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Tém tit. Quy trinh phan tich chi trong mau nudc bang phuwong phap pho hap thu nguyén tir sir dung k¥
thuat nguyén tir hoa khong ngon lira GF-AAS két hop voi vat liéu polymer in ddu ion Pb?* di dugc tham
dinh thanh céng. Vat lidu in déu ion Pb?* dugc tong hop bing cach sir dung 1-mercaptoctane; acid
methacrylic; Pb(NO3)2; AIBN va EDGMA trong méi trudng khi nito & 60 °C trong 5 gid. Tinh chat cia
vat lidu dugc phan tich bang phuong phap kinh hién vi dién tir quét, phd tan sic ning luong tia X, gian db
nhiéu xa tia X. C4c ion Pb* trong mau dugc hép phu chon loc vao vét li¢u, sau do dugc giai hép phu bﬁng
dung dich HNOj3 va duoc xac dinh bang phuong phap GF-AAS. Vi cac thong s tdi wu cua thiét bi GF-
AAS, khoang nong do chi tuyén tinh trong khoang 5+120 pg/L v6i R%=0,9977. Gidi han phat hién va gidi
han dinh luong ciia phuong phép 1an lwot 14 1,11 pg/L va 3,32 pug/L. D6 lap lai & 3 mirc ndng do 10 pg/L;
20 pg/L; 30 pg/L lan Iuot 14 9,75 %; 9,07%; 7 ,22%. D¢ tai lap duoc thyc hién ¢ nhiing ngay khac nhau &
3 mirc ndng d¢ twong tng & trén 1an luot 14 8,69%; 8,32%; 7,38%. Hiéu suat thu hoi cua phuong phap trong
khoang 89,69 + 92,97 %. Phuong phap nghién ctru dugc ap dung dé phan tich ham luong vét cta chi trong
cac mau nudce & thanh phd HS Chi Minh, tinh Long An va duoc dénh gia theo cac quy chudn ciia Bo Y Té
va B Tai Nguyén Mo6i Truong.

Tir khéa. Chi, GF-AAS, vit liéu polymer in ddu ion, thAm dinh phuong phap

1. MO PAU

Hién nay, ciing v6i su phét trién ctia nén cong nghiép hién dai, moi truong sdng ngay cang bi de doa nghiém
trong bdi nhiéu loai chét thai hoa hoc. Trong d6, mot lugng 16n chét thai kim loai nang tir cac nha may san
xudt, cac hoat dong khai thac khoang san, ... da di vao trong moi truong, pha hay hé sinh thai va giy ra
nhimg tac hai ndng d6i véi stre khoe ctia con ngudi. Mot trong nhitng kim loai nang gay 6 nhiém 16n nhét
1a chi. Chi c6 thé tich tu trong co the nguoi gay nén cac ngd doc man tinh bao gobm cac t6n thuong da day,
thiéu mau hodc cac tac hai vinh vién dén mit ca chan, ngon tay, thim chi ca ndo bd. Ngoai ra, chi con la
tac nhan gy ung thu, anh huéng dén sirc khoe va cac qua trinh trao ddi chat ctia con ngudi [1-3]. Theo Co
quan bao vé méi truong Hoa Ky, chi hién duoc xép vao nhom chét gay ung thu ¢ nguoi thude nhom B2.
T chirc Y té thé gigi (WHO) thiét 1ap mirc dung nap t6i da ham luong chi trong nudc udng 1a 10 pg/L [4].

V6i nhig tac hai nghiém trong cua chi den suc khoe con nguodi nhu vay nén viéc xac dinh ham lugng chi
trong cac mau, nhat 1a mau nudc 1a rat can thiét. C6 nhiéu phuwong phap xéac dinh chi nhu phwong phap phd
hép thu nguyén tr [5-7], phuong phap quang phd phat xa nguyén tir plasma [8], phwong phép do phd huynh
quang nguyén tir [9], phwong phap dién hoa [10], ... Thong thudng cac phwong phap nay can phai thuc
hién budc tach chiét va lam giau chi truéce khi phan tlch Trong nhirmg nam gan day, viéc két hop phuong
phap phd hap thu nguyén tir v6i cac ki thuat 1am giau ion chi trong mau rat dugc chu trong phat trlen [11-
13]. Mot trong nhiing ky thuat d6 1a ki thuét chiét pha rin (SPE) dé tach chiét ion kim loai tir cic nén mau
phirc tap va lam gidu ching trong cling mot pha hodc cac pha khac nhau [14-16]. Co ché co ban ciia SPE
1a sy hip phu céc chat phan tich 1én chat hap phu tir pha nudc, chat phan tich sau d6 duge rira giai bang
dung mdi thich hop [17]. Chit hip phu rin c6 nhiéu loai va duogc tong hop bang nhiéu phuwong phap khac
nhau. Tuy nhién, cac chét hép phu nay cé d6 chon loc va d6 nhay chua cao ddi véi cac chét phan tich. Do
d6, can phéi phat trién loai chét hép phu moi co6 hi¢u suat hép phu cao hon. Tinh chon loc va @9 nhay cia
SPE duoc cai thién bé“mg cach két hop vai vt liéu polymer in d4u ion SPE-IIP, day la mot ky thuat mai rat
thanh cong dé tach chiét, lam giau ion kim loai & ham luong vét [18-21]. Céc IIP thudng duoc téng hop
bang phan tmg giita cac monome chirc ning, chit lién két chéo, chit khoi mao va cac cation [22-24]. Trong
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qua trinh tring hop, sy tao phirc xay ra giita monome va cation, sau do, phirc duoc bao quanh béi chat lién
két ngang, tao thanh mot mang ludi polymer ba chiéu noi céc cation duge giir lai. Sau do, cac ion khudn
mau nay duoc loai bo dé lai cac vi tri 16 trong c6 kich thude, hinh dang cua chinh ion can phén tich. Viéc
sir dung vt liéu IIP khong chi co thé 1am gidu mau ma con co thé 1am ting tinh chon loc d6i véi ion can
phan tich, dic biét khi mau c6 nén phtc tap va chira nhiéu ion can tré gay anh huong dén két qua phan tich
[25- 27]. Vat liéu polymer in d4u ion chi d& va dang thu hiit sy quan tdm 16n trong cong dong khoa hoc vi
vat liéu nay khong chi c6 nhiing tinh chét wu viét nhu tinh 6n dinh, dung luong hap phuy cao, kha ning tai
sir dung, kha nang lam giau, lam sach mau cao ma con c6 kha nang lam tang tinh chon loc cua ion chi [2,3,

