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TOM TAT

Mot k§ thuat méi trong sé cac k¥ thuat hoa hoc xanh - ky thuat chiét diém mu (cloud-
point extraction) két hop V6i phuong phép quang phd hap thu phan tir da duoc phat trién dé
xac dinh kém co trong mot s6 mau rau thuong pham duoc trong tai Pa Lat, st dung thude thir
1-(2-pyridylazo)-2- naphtol (PAN) trong méi truong Triton X-100. Phirc chit mau hong duoc
tao ra giita Zn?* va PAN trong méi truong pH 8,5, véi do hap thu cuc dai tai bude song 545nm.
Phuong phép dat dugc gidi han phat hién 0,12 mg/kg, vai do lap lai RSD = 0,13% va d¢ thu
hoi 89,3%.

Tir khéa: Chiét diém mu, phén tich cdy trong, Zn, phuong phap quang phd hap thu phan tir.

1. PAT VAN PE

Ké&m (Zn) 1a mot nguyén t6 vi lugng can thiét cho su phat trién cua dong thuc vat va con
ngudi. Pbi vai thuc vat, luong kém dong vai trd quan trong nhu mot chit xdc tic trong qua
trinh quang hoa, xtic tac hoat dong cua cac enzym trong mo cua té bao. Vi luong kém duoc
cung cip day du s& kich thich sy ting truéng va nang cao ning suat cdy trong. Dbi véi con
ngudi va dong vat, kém ciing c6 vai tro dac bi€t quan trong, thiéu hut kém c6 thé gay ra mot
s6 bénh lam co thé phat trién khong binh thuong [1]. Trong nhitng ndm gan ddy, viéc xac dinh
ham luong nguyén to vi luong, trong do c6 kém, trong dbi twong phén tich la rau xanh nhén
duogc sy quan tim cua nhiéu nha khoa hoc trong nuée ciing nhu quoc té bai vi rau xanh 1a mot
nguon thyc pham co vai trd rat quan trong d6i véi con ngudi. Tuy nhién, do théi quen canh
tac, lam dung phéan bon, thudc bao vé thyuc vat, quy trinh chim bon chua that su khoa hoc da
dé lai mot hau qua dang lo ngai 1a khong nhitng c6 su ton du cta cac hoa chat doc hai (thube
bao v¢ thyc vat) ma ham luong céc chat co loi nhu cac nguyén td can thiét (dong, kdm, sét,...)
da tang 1én nhiéu lan, d6i khi vuot muc cho phép [2, 3]. Bén canh do, do ham lugng cua nguyén
t6 vi lugng trong thuc pham n6i chung va rau xanh néi riéng nhé nén can co mét phuong phap
phan tich cling nhu thiét bi di kém co du do nhay va do chinh xac cao la diéu can thiét.

Ngay nay, V6i viéc ra doi nhiéu k§ thuat phén tich kim loai dat d6 nhay cao, lugng mau
sir dung nho, phuong phap chudn bi mau tién tién. Tuy nhién, di lién theo d6 1a chi phi cho
dau tu thiét bi dén gia thanh phan tich ciing khong nho. Song hanh véi cac phuong phép hién
dai, cac phong thi nghiém nho van trung thanh véi cac phuong phap truyén thong, dac biét 1a
phwong phap quang phd hap thu nguyén tir va phuong phap quang phé hip thu phan tir. Bén
canh d6, cac k¥ thuat chuin bi miu trudc day khi phan tich kém thuong di theo hudng chiét
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dung moéi, voi dd nhay kha cao, chi phi c6 quy trinh tén kém, nhung ciing c¢6 quy trinh it ton
kém va dac biét lugng dung moi hiru co thai ra moi truong cling khong phai 1a nho.

O Viét Nam, ky thuat chiét diém mu ciing chua duoc nghién ctru nhiéu mic di no rat pho
bién & nude ngoai [4-9]. K thuat chiét diém mu 1a k¥ thuat don gian, hiéu qua cao, it ton kém,
str dung chat hoat dong bé mit thay cho dung méi hitu co nén it doc hai, d& phan huy ¢ moéi
truong. Hon nita, v6i nhimg uu diém vuot troi nhu: kha nang 1am giau chat phan tich cao, hiéu
suit thu hdi va hé sé lam giau cao nhd thu chat phén tich vao thé tich chat hoat dong bé mit
vao khoang 0,2-0,4 mL. Ngoai ra, kha ning tach pha phu thudc vao ban chit cia chat phan
tich & diéu kién nghién ctu. Yéu t6 1am giau c6 thé thay d6i bang cach thay doi lugng chat
hoat dong bé mat tie thay doi thé tich pha lam giau. Piéu nay cho phép phac hoa so dd phan
tich voi cac yéu té tach phi hop voi lwong chat phan tich can xéac dinh, thé tich mau va ky
thuat str dung.

