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TOM TAT

Da nghién ctru xac dinh dong thoi cadmium (Cd) va lead (Pb) trong mau nwdc may
bang phuong phdp von-ampe hoa tan anot séng vudng stt dung vat liéu bién tinh
graphene oxide dang khtr dién hoa (ErGO) trén dién cuc nén than thuy tinh (GCE).
Cac diéu kién thi nghiém nhu thé dién phan, thoi gian dién phan, bién do song
vudng va tan sd song vudng da dugc nghién ctru. Vi cac diéu kién thi nghiém thich
hop khoang tuyén tinh cta Pb 14 hai khoang ttt 10 ppb dén 50 ppb va tit 50 ppb dén
150 ppb va ctuia Cd ttr 10 ppb dén 150 ppb. Gidi han phat hién ctia Cd va Pb lan luot
1a 4,87 ppb va 7,24 ppb. Phuong phap SqW-ASV dung ErGO/GCE da dugc ap dung

phan tich déng thoi Cd va Pb trong mau nudc may.

Tt khoa: SqW-ASV, ErGO/GCE, nudc may.

1. MO PAU

Lead (Pb) va cadmium (Cd) 1a hai kim loai d0c c6 chi s6 doc hai chi sau mercury
(Hg) va anh huéng dén con nguodi va dong thuc vat. Sw phoi nhiém chi va cadmium c6
thé gay ra cac van dé vé stic khoe nhw ung thu, réi loan chitc nang gan, hé than kinh,
tim mach va nhitng bénh ly khac [1]. Chi va cadmium duoc thai vao moi treong chu yéu
do cac ngudn nhan tao nhu: khai thac khoang san, ma dién, cong nghé dién t&, nang
luwgng (pin) va gidy,... Ngoai ra, phai ké dén nganh nong nghiép, giao thong va cac loai
chat thai ran va nudc thai [2]. Su ton luu va tich liiy cac dang hoa tan ctia chi va cadmium
trong nudc va dat sé dé dang hap thu vao mo thuee vat cé thé gay 6 nhiém cho cay trong
va tlr d6, c6 thé di vao chudi thitc &n va anh hudng dén strc khoe con nguoi.
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To chtrc Y t€ thé gioi (WHO) va BO Y t&€ da dua ra gia trj gidi han cua lead va
cadmium trong nuwdc udng lan lwot 1a 10 pg.L* va 3 pg.L [3]. Chinh vi vay, viéc kiém
soat va danh gia mic 6 6 nhiém moi truong da va dang duoc cac nha khoa hoc rat quan
tam Hién nay, cac phuong phap phan tich d€ xac dinh kim loai nang da duoc phat trién
nhue mot s6 phuong phap phéan tich quang phd: quang phd hap thu nguyén tk 1o
graphite (GFAAS) [4], quang pho hdp thu nguyén tir ngon ltra (FAAS), quang pho phat
xa plasma ghép n6i khéi pho (ICP-MS) va quang pho phat xa cap cam tng plasma (ICP-
OES) [5],... Cac phwong phép phan tich quang pho c6 quy trinh phéan tich kha phtc tap,
t6n thoi gian va chi phi thiét bi dat tién dan dén chi phi phan tich cao [9]. Trong nhiing
nam gan day, cac phwong phap phan tich dién héa mot phan nao da thay thé phuong
phép quang pho d€ xac dinh cac ion kim loai néng. Phuong phap phan tich dién hoa c6
mot s6 wu diém nhu ché tao thiét bi phéan tich do tai hién treong, thao tac don gian, va
lwong mau khong nhigu. Mot trong nhitng phirong phép dugc st dung va do nhay cao
dé€ xac dinh kim loai ndng la von-ampe hoa tan anot (Anodic Stripping Voltammetry,
ASV) [6]. Tac gia Wang va cdng su [7] da st dung vat liéu t6 hop Graphene oxide/multi-
walled carbon nanotubes/gold nanoparticle d€ bién tinh screen-printed carbon electrode
xé&c dinh dong thoi chi va cadmium trong mau dat. Dién cuc glassy carbon cling da duoc
bién tinh véi vat liéu oxit sit tir va graphene oxide phén tich lead va cadmium trong
mau nuéc. Hon hop graphene oxide dang kht va antimony cdu trtic nano dé xac dinh
Pb(II) va Cd(II) trong mau tra. Qua dé cho thay dién cuc nén duoc bién tinh véi vat liéu
t6 hop la rat c6 tiém nang dé€ phan tich dong thoi cac kim loai bang phuong phap phan
tich dién hoa, cu thé 1a phuong phap von-ampe hoa tan.

