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Tom tit

Phuong phdp xdc dinh chlorate va perchlorate trong mau cd tra dung k¥ thuat LC-ESI-
MS/MS da duoc phit trién thanh cong. Du luong chlorate va perchlorate trong mau dugc
chiét béng dung dich methanol da dugc acid héa véi acid formic 1%. Sau dé, dich chiét duoc
lam sach béng bot Cis, sit dung cdt pha thuan dé tach chlorate va perchlorate va dinh lugng
trén thiét bj LC-ESI-MS/MS. Két qua xdc nhan gid tri str dung phuong phdp cho thay d6 dic
hiéu tét, dudng chuén tuyén tinh trong khoang ndng d6 0,0005 - 0,015 mg/L; gidi han dinh
luong (LOQ) 12 0,005 mg/kg; do thu hdi tir 91 dén 109% va do tai 1ap trong khoang 6,4 dén
9,5% déu dap mg theo yéu cau ciia SANTE. Phuong phdp da duoc dp dung dé phén tich
thue té, trong tong sb 427 mau c4 tra phi 18 thu thap tir cdc nha mdy ché bién thay san, ¢6 76
mau phat hién chlorate twong duong ti 16 18%. Nong do chlorate duogc phat hién trong
khoang tir 0,43 - 253 mg/kg.

Tir khéa: Chlorate va perchlorate, LC -MS/MS, cd tra.

1. PAT VAN PE

Chlorate va perchlorate (Hinh 1) 12 céc anion c6 cong thtrc phan tir 1an luot 1a C103 va
Cl0; . Chlorate dugc hinh thanh nhu mot san pham phu khi st dung chlorine, chlor dioxide
hodc hypochlorite dé khir tring nuéc udng, nuéc ding trong san xuét thiue pham va cc bé
mat tiép xuc voi thuc phém [1]. Trong khi d6, Perchlorate Xuét hién ty nhi€n trong moi
truong, & dang tram tich nitrat va kali, c6 thé dugc hinh thanh trong khi quyén va két tia vao
dat va nuéc ngam. N6 ciing xudt hién nhu mot chat gdy 6 nhiém moéi trudng phét sinh tir
viéc sir dung phan bén nitrat va san xudt, sir dung va thai bo amoni pechlorate dugc st dung
trong thudc phéng tén lira, chat nd, phdo hoa, phdo sdng va mdy bom tii khi va trong cic
quy trinh cong nghiép khic. Perchlorate ciing c6 thé dugc hinh thanh trong qud trinh phin
hay natri hypoclorit duoc sir dung dé khir tring nudc va c¢6 thé gdy 6 nhiém ngudn nudc.
Dit va phan bén duoc coi 1a nhitng ngudn tiém 4n gy 6 nhidm perchlorate trong thuc pham

[2].
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Hinh 1. Cong thirc cdu tao ciia chlorate va perchlorate

Trong bdo cdo khoa hoc “Nguy co strc khoe cong ddng lién quan du lwong Chlorate
trong thyc pham” ciia Co quan an toan thuc pham Chau Au (EFSA) nam 2015, EFSA da
phat hién murc du luong Chlorate trong nudc va thuc phim qud cao giy tic dong dén viée
hép thu Iodine - dac biét nhém tré so sinh va tré nho. Viéc hép thu nhiéu chlorate trong mot
ngly c6 thé gy doc cho con ngudi vi né c6 thé han ché kha ning hap thy oxy ctia mdu, dan
dén suy than [3, 4]. Perchlorate 1a mot chét tiém 4n gy ung thu, va da dugc ching minh Ia
can tré sy hip thy iodide trong tuyén gidp, han ché kha ning san xut hormone tuyén gidp.
Cic nghién ctru gan ddy chi ra tic dong ting trudng phét trién & ndng d6 thip, dic biét 1a
d6i véi su phat trién cta hé than kinh [5, 6].

