam giau malachite green tru6e khi phan tlch [6, 7]. Cac phuong phap hip phu malachite green nay méc
du c6 do chon loc cao nhung viée téng hop vt liéu in ddu phén tir kha phirc tap va tén kém. Hién nay, chua
c6 cong bd nao vé ing dung vat lidu cellulose/TiO, dé hap phu 1am giau va xac dinh malachite green trong
mau nudc nudi thity san va tom.

Su két hop gitra cellulose va TiO2 lam ting hiéu qua hap phu malachite green dua vao twong tac, lién két
gitra cac nhom chuc cua cellulose va phan tir malachite green; ddng thoi, trong méi trudong pH phu hop, bé
mat TiO, mang dién tich am dé& dang hép phu chat mau cation malachite green, tir d6 hiéu sudt hap phu tang
lén. Hon nira, vat liéu cellulose/TiO, dugc tong hop tir nguyén liéu tir chubi (cii chudi-mot loai phé pham
ndng nghiép cém xu ly tranh anh huong dén moi trudng) it ton kém kinh phi thyc nghiém ma mang lai hiéu
qua hap phu malachite green rat cao. Chinh vi vy, trong bai nghién ctru nay vat liéu cellulose/Ti0, dugc
tong hop va tmg dung lam chat hip phu malachite green. malachite green sau d6 duoc xac dinh bang phuong
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phéap UV-VIS. Phuong phap nghién ciru duge img dung dé xac dinh ham lugng malachite green trong mau
nude thiy san & mot s6 tinh mién tdy va mau tom tai mot s cho truyén thong tai TPHCM.

2. THUC NGHIEM

2.1. Héa chat va thiét bj

Tat ca hoa chét 14 loai tinh khiét phan tich gdm c¢ titanium dioxide degussa P25 (TiO, P25, Sigma Aldrich
>99,9%); malachite green cua Merk Company, acid va mét so loai hoa chat tinh khiet khac. Dung dich thi
nghiém duoc pha bang nude khir ion. ) )

May quang phé UV-Vis Cary 3500 Compact (Agilent, Hoa Ky) duogc st dung dé do d6 hép thu cua
malachite green. Can phan tich Mettler Toledo ME204 (Thuy s¥), ti say va cac dung cu thiy tinh trong
phong thi nghiém.

2.2. Tong hop va phan tich tinh chit ciia vét liéu cellulose/TiO,

Vit liéu cellulose/TiO; dugc tong hop theo quy trinh nhu Hinh 1.
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Hinh 1. Quy trinh tong hop vt lidu cellulose/TiO2 tir ctii chubi

Cellulose dugc chuén bj theo quy trinh sau: Can 20,0 g bot cui chudi di sdy kho cho vao cdc thuy tinh chira
500 mL hon hop ethanol:H,SO4 5 % (1:1), khudy trong 4 gio & 100 °C. Rira thu phan chat ran rdi tiép tuc
thém 400 mL hdn hop NaOH 4 %: H,02 24 %, khudy & 60°C trong 1 gio. Loc, rira bing nudce cat dén trung
tinh, sy kho & 80 °C trong 2 gio va nghién min dé thu duogc cellulose [8].

Cellulose/TiO2 dugc tong hop theo quy trinh: Can 1,0 cellulose vira chuén bi & trén cho vao cdc thity tinh
chtra 50 mL nudc cét, khuay trong 1 gio dé phan tan déu cellulose trong nude (phan 1). Tuong tw, can 0,333
g TiO: anatas cho vao coc thiy tinh chira 50 mL nuge ct, khudy trong 1 gior dé phén tan déu TiO trong
nudce (phan 2). Tron 2 phan vao nhau rdi tiép tuc khuay trong 2 gio & 100 °C. Loc rdi siy kho ¢ 80 °C trong
1 gid, nghién min dé thu duoc vt liéu cellulose/TiO2 [9].

Hinh thai bé mat cua vat liéu cellulose/TiO, dwoc dic trung bang kinh hién vi dién tir quét - Field Emission
Scanning Electron Microscopy S-4800 system (Hitachi, Japan). CAu truc tinh thé cua vat liéu dwoc phan
tich bang thiét bi nhiéu xa tia X-X-ray powder diffraction D2 Phaser diffractometer (Bruker, Germany).
Lién két héa hoc cua vat liéu cellulose/TiO, dugc phan tich bang phuong phap quang phd hong ngoai bién
d6i Fourier-Fourier transform infrared (FTIR) (Bruker ALPHA spectrometer).