2. NOI DUNG VA PHUONG PHAP NGHIEN CUU
2.1. Hoa chat

Bot graphite (¢ <20 pm, Sigma-Aldrich, USA), sulfuric acid (H2S504 98%, Merck,
Germany), phosphoric acid (HsPOs 85%, Merck, Germany), potassium permanganate
(KMnOs 99%, Scharlau, Spain). Dung dich chudn Cd(Il) va Pb(II) 1000 ppm (Merck,
Germany) dung cho quang ph6 hdp thu nguyén tt, dung dich trung gian va lam viéc
dwgc chuan bi hang ngay. Dém BRS: duoc chudn bj tir ba loai acid 1a HsBOs, CHs=COOH
va HsPOu. Cac gid tri pH khac nhau duoc diéu chinh béng hai dung dich HCl1 1 M va
NaOH 1 M va kiém tra bang méay do pH. Dém acetate: digc chuan bi ttr CH:COOH va
CHs;COONa c6 nong dd bang nhau va bang 1 M. C4c héa chat tinh khiét khac déu ctia
hang Merck, Germany va Trung Qudc.
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2.2. Phwong phép va thiét bi

Céc phuong phéap phan tich dién hoa st dung la: phuong phap von-ampe vong
(CV) dung dé€ ché tao dién cuc bién tinh rGO trén dién cuc nén glassy carbon (GCE) va
phuong phap von-ampe hoa tan anot song vudng (SqW-ASV).

Cac phuong phap déu dugc thye hién trén thiét bi Metrohm 797 (Thuy Si) vi hé
ba dién cuc bao gom: dién cuc nén GCE; dién cyc d6i 1a dién cuc bach kim va dién cuc
so sanh Ag| AgCIIKCl 3 M.

2.3. Phuong phép tong hgp vat liéu
2.3.1. Tong hop vat liéu graphene oxide

Vat liéu graphene oxide (GO) duoc tong hop theo phwong phap Hummers cai
tién [8]. Tiép theo, dung dich huyén phti GO (1 mg/mL) duoc chuan bi bang cach phan
tan 10 mg GO trong 10 mL nudc cit bang siéu am trong 12 gio. Sau qud trinh siéu am,
thém 100 uL Nafion 5%.

2.3.2. Chuan bi dién cuc bién tinh ErGO-GCE

GCE duoc lam sach can than bang bot Al:Os 0,05 um va 0,03 um. Tiép theo, GCE
duoc ngam trong dung dich HNOs 2 M va rita bang nudc cat hai lan.

bién cye bién tinh ErGO-GCE dugc chuan bi qua hai budc:

L&y chinh xac 5 pL dung dich huyén phu GO (1,0 mg/mL) nho giot 1én bé mat
GCE va sdy kho dudi den hong ngoai cho dén khi dung méi bay hoi. Sau d6 dién cuc
dwgc nhung vao dung dich dém phosphat 0,1 M c¢6 pH = 7. Qua trinh khit GO vé
graphenen oxide dang khit bang phuong phap von-ampe vong (ky hiéu 1a ErGO) véi 10
[an quét trong khoang quét thé tir 0 V dén -2,0 V va t6c dd quét thé'la 0,100 V.s™ [9].

