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SUMMARY

SIMULTANEOUS DETERMINATION OF CHLORATE AND PERCHLORATE
IN MILK BY LIQUID CHROMATOGRAPHY-TANDEM MASS SPECTROMETRY

A simple, selective, and sensitive method using hydrophilic interaction chromatography combined
with tandem mass spectrometry (HILIC—MS/MS) for simultaneous determination of perchlorate and
chlorate in milk was developed. The analysis was conducted on an HILIC column (150 mm x 4.6 mm,
3.5 um) using a mobile phase consisting of acetonitril and 0.1% formic acid with gradient elution. The
detection was performed by MS/MS via electrospray ionization. The sample was extracted using ACN:
AcOH 1% (4:1). The extract was cleaned using C18 sorbent. Linear calibration curves were obtained
in the concentration range of 1to 100 ug/L. The method detection limit was 0.15 ug/kg. The
recoveries of perchlorate and chlorate were all >80%. This method was successfully applied to the
quantitative determination of perchlorate and chlorate in 50 milk samples (milk powder, liquid milk
and yogurt).
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1. PAT VAN PE

Sira va cac san phdm tir sira 1a ngudn cung cip
nhiéu chit dinh dudng quan trong, cin thiét
cho su tang truong va phat trién cta tré so sinh
va tré nho ciling nhu loi ich duy tri sirc khoe &
ngudi 16n. Viéc vé sinh thiét bi trong quy trinh
ché bién sita c6 tam quan trong 16n trong chudi
cung tmg sita, nham ngan chan sy bung phat
clia cac bénh tir thyc pham [1]. C6 nhiéu chat
khtr trung khac nhau dugc st dung trong nganh
cong nghiép thuc phdm noéi chung, cong
nghiép san xuit sita noi riéng. Trong d6, nhom
chat khir tring Chlorine duoc sir dung phd bién
[2]. Viéc sir dung nudc trong tat ca cac khiu
clia san xudt sira van 1a mot trong nhiing
nguyén nhan chinh 1y gidi sy c6 mat cua
Chlorate va Perchlorate trong stta [1,3].

Chlorate va Perchlorate gdy anh hudng khong
t6t dén stre khoé con nguoi dic biét 1a tré nho.
Viéc phoi nhidm cac dan xudt Chlorine vo co
¢6 thé dan dén nguy co ngd doc mau, than va
trc ché chirc ning tuyén giap [4]. Thai nhi va
tré so sinh dé bi anh hudéng boi doc tinh
Perchlorate hon vi ching nhay cadm hon khi
phoi nhidm Perchlorate [5]. Khi nong do
Chlorite va Chlorate ting cao (> 700 pg/L)
trong nudc udng cua phu nit mang thai lam
tang nguy co ddi véi cac di tat dudng tiét niéu,
ho ham &ch, gai cot sdng va khuyét tat vé tri
ndo [6]. Theo quy dinh chau Au (EC) sb
2020/749 [7] va 2020/685 [8], giéi han du
luong t6i da cho phép cua Chlorate va
Perchlorate trong sira cong thirc cho tré em lan
luot 1a 0,1 mg/kg va 0,01 mg/kg.



Céc nghién ctru da dugc cong bd vé viée xéac
dinh ham Iugng Chlorate va Perchlorate su
dung cic phuong phap nhu: quang phd hong
ngoai FTIR [9], sic ky ion ghép ndi khéi phd
IC-MS/MS [10], dién di ghép sic ky ion véi
detector UV (CE-IC-UV) [11], sic ky long
khdi phd LC-MS/MS [5][12][13] v&i cac nén
mau nhu: nude, mudi, rau, qua. ..

Viéc phén tich sita va cac san phdm tir sita gap
phai nhiéu thach thirc. Cac méu sira c6 nhiéu
thanh phan gy anh huéng t6i qua trinh phan
tich, nhu protein, chat béo va duong. Nghién
clru ndy phat trién phuong phéap sic ky long
khéi phé LC-MS/MS dé xac dinh ddng thoi
Chlorate va Perchlorate trong sita.