28]. Trong nhirg nam gan day, vat liéu polymer in dau ion da rat phat trién va thay ddi lién tuc nhu polymer
in diu ion Pb?* (Pb-1IPs) bang phuong phap tring hop véi sy hd trg song siéu am do Abdullaha cong b
vao nam 2020 [29], vat liéu Fes04@SiO.@1IP do Zohreh Dahaghin cong bd vao nam 2021 [2], vat liéu
Pb-IIP dya trén rhodizonate do Florde Liss Meza Lopez cong bd vao nam 2021 [30]; vat licu
MnFe,0,@Si02/GO-1IP do Li Hou cong bb vao nam 2021 [31] va vat liéu in dau ion phat huynh quang
chon loc cho Pb do WilliamRené cong bd vao nam 2022 [32]. Trén co s do, trong bai nghién ctru ndy,
chung toi da tong hop va tmg dung vat liéu Fes0,@SiO.@TiO.-1IP dé chiét lam giau ion Pb?* trong mau.

Quy trinh x4c dinh ham luong chi bang phuong phd hap thu nguyén tir sir dung ky thuat nguyén tir hoa
khong ngon lira GF-AAS két hop véi vt lidu polymer in dau ion Pb?* dugc tham dinh vé6i nhing thong s6
t6i wu. Phuong phap nghién ciru duoc ing dung dé xac dinh ham luong vét cia chi trong cac mau nudc.

2. THU'C NGHIEM
2.1. Hoa chat va thiét bj

Céc héa chat co d6 tinh khiét phan tich gdm dung dich chuan Pb(NOs), 1000 mg/L; Tetraethyl orthosilicate;
Ethylene glycol dimethacrylate (EGDMA); Etanol 99% (Merck). Titanium(lV) butoxide (97%);
Azobisisobutyronitrile (12% pha trong acetone) (AIBN); 1-Octanethiol, 1-Mercaptoctane (Sigma-Aldrich).
Mudi FeCly.4H,0, mudi FeClz.6H,0, mudi Pb(NOs),.4H,0, NaOH, NH,OH (Xilong) va mot s hoa chét
khéc. Nudc cat duoc sir dung 1a nuéc cAt 2 1an.

Thiét bi phan tich bé mit ctia vat liéu SEM S-4800 (Hitachi, Japan), thiét b phan tich nguyén t6 EDX Micro
Analyzer H-7593 (Horiba, Japan), thict bi phan tich trang thai tinh thé XRD Shimadzu 6100 diffractometer,
can phan tich OHAUS model PA 214 (M¥), méy khuay tor DSO-500D (Pai Loan), ti say, may do pH
ADWA (Hungary) va cac dung cu thiy tinh trong phong thi nghiém.

May quang phd hap thu nguyén tir GF-AAS (Perkin Elmer AAS 300, M) véi cac thong sb nhu bang 1.

Bang 1. Cac thong sb cua thiét bi GF-AAS

Théng s6 10 graphite dbi véi nguyén té Pb
Budc song 283,3 nm
Khe do 0,7 nm
Moi truong do Khi tro Ar
Lam lanh Nudc
Cuvet chira mau Cuvet graphite
Thé tich mau 20uL
Ché d¢ do C6 bd chinh nén AA-BG
K thuat b6 chinh nén Dén D, (Deterium)

2.2. Chuan bi miu thir

Mau nudc sinh hoat dugc lay tai cong ty cAp thoat nudc tai quan 12, cong ty khai thac san xuét va cung cap
nude sach tai tinh Long An, mau nudc thai trudc va sau hé théng xur 1y tai bé xir Iy nude thai tai cong ty
déu tu phat trién méi trudng tai quan 12. Cac miu nay duoc 1y tai hién truong, acid hoa t6i pH < 2 bang
acid HNOj, van chuyén vé phong thi nghiém va bao quan trong ngin mat ta lanh. Mau dugc loc qua mang
0,22 pm trude khi dem phan tich.
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2.3. Tong hop vat liéu polymer in diu ion Pb?*
2.3.1. Quy trinh tong hep vat li¢u