Véi nhitng hudng di cua hoa hoc xanh trong nhitng nam gan day, nghién ciru nay nham
phat trién mot ki thuat chuan bi mau than thién véi méi truong. Phuong phéap dua trén su tao
phtric cua Zn?* véi 1-(2-pyridylazo)-2- naphtol (PAN) trong su co mat cua chat hoat dong bé
mat Triton X-100. Nhom nghién ctru cling ky vong mot su phat trién manh mé caa ky thuat
chuan bi miu nay trong thoi gian toi, nhim déng gop vao viéc bao vé moi truong cling nhu
Mot phuong phap than thién trong hoa hoc phan tich.

2. PHUONG PHAP NGHIEN CUU
2.1. Thiét bi - Dung cu

May quang pho 6405/UV-Vis Jenway; may do pH Hanna HI 2550 (Hanna, Rumani); can
phan tich (10*g, Ohaus); may ly tam (Hettich, Rotina 35, Dwc); bé diéu nhiét (Lauda, Duc);
ta sdy (Memmert, Dirc); 16 nung (Nabertherm, Ptic); may nghién miu phan tich (IKa, Dtc),
micropipette; cac dung cu thay tinh,...

2.2. Hoa chit

Tat ca hoa chit sir dung déu 1a hoa chat tinh khiét phan tich, P.A - Mecrk: Triton X-100
(polyethylene glycol tert-octylphenylether), 1-(2-pyridylazo)-2- naphtol (PAN), dung dich
chuan Zn 1000ppm, HCI, KCI, NaOH, NaCl, Na;SOs;, Na,COs;, Na,B,07.10H.0,
MgSO4.7H20, MnSO4.H20, NH4F€(SO4)2.12H20, Pb(NOs)z, CUSO4.5H20, H3BO3,
C&Clz.ZHzO, NiSO4.H20, CdSO4.H20, CszOH, nudoc C.’é.t.

2.3. P6i twong nghién ciru

Cac mau rau duoc thu mua tai cac chg khu vuc Da Lat. Mau rau dugc bo phan gia, phan
bi hong, chi gitr lai phan an duoc, rira sach bang nuéc may, rira lai bang nudc cat, de rao nuacC.
Pem cén, xac dinh trong lugng twoi. Dung dao inox va thét gd (trang nude cat) cit nho rau,
Séy & nhiét do 70°C cho dén khdi lugng khong ddi. Pem can dé xac dinh trong lwong kho.
Mau rau kho dugc xir ly bang phuong phap v6 co hoda uét (su dung hén hop axit HNO; va
HCIO,), sau d6 dung dung dich nay dé xac dinh ham lugng kém trong cdc mau rau.

2.4. Phwong phap nghién ciru

Nghién ctru da str dung ky thuat chiét diém mu két hop véi phuong phap quang phd hap
thu phan tir dé xac dinh ham lugng ké€m theo cac giai doan nhu sau:
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Giai doan 1: cho vao dng ly tim dung tich 10 mL mét luong dung dich chuin Zn?*, thém
vao dung dich dém pH 8,5, dung dich PAN 10'3M, dung dich Triton X-100 2%, dung dich
NaCl 5%, cuoi cung thém nudc cat (d€ dat tong thé tich bang 10 mL).

Giai doan 2: dem hon hop cho vao bé dieu nhiét dugc dieu chinh & nhiét do 50°C trong
20 phat. Tiep theo, lay ra ly tam 5 phut vdi toc d6 3500 vong/phit.

_ Giai doan 3: tich phan két tua (\:ht’rarchét can phan tich, lam lanh phan két tua nay trong
hon hgp muoi dé 10 phit. Sau d6 phéan ket tua duoc hoa tan bang CoHsOH va tién hanh do do
hap thu cia dung dich & budce song cuc dai vai cuvet thach anh cé chiéu day 1 cm.