2. PHUONG PHAP NGHIEN CUU

2.1. Nguyén vit liéu

Hoéa chét, chit chuin: chit chuin Chlorate tir
Sigma Aldrich, Perchlorate tir Merck; cac hoa
chat tinh khiét phan tich: methanol (MeOH),
acetonitrile (ACN), acid formic (FA), acid
acetic (AcOH) tur Merck, bot C18 tir Agilent.
Mau nghién ctru: cic mau sira duoc liy ngiu
nhién trén dia ban Ha Noi tir thang 8 dén thang
10 nam 2020.

2.2. Thiét bj

Hé théng sic ky long ghép ndi khdi phd
Waters Xevo TQ-XS, cot sic ki HILIC (150
mm x 4,6 mm x 3,5 pm).

2.3. Phwong phap nghién ciru

2.3.1 Phuwong phdp xi Iy méu

Can chinh xac khoang 5 g mau ddng nhit,
thém 20 ml dung méi chiét (ACN: AcOH 1%,
4:1), lic vortex 1 phut, lic ngang 30 phut, dinh
mirc 25 ml bang dung moéi chiét. Ly 1 ml
dung dich chiét tron véi 100 mg bot C18, loc
va phan tich trén LC-MS/MS.

2.3.2 Phwong phdp dinh luong

Khéo sat diéu kién khéi phd: tim cac diéu kién
tdi wu cua MS dé xac dinh ion me; lua chon
cac ion con phu hop.

Khao sat diéu kién sic ky long: Iua chon cot
tach, khao sat dung moi pha dong, ti 1€ pha
dong, chuong trinh rura giai.

2.3.3 Tham dinh phuong phdp

Panh gia cac thong s sau: Do ddc hiéu, gidi
han phat hién LOD, giéi han dinh luong LOQ,

khoang tuyén tinh, d6 lap lai va do thu hoi.
3. KET QUA VA THAO LUAN
3.1. Téi wu diéu Kién xac dinh dong thoi
Chlorate va Perchlorate bing LC-MS/MS
3.1.1. Piéu ki¢gn khoi pho
Chon ché do khao sat tu dong dé ban pha ion
phén tr thanh cac ion con, lya chon ion con c6
cuong dg cao nhéat dé dinh lugng va ion co
cuong do thap hon dé dinh tinh. Téi wu hoa
ning luong bin pha va dién thé dau ra tw dong
theo phan mém cua thiét bi. Cac két qua dwoc
trinh bay trong bang 1.
Diéu kién khdi phd hoan toan phu hop véi
cong thirc phan tir cua chlorate va perchlorate
v6i ion me c6 s6 khéi 1a [M-H], mdi chit déu
thu duogc 2 ion con, phu hop voi quy dinh cta
chau Au vé s6 diém IP [14].

Bdng 1. Piéu kién MS/MS téi wu
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51,06 | 32 16
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82,98 | 62 6

Perchlorate | 99,451 | 98,93
67,03*| 62 | 54

Ghi chu: (*) la ion dinh luong

3.1.2. Piéu ki¢n sic ky

Cot HILIC chura hat nhdi ¢6 ban chét phan cuc,
cho phép luu giir tot cac chat phan cuc manh,
thich hop cho viéc phan tich chlorate va
perchlorate nén dugc lya chon trong nghién
clru nay.

Dya trén mot s6 cong bd [5][12][13] va cac
pha dong dwoc khuyén nghi sir dung trén cot
HILIC, mét s6 dung méi pha dong dugc khao
sat gém: acid formic 0,1% — ACN; amoni
format 10 mM — ACN; acid formic 0,1% —
methanol. Két qua cho thdy: khi st dung pha
dong chtra mudi amoni format cac chit phan
tich chwa tich dwoc hoan toan, pic sic ky
khong can xtng. Hai pha dong con lai chia
acid formic cho pic sic ky can xtng, chan pic
gon. H¢ pha dong chira acid formic — ACN cho




pic can xtmg, 2 chit tach rd rét, tin hiéu chat
phén tich cao hon pha ddng cé chira methanol.
Do d6 hé pha dong acid formic — ACN duoc
luwa chon cho cac khao sat tiép theo.