2.3.3. ChuAn bj mau that

Mau nuéc may duoc 14y tai phong thi nghiém Hoéa Phan tich, Khoa Héa hoc,
Truong Dai hoc Khoa hoc, Pai hoc Hué. Mau sau khi 1ay dugc acid hoa bé”mg dung dich
HNOs dam dac (2 mL HNOs/L méu), ky hiéu TW va bao quan trong chai nhya PET &
4°C trudc khi phan tich. Sau d6, 1dy 10 mL mau vao &ng thuy tinh thach anh (15 mL) va
thém 50 uL H202 30% (w/w). Tiép theo, tién hanh chiéu xa trong 60 phtt bang thiét bi
UV Digester 705 digester (Metrohm) véi cong suat 500 W caa den UV tai 90°C. Sau khi
dé& nguoi dén nhiét d6 phong, cac mau duoc loc hit chan khong qua mang loc 0,45 um
(Nylon Membrane Filter, England) [10].
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3. KET QUA VA THAO LUAN

3.1. Anh huéng ctia thé dién phan lam giau
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Hinh 1. Anh hudng cua Epep dén tin hiéu hoa tan cua Cd va Pb (a) va Epep tai-1,10 V (b),
stt dung ErGO/GCE.

Diéu ki¢n thi nghiém (DKTN): dém acetate 0,100 M, pH = 5,00, Ccaan = Croan = 25 ppb,
thoi gian dién phin tpe = 120 s, bién dp xung AE =20 mV, tin s6'song vudng f=25 Hz, khodng
quét thé'’r=-1,10 V—-+0,50 V.

Thé dién phan lam giau (Epep) duoc lira chon sao cho trong qua trinh dién phan
phai thye hién duoc qua trinh khtr cac kim loai Cd(II) va Pb(II). Vi vay, qua mot sd thi
nghiém thr nghiém va tham khao tai liéu, cac thé dién phan khao sat tir -0,80 V dén -
1,20 V so véi dién cuc bac - bac clorua (Ag.AgCl.KCl 3M). Hinh 1, chi ra cho thay khi
Epep dich chuyén vé phia am hon thi Ir taing dan va dat cuc dai ¢ -1,10 V d6i véi Pb, Ir:
22,19 + 0,6866, RSD 2,99 %. Nhung véi Cd ¢6 tang nhung khong nhiéu véi Ir: 4,001 +
0,142, RSD 3,55 %. Tai cac thé-0,80 V va -0,85 V, Ir cua Cd giam dang ké va cua Pb it thay
doi. Hién tuong nay c6 thé la do Epep gan voi Er hoa tan ctia Cd va do d6, trong giai doan
lam giau khong dat hiéu qua. Tai Epep 1a -1,20 V Ir ctia Pb gidm va Ir ctia Cd tang khong
dang ké. D€ tranh mot s6 ion kim loai ¢é trong dung dich cling bi dién phan lam giau do
d6 Epep la -1,10 V la thich hop.

3.2. Anh hwdng ctia thoi gian dién phan lam giau

Vé mat ly thuyét, khi tang thoi gian dién phan lam giau (foep) thi néng d ctia Cd
va Pb trén bé mat ErGO/GCE sé tang. Song, khong tang qua 16n vi dan dén su bao hoa
hodc bé day 16p ErGO cling gia tang. Viéc nay lam han ché qua trinh truyén dién tir va
tin hiéu hoa tan. Do d6, chon khoang foep ttr 60 s dén 300 s.

Dong dinh hoa tan ctia Cd va Pb c6 su khdc nhau rat ro rang. D&i véi Pb khong
0O su tang tuyén tinh gitta Ir va toep. Khi tpep dao dong ttr 180 s dén 300 s, Irro tang kha
cham. Nhung d6i v6i Cd, gitia Ir va foep €6 sy tang tuyén tinh v6i phuong trinh sau:

Irca (UA) = (-1,267 +2,369) + (0,03609 + 0,0119) foep (s), R2 = 0,9688. (1)
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biéu nay cho thdy 6 cing nong d¢ la 25 ppb, nhung Pb c6 dong dinh hoa tan
cao hon nhiéu, ching t6 d6 nhay hoéac lugng Pb trén bé mét dién cuc bién tinh véi
ErGO cua Pb 16n. Do vay, khi tpep 16n hon 180 s thi Irrs tang cham. D€ thuén lgi cho
viéc dinh lugng cling nhu thoi gian phan tich, thoi gian dién phan lam giau Iya chon 1a 180 s.
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Hinh 2. Anh huong ctia tpep dén tin hiéu hoa tan ctia Cd va Pb (a) va toep tai 120 s (b),
stt dung ErGO/GCE.