Trong quy dinh méi nhét ciia Lién minh Chau Au tai Chi thi s6 (EU) 2020/749 ngay
04/6/2020 (stra d6i Phu luc 1T, Chi thi s6 396/2005 qui dinh mtc du lugng t6i da (MRL) dbi
v6i Chlorate trong mot sé san phdm), du lugng cho phép trong thuy san va san phdm thuy
san chua duoc quy dinh cy thé. Tuy nhién, muc gii han mic dinh van 4p dung & mixc MRL
12 0,01 mg/kg.

Hién nay, nhiéu phuong phép di dugc sir dung dé xac dinh chlorate va perchlorate bao
gdm: sic ky ion (IC) [7], chuan do dién thé [8] va phd bién nhat 1a sic ky khdi phd (LC-
MS). Trong phuong phép sic ky khéi phd chlorate va perchlorate c¢6 thé duge xéc dinh tryc
tiép tir dung dich chiét tich hodc sir dung thudc thir ghép cip ion [9] dé chuyén chit phan
tich thanh hop chit khic sau d6 phan tich trén thiét bi khdi phd. Pdi véi cdc phuong phdp
sdc ky ion, chuan d6 dién thé. Gidi han dinh luong (LOQ) ciia phuong phép cao, khong dép
ung gid tri MRL theo yéu cAu, chéng han: theo phuong phap chuin do dién thé [8] LOQ tir
2 - 50 mg/kg, sic ky ion [7] LOQ 12 0,03 mg/kg cao hon gid tri MRL quy dinh 12 0,01 mg/kg.
Trong khi d6 phuong phép sic ky khdi phd c6 do nhay cao hon nhidu véi LOQ tir 0,001 -
0,01 mg/kg [10, 11].

Thang 5 nam 2019, Phong Kiém nghiém Kiém chtng vé Thudc bao vé thuc vat ciia
Chau Au tai Ptrc da cong bd phuong phdp phan tich cédc thude bao vé thyuc vat c6 do phan
cuc cao trong thue phim c6 ngudn gde tir ddng vat bang LC-MS/MS [10]. Phuong phdp nay
da xdc nhan gid tri st dung trén nén mau trimg ga va tat ca cdc loai sita bd cho chlorate va
perchlorate véi LOQ 12 0,01 mg/kg cho mdi chat. Bén nay phuong phép nay van chua cong
bd di liéu x4c nhan gia tri st dung trén nén mau ca.

Tir thang 10 nam 2019 dén thang 7 nam 2022, Viét Nam da c6 14 16 hang c4 tra phi 18
d6ng lanh cua bi co quan tham quyén Pirc va Ao canh bdo phat hién du luong Chlorate &
mirc cao tir 1,13 mg/kg dén 44,3 mg/kg [12]. Do d6, viée phat trién phuong phdp xdc dinh
chlorate va perchlorate c6 d6 nhay ddp tmg quy dinh MRL ctia Chau Au 12 rat cin thiét,
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nham dao bao chit lugng san pham va sirc khoe ciia ngudi tiéu ding, han ché rai ro hang
thuy san Vi¢t Nam xuét khau bj thi truong nhap khéu tra vé.

Qua tham khao cdc tai liéu [10-14] ciing nhu cdc khao sét tir thuc té, phuwong phép sic
ky long ghép hai 1an khéi phd dd duoc nghién ctru dé phan tich du lwong chlorate va
perchlorate ton du trong c4 tra. Phuong phdp nay xédc dinh chlorate va perchlorate truc tiép
tor dung dich chiét tach sau khi duoc lam sach.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Pdi twong nghién ciu

Déi tuong nghién ciru trong bai bdo nay 1a du lwgng cic chat chlorate va perchlorate
t6n du trong mau c4 tra.

Cac mau thir ding trong nghién ctru nay c6 ngudn gbc tir cdc nha mdy ché bién thiy
san tai cdc tinh An Giang, Bén Tre, Can Tho, Pong Thap, Hau Giang, Tién Giang va Vinh
Long.

Mau tring 12 miu c4 tra dwoc phi 18 tir mAu c4 tra nguyén con ldy tir viing nudi cd tra
tai Can Tho. Qu4 trinh nudi khong st dung cic san phim chua chlor, chlor dioxide hodc
hypochlorite dé khir triing.