3. KET QUA VA THAO LUAN
3.1. Khao sat pho hap thu cuc dai

Trong nghién ctru nay, dung phuong phap quang pho hap thu phan tur két hop voi ky
thuat chiét diém mu dé xac dinh ham lwong kém. Phé hap thu cua cac ndng d6 khac nhau cua
phtrc Zn(I) va PAN dugc thé hién ¢ Hinh 1. Theo dé, cac phirc mau khao sat déu c6 cyc dai
hip thy tai budc song 545 nm. Vi vdy, bude séng cuc dai nay s& duoc st dung trong nhiing
nghién cuu tiép theo.
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Hinh 1. Phé hap thy ciia cac ndng d6 khac nhau cua phtc Zn(11)-PAN
3.2. Anh hudng cia chét dién ly

Nhiét do diém mu c6 thé duoc ha xubng bang cach thém mét lugng mudi nham giap cho
qua trinh tach pha d& dang hon. Do d6 trong nghién ctru ndy, dé danh gia anh huéng cua chat
dién ly, cac thi nghiém dugc thuc hién bang cach thém vao nhiéu loai mudi khac nhau va voéi
nong d6 khac nhau ddi véi loai mudi t6i uu. Két qua thé hién ¢ Bang 1 va Hinh 2. Két qua trén
Hinh 2 chi ra rang: khi cho thém nong d6 NaCl 5% thi thay kha ning chiét phuc 1a tdt nhét, ung
v6i do hap thu dat gia tri cao nhit, nhitng ndng d6 cao hon 5% s& lam do hap thu giam di. Vi thé,
nong d téi wu ciia NaCl duoc lya chon trong nhiing thi nghiém tiép theo 1a 5% (1,00 mL).

Bang 1. Két qua khao sat anh huong ciia cac chét dién ly

STT Mudi (5%) Do hap thy (A)
1 Mg,SO4 0,507
2 Na,SO4 0,481
3 Na,CO; 0,447
4 NaCl 0,587
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Hinh 2. Anh huong nong d6 NaCl thém vio
3.3. Anh hwéng cia pH

Trong qua trinh chiét diém mu, pH dong vai trd quan trong trong viéc hinh thanh phic kim
loai voi thude thir va do hap thu phu thude vao pH. Phiic cia Zn(II) va PAN duoc hinh thanh
trong méi truong kiém, do d6 viéc khao sat s anh huong caa pH dén do hap thu cua phirc & mot
ndng do xac dinh trong pha giau chét hoat dong bé mit dwoc nghién ciru trong khoang pH 7-10.
Két qua trén Hinh 3 cho thay pH c6 anh huong téi do hap thu quang. Do hap thu quang cao nhat
& hé dém c6 pH 8,5 hay ¢ pH 8,5 phurc gitra Zn* va PAN tao thanh 1a t6t nhét.
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Hinh 3. Anh huéng cia pH dén do hap thu

3.4. Anh hwéng ciia nong d thudc thir PAN

Anh huong cua thude thir PAN dén qua trinh chiét duoc khao sat tir khoang nong do
0,006x10M dén 0,015x103M. Két qué thu duoc nhu sau:
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Két qua trén Hinh 4 cho thiy, do nhay cia phuwong phap gia ting vé6i su ting ciia ndng
d6 thudc thir va d6 nhay do s& giam dan ¢ ndng do thudce thir cao hon. Khi ting nong do PAN
lam ting ndng do cua phirc, nhung & néng do cao hon thi ndng d6 thude thir khong tao phirc
trong pha giau chat hoat dong bé mit sé tang 1én. Chinh vi vay, c¢6 kha nang lam giam d¢ hap
thu & néng d6 cao hon vi xay ra hién twong canh tranh gitta phtrc va thudc thir chwa tao phirc
(thubc thir du). Véi lwong dung dich PAN ¢6 ndng do tir 0,006x10°M dén 0,009x103M thi d6
hap thu tang twong ddi nhiéu. Vi ndng do 16n hon tir 0,010x10°M t6i ndng d6 0,011x10-3M thi
d6 hap thu twong dbi on. Tir nong d6 16n hon 0,012x103M thi d6 hap thy c6 xu hudng giam, do
hap thu quang dat gia tri cuc dai tai nong 6 0,010x10°M. Do vay nong do 0,010x10°M duoc
chon cho nhiing thi nghiém tiép theo.