DKTN: dém acetate 0,100 M, pH = 5,00, Ccaan = Creoan = 25 ppb, Epep =-1,10 V, AE =20
mV, f=25Hz, r=-1,10 V-+0,50 V.

3.3. Anh huéng ctia bién d6 xung

Vé mit ly thuyét va trén cac thiét bi dién hoa trong ky thuat do xung vi phéan va
séng vudng cac xung duoc thiét k&' 1a xung thé trong thoi gian mdi budc thé va vi vay,
khi tang bién d6 xung (AE) ttic 1a ting thé. Chinh vi vay, dan dén Ir sé gia tang.

Cac gia tri AE duoc khao sat tir 10 mV dén 50 mV va duoc trinh bay ¢ hinh 3.
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Hinh 3. Anh huong cua AE dén tin hiéu hoa tan cua Cd va Pb (a) va AE tai 40 mV (b),
stt dung ErGO/GCE.

DKTN: dém acetate 0,100 M, pH = 5,00, Ccaany = Croan = 25 ppb, Epey = -1,10 V, tep =
180s, f=25Hz, r=-1,10 V-+0,50 V.
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Két qua thiee nghiém cho thay, khi AE cang tang thi Ir caa Cd va Pb déu tang
(hinh 3 a). Su gia tang déu c6 xu thé tang tuyén tinh d6i vdi Pb (2) va (3). Ngoai ra, Ir,ro
tang nhanh hon so vdi Irca diéu nay duoc thé hién 6 hé s6 goc. Nhung khi AE la 50 mV
thi d6i voi Cd khong gia tang ma giam so voi AE la 40 mV. Do d6, AE duoc lya chon la
40 mV.

Iom = (-3,61 £ 13,9) + (1,002 + 0,506) AE, R2 = 0,9731 )
Irca= (2,67 £ 4,68) + (0,320 + 0,171) AE, R2 = 0,9731 3)

3.4. Anh huong ctia tan s6 song vudng

Tan s0 song vudng (f, Hz) c6 quan hé tuyén tinh véi téc do quét thé qua cong
thire (4). Nhu vay, sé lam tang IP ctia chat phan tich va giam thoi gian phan tich.

v (mV.s1) = Uswep™f 4)

Két qua khao sat tan s6 tir 10 Hz dén 50 HZ duoc chi ra ¢ hinh 4.
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Hinh 4. Anh huong ctia f dén tin hiéu hoa tan ctia Cd va Pb (a) va f tai 40 Hz (b), stt dung
ErGO/GCE.

DKTN: dém acetate 0,10 M, pH = 5,00, Cca = Crbay = 25 ppb, Epep =-1,10 V, tpep =
180s, AE=40 mV,r=-1,10 V-+0,50 V.

Qua d6 nhan thay gitra Ir caia Cd va Pb tang kha tuyén tinh véi f véi cac hé s6
xac dinh cao. Tuy nhién, tai f=50 Hz Irrs 6 sai s6 qua 16n v6i RSD 14,64%. Trong khi dé
tai f =40 Hz, tin hiéu Ir ctia Cd va Pb van du 16n va RSD déu nho va cu thé 1a 1,49% va
3,65% do6i véi Cd va Pb. Do d6, tan s6 séng vudng la 40 Hz duoc lua chon cho cac thi
nghiém tiép theo.