2.3. K¥ thuit chiét pha riin va phwong phap xac dinh malachite green

K§ thuat chiét pha rin duoc 4p dung dé hip phu 1am giau malachite green duoc thyuc hién theo quy trinh
sau: 100 mg vat liéu cho vao becher chira 5 mL dung dich malachite green 100 mg/L, chinh pH = 7, khuay
trong thoi gian 60 phut véi toc do 250 vong/phut. Vat li¢u sau qua trinh hap phu dugc tach ra bang cach ly
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tam, rira bang nudc cat nhidu 1an rdi dem siy kho ¢ 70 °C. Thém 25 mL dung méi EtOH/HCI1 1M (8:2) vao
vt liéu, lic trong 60 phiit, ly tim dé thu dugc dung dich sau giai hdp phy. Dung dich sau giai hip phu dwoc
do do hip thu quang & budc séng 617 nm. Mau tring dugc thuc hién tuong tu trong cing diéu kién ma
khong chira dung dich chuan Malachite Green.

Méu nuéce nudi thiy san & cac dia diém & Dong Thap, Tién Giang, Long An, Hoc Mén, Cu Chi dugc lay
va dung trong chai thuy tinh t6i mau. Mau duoc loc qua mang 0,22 um va diéu chinh vé pH < 7 trudc khi
phén tich.

Mau tom duge 1ay tir cho Go Vap, cho Hoc Mén, chg Ba Chiéu, cho Trung Chéanh, chg Tan Binh, cho Tén
Chanh Hiép. Mau duoc bao quan trong tai zip dung thuc phdm, tién hanh xt 1y va phan tich miu trong 24
gid sau khi 14y mau. Tém duogc loai bo vo, chan va dau trudce khi xay nhuyén. Can 10 g mau di dong hoa
vao becher, thém 25 mL dung méi chiét Ethanol: HCI 1M (9:1), khudy déu, siéu 4m trong 60 phut. Sau do,
hdn hop duoc dem ly tim dé loai bo can, léy dung dich phia trén dem c6 can con khoang 10 mL, diéu chinh
pH7 béng NaOH 3M, dinh mirc dén 100 mL béng nudc cat, dé yén trong 30 pht, loc dé thu duoc dich loc.

Qua trinh hip phu lam giau malachite green bang k¥ thuat chiét pha rin, giai hdp phu va xac dinh malachite
green trong mau nudc va mau tdm duoc thuc hién theo quy trinh trén.

3. KET QUA VA BAN LUAN

3.1. Tinh chit cia vat liéu cellulose/TiO:

$-4800 10.0kV 9.0mm x5.00k SE(M) 1 ;ml‘ S$-4800 10.0kV 9.1mm x5.00k SE(M)

Hinh 2. SEM cua vét liéu cellulose (a) va cellulose/TiO> (b)
Hinh 2 thé hién trang thai bé mit cua vat liéu cellulose/TiO,. Bé mat cua cellulose dugc quan sat véi dang
khong déu (Hinh 2a). Hinh 2b cho thiy trén bé mit vat liéu cellulose xuét hién cac hat nano TiO2. Hinh
thai bé mat cua vat liéu cellulose/TiO; duoc quan sat rd rang voi bé mit kha nham va khong dong déu, co
nhleu 16 x6p, thé hién rang moét lugng TiO2 dé duoc dua 1én bé mat cellulose, cling nhu xen k& vao cac 16
trong cua cellulose. Piéu nay c6 thé cho thay vat liéu co bé mat nhidu 16 xdp thuan loi cho viée hap phu
Malachite Green.
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Hinh 3. (a) Phd FT-IR, (b) gian d6 XRD cua vat liéu cellulose/TiO;
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Pho FT-IR cua vt liéu cellulose/TiO, (Hinh 3.a) cho thiy dao dong kéo dai O—H ty do ctia cac nhom OH
trong phan tir cellulose & vung 3400 cm’1 [10], dao dong C—H dic trung cia nhém -CH, xudt hién ¢ khoang
2896 cm ™ [11], dao dong tai 1161 cm ™! twong tng v&i dao dong kéo dai khong dbi xtmg C-O-C tai lién két
B-(1—4)-glycosid trong chudi cellulose [12]. Khi c6 sy xuét hién ciia TiO, vi tri s6 séng cung nhu cuong
do dao dong cua cac nhom chirc c6 thay doi, dao dong cua Ti-O-Ti dac trung ¢ 533 cm’ ! cling xuat hién
[13]. Piéu d6 cho thiy vat liéu cellulose/TiO, da tong hop dugc c6 ddy du cac peak dic trung cia thanh
phan TiO; va cellulose.