Vit liéu polymer in ddu ion Fes0.@SiO.@TiOx-IIP duoc téng hop theo tai lidu tham khao
[1,2,21,26,28,29], quy trinh nhu sau: Can 0,5g vat lidu Fe30,@Si0,@TiO, da dugc tong hop trude do6 theo
phuong phép solgel [11,21,26] cho vao binh cau chira 50 mL etanol, thém lan luot 2 mmol 1-Mercaptoctane,
8 mmol acid methacrylic va 1 mmol Pb(NOs),, khudy h5n hop phan tmg trong 40 phat. Sau do, 1 mmol
AIBN va 40 mmol EGDMA lan luot dugc thém vao binh cau. Hon hop phan tmg dugc tiép tuc khudy trong
5 gi& ¢ nhiét do 60 °C trong mdi truong khi nito. San pham duoc rira bang hdn hop nudc/etanol ti 1¢ 4:1
(v/v) nhiéu lan dé loai bo cac hoa chat con du. Sau do, dung dich HNO;z 30% duoc thém vao san phdm vira
thu dwoc roi khudy trong 6 gid & nhiét d6 phong dé loai bo cac ion Pb?* c6 trong vét liéu. Cudi cung, vét
liéu FesO0s@SiO@TiO,-11P dugc thu béng nam cham rdi rira nhiéu 1an bang nude cit va dem sdy & 60 °C
trong 24 gio. Vat liéu polymer khong in dau ion (Fes0,@Si0.@TiO,-NIP) dugc tong hop twong ty nhung
khong thém ion Pb?* trong qua trinh tong hop.

2.3.2. Khao sat kha ning chon lgc caa vat ligu

Trong thanh phan ciia miu that c6 chtra nhiéu cation kim loai khac nhau c6 cing dién tich va ban kinh
nguyén tir gan véi ion PbZ nhu Cd?*; Cu?; ... Cac nguyén tb ndy cd trong mau cé thé anh huong dén kha
nang chon loc cua vat liéu. Quy trinh khao sat kha nang chon loc cua vat liéu dugc thyc hién nhu myc 2.4.1
vé6i hdn hop dung dich gdm Pb?*; Cd?* va Cu?* c6 nong do 12 500 ug/L . Kha ning chon loc cua vat lidu doi
Vv6i ion Pb duoc danh gia théng qua cac thong s6 1a hé sé phan bd Ka, hé sé chon loc K va hé s6 chon loc
tuong ddi (K”) [29].

Co-Ce )XV
Kdzw (1)
mxCg
2+
K Pb
Kpp2e == e ()
Kq
. K
KNip

Trong d6 K, 1a hé sb phan bd; Co 1a nong d6 ban dau ciia dung dich Pb?* (mg/L); Cela nong do con lai tai
thoi diém can bang cua dung dlCh Pb?* (mg/L); V 1a thé tich dung dich hap phu (L); m 1a khdi lugng cua
vat liéu (g); Kppz+ /yn+ 12 hé s6 chon loc ctia Pb?* 50 véi ion kim loai M™; K’ 12 hé s6 chon loc tuong dbi.

2.3.3. Khao sat kha nang tai sir dung cua vat liéu

Kha nang tai str dung ciia vat liéu duoc khao sét voi dung dich chuan Pb?* ¢6 nong do {trong 100 pg/L, quy
trinh dugc thuc hién nhu myc 2.4.1. Vat liéu sau khi giai hap phy ion Pb?* dugc rira bang nude cat dén khi
pH trung tinh, sy khd rdi tiép tuc sir dung lan 2 véi quy trinh tuong tu nhu 1an 1. Quy trinh tai st dung lan
3,1an 4, lan 5 duoc thyc hién trong tu.

2.4. Tham dinh phwong phép xac dinh chi bing phwong phap GF-AAS két hop véi vat ligu
polymer in dau ion

2.4.1. Quy trinh lam giau va phan tich chi

Céan 50 mg vét liéu cho vao dung cu chira 200 mL dung dich chuén Pb?*, diéu chinh pH vé 7, danh siéu am
20 phut ¢ nhiét @6 phong. Sau do, vét li¢u duogc thu hoi bfmg nam cham va dugc rira nhiéu lan bﬁng nudc
c4t dé loai hoa chéat du. Thém 10 mL dung dich HNO3s 30% vao vat liéu vira thu hdi va danh siéu 4m trong
thoi gian 1 gio ¢ nhiét do phong dé giai hap ion Pb?*. Vit liéu dwoc thu hdi bang nam cham, phan dung
dich mau sau khi giai hap dugc loc qua mang 0,22 um rdi dem di xac dinh bang phuong phap GF-AAS véi
cac thong sb cua 16 da toi uvu.
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2.4.2. Khao sat khoang tuyén tinh ciia phwong phap va xay dung dwong chuian

Khoang tuyén tinh ctia phuong phap duoc khao sat voi dung dich chuan Pb?* ¢6 nong do trong khoang 5 +
200 ug/L, quy trinh dugc thye hién nhu myc 2.4.1. Duong chuan dugc xay dung dua trén két qua khoang
tuyén voi khoang nong do dugc Iya chon nam trong khoang tuyén tinh va chira nong d6 chat phan tich c6
trong mau.

2.4.3. Khao sat gi¢i han phat hién, gié¢i han dinh lwong ciia phwong phap

Gi61 han phat hién (MDL) va gioi han dinh luong (MQL) cua phuong phap duoc tinh dwa vao két qua phan
tich lap lai 10 mau thém dung dich chuan Pb?* 10 pg/L theo cong thirc (4); (5); (6):

MDL=t(n_11-¢=0,99) *Sp (4)
MQL=10S ®)

_[(xix)” (6)
SD= n-1

Trong d6 )?71;‘1 nong d¢ trung binh cua mAau sau nrlﬁn do (ug/L); Xi la ndng d6 ciia mau thir i (ug/L); Sp la
d6 1éch chuan cua mau (ng/L); tin-1,1-a=0,09) 1a h¢ s0 Student vai d6 tin cay 99%, bac ty do n-1.