Ti 1¢ pha dong trong sic ky long anh huong t6i
muc dg ion hoa, d9 phan cuc, kha nang luu gitr
trén cot ciia chat phan tich. Trong MS, ti 1é cac
thanh phan pha dong ciing gy anh hudng t6i
nhiu nén va cudng do tin hiéu phan tich. Khi
str dung ché do rira giai ding dong chira 60%
ACN, chit phan tich kém luu gitr, chlorate va
perchlorate c6 thoi gian rira giai ngan. Nguoc
lai, ché d rira giai dang dong chira 90% ACN,
cac chit phan tich tach tot nhung thoi gian
phén tich qua dai. Khi st dung chuong trinh
rira giai gradient (bang 2), bat dau tir ti 16 ACN
cao (90%) dé tach 2 chat phan tich, sau d6
giam dén ti 16 ACN vé 60% dé tang toc d¢ rira
giai, rat ngin dugc thoi gian phan tich, cac
chat phén tich dugc tach va rira giai trong thoi
gian phu hop (10 phut).

Bdng 2 Chuong trinh gradient pha dong

Thoi gian Acid formic ACN
(phut) 0,1% (%) (%)
0,0 10 90
3,0 40 60
6,0 40 60
6,5 10 90
10,0 10 90

3.2. T6i wu diéu Kién xir Iy mau

3.2.1. Khio st thanh phan dung méi chiét mau
Pé loai bo protein va chit béo trong nén maiu
sita, tién hanh khao sat anh huong ciia dung
moi chiét: Methanol (MeOH); ACN; MeOH —
AcOH 1%, ACN — AcOH 1% st dung mau
trang thém chuan va danh gia hiéu suat thu hoi.
Két qua dugc chi ra trong hinh 1.
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Hinh 1. Anh hiong ciia dung méi chiét dén
hiéu sudt thu héi Perchlorate va Chlorate

Khi dung méi chiét hoan toan 1a dung méi hiru
co, hiéu sut thu hdi giam do chét phén tich c6
tinh phan cuyc manh. Khi bd sung thém acid
acetic, do phan cuc ciia dung moi chiét ting
thém. Do d6, hiéu suét thu hoi céi thién rd rét &
cad MeOH va ACN. Tuy nhién, hiéu sut thu
hoi ciia chlorate va perchlorate trong dung moi
chiét ACN-AcOH cao hon cho c chlorate va
perchlorate nén hon hop dung moi nay duge
lwa chon cho cac khao sat tiép theo.

3.2.2. Khdo sdt ti I¢ dung méi chiét

Viéc bd sung thém acid acetic vao thanh phan
dung moi chiét cai thién kha ning chiét miu
nhd ting mirc d6 phan cuc ciia dung moi chiét.
Tuy nhién, khi ti 1¢ acid acetic trong dung moi
chiét tang 1én c6 thé gay anh hudng t6i tin hiéu
chat phan tich do ting s6 luong ion di vao
detector lam giam d¢ nhay cuia phuong phap.
Tién hanh khdo sat d¢ thu héi cia mu thém
chuan ddi v6i dung méi chiét ACN — AcOH
1% & cac ti 1€ 1:1, 2:1, 3:1, 4:1, 5:1. Két qua
duoc thé hién trong hinh 2.
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Hinh 2. Anh huong ca ti 1é dung méi chiét
dén hiéu sudt thu héi Perchlorate va Chlorate
Két qua cho thay kha ning chiét mau hiéu qua
nhét dbi véi ca Perchlorate va Chlorate & ti 18
ACN: AcOH 1% (4:1). Vi vay, ti 1¢ dung moi
chiét nay dugc luya chon cho quy trinh chiét

mau tbi ru.