Gian d6 XRD (Hinh 3.b) cho thiy peak dai dién cellulose thé hién & goc 26 = 15.8°; 16,8° va 22,4° két qua
nay cho thdy mét su pht hop v6i pho XRD cua cellulose da duoc cong b trude day [14]. Peak dai dién
ctia TiO; xuét hién & cac g6c 20 lan luot tai 25,4°; 37,0°; 37,9°; 38,7°; 48,0°; 53,9°; 55,1°; 62,7°; 68,9°:
70,2°; 75,1° va 76,2° ¢b su twong dong voi két qua da duge cong bd trude day ciing nhu dir 1iéu phd chuan:
JCPDS cards #21-2172 [15]. Két qua & hinh 3.b cho thiy vat lidu cellulose/TiO; dd duoc téng hop thanh
cong c6 day du cac peak dic trung cua thanh phan TiO; va cellulose.

3.2. Cac yéu to anh huong dén ky thuit chiét pha rin
3.2.1. Anh hwéng ciia pH

pH c6 vai trd quan trong trong viéc hdp phu malachite green 1én bé mit cta vat liéu cellulose/TiO,. Trong
dung dich, dién tich cua cellulose/TiO, 1a 4m néu pH > pHpc (diém ding dién) va dwong néu pH < pHpy
[16] . Do d6, & pH > pHpc khi 6 sy ton tai ctia bat ky cation nio trong pha nudc, chiing ¢6 thé duoc hap
phu trén bé mat vét liéu. Theo F. Loosli, P. L. Coustumer, and S. J. S. T. E. Stoll [17], pHpze cua TiO;
khoang 6,2, diéu nay co nghia 1a khi pH > 6,2 bé mit vat liéu TiO, mang dién tich am, d& dang hap phy ion
malachite green (1a mot chat mau cation). Dya vao pHpzc ctia TiOz, trong nghién ciru nay, pH duoc khao sat
trong khoang 3 + 9. Két qua ¢ Hinh 4a cho thiy hiéu suat hip phu malachite green ting manh khi pH ting
tir 3 dén 7, va thay d6i khong nhiéu khi tiép tuc ting pH 1én 9. O pH=7, hiéu suit hp phu dat 92,07%, do
d6 pH 7 duoc chon cho cac khao sat tiép theo.
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Hinh 4. Anh huéng cta pH (a); khdi lugng vat lidu (b); thoi gian hap phu (c); dung lwong hap phu (d)
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3.2.2. Anh huéng ciia khoi lwong vt liéu

Khéi luong ctia vt liéu cellulose/TiO; ciing 1a mot yéu t quan trong dbi v6i sy hap phu lam giau malachite
green trong dung dich nuéc. Anh hudng cua khédi luong vat liéu ¢ pH t6i uu duoc khao st trong khoang
10 + 300 mg. Nhur c6 thé thdy trong Hinh 4b, hiéu suat hap phu cao nhat khi sir dung 100 mg vat liéu véi
ndéng do ctia malachite green 1a 100 mg/L. Khi khdi luong vat liéu ting 1én, hidu suat hap phu malachite
green khong thay d6i, diéu do6 ¢ thé do su che phu 14n nhau giita cac hat vét liéu lam kha nang tiép xtc cua
vat liéu voi malachite green khong thay d6i. Do do, khdi lugng 100 mg vat liéu cellulose/TiO; dwoc chon
cho céc khao sat tiép theo.

3.2.3. Anh huéng ciia thoi gian hap phu

Thoi gian hip phu cling dong mot vai trd quan trong trong qua trinh vat liéu cellulose/TiO; hap phu
malachite green. Trong nghién ctru nay, thoi gian dugc khao st tir 30 + 180 phat. Két qua cho thy hiéu
suat hip phu dat cao nhat 95,07% sau 120 phut (Hinh 4c). Tuy nhién, hi¢u suat nay ting khong dang ké so
voi thoi diém hép phu duoc 60 phut (hiéu suit dat 94,34%,). Chinh vi vay, 60 phtt la thoi gian dugc chon
cho nhung khao sat tiép theo

3.2.4. Dung lugng hip phu cia vat liéu cellulose/TiO;

Dung luong hap phu cua vat liéu cho thiy vat lidu c6 kha nang vat liéu c6 thé hap phu malachite green &
mirc ndng d6 bao nhiéu dé tmg dung phu hop vat liéu trong viéc hip phu lam giau malachite green trong
nhitng mau c6 ham lwgng malachite green khic nhau.