2.2. Héa chit, chit chuin

Cic héa chét, chit chuan sir dung trong nghién ctru nay déu thudc loai tinh khiét diing
phan tich va phu hop cho ky thuat LC-MS/MS.

Chét chuan chlorate va perchlorate c6 néng do 1.000 mg/L (s6 16 lan luot la
BCCDY9678-73166, BCCD8713-76462) duoc cung cip tir hang Sigma (M¥). Dung dich
chuén trung gian va chuin lam viéc duoc chuan bi bang cdch pha lodng dung dich chuan
gbc. Nong d6 cic dung dich chuan 1am viéc ndm trong khoang 0,001 - 0,02 mg/L.

Dung méi va héa chét khéc st dung loai ding cho ki thuat LC-MS/MS duoc cung cip
tor hang Merck (Ptic) gém: methanol (MeOH), acetonitrile (ACN), acid formic (FA), amoni
formate (AF), nudc cat. Bot Cig loai endcap, kich thudc hat nho hon hoac b?mg 70 pm duoc
cung cép tir hing Agilent (M¥).

2.3. Thiét bi va cic dung cu phu tro

Hé théng séic ky 1ong ghép khdi pho hai 1an (LC-MS/MS), thiét bi gdm hé sic ky 1ong
siéu hiéu ning cao Acquity H-Class Plus két ndi véi detector khéi phd Xevo TQ-S micro
cua hang Waters (My). Mot s6 thiét bi phu trg khac nhu: may lac 6ng nghiém Glas-Col
(My), mdy ly tdm Rotixa 500 RS Hettich (Puc), bé siéu am Elma (Ptc), can phan tich
Sartorius CPA 225D (dg chinh xac 0,1 mg) va céc thiét bi, dung cu thong thuong khac cua
phong thi nghi¢m.

2.4. Phwong phap nghién ciru
2.4.1. Khdo sdt diéu kién téi wu hé thong sdc ky léng khéi phé LC-MS/MS

Pé t6i uu héa diéu kién phan tich, tiém truc tiép hdn hop chuén chlorate va perchlorate

ndng d6 0,01 pg/mL vao detector khbi phd (MS/MS) véi ngudn ion héa phun dién tir (ESI)
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am. Qud trinh t6i wu héa duoc thuc hién trén phdn mém Masslynx 4.2. Chon ché d6 khao
sat tuy dong dé ban phd ion phan tir (ion me¢) thanh cac ion con, lya chon ion con ¢é cudong
dd tin hiéu cao nhat dé dinh luong va ion con ¢6 cuong do thfip hon dé dinh tinh. Viéc tbi
wu héa diéu kién phan manh sao cho thu dugc it nhét mot ion me va hai ion con.

Déi voi didu kién séc ky 1ong (LC), st dung cot Torus DEA 100 A, 1,7 um (2,1 mm
x 100 mm) ctia hing Waters, thanh phan pha déng gom 0,9% FA trong ACN va 0,9% FA
trong 50 mM AF va tién hanh khao st chwong trinh pha dong.

2.4.2. Khdo sdt, ddnh gid quy trinh xir Iy mdu

Str dung mau tring, thém chit chuin can phan tich vao miu tring va tién hanh xur ly
mau theo quy trinh khao sét. Sau d6 danh gia céc ti€u chi vé d6 thu hdi, do 1ap lai so voi cac
quy dinh cia SANTE [15]. Dya vao cic phuong phdp tham khao [10-14] quy trinh xt 1y
mau duoc lya chon nhu sau: cAn 5 g mau tring da dugc dong nhat vao 6ng ly tim nhya 50
mL, thém 0,5 mL chuan hdn hop chlorate va perchlorate 1 pg/mL, lic déu va dé yén it nhat
15 phdt. Thém 10 mL 1% FA trong methanol, lic manh va siéu am 15 phit. Ly tim 6 phiit
& toc d6 4.500 vong/phiit, hit 1 mL 16p trén cho vao dng ly tAm nhwa 15 mL chira 100 mg
bot Cis. Lac déu 1 phit sau d6 ly tim 6 phiit ¢ toc d6 4.500 vong/phiit. Loc dich chiét qua
mang loc mau c6 dudng kinh 16 0,20 dén 0,22 pm vao lo dung mau, pha lodng 0,2 mL dich
chiét sau khi loc v6i 0,8 mL nudc cét va tién hanh x4c dinh trén thiét bj LC-MS/MS.