3.2.3. Khdo sdt qud trinh lam sach méu

Sau khi chiét mu, dé loai bo téi da sy anh
huéng cia nén mau, chit hip phu lam sach
mau duoc st dung gom: bot C18, bot PSA va
bot carbon hoat tinh (GCB). Thi nghiém duogc
tién hanh trén miu tring thém chuén, chiét
bang dung méi chiét da téi wu, sau d6 duogc
lam sach véi 3 loai bot trén voi khoi luong 100
mg cho mdi bot. Két qua cho thiy: bot PSA
lam giam manh kha ning thu hdi cua chit phan
tich do ¢ ban chét 1a cac nhoém amin. Nguoc
lai, bt C18 va GCB cho hiéu suat thu héi cao
hon. Bot C18 it phéan cuc, chi hép phu va loai



bo cac tap chat kém phan cyc ma khong gy
anh huong tdi Perchlorate — Chlorate, cho hiéu
sudt thu hoi tét va duoc lua chon cho quy trinh
chiét t6i vu. Tién hanh khao sat kha nang lam
sach mau cua bot C18 & cac mire khéi luong tir
50 — 150 mg cho thiy: khi tang khéi lugng bot
C18 tir 50 t6i 100 mg, d6 thu hoi ctia chat phan
tich tang 1én. Tuy nhién, khi luong bot C18 su
dung nhiéu hon 100 mg, d6 thu hdi co6 xu
hudng giam xubng do bot C18 du co thé hap
phu chat phén tich. Do d6, 100 mg bot C18 1a
khéi lwong tbi wu cho qua trinh lam sach.

3.3. ThAm dinh phwong phap

3.3.1. Dj dic hi¢u

Tién hanh phan tich mau tring, miu chuan va
mau tring thém chudn tai mc ndng do 50
ng/kg. Mau tring khong co tin hiéu cua chét
phan tich, mau tring thém chuin c6 pic cua
Perchlorate va Chlorate ¢ thoi gian trung khop
voi thoi gian luu cua chudn twong tmg (chénh
1éch thoi gian luu khong qua 2%). Theo cach
tinh diém IP [14] khi sir dung MS/MS, mdi ion
me duge tinh 1 diém, mdi ion con 1a 1,5 diém.
Két qua thu duoc trong bang 1 cho thiy
perchlorate va chlorate déu c6 s diém IP = 4
thoa man yéu cau vé so diém IP téi thiéu. Bén
canh do, ti 1¢ ion 14 tiéu chi dé khing dinh sy
¢6 mit cia chat phan tich. Két qua tinh toan ti
1¢ ion cua Perchorate va Chlorate duoc thé hién
trong bang 3.

Bdng 3. Ti I¢ ion cua Perchlorate va Chlorate

perchlorate va chlorate.

3.3.3. Puong chuin

Tién hanh thém chuan vao dich chiét mau

tréng & cac muc néng do 1; 5; 10; 20; 50; 100

pg/kg va phan tich trén LC-MS/MS véi cac

diéu kién da duoc tdi wu. Xay dung duong phu

thudc giita dién tich pic va ndng d6 twong tmg

thu dugc duong chudn va hé sd twong quan

trong bang 4.

Bdng 4. Puong chudn va hé sé twong quan ciia
Perchlorate va Chlorate

Chat phan Duong chuan HEg so tuong
tich quan R?