Dung luong hip phu ciia vat liéu cellulose/TiO, duoc khao sat voi ndng do malachite green khac nhau trong
khoang 5 + 1000 mg/L. Két qua & Hinh 4d cho thiy dung luong hap phu cua vat liéu dat t6i da 1a 79,42
mg/g. Vit lidu cellulose/TiO, dang nghién ctru c¢6 dung luong hap phu cao hon dung lwong hip phu cua
mot s6 cong bd c6 lién quan duoc trinh bay & Bang 1.

Bang 1. Dung lugng hép phu cua mét s6 vat liéu

Stt Vit liéu Dung lwong hip phu Tham khao
1 | Graphene/carboxymethyl cellulose/TiO, 66,67 (mg/g) [18]

2 TiO nanoparticles 6,30 (mg/g) [19]

3 Cellulose/TiO; 79,42 (mg/g) Nghién clru nay

3.2.5. So sanh kha niing hip phu ciia cellulose va cellulose/TiO>

Két qua 6 Bang 2 cho thdy kha nang hap phu cta vat liéu cellulose/TiO2 (94,74%) cao hon so voi vat liéu
TiO, (86,42%) voi ndng do ciia malachite green la 100 mg/L. Diéu nay cho thay kha vat liéu cellulose/TiO>
dugc tdng hop tir cui chudi c6 kha ning hip phu 1am giau malachite green rat hiéu qua.

Bang 2. So sanh hi¢u suét hap phu gitra cac vat liéu

Vit liéu TiO, \ Cellulose \ Cellulose/TiO»
Co, mg/L 100
H% 86,42 | 85,89 | 94,74

3.2.6. Anh huéng ciia dung méi giai hap phu

Thi nghiém khéo sat anh hudng ctia chét giai hip phu dwoc thuc hién ¢ nhiét do phong bang cach sir dung
cac dung moi rua gidi khac nhau lan luot 1a HCI 1M, ethanol, ethanol: nudc, ethanol: HCI 1M. Két qua
khao sat cho thiy dung moi rira giai ethanol: HC1 1M c6 hiéu suat rira giai malachite green dat cao nhat.
Chinh vi vay, ti 16 dung méi ethanol: HCI 1M tiép tuc dugc khao sat dé hiéu suét rira giai malachite green
t6i wru nhat. Két qua & Hinh 5 cho thay hiéu suat rira giai dat 100,16% khi sir dung dung dich rira giai
ethanol: HCI 1M véi ti 1¢ 8:2. Vi vay, dung mdi giai hép phu ethanol: HCI 1M véi ti 18 8:2 dugc chon cho
nhiing khao sat tiép theo.
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Hinh 5. Anh hudng ctia dung méi giai hap phu.
3.2.5. Hiéu suit hap phu va hi¢u suit giai hip phu
Thi nghiém dénh gi4 hi¢u suét hép phy va hi¢u suat giai hip phu dugc thyuc hién véi céc diéu kién t6i wu &
trén, nong d malachite green 1a 100 mg/L. K&t qua dugc the hién ¢ Bang 3 cho thiy vat li¢u cellulose/TiO
c6 hiéu suat hap phu 94,37% va hi¢u suat giai hap phu 100%. Diéu nay c6 thé cho thay vat li¢u
cellulose/TiO; hoan toan c6 kha niang ing dung dé hap phu lam giau va xac dinh malachite green trong mau
nudc nudi thuy san va mau tom.

Bang 3. Hiéu suét hip phu va giai hip phu

Stt | Co, mg/L H 1ép phu, %0 Hib nép phu,%0 | Cgn, mg/L H gisinép, %0 | Hip giai ngp, %0
94,38 94,08 99,68
100 94,29 94,37 94,36 100,08 100,00
94,40 94,64

3.2.6. Kha ning tai sir dung ciia vt liéu

Két qua kha ning tai str dung cua vat liéu cellulose/TiO; duoc trinh bay trong Bang 4.

Bang 4. Kha nang tai st dung cua vat li¢u

sé Khé nang hdp phu Khi nang gidi hip phy Khéi lwong vat lidu
lan | Cp, mg/L H% Can, mg/L HY% sau tai st dung, mg
1 94,29 94,36 100,08 89,3
2 00 89,28 89,54 100,30 88,2
3 85,54 85,29 99,71 82,5
4 82,50 80,47 97,54 81,2

Kha nang tai st dung cua vat li€u cellulose/TiOx rit cao. Sau 4 lan sir dung, vat liéu van dat hiéu sudt
khoang 82,50%. Diéu nay c6 thé 1a do vat li¢u da bi mat trong qua trinh thir nghiém nhiéu lan.