2.4.3. Xdc nhan gid tri s dung cua phwong phdp

Phuong phdp duoc xdc nhan gid tri sir dung theo Hudng dan s6 SANTE/11312/2021
[15] ciia Chau Au vé phé duyét phwong phdp thudc bao vé thyc vat.

Céc thong s6 co ban dugc danh gia gém: d6 dac hiéu; do tuyén tinh cua dudong chuén;
anh huong cua nén mau; gi6i han phat hién va dinh lugng; d§ chum thdng qua d¢ 1ap lai, do
tai 1ap ndi bo; do ding thong qua do thu hdi va ti 18 ion.

2.4.4. Phurong phdp xit Iy s6 liéu

X 1y cic s6 liéu thong ké bang phan mém Microsoft Excel 2010. Ham luong chlorate
va perchlorate trong c4 tra dugc tinh bang phdn mém Masslynx 4.2 trén thiét bi sic ky 16ng
khéi phé.

3. KET QUA VA BAN LUAN
3.1. T6i wu héa diéu kién phan tich trén thiét bi LC-MS/MS
3.1.1. Téi wu héa diéu kién detector khoi phé

Thiét bj khoi phé ba tor cuc véi nguén ion héa phun dién tu, ché d6 ion Am duoc st
dung dé khao sat diéu kién tbi wu ion me va cic ion con. Két qua duoc trinh bay ¢ Bang 1.

Cic thong s6 phan tich khdi phd duoc tdi uvu khic gdm: dién thé dau phun mao quan
0,42 kV; nhiét do nguén jon héa: 150°C; nhiét d6 khi héa hoi 400°C; tdc do dong khi héa
hoi 800 L/h, nang lugng dinh huéng ion di vao 0,5 V.
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Bdang 1. Piéu kién phdan manh cua cdc ion me va ion con

, 1 I
Chit phén tich ‘(’”; /';? ‘Z:l/cz‘;" Cone (V) CE (eV) Ghi chii
Dbinh lugng
Chlorate 82,9 2(6)’3 85 12 Dinh tinh
’ (13,4%)"
82,9 20 Pinh luong
Perchlorate 98,9 66.9 60 30 Dinh tinh (6.2%)"

*Ti l¢ twong doi ion dinh tinh so véi ion dinh luong
3.1.2. T6i wu héa diéu kién sdc ky

Sau khi lya chon duoc céc ion me, ion con va céc diéu kién tdi wu, tién hanh phan tich
dung dich chuén hdn hop chlorate va perchlorate c¢6 nong d6 10 ng/mL.

Trén co s tham khéo cdc phuong phdp [10-14] va diu kién thuc té, thanh phan pha
dong g@)m Kénh A (70%) dung dich hon hop 0,9% FA trong ACN, Kénh B (30%) dung dich
hdn hop 0,9% FA trong 50 mM AF. Cot dugc st dung 1a ¢t Torus DEA 100 A, (1,7 um x
2,1 mm x 100 mm). Téc d6 dong 0,32 mL/phiit va thé tich tiém 10 pL. Thoi gian phan tich

5 ~
trong khoang 6 phuit.
chuan_Nenca_1ppb F1:MRM of 2 channels ,ES-
Chlorate__ 82.9 >66.9
100 3.01 8.992e+003
5.98e2
%] 8781
1.84 1.98
> 6.12
0 T T ; T ; T T T T T T T 7 T T T 7 7 T 7 T T T T min
chuan_Nenca_1ppb F1:MRM of 2 channels ,ES-
Chlorate__ 82.9 >50.9
100 3.03 1.229e+003
7.85e1
%] 1199
1.98
0.030. 2.73
22272 0.30 1.86(\ 220225259 & 4.06_4.15 452 591
0 Y ; T T f ; T T T T T T ? T 7 min
chuan_Nenca_1ppb F2:MRM of 2 channels ,ES-
Perchlorate__ 98.9 > 829
100+ 1.98 2.659e+005
1.21e4
% 252530
0.32 6.12
0 T T T G T T T T T T T T T T T T T T T ; T T T T T min
chuan_Nenca_1ppb F2:MRM of 2 channels ,ES-
Perchlorate__ 98.9 > 66.9
100+ 1.99 1.856e+004
8.17e2
%] 17443
0.28 3.35 424 6.14
0 T T T T T T T T T T T T T T T T T T T f T T T T T min
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00