Perchlorate |y = 547,75x — 194,4 0,9997

Chlorate | y=184,04x+97,672 1,0000

3.3.4. Bé lap lai va dj thu hoi
Phan tich cac mau tring thém chuin & 3 mirc
ndng do khac nhau 10; 20; 50 pg/kg. Lap lai 6
lan cho mdi néng d6. Po léch chuén va hiéu
suét thu hoi duoc thé hién trong bang 5.
Bdng 5. D¢ lap lai va dé thu héi ciia
Perchlorate va Chlorate

Chat Phan tich | Perchlorate Chlorate
Mau chuan 69,5 12,1
MaAu thém chuan 67,3 11,5
% sai 1éch +13,9% +4,96 %
Khoéng cho phép +20% +30%

Nhu vdy, phuong phap dam bao tinh dac hiéu
dé phan tich Perchlorate va Chlorate.

3.3.2. Gidi han phdt hién (LOD) va gidi han
dinh lugng (LOQ)

Tién hanh phén tich mau tring thém chudn véi
néng do thép nhét c6 thé xuat hién tin hiéu chit
phan tich. Phéan tich 1ap lai 6 lan, LOD cua
phuong phap 1a néng do tai do tin hiéu chat
phan tich bang khoang 3 lan tin hiéu nhidu
duong nén, LOQ 1a néng do tai d6 tin hiéu cht
phan tich bang khoang 10 lan tin hiéu nhidu
duong nén. Phwong phap co gia tri LOD la
0,15 pg/kg va LOQ 1a 0,5 pg/kg cho ca

Chat phan | D9 1éch chuan | Hiéu suat thu
tich tuong ddi hoi (%)
(RSD, %)
Perchlorate 3,0-104 80,3 - 103
Chlorate 2,7-3,0 89,0 -99,7

Két qué cho thdy phwong phap c6 d chinh Xéc

dap ing yéu cau cia AOAC [15] (46 thu hoi
60 - 115% va d6 léch chuan tuong dbi < 21%
tai nong d6 10 pg/kg).

3.4. Ung dung phwong phap dé phén tich
Chlorate va Perchlorate trong mdt s6 sin
phim sira c6 trén thi truong

Két qua khao sat 50 miu sita (20 mau sira bot,
5 miu sita chua va 25 mau sira long) duoc thé
hién trong hinh 3 va hinh 4.
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Hinh 3. Péi chiéu két qua chlorate va
perchlorate trong mau sita bt véi MRLs
theo quy dinh EC
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Hinh 4. Béi chiéu két qua chlorate va
perchlorate trong mau sita meée véi MRLs
theo quy chudn EC
Két qua cho thidy c6 28/50 mau phat hién
Perchlorate va 32/50 mau phat hién Chlorate.
Trong d6, ¢6 10/50 mau khong phat hién ddi
voi ca Chlorate va Perchlorate. Ngoai ra, 2
mau sira bot c6 ham lugng Chlorate vuot qua
MRLs theo quy dinh cia EC. Hadm lugng cta
Perchlorate trong mau sita khoang 1,92-9,70
png/kg. Pidu ndy mang dén nhiéu lo ngai vé du
lwong Chlorate va Perchlorate trong thuc pham
anh huong dén stc khoe nguoi tidu ding. Sic
ky d6 mau sita long va sita bot chira Chlorate

duoc thé hién trong hinh 5.

10ug/kg

200 400 600 800 200 400 600 800

Hinh 5. Sdc ky d6 mau sita long (4) va sita bot
(B) phat hién Chlorate

4. KET LUAN

Nghién ciru da thanh cong trong viéc xac dinh
ham Iugng Chlorate va Perchlorate trong sita
bang phuong phép sic ky long ghép ndi khéi
phé. Quy trinh phan tich don gian, phwong
phap ciing da dugc tham dinh vé& do dic hiéu,
duong chuan, do lap lai, do thu hoi, gidi han

phat hién va gi6i han dinh luong. Két qua thim

dinh phuong phéap cho thiy quy trinh da xay
dyng phu hop dé xac dinh ham luong Chlorate
va Perchlorate trong sita. Két qua phan tich 50
mau thuc cho ham luong Chlorate va
Perchlorate khac nhau trén cac nén mau.
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