Irps = (-1,50 £ 3,00) + (0,266 £ 0,091) £, R? = 0,9667 (5)
Inca = (-2,62 + 3,84) + (0,588 £ 0,116) f, R? = 0,9886 ©6)
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3.5. Panh gia d¢ tin cay ctia phwong phap SqW-ASV

Khoang lam viéc va khoang tuyén tinh gitra dong dinh hoa tan va néng do chat
phéan tich da dwoc tai liéu [10] gidi thiéu. Do vay, khoang nong d6 cta ion Cd(II) va Pb(II)
duoc khao sat tir 10 ppb dén 150 ppb trong dung dich dém acetate, pH 5,0 véi cac diéu
kién thi nghiém da lwa chon.
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Hinh 5. Cac duong SQW-ASV (a) va cac duong hoi quy tuyén tinh gitta Ir va nong d6 (b) ctia Cd
va Pb stt dung ErGO/GCE.

DKTN: dém acetate 0,100 M, pH = 5,00, Ccaan = Creoay = 25 ppb, Epep =-1,10 V, tpep =
180s, AE=40mV, f=40Hz, r=-1,10 V—-+0,50 V.

Hinh 5 chi ra rang, d6i vdi Pb c6 hai khoang tuyén tinh rat ro rét 1a tir 10 ppb dén
50 ppb va tix 50 ppb dén 150 ppb vdi cac phuwong trinh hoi quy tuyén tinh nhw sau:

- Ir (WA) = (-6,230 + 13,40) + (1,664 + 0,4039) C (ppb), R = 0.9914 @)

- Ir (MA) = (56,58 + 4,140) + (0,3375 + 0,0390) C (ppb), R = 0.9980 8)

Qua (7) va (8), nhan thay ¢ khoang nong do thap cé dd nhay cao hon gap 5 lan
O ndng dod cao. Hién tuwong nay co thé 1a do khi néng d6 ctia Pb cao trong dung dich sé
dwoc lam giau gan bao hoa trén ErGO/GCE. Trong khi d6, véi Cd chi ¢c6 mét khoang
tuyén tinh v6i phuong trinh la:

- Ir (MA) = (-4,916 + 1,631) + (0,4001 + 0,0201) C (ppb), R = 0.9984 9)

Nhu vay, so véi cung khoang néng do thap tir 10 ppb dén 50 ppb dd nhay cua
Pb van 16n hon cuia Cd gap 4 lan. Két qua thuwe nghiém cho thdy dién cyc bién tinh voi
vat liéu ErGO 1a rat nhay véi viéc xac dinh Pb.

Theo [10], st dung ¢ khoang nong d¢ thap da xac dinh dwoc gidi han phat hién
(LOD) dua vao quy téc 36 cu thé 13, véi Cd: 4,87 ppb va Pb =7,24 ppb.

Do lap lai ctia ceong do dong hoa tan dugc danh gia qua dd léch chuan tuong
do6i thuc nghiém (RSDexp, %) va do léch chuan tuong ddi tinh theo ham Horwitz (RSDr)
tai cdc Cmeany duoc lwa chon. Hai thi nghiém dwgc b tri véi nong do cua Cd(II) va Pb(II)

khac nhau nhu sau, thi nghiém 01 (TN1): Ccaa =20 ppb va Cesa = 10 ppb; thi nghiém 02
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(TN2): Ccaan =40 ppb va Crem = 20 ppb.
Két qua sau 07 Tan do lap lai d6i véi cac thi nghiém la:
- TN 1: Irca = 3,855 + 0,3645, RSD =9,46% va Irrb = 6,236 + 0,4807, RSD =7,71%.
- TN 2: Irca = 13,68 £ 1,257, RSD =9,18% va Irpo = 12,45 £ 0,6747, RSD = 5,42%.

Trong khi d6, 1/2RSDH ¢ ba néng d6 10 ppb, 20 ppb va 40 ppb lan luot 1a 16,00%,
14,41% va 12,99%. Nhu vay, gia tri RSD thuc nghiém ctia Cd va Pb déu nho hon. Diéu
nay chiing to d6 lap lai la chap nhan duoc.