Hinh 2. Sdic ky d6 ciia chdt chudn chlorate va chudn perchlorate 1ug/L pha trong hén hop
methanol va nuwoc ti 1é 20 : 80 theo thé tich

Hinh 2 thé hién sic ky dd ctia chuan chlorate va perchlorate dugc pha trong hdn hop
dung moi methanol va nudc. Hinh dang céc pic trén sic ky d6 thu duoc nhon, d6i xtimg va
c6 d6 phan giai tot. Thoi gian luu cia Perchlorate va Chlorate 14n lugt 13 1,99 va 3,02 phiit.
Vi viy, c6 thé chirng minh diéu kién sic ky 16ng Iya chon 1a phit hop dé xdc dinh cdc chat
phan tich.
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3.2. Panh gia quy trinh xir Iy méu

Duya trén quy trinh xt 1f mau néu ¢ muc 2.4.2, danh gid do lap lai va do thu hoi trén
nén mau tring thém chuan muc 0,1 mg/kg v6i ca hai chi tidu chlorat va perchlorate. Két qua
thé hién trong Bang 2.

Bing 2. Két qua phan tich ddanh gid quy trinh xir li mau

d]_;, Z’gu ke q("‘:;/’;:; )d”"c Do thu héi (%) Do lap lai (%)
Miu  thém

chuin  Chlorate Perchlorate Chlorate Perchlorate Chlorate Perchlorate
(mglkg)

1 0,10 0,095 0,098 95,15 97,60

2 0,10 0,099 0,098 98,50 98,38

3 0,10 0,092 0,093 92,33 93,07 3,25 3,07

4 0,10 0,099 0,092 98,94 92,03

5 0,10 0,095 0,098 95,15 97,60

Két qua & Bang 2 cho thdy do thu hoi cta chlorate va perchlorate déu 16n hon hoic
bang 92 %; d6 lap lai 1an luot 1a 3,25 va 3,07% déap Gmg yéu cau ciia SANTE [15] va
EU/2021/808 [16]. Két qua nay chirg minh quy trinh phan tich mau 12 phit hop dé xdc dinh
Perchlorate va Chlorate trong cdc mau c4 tra.

3.3. Xac nhan gia tri sir dung cia phwong phap
3.3.1. Do ddc hiéu

Pénh gia d6 dac hi¢éu cua phuong phap thong qua cdc tiéu chi sau:

- Theo thiét bi phan tich: tinh s6 diém nhén dién IP (IP - Identification point). Mdi ion
me 12 1 diém, mdi ion con 1a 1,5 diém. Két qua thu duoc khi tién hanh phan tich chuin, miu
trang va mau trang thém chuén cho thiy chlorate va perchlorate déu c¢6 1 ion me (1 diém), 2
ion con (3 diém), ky thuat LC-MS/MS duoc tinh 1 diém nén tong s6 diém IP 12 5 diém, thoa
min yéu cau ddi v6i ddi v6i phuong phap LC-MS/MS theo cic quy dinh [15-16].

- Theo quy trinh xtr Iy mau: phan tich it nhit 6 mau tring thém chuan & ndng 0,005
mg/kg theo phuong phép da duoc xay dung. Két qua sic ky do mau tring thém chuan (Hinh
4) cho thay thoi gian luu ciia perchlorate va chlorate 1an lugt 1,99 va 3,02 phit ding véi thoi
gian luu ctia mau chuén nhu Hinh 2.
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Hinh 3. Sdc ky do phan tich mdu trang

spike_Ca_5ppb F1:MRM of 2 channels ES-
§ Chiorate 82.9 >66.9
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0.09 0.32 046
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Hinh 4. Sic ky do phan tich mdu trdng thém chudn ¢ nong dé 0,0005 mg/kg véi yéu t6 pha
loang (f = 10).