3.3. Phan tich ham lwgng malachite green trong miu

3.3.1. Puong chuin

V6i cac diéu kién t6i uu, duo’ng chudn duoc xdy dung v6i ndng d6 malachite green tuyén tinh trong khoang
=0,9977 (Hinh 6). Malachite green dugc xac dinh bang phuong phap UV-VIS
v6i gi6i han phat hién 14 0,023 mg/L va giéi han dinh lugng 1a 0,068 mg/L. Hiéu suat thu hdi ctia phuong
phap dat khoang (96,28 + 1,58) %.

0,1 = 20,0 mg/L véi hé s6 12



Tdc gia: Tran Thi Thanh Thity va céng su

1 y = 0,0446x - 0,019
08 R2=0,9977
0,6
< 04
02
0
0 10 20 30
C (mg/L)

Hinh 6. Pudng chuan dinh lugng malachite green
3.3.2. Phan tich miu
Két qua phan tich mau dugc trinh bay ¢ Bang 5 va Bang 6.

Bang 5. Xac dinh malachite green trong mau nudc thity san

Pia diém C miwschuiny MG/L Krf];‘/ll‘_la LOD, mg/L HY%
Dong Thap 9,5597 94,12 + 0,94
Tién Giang 9,5670 94,20+ 0,61

Long An 9,4460 *KPH 0,023 93,00 + 1,54

Cu Chi 9.5063 93,60 + 0,94
Hoc Mén 9,4233 92,78 + 0,94
Bang 6. Xac dinh malachite green trong mau tom

Dia diém C muhuin, MQ/L Kétqua ) op mg/L H%
i ma/L

Cho Go Vép 5, 7947 107,14+ 0,25
Cho Hoc Mén 5,7740 106,77+ 0,10
Cho Ba Chiéu 5,5100 “KPH 0,023 101,87+ 0,26

Cho Trung Chanh 5,7133 105,63+ 0,75
Cho Tén Binh 5,5303 102,25 + 0,37

*KPH: Khong phat hién

4. KET LUAN

Vit liéu cellulose/TiO; dugc tong hop va ung dung thanh cong dé hap phu lam giau malachite green,
malachite green sau d6 dugc phan tich bang phuong phap UV-VIS. Cac diéu kién chiét lam giau t6i uu
dugc khao sat dé hiéu suit chiét malachite green (100 mg/L) dat cao nhét véi pH hip phu 7; 100 mg vt
lidu; thoi gian hip phu 60 phit va dung mo6i rira giai ehanol: HCI 1M véi ti 1€ 8:2. Phuong phéap nghién ctru
dugc thyc hién don gian, sir dung nguén nguyén li¢u phé pham dé giam thiéu 6 nhlem moi truong, do chinh
xdc cao va gidi han phat hién thap. Phuong phép dé duoc ap dung dé xu ly mau va phén tich malachite
green trong mau trong mau nudc nudi trdng thuy san va mau tém & mét s cho truyén théng & Thanh phd
Hb Chi Minh.

LOI CAM ON

Ch}'mg toi qhén thP‘mh cam on Khoa'C()ng nghé Hoéa hoc, Pai hoc Cong nghiép TPHCM da ho tro co sé vat
chat va thiet bi dé chung t6i hoan tat nghién ctru ndy. Ching t6i cling chan thanh cam on Ban bién tap va
phan bién da giup chung t6i hoan thién bai bao nay.
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APPLICATION OF CELLULOSE/TiO2 MATERIALS SYNTHESIZED FROM
BANANA WASTE FOR ANALYZING MALACHITE GREEN IN WATER AND
SHRIMP SAMPLES
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Abstract.

The cellulose/TiO, material was synthesized from banana peels, and its properties were characterized using
SEM, FTIR, XRD methods. The material was applied for adsorption to enrich malachite green under solid-
phase extraction conditions such as pH, material mass, adsorption time, and desorption solvent, respectively
investigated to achieve the highest adsorption and desorption efficiency. The results showed that using 100
mg of adsorbent material for 60 minutes at pH 7 resulted in an adsorption efficiency of 94.64% with a
maximum adsorption capacity of about 79.42 mg/g of material. Ethanol/HCI 1M (8:2) was the desorption
solvent for malachite green with a desorption efficiency of 100% at an initial concentration of 100 mg/L.
Under optimal conditions, malachite green was determined by UV-VIS spectrophotometry in the linear
range of 0.1 +20.0 mg/L (r?> = 0.9977) with detection and quantification limits of 0.023 mg/L and 0.068
mg/L, respectively; the recovery efficiency of the method was about (96.28 + 1.58) %. The method was
applied to determine malachite green in shrimp aquaculture water and shrimp samples.

Keywords. Cellulose/TiO,, solid phase extraction, malachite green, UV-VIS
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