3.5. Anh hwéng caa lweng chit hoat dong bé mat Triton X-100

Triton X-100 1a mot trong nhirng chat hoat dong bé mit khong ion duoc sir dung nhiéu
trong ky thuat chiét diém mu vi c6 doc tinh thip, gia thanh ré va hiéu qua sir dung tét. Do do,
nghién ctru ndy da khao sat sy anh huong cua lwong Triton X-100 2% (v/v) d&én qua trinh chiét
diém mu duoc nghién ciru trong khoang thé tich 0,60-1,50 mL va giit nguyén cac diéu kién
khac. Két qua thé hién & Hinh 5.
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Hinh 5. Anh huéng caa lwong chat hoat dong bé mat dén do hap thu

Két qua trén Hinh 5 cho thdy, (g véi lugng 1,00 mL Triton X-100 2% (v/v) thi do hap
thu quang dat gia tri cao nhat. Vi vay, lugng Trion X-100 2% (1,00 mL) dugc lya chon cho
cac khao sat tiép theo.

3.6. Anh hwéng cia nhiét dd va thoi gian gia nhiét
Nhiét do va thoi gian gia nhiét 1a hai yéu to can thiét dé phan tng xay ra hoan toan va sy
phan tach pha dé dang, hoan toan va hi¢u qua lam giau cao. B¢ lya chon dugc dieu ki¢n toi uu
vai thoi gian gia nhiét ngan nhat va nhiét do thap nhat. Hai yeu to anh hudng trén duogc khao
sat trong khoang tir nhiét d¢ 30°C den 80°C va tur 5 dén 70 phut.
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Hinh 6. Anh huong cua nhiét do dén do hap thy
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Hinh 7. Anh huong cua thoi gian gia nhiét

_ Kétqua ¢ Hinh 6 va Hinh 7 cho thiy, tng vai nhiét do 50°C va thoi gian gia nhiét tir 20 phit
dén 30 phut s& cho ket qua gia tri do hap thy tuong doi 6n dinh. Do véy, ¢ nhiét do 50°C va thoi
gian gia nhiét 1a 20 phat dugc chon cho thi nghiém tiép theo.

3.7. Anh hwéng nguyén té can

Thudc thir PAN 1a mét thude thir khong chon loc, phan eng hau hét véi cac ion kim loai.
Mot cach phd quat, thanh phan cac nguyén té da lugng va vi luong c6 trong cac mau rau khao
sat gém c6 Ca’*, Mg*, K*, Na*, Cd**, Mn?*, Fe®*, Pb?*, Cu*", Ni**. Do vdy, phuong phap quang
phd hap thu phan tir khi xac dlnh kém bang thudc thir PAN s& bi can trg bai nhitng nguyén tb
trén. Két qua khao sat nhu sau:

Bdang 2. Khao sat ion can

STT lon can [ion can]:[Zn?*]
1 Ca* 750
2 Mg?2* 1000
3 K* 1000
4 Na* 1000
5 Cd?* 7,5
6 Mn?* 50
7 Fed* 3
8 Pb2* 10
9 Cu? 8

10 Ni2* 7,5

Tir két qua & Bang 2 cho thay: tat ca cac ion kim loai trén déu it nhidu tao phuc véi thude
thir PAN trong diéu kién phan ng cta kém. Tuy nhién, so sanh v6i ham lugng thuc té cia cac
ion trén trong mau rau, nhom tac gia nhan thay qua trinh xac dinh ham lugng kém bang thubc
thir PAN trong cdc mau rau, cu s& khong bi can tré boi nhitng ion nay.

3.8. Xay dwng dwong chuin, x4c dinh giéi han phat hién cia phwong phap

Puong chuan xac dinh ham lugng kém dugc thé hién ¢ Hinh 8, phuong trinh c6 dang
A =2,9224C - 0,0038, trong d6 C la ham luong (ppm).