(3) 1.8E-5- (b) 2.8E-5-
(Pb) cd) (Pb)
15E51 A 2.4E-5
. (cd) ‘ 2.0E-51
1.6E-5-
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6.0E-61 8.0E-61
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1.0 0.8 0.6 0.4 0.2 1.0 08 0.6 0.4 0.2
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Hinh 6. Cac duong SQW-ASV cta Cd va Pb d6i véi TN1 (a) va TN2 (b) st dung ErGO/GCE.
DKTN: Nhw ¢ hinh 5.
3.4. Ap dung phan tich miu that

Mau that duoc lwa chon 1a mau nudc mdy (TW) duoc 1dy tai phong thi nghiém
Hoa Phan tich, truong Pai hoc Khoa hoc, Dai hoc Hué. Mau sau khi 1ay, x@ ly va phan
huy nhu da trinh bay ¢ muc 2.3.3. Két qua dugc trinh bay ¢ Bang 1.

Bdng 1. K&t qua phan tich mau nuéc may bang phuong phap SqQW-ASV dung dién cuc bién
tinh ErGO-GCE.

Kim loai | Cwmem, ppb | Cwmean thém chuén, ppb Cugm tim thay, ppb Rev (%)
4,80+0,23
KXbb 92,58 +£ 5,29
Cd 5 4,77 £ 0,29
(< LOD) (n=3)
4,32 £0,22
8,34 £ 0,51
KXbb 97,41+ 13,5
Pb 10 9,84 £0,27
(< LOD) (n=3)
11,0 £ 0,26

KXDD: khong xdc dinh dwgc, sau didu “+" la d 1éch chudn.
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Két qua 0 bang 1 cho thdy, véi phuong phap SqQW-ASV dung dién cyee bién tinh
ErGO/GCE khong xac dinh duoc Cd va Pb trong nuwdc may. Két qua nay co thé la do
nong do Cd va Pb qua thap va thdp hon gidi han dinh lwong. Diéu nay ching to ngudn
nudc cp khong bi 6 nhiém Cd va Pb.

Mit khdc, khi thém chat chuan Cd va Pb vao mau nudc mdy lan luot 1a 5 ppb va
10 ppb, d6 thu hoéi cua Cd va Pb cu thé 1a 92,58 + 5,29 % va 97,41 + 13,5 sau 03 lan do.
Nhu vay theo [11] la hoan toan chdp nhan duoc, hay néi cach khac 1a d6 dung tot.

4. KET LUAN

Vit liéu nano ErGO dugc tong hop mot cach don gian, nhanh va than thién moi
treong dugc dung dé€ bién tinh dién cuc than thay tinh xac dinh déng thoi Cd va Pb
trong mau nudc mdy véi cac diéu kién thi nghiém cua ki thuat séng vuéng da duoc
khao sat. Phuwong phap SqW-ASV dung dién cuc ErGO/GCE duoc danh gia qua mot
s0 dai lwong thdng ké. Két qua nhan thay co tinh kha thi d€ phan tich déng thoi trong
mau moi trieong khi cd sw 6 nhiém Cd va Pb.
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ABSTRACT

The simultaneous determination of cadmium (Cd) and lead (Pb) in tap water
samples was studied by square wave anodic stripping voltammetry using
electrochemically reduced graphene oxide (ErGO) as a modified material on a glassy
carbon electrode (GCE). Experimental conditions such as deposition potential,
deposition time, amplitude, and square wave frequency were studied. With suitable
experimental conditions, the linear ranges of Pb were from 10 ppb to 50 ppb, from
50 ppb to 150 ppb and that of Cd was from 10 ppb to 150 ppb. The detection limits
of Cd and Pb were 4.87 ppb and 7.24 ppb, respectively. The SqW-ASV method using
ErGO/GCE was also applied to the simultaneous analysis of Cd and Pb in tap water

samples.

Keywords: SqW-ASV, ErGO/GCE, tap water.