2.4.4. Khao sat d¢ lap lai cia phwong phap

D0 lap lai cua phuong phap duge tién hanh bang cach thém dung dich chuan Pb? vao mau thir voi cac ndng
d6 1an luot 1 thap, trung binh, cao; g voi cac nong d6 Pb?* 12 10 (Mg/L) ; 20 (ug/L); 30 (Hg/L), quy trinh
dugc thuc hién nhu myc 2.4.1. O mdi ndng d6 phan tich 13p lai 6 1an, dua vao két qua phan tich tién hanh
danh gia do 1ap lai (RSD %) ctia phuong phdp theo cong thic (7); (8) va (9):

RSD(%)= w (7)

PRSD(Hortwitz)=2c 01 (8)

HorRat= RSD_ 9)
PRSD

Véi RSD 1a do 1éch chuan tuong ddi (%); RSD (Hortwitz) 1a d6 1éch chuén tinh theo Hortwitz
2.4.5. Xac dinh do lap lai trung gian cia phwong phap

Do lip lai trung gian ciia phuong phap duoc tién hanh ¢ nhitng ngay khac nhau va dugc thuc hién bing
cach thém dung dich chuin Pb% vao mau thir véi cac ndng do 1an luot 1a thip, trung binh, cao; g voi cac
ndéng do6 Pb?* 12 10 (Mg/L); 20 (ng/L); 30 (Mg/L), quy trinh duge thyc hién nhu myc 2.4.1. O mdi noéng do
phan tich lap lai 6 1an, dwra vao két qua phén tich tién hanh danh gia d6 13p lai trung gian (RSDR) ctia phuong
phép theo coéng thire (10) + (16):

Do léch chuan cua riéng timg ngay

—\2
s = (Xi-X) (10)
i
n-1
D6 1éch chuan trung binh giira nhitng ngay khac nhau
2 2
+ +...
S, = 118" 8" . (11)
f1+fo+...
Tinh d6 1éch chudn tap mau gdp cua tat ca cac kiém nghiém vién khac hodc thoi gian khac nhau Sx
S\2
_[(Xi-X) (12)
n-1

Tinh d6 1éch chuén giita cac kiém nghiém vién hodc cac ngay khac nhau S, theo cong thirc:
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2 2
S, = /% (13)

SR =~fsr2 +S) 2 (14)

Tinh d6 1éch chuan tuong dbi tai 1ap RSDr va so sanh voi ti€u chuén

RSDg (%)= S :_(100

Do léch chuan tai lap:

(15)

Tinh RSDr va so sanh véi tiéu chudn cho phép dé,i v6i RSDRw dugce xé4c dinh theo phuong trinh Horwitz.
Do lap trung gian cua phuong phap dat yéu cau néu:

- RD 43 (16)
D

Véi C duge tinh 12 phan ti 18.
2.4.6. Khao sat hiéu suat thu héi ciia phwong phap

Hiéu suét thu hdi cia phuong phap dugc tién hanh bang cach thém dung dich chuan Pb?* vao mau thir voi
cac ndng d6 1an luot 1a thap, trung binh, cao; g véi cac nong d6 Pb?* 1a 10 (Hg/L); 20 (ng/L); 30 (Hg/L),
quy trinh dugc thue hién nhu muc 2.4.1. O mdi ndng d6 phan tich lip lai 6 lan, tir d6 tinh dugc hiéu suat
thu hoi ctia phuong phéap theo cong thirc:

Cc
V6i Cpyyc 12 ndng do cua mau sau khi thém chuan (Ug/L); Cp, 1a ndng d6 cuia dung dich mau (ug/L); C. 1
nong do caa chuan thém vao (ug/L).
2.4.7. Xac dinh ham lwrgng chi ¢ trong cac mau nuwéc

Ham luong chi trong cac r~n§1u da duoc chuan bi & myc 2.2 duge phén tich theo quy trinh nhu muc 2.4.1.
Ham lugng Pb c6 trong mau tinh theo cong thurc:

Cao*Va

C= 0] m

m=" v (18)

Véi C,, 1a ndng do ban dau cua mau (Ug/L); Cg, 12 ndng do cua mau do duoc (Ug/L); V,, la thé tich cua

mau (ML); Vg, 12 thé tich dinh mac (mL).