Gi6i han phat hi¢n cua phuong phéap (LOD) dugce xéc dinh dya vao co s¢ cua ti s6 gitra tin
hiéu chat phén tich va tin hiéu nhiéu nén (ti s0 S/N) va tinh toan boi phuong phép dya vao hé s6
goc (a) va do léch chuén (SD) cua gia tri s6 du trén dudng hdi quy tuyén tinh y = ax + b. Theo
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d6, LOD = 3xSD/a. Gia tri s6 du duoc tinh toan dwa vao cong cu Regression ctia phan mém
Excel. Tur d6, LOD dugc xac dinh 1a 0,12 (ng/g).
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Hinh 8. Xay dyng dudng chuan

Gisi han phat hi¢n cua phuong phap (LOD) dugc xac dinh dya vao co so cua ty s gitra
tin hiéu chat phan tich va tin hiéu nhiéu nén (ty s0 S/N) va tinh toan boi phuong phap dva vao
hé s6 goc (a) va do léch chuéan (SD) cua gi tri s6 du trén dudng hdi quy tuyén tinh y = ax + b.
Theo d6, LOD = 3xSD/a. Gia tri 6 du duoc tinh toan dua vao cong cu Regression cua phan
mém Excel. Tir 6, LOD duoc xéac dinh 13 0,12 (ug/g).

3.9. Xac dinh do lap lai, do ding ctia phwong phap

Do lp lai duoc tinh toan dya vao gia tri do léch chuan twong d6i (RSD). Theo Horwits,
khi phan tich nhitng ndng d6 nho, thi sai s trong ndi bo phong thi nghiém nho hon 1/2 gié tri
RSD duoc tinh theo ham Horwitz: RSDrowitz = 27%%'9C thi dat yéu cau [10]. Két qua & Bang 3
cho thay, phuong phap quang phéd hap thu phan tir két hop véi ki thuat chiét diém mu khi phan
tich mAu rau dat do lap lai tét.

D¢ dung ctia phuong phép phén tich dugc danh gié qua d¢ thu hoi. Két qua xac dinh ham
lwong kém thong qua 5 lan ‘phén tich mau chudn cho d6 thu hdi dat 89,3%. Vay phuong phép
dat duoc do dung twong ddi tot nén co thé ap dung dé phan tich ham lugng kém trong mau
thuc té.

Bang 3. Két qua tham dinh phuong phap phén tich

N(ng‘” Gid t(rig/‘;théy Pothuhdi | Do laplai | % RSDyonie G;;gnh?;‘gf/’gt
30,94 27,68 89,5
30,94 27,63 89,3
30,94 27 61 892 0,13 4,85 0,12
30,94 27,58 89,1
30,94 27,63 89,3

Trung binh 27,63 89,3

3.10. Phén tich miu thyc té

Két qua xac dinh ham luong k&m trong cic mau rau nhu sau:
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Bang 4. Két qua ham lugng kém trong mot s6 mau rau

STT ML ran Hia(r}rlléll(rriol’r;/;kr;?lu H?un(ly ih(rl@:;r;%krg)ﬁu Phan I(r}éllgn chat
1 Lo xanh 49,45 + 0,93 5,38+0,10 10,88
2 Lo tring 34,22+0,72 3,25+0,07 9,49
3 Khé qua 30,96 + 0,66 1,72 + 0,04 5,55
4 Cai thao 55,99 + 0,85 2,94 £ 0,04 5,25
5 Bo x6i 54,15+ 0,17 3,57+ 0,01 6,60
6 Khoai tay 20,52 +0,39 3,93 +£0,08 19,13
7 Ca rét 16,08 + 0,42 1,75+ 0,05 10,90
8 bau Cove 45,33 £ 0,45 3,98 £ 0,04 8,78
9 béau Ha Lan 54,17 £0,28 6,23 +£0,03 11,50
10 Ct dén 19,08 £ 0,26 2,33+0,03 12,21
11 Xa lach 49,28 + 0,51 2,63+ 0,03 5,33
12 Cordn 35,10 £ 0,46 1,76 £ 0,02 5,00

Bdng 5. So sanh két qua xac dinh ham luong kém
bang phuong phap quang phd hap thu phéan tir (UV — VIS)
v6i phuong phéap phd quang phd hép thu nguyén tir (AAS)

ST | i | vie. | gy ARS.
1 Lo xanh 49,45 55,56
2 Lo tring 34,22 39,33
3 Khé qua 30,96 34,4
4 Cai thao 55,99 63,62
5 Bo x061 54,15 62,24
6 Khoai tay 20,52 22,55
7 Carbt 16,08 18,07
8 bau cove 45,33 49,81
9 Ha lan 54,17 60,87
10 | Cadén 19,08 21,68
11 Xa lach 49,28 54,76
12 Corén 35,10 39,89