Ha Thuy Trang sinh ndm 1992 tai Quang Binh. Ba t6t nghiép ctt nhan
Hoa hoc tai truong Pai hoc Suw pham, Dai hoc Hué nam 2015. Nam 2018,
ba t6t nghiép Thac si chuyén nganh Hoéa hoc Phan tich tai treong Dai
hoc Su pham, Pai hoc Hué. Ba hién dang la nghién ctu sinh chuyén
nganh Hoa phan tich tai treong Dai hoc Khoa hoc, Pai hoc Hué. Hién

nay, ba dang cong tac tai Truong Pai hoc Su pham, Pai hoc Hué.

Linh viec nghién ciru: Phan tich dién hoa, phan tich kim loai, phan tich hop

chat httu co, nghién ctru vat liéu.

155



Nghién civu xdc dinh dong thoi Cadmium va Lead bang phwong phdp von-ampe hoa tan ...

Nguyén Dinh Luyén sinh nim 1965 tai Quang Binh. Ong t3t nghiép ctr
nhan Hoéa hoc nam 1986 tai trieong Dai hoc Su pham, Dai hoc Hué. Nam
1999, 6ng nhan béng Tién si chuyén nganh Héa Phan tich tai truong Dai
hoc Su pham Ha N¢i. Nam 2009, C)ng duwoc Hoi dong chite danh Nha
nudc cong nhan dat chuan Phé Gido sw. Tt ndm 1986 dén nay, ong cong

tac tai Truong Pai hoc Su pham, Pai hoc Hué.

Linh vwc nghién ciru: Phan tich quang pho, Phan tich dién héa. Banh gia

0 nhiém kim loai dc trong thyc phdm va moéi truong nude.

Nguyén Hai Phong sinh ngay 23/05/1962 tai Ha Noi. Ong tt nghiép ctr
nhan Hoéa hoc tai treong Dai hoc Téng hop Hué (nay la truong Dai hoc
Khoa hoc, Dai hoc Hué€) nam 1984. Nam 2003, dng t6t nghiép Thac si
chuyén nganh Hoéa hoc Phan tich tai truong Pai hoc St pham, Pai hoc
Hué. Ong nhan bing Tién si nim 2011 tai truong Dai hoc Khoa hoc Ty
nhién, Dai hoc Qudc Gia Ha No6i. Nam 2018, Ong duwoc Hoi dong chic
danh Nha nuwdc cong nhan dat chuan Pho Gido su. Tt ndm 1984 dén nay

cOng tac tai Treong Dai hoc Khoa hoc, Dai hoc Hué.

Linh vwc nghién ciru: Phan tich dién hoa, Panh gia 6 nhiém kim loai doc

trong tram tich va Danh gia chat luong nudc.

H6 Xuan Anh Vii sinh ndm 1985 tai Thira Thién Hué. Ong t3t nghiép ctr
nhan chuyén nganh Héa hoc nam 2009 tai treong Dai hoc Khoa hoc - Dai
hoc Hué; t6t nghiép Thac si chuyén nganh Héa Phéan tich ndm 2011 tai
treong Pai hoc Khoa hoc - Dai hoc Hué. Ong hién dang la nghién cttu
sinh chuyén nganh Héa phan tich tai treong Dai hoc Khoa hoc - Pai hoc
Hué. Hién nay, dang cong tac tai bd mon Hoéa Phan tich, treong Dai hoc
Khoa hoc - DPai hoc Hué&

Linh vwc nghién civu: phan tich dién hoa, phan tich cac hop chat hitu co,
danh gia chat luong nuwdce va nghién ctu vat liéu.

Hoang H6 Thity Dwong sinh ndm 2002 tai Gia Lai. C6 t6t nghiép ctt nhan
chuyén nganh Héa hoc nam 2024 tai treong Pai hoc St pham, Pai hoc

Hué. Hién dang la hoc vién cao hoc chuyén nganh Hoéa hoc tai truong
Dai hoc Khoa hoc, Dai hoc Hué.

Linh viec nghién ciru: Phan tich dién hod, phan tich kim loai, phan tich hop

chat hitu co.

156