3. KET QUA VA BAN LUAN
3.1. Tinh chit caa vat liéu polymer ion diu ion

Hinh thai bé mat ctia vét liéu in dau ion Fes04@Si0.@TiO,-IIP dugc hién thi & hinh 1a. Hinh 1a cho thiy
vat liéu IIP c¢6 dang hat véi kich thudc tir 30+-50 nm. Hinh 1b phan tich thanh phan nguyén t6 trong pho
EDX cho théy vat liéu Fes0.@SiO.@TiO,-1IP chira cac nguyén t6 chinh cAu thanh nén vat liéu la C; Fe;
Si: Ti; O; S. Hinh 1c thé hién gian d6 XRD cua vit lidu Fe;0,@Si0.@TiO,-1IP va Fe;0,@Si0.@TiO.-
NIP. Trong d6, cac dinh xuét hién tai goc 20 gdm 30,16°, 35,46°,43,12°, 53,9°, 57,5, va 63,16° thudc vé
nano FesO, [20], cac dinh xuat hién tai goc 20 gdm 25,5% 47,8°; 55,5% va 62° thuoc vé nano TiO, [33].
Hinh 1d thé hién phé FT-IR cia vat liéu in ddu ion (Fes0.@SiO,@TiO,-IIP), khong in ddu ion
(Fes0,@Si0,@TiO2-NIP) va vat lidu in diu ion chua rira giai chi (Fes04@Si0.@TiO2-Pb-1IP). Hinh 1d
cho thay ca 3 pho c6 sy tuong dong vé mit tin hiéu va hién thi cac dinh dao dong tuong tu nhau. Trong phé
ctia vat liéu Fe30,@SiO2@TiO-Pb-IIP xuit hién tin hiéu ¢ s6 song gan 505 cm’ , trong khi do pho
Feso4@S|02@T|02-I IP va Fe;0,@SiO0.@TiO,-NIP khong Xuat hién tin hiéu & khoang sO soOng nay. biéu
nay c6 thé dugc giai thich 1a do dao dong ctia Pb-O, cho thay sy hinh thanh lién két giita Pb va vat lidu IIP
[29]. Dao dong tai cac s song 1726+1728 cm?, 1556--1567 cm'™, 1158+1159 cm™, 2954+-2956 cm' lan
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luot thé hién cac lién két cacbonyl C=0, C=C, C-O-C, C-H cua phan tt EDGMA. Tin hi¢u tai sb song
1261+1263 cm™ 1a dao dong cua lién két C-0, dinh dic trung cua monome chirc ndng MAA. Nhu vay, véi
két qua vé trang thai bé mat, phd nguyén t6 EDX, gian d6 XRD va phd FT-IR cho thiy rang vat liéu
Fes04@Si02@TiO,-1IP di duoc tong hop thanh cong véi tit ca tinh chat va thanh phan chinh, sin sang cho
viéc hap phu dé 1am giau ion Pb?* trong mAu.

[ B B R |

(c) Fe,O,@SiO,@TiO,-IIP Fe,0,@SI0,@Tio,-IIP (@
Fe,O,@SiO,@TiO,-NIP
2954,93 1751,7“\
159,33 88134
= 2680, 331923 '
= 3 208850 ) 1726354 199420
2 < | Fe,0,@si0,@TIO,NIP
A
= o
= c
[ £
S = 126386 A
2
= g /’ 3316,11 205634 115861 878,16
E 3572.9.4 ) 1727,28 & 1567,93
| ol F5304@S|02@T|02-Pb-up
505,32
331320 ¥, 126298
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Hinh 1. SEM cua vat liéu (a) IIP; (b) Phé EDX; (¢) Gian d6 XRD; (d) Pho FT-IR cua vét liéu

3.2. Kha ning chon lgc cia vat li¢u

Két qua khdo sat khd nang chon loc cua vat li¢u dugc trinh bay ¢ bang 2. Két qua phan tich ¢ bang 2 cho
thay rang vat ligu in dau ion 1P thé hién kha ning hap phu ion Pb?* cao hon nhiéu so véi cac cation khac,
ddng thoi kha nang chon loc cua vat ligu in d4u ion IIP ciing cao hon nhiéu véi vat liéu khong in diu NIP.

Bang 2. Cac thong sb chon loc cua vt liéu dbi vai Pb?*

lon Vit liéu hap Hé sb phan bd | Hé sb phan bd cua Heé s6 Hé s6 chon loc
phu cua Pb (Kd) kim loai M* (Kd) | chonloc (K) | tuong ddi (K)
P 28,40 0,53 53,43

P 2+ 2+ i) i) i) 4

br/cu NIP 6,07 0,49 12,28 3
1P 28,40 0,77 36,88
241~ {2+ ' ' '
Pb/Cd NIP 6,07 0,63 9,60 3.84

Hé s phan b6 Kd, hé s6 chon loc K va hé sé chon loc twong dbi K & bang 2 cho thiy rang hé s6 chon loc
vat lidu NIP d6i vai ion Pb% so véi cac ion kim loai khac twong ddi thap. Hé sb chon loc cuia vat lidu in dau
ion IIP ciia Pb2*/Cu?*; Pb®/Cd?* lan lugt 1a 53,43; 36,88 cho thiy kha niang chon loc cua vat liéu ddi véi
Pb% cao hon nhiéu 1an so véi céc ion khéc ton tai trong dung dich. Hé sé chon loc tuong déi cua vat liéu
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doi voi cac ion Pb?*/Cu?"; Ph?*/Cd?* lan luot 14 4,35; 3,84 déu I6n hon 1 [29]. Cac két qué & trén déu dua
dén nhan dinh rang vat liéu in dau ion da duoc tong hop thanh cong véi do chon loc cao doi voi ion Ph?*.

3.3. Kha ning hap phu ion Pb?* ciaia vat ligu Fe30:@Si0@TiO.-11P va Fe;0,@Si0.@TiO,-NIP

Kha ning hip phu ion Pb?* ctia vat liéu Fe30s@Si0@TiO2- 1P va Fe;0,@Si0.@TiO,-NIP duoc thé hién
& bang 3. Két qua & bang 3 cho thay rang kha nang hap phu ion Pb?* cua vat ligu Fe;0,@Si0.@TiO,-11P
cao hon rat nhiéu so véi vat ligu Fe;04@Si0.@TiO.-NIP. Diéu nay cd thé duoc giai thich 1a do trén bé mat
cua vat ligu 1P co rat nhiéu khoang trong tuong thich véi ion Ph?* do su in ddu ion Pb?* nén kha niang hap
phu in dau tro lai ion Pb2* tot hon va chon loc hon. Con d6i vai vat liéu NIP, trén bé mit vat liéu khéng xay
ra qua trinh in dau ion Pb2* nén su bt gitr ion Pb2* cha yéu do su hip phu it chon loc dan dén hiéu suat hip
phu khéng cao.