Két qua & Bang 4 cho thay rang: véi mdi loai rau khac nhau thi ham luong kém khéac
nhau (thap nhat 1a ham luong kém trong kho qua 1,72 mg/kg, cao nhat 1a ham lugng k&m trong
dau Ha Lan 6,23 mg/kg). So sanh két qua phan tich voi két qua nghién clru cua cdc tac gia
Nguyen Thi Ngoc An, Duong Thi Bich Hué [3] c¢6 thé thay mot s6 mau rau trong tai thanh
pho ba Lat c6 ham lugng kém nho hon nhiéu so véi mot sé mau rau trong & ngoai 6 thanh pho
Hb Chi Minh nhu khé qua: 1,72/3,28 mg/kg, xa lach: 2,63/3,42 mg/kg; bén canh d6 c6 mau
Su khac biét nay co the la

rau ¢6 ham luong gan nhur nhau nhu déu cove: 3,98/3,76 mg/kg,...

do diéu kién thd nhudng mdi ving mién 1a khac nhau, hon nita ham luong cac nguyén t6 vi
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lwong trong rau, ca khac nhau thi khac nhau. Thém vao do6, luong kém ma cay hap thu duoc
con phu thude vao viéc sir dung cac hoa chit bao vé thuc vat ¢ nhan k&m va loai dat canh tac,
ngoai ra cay hap thu luong kém con phu thudc vao ham luong sit va mangan c6 trong dét, vi
lac ndy sé& xay ra su canh tranh ctia cac nguyén t6 nay khi di vao bo ré cia ciy. Khi ham luong
sat va mangan trong dat qua 16n s& lam giam dang ké viéc hap thu kém cua cay.

Két qua & Bang 5 cho thiy rang, ham luong k&m khi phan tich bang phuong phap quang
phd hap thu phan tir so véi phuong phap quang pho hap thy nguyén tir 1a co thé chap nhan
duge. Do d6, viée sir dung phuong phap quang phd hap thy phan tir két hop voi ki thuat chiét
diém mu dé tach va lam giau ion kim loai trong mau rau I phu hop, ¢6 thé ing dung vao phan
tich ham luong kim loai khac trong mau rau.

4. KET LUAN

i khao sat va tim cac dieu kién t0i wu dé xac dinh Zn?* bing sir dung ky thuat chiét
diém mu két hop voi phuong phap quang pho hap thy phan ti.

Di (ing dung quy trinh x4y dung dugc dé xac dinh ham lugng k&m trong mot s6 mau rau
v6i hi¢u suat thu hoi twong doi tot. Ket qua thu duoc cho thay ham lugng kém trong cac mau
rau khao sat c6 ham luong kém déu nam dudi ngudng toi da trong rau theo quy dinh cua Bo
Y té (40 mg/kg) [11].

Véi nhiing két qua ban dau thu duge d3 mo ra hudng nghién cttu méi va pham vi tng
dung cua cac phuong phéap chiét hién dai. Ddng thoi, gop phan phat trién va hoan thién k§
thuat chiét diém mu trong thoi gian sap téi.
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ABSTRACT

UTILIZATION OF CLOUD-POINT EXTRACTION COMBINED WITH MOLECULAR
ABSORPTION SPECTROSCOPY FOR DETERMINATION OF ZINC
FROM VEGETABLES TAKEN AT DALAT MARKETS

Tran Thi Hoai Linh*, Le Thi Thanh Tran, Ngyen Thi To Uyen
Dalat University

*Email: linhtth@dlu.edu.vn

A cloud-point extraction technique combined with atomic absorption spectroscopy was
applied to determine amount of zinc ion from the selected commercial vegetables in Dalat. In
this work, 1-(2-pyridylazo)-2- naphtol (PAN) and Triton X-100 were used as main chemical
reagents. A pink-complexation was obtained via a reaction of Zn(ll) and PAN at pH 8.5. This
solution posed the maximum absorption wavelength of 545nm. Under the optimum conditions,
the limit of detection (LOD) and relative standard deviation (RSD) of this method were
0.12 mg/kg and 0.13% respectively, while the recovery is 89.3%.

Keywords: Clould-point extraction, plant analysis, zinc, spectrophotometry.
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