Bang 3. Kha nang hép phu ion Pb?* ctia vt liéu Fes0:@Si0,@TiO2-1IP va Fes0,@SiO.@TiO2-NIP

Nong do chi ban dau Nong do chi sau o p
(he/L) gidi hip (ugr) | Mo swatCe)
Fe;0.@SiO.@TiO,-1IP 100 94,53 94,53
Fes0.@Si0.@TiO.-NIP 30,65 30,65

Co ché lién két trong vat liéu Fes0,@SiO.@TiOx-1IP c6 thé duge dé xuat nhur hinh 2.

0]
o
O\ /O 0
Fe;0,@Si0,@TIO, +Pb2-+]  OH +l-mercapto octan ——» "ol

Methacrylic acid

==

‘s'. P C— i EDGMA

1 '

L i ) y l.*'
g J/Giai hap phu  * g

Hinh 2. Co ché twong tac cta vat liéu voi ion Pb?*
3.4. Kha ning tai str dung cua vat ligu

Két qua & hinh 3 cho thiy vat liéu Fes0,@SiO.@TiO-11P ¢6 kha ning tai sir dung rat cao. Sau 3 lan sir
dung, hiéu suat giai hip phu van dat 94,01%, chi léch khoang 0,77% so véi hiéu suét giai hap phu ban dau.
Riéng dén Ian tai sir dung thtr 5, hiéu sut giai hip phu c6 giam nhung van & muc cao 76,17%. Do vay, vat
liéu nay c6 thé tai sir dung 3 lan trong cac ng dung phan tich mau.
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Kha nang tai sir dung

Hinh 3. Kha ndng tai st dung cia vat li¢u

3.5. Khoang tuyén tinh va dwong chuan

Két qua phan tich cho thdy dung dich Pb2+ tuyén tinh trong khoang ndng d6 5+120 pg/L vé6i hé sé‘ tuong
quan R?1a 0,9977. Dua trén khoang tuyn tinh nay, duong chuan dugc xay dung trong khoang nong do
5+50 pg/L. Hinh 4 cho thay phuong trinh duong chuan la y = 0,0053x +0,0016 vdi hé so R? = 0,9986.

ABS
0,3
y = 0,0053x + 0,0016
R? - 0,9986

0,25
0,2
0,15
0,1

0,05

0 10 20 30 40 50 60 pg/l.
Hinh 4. Duodng chuén xac dinh ham lugng Pb

3.6. Giai han phat hién, giéi han dinh lweng ciia phwong phap

Gio1 han phat hién va gidi han dinh luong cua phuong phap dugce tinh toan lan luot 1a 1,11 pg/L va 3,32
ug/L. Két qua dugce the hién chi tiét & bang 4.
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Bang 4. MDL, MQL ctia phuong phap

Mau thtr nghiém C spike 10 pg/L Hiéu suét thu hdi (%)
8,889 88,89
9,299 92,99
8,572 85,72
8,575 85,75
8,990 89,90
Cm = KPH (Hg/L) 8,941 89,41
9,123 91,23
9,574 95,74
8,696 86,96
8,357 83,57
Gia tri trung binh: Mean 8,902 89,02
Do 1&ch chuan: SD 0,37
Gioi han phat hién: MDL 1,11
Gioi han dinh luong: MQL 3,32
4 <R =Mean/MDL <10 8,05 Pat

3.7. D9 lap lai ciia phwong phap
Do lap lai ciia phuong phap duogc thé hién ¢ bang 5.

Bang 5. D9 lap lai cua phuong phap

Mau thir nghiém Cspike 10 pg/L | Cspike 20 pg/L | Cspike 30 pg/L

9,00 17,25 26,77

8,13 19,36 25,73

8,06 16,05 30,37

Cm = KPH (uglL) 9,99 20,67 26,07

9,80 17,69 28,36

8,24 19,06 30,05

Gia tri trung binh, Mean (pg/L) 8,87 18,35 27,89
D6 léch chuan, SD 0,86 1,66 2,01
Do 1éch chuan twong ddi, RSD: % 9,75 9,07 7,22

];;)Sglé[)crh 0/((:)huém tuong doi (Hortwitz): 15,85 14.28 13.44
RSDr/PRSDr 0,62 0,63 0,54
Panh gia: 0,3 < RSDr/PRSDr < 1,3 Pat Pat Pat

Gi4 tri d6 lap lai cia phuong phap duoc danh gia thong qua ti s6 HorRat 14 ti s6 giira d6 léch chuan tuong
dbi va d6 léch chuan twong ddi tinh theo phuong trinh hortwitz (RSDr/PRSDr). Két qua & bang 5 cho thay
rang tmg voi 3 mirc ndng do thém chuan thap, trung binh va cao thi ti 16 RSDr/PRSDr nam trong khoang
tir 0,3 dén 1,3 nén phuong phép st dung c6 do 1p lai dat yéu cau [34].
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Do tai lap trung gian ciia phuong phap duoc thuc hién & nhitng ngay khac nhau, két qua thé hién & bang 6.

Bang 6. D9 tai lap trung gian cua phuong phap

Thap Trung binh Cao
Cspike Cspike Cspike Cspike Cspike Cspike
W0pg/l | 10pg/L | 20pug/L | 20 pug/L | 30 pg/L | 30 pg/L
9,00 8,35 17,25 19,85 26,77 26,39
Cp = KPH pg/L 8,13 8,25 19,36 16,38 25,73 27,41
8,06 8,45 16,05 18,36 30,37 30,25
9,99 9,21 20,67 18,22 26,07 27,34
9,80 8,78 17,69 17,02 28,36 26,22
8,24 9,94 19,06 19,43 30,05 31,23
Mean 8,87 8,83 18,35 18,21 27,89 28,14
SD 0,865 0,647 1,664 1,339 2,013 2,094
Xtb 8,85 18,28 28,01
Sx 0,728 1,442 1,963
n 6 6 6
Sy 0,764 1,510 2,054
SL 0,094 0,184 0,247
Sr 0,769 1,521 2,069
RSDr % 8,69 8,32 7,38
PRSDkg (Horwitz), %0 14,95 13,83 13,15
RSDr/PRSDr 0,582 0,602 0,562
banh gia: 0,3< RSDr/PRSDr <1,3 Pat bat Pat
Ngay thuc hién Ngay1l | Ngay2 | Ngayl | Ngay2 | Ngayl | Ngay?2

Gia tri d9 tai lap trung gian cua phuong phap dugc thyuc hién ¢ hai ngay khac nhau va dugc danh gia théng
qua ti s6 HorRat (RSDr/PRSDr). K€t qua ¢ bang 6 cho thay rang img v6i 3 mire nong d6 thém chuan thap,
trung binh va cao thi ti 1¢ RSDr/PRSDr nam trong khoang tir 0,3 dén 1,3 nén phuong phap sir dung c6 do

tai 1ap dat yéu cau [34].

3.9. Hiéu suit thu héi ciia phwrong phap

Hiéu suét thu hdi ctia phuong phéap duge thé hién ¢ bang 7.

Bang 7. Hiéu suat thu hdi ciia phuong phéap

Mau thir nghiém fésﬁ'g‘j‘i HY% Z%SE'gk/‘f_ H% 3%5"‘-’1;? HY%
9,00 89,99 17,25 86.25 2677 89.23
8.13 81,29 19,36 96,80 2573 85,76
8,06 80,59 16,05 80,25 3037 | 101,23
Criu=KPH Hg/L 9,99 99,90 2067 | 10335 | 26,07 86.90
9,80 97,99 17,69 88,45 28,36 94,53
8.24 82,39 19,06 95,30 3005 | 100,16
Hiéu suat trung binh H% 88,69 91,73 92,97

Ket qua & bang 7 cho thiy hiéu suat thu hdi cta phuong phap tuong dbi cao tir 88,69 dén 92,97%, dat yéu
cau theo quy dinh cia AOAC. Két qua nay ching minh rang phwong phap dugc s dung c6 do chinh xac
cao trong viéc xac dinh ham lugng chi trong mau nudc.
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3.10. Phan tich chi trong mdt s6 miu nwéc

Kha ning chiét pha ran cia vat liéu dugc tmg dung dé hap phy 1am giau ion Pb?* trong cac mau nudce. Cac
mAu nude duoc 14y tai khu vuec TPHCM, tinh Long An va loc qua mang 0,22 pm. Ton Pb?* trong mau dugc
lam gidu, rira giai theo quy trinh trén va xac dinh bang phuong phap GF-AAS. Riéng miu nudc thai trudc
xu ly tai quan 12 dugc phan tich truc tlep, khong img dung quy trinh chiét 1am giau vi ham lugng chi trong
mAu tuong di cao. Két qua phan tich mau duoc thé hién & bang 8.

Bang 8. Phén tich chi trong mot sé miu nudc

i Nong do chi (ug/L)
Thé lihé Phuong phép tham
_ tich tich Phuong phap nghién ctru khao (SMEWW
Stt Mau may | dinh 3113B:2017)
muc | Thém .
mL . * & .
MO ML) | chuan | EF Ket | Rspos | H Két qua=SD
qua+SD
(Ho/L)
1 Nuéc cép sinh 200 | 10 5 20 KPH™ - - KPH™
hoat tai quén 12 2 20 | 1,91+0,08 | 2,01 | 92,29 (MDL 5 ug/L)
o | Nube thai tru6e | ygq | 45q | 1 |4435+0,05| 244 | - 44,14+1,02
xur ly tai quan 12
3 Nudc thai sau xir 200 | 10 - 20 | 1,35+0,04 | 2,86 -
Iy tai quan 12 1 20 | 2,23+003 | 1,32 | 92,41
4 | Nudc thai cong - 20 | 0,99+0,03 | 2,75 -
. 200 | 10 "
ty tai Long An 1 20 | 1,86+0,03 | 155 | 93,12 KPH
g | Nue cdp sinh | 00 | o - 20 KPH™ - - (MDL 5 pg/L)
hoat tai Long An 2 20 | 1,91%0,03 1,40 | 95,30
Sc thai cb - 20 | 0,80+0,04 | 4,88 -
g | Nuoc thii cong | 554 | 45
ty tai Cti Chi 1 20 | 1,73+0,02 | 1,39 | 93,60

EF*: Hé s6 lam giau
KPH**: Khong phat hién
3.11. So sanh phwong phap nghién citu véi mot sé6 cong bé khac

Phuong phéap nghién ctru sir dung vat liéu polymer in dau ion Fe304@Si0:@TiO,-1IP dugc so sanh voi mot
s6 cong bd khac dé chiét 1am giau va xac dinh chi duoc the hién & bang 9. Két qua ¢ bang 8 cho thay
phuong phap nghién ctru 1a dang tin ciy dua trén cac thong s6 MDL va RSD%, va c6 thé ap dung dé phan
tich ion chi trong cidc mau moi truong.

Bang 9. So sanh phuong phap nghién ctru v6i mot sé cong bd khac

, Khoang tuyén tinh, MDL, \

Phuong phap (ug /L) RSD, % (g /L) Tham khao
CPE/AAS 1200 + 40000 4,90 4,30 [35]
Fluorescent Pb-11P 7,1+60 - 2,10 [36]

Nano TiO2/ AAS 3+70 4,84 1,38 [37]
TSA*-immobilized silica gel/AAS - 1,50 3,70 [38]
Pb-DMTD*/UV-Vis 100 + 40000 2,00 20,00 [39]
Pb-11P/ICP-OES 0+100 - 1,88 [40]

Pb —dithizone/UV-Vis 60 + 60000 2,00 10,00 [41]
Fes0,@Si0.@TiO-1IP 5+120 4,14 1,11 Nghién clru nay

TSA*: Thiosalicylic acid
DMTD¥*: 2,5-dimercapto-1,3,4-thiadiazole
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4. KET LUAN

Vit liéu Fes04@SiO@TiO:-11P duge tong hop va img dung thanh cong trong viéc hap phu lam _gidu ion

Pb?* trong mau nudc. Ham lugng Pb?* co trong méu duge x4c dinh bing phuong phéap quang phé hip thu
nguyén tir két hop véi vat liéu polymer in ddu ion. Phuong phap dugc tham dinh thanh cong véi khoang
tuyén tinh 1a 5+120 pg/L. Gi6i han _phat hién va gi6i han dinh luong ctia phuong phap lan luot 14 1,11 pg/L
va 3,32 ug/L. Do 1ap lai 6 3 mirc nong d6 10 pg/L; 20 pg/L; 30 pg/L 1an luot 139,75 %; 9,07%; 7,22%. Do
tai lap dugce thyc hién ¢ nhiimg ngay khac nhau ¢ 3 mirc nong do twong tmg ¢ trén 1an luot 13 8,69%; 8,32%;
7,38%. Hiéu suét thu hoi ctia phurong phap tuwong dbi cao trong khoang 89,69+92,97 %. Pong thoi phuong
phap nghién ctru tvong ddi don gian, dé thyc hién, pht hop véi hau hét cac phong thi nghiém trong nude.
Phuong phap nghién ciru nay hoan toan c6 thé ap dung dé lam giau va xac dinh ham luong vét chi trong
mau nuéc.

LOI CAM ON

Chung t6i chan thanh cam on Khoa Cong ngh¢ Héa hoc, Truong Pai hoc Cong Nghiép Thanh phé Ho Chi
Minh va phong thi nghiém Cong ty Co phan Pau tu Phat trién Moi truong Pai Viét di tao diéu kién vé
trang thiét bi, co s¢ vat chat trong subt qua trinh thyc hién nghién ciru nay. Chiing t6i ciing chan thanh cam
on Ban bién tdp va phan bién da giup chung t6i hoan thién bai bao nay.
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METHOD VALIDATION FOR DETERMINATION OF LEAD IN WATER BY ATOMIC
ABSORPTION SPECTROSCOPY WITH ION IMPRINTED POLYMER MATERIAL

DUC HOA LE, VAN TRONG NGUYEN, HOAI AN LE, THANH THUY TRAN"
Faculty of Chemical Engineering, Industrial University of Ho Chi Minh City
“Corresponding: tranthithanhthuy@iuh.edu.vn

Abstract. The procedure for the determination of lead in water samples by atomic absorption spectroscopy
using flameless atomization technique GF-AAS combined with Pb?* ions imprinted polymer (1IP) material
has been successfully validated. The Pb?* ions imprinted polymer material was synthesized using 1-
mercaptoctane; methacrylic acid; Pb(NOs)2; AIBN and EDGMA 60 °C in 5 hours under nitrogen
atmosphere. The characteristics of the materials were analyzed by scanning electron microscopy, energy
dispersive X-ray spectroscopy, and X-ray diffraction techniques. Pb?" ions in water samples were re-
imprinted into the 1IP material, then desorbed with HNOj3 solution and determined by the GF-AAS
techniques. Under optimized parameters of GF-AAS instrument, the linear calibration graph was in the
range of 5+120 pg/L with R?=0.9977. The limit of detection and limit of quantification were 1.11 pg/L and
3.32 pg/L, respectively. Repeatability of 10 pg/L, 20 pg/L, 30 pg/L concentrations was 9.75%; 9.07%;
7.22%, respectively. The reproducibility performed on different days with above three concentrations was
8.69%, 8.32%; 7.38%, respectively. The recovery efficiency of the method was in the range of 89.69 +
92.97%. The research method was applied to analyze the trace of lead content in water samples in
HoChiMinh City, Long An Province and evaluated according to the standards of the Ministry of Health and
the Ministry of Natural Resources and Environment.

Keywords. Lead, GF-AAS, ion imprinted polymer, method validation
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