Hon nita, sic ky d6 mau trang Hinh 3, tai thoi diém 3,02 phiit tring véi thoi gian luu
ctia chlorate khong xuat hién pic ¢6 manh ph6 khéi m/z = 82,9>66,9 (manh dic trung cia
chlorate) va tai thoi diém 1,98 phiit tuy ¢6 xuat hién pic c6 manh pho khéi m/z = 98,9 > 82,9
(manh dac trung cua perchlorate) nhung cuong do nhé hon 10 %. Muc cho phép theo yéu
cau cia SANTE 14 nho hon hoic bing 30% [15]. Do d6, phuong phép phan tich chlorate va
perchlorate c6 d6 dic hiéu cao, phi hop theo cdc quy dinh déi véi phuong phdp sir dung k§
thuat LC-MS/MS [15-16].

3.3.2. D¢ tuyén tinh ciia dwong chudn

Pudng chuin duoc xiy dung theo phuong phap thém chuan. Tién hanh thém chuén
va0 6 mau tring voi cdc mirc nong d6 trong khoang tir 0,0005 - 0,015 mg/L. Pudng chudn
xay dung theo sy phu thudc gitra d dap tng (téng dién tich ion dinh lugng va dinh tinh) ctia
mdi chat img vé6i timg ndng d6. Viée xay dyng dudng chuan duoc thuc hién theo phan mém
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cta thiét bj va theo phuong trinh hdi quy tuyén tinh. Céc két qua cho thay, trong khoang
khao st c¢6 sy tuyén tinh giita d6 ddp tng va ndng do, phuong trinh hoi quy thu duoc cua
chlorate 12 y = 1035x + 24,71 v6i hé s6 twong quan 12 > 0,999, cuia perchlorate 1a y = 18903x
+ 157 véi 12 > 0,999 va do chéch cho moi murc n6ng d0 nho hon £ 10 % (Hinh 5).

Compound name: Chlorate

= Name Type Sta. RT Area IS Area Response PPD %D._ 1°R._ SN vial
1 1 std1_031019_CHL-Ca Stand... 0.00 1:2s5
2 2 sia2_031019_CHL-Ca Stana._.. 0.50 298 455.41 s3z2.831 0.291 -1.8 D12 145 1:26
3 3 s1a3_031019_CHL-Ca Stana... 1.00 298 S27.96 10S6.526 0997 -0.3 012 266 1:27
a 4 stos_031019_CHL-Ca Stand... 300 298 2748.07 3134990 3.006 0.2 01a 707 1:28
s S s1o¢5_031019_CHL-Ca Stand._.. 7.50 298 6539.73 7798236 7.513 o2 D.12 1845 1:29
B € s105_031019_CHL-Ca Stana... 1500 298 13737.1S 1S537.764 12323 -0.0 D13 1963 1:3D
Compound name: Chiorate
Correlation coefficient: r = 0.9290909, 2 = 0.9900688
Calibration curve: 1034.7 " x + 24 7088
Response type: External Std, Area
Curve type: Linear, Origin: Exclude. W eighting: Null, Axis trans: None
g 1003:33(/
- 3 T Treer v v y Conc
0o S0 10.0 15.0

Compound name: Perchlorate

F¥ Name Type Stad. . RT Area IS Area Response PPD %D.. 1°R.. ECRC
1 1 st01_031019_CHL-Ca Stand... 0.00 1:25
2 2 sio2_031019_CHL-Ca Stand... 0.50 1.96 8950.31 9510.833 0.500 0.0 007 395 1:26
3 3 s1a3_031019_CHL-Ca Stand._.. 1.00 1.96 17151.72 18354795 0963 -3.7 007 S25 1:27
a 4 s104_031019_CHL-Ca Stana... 3.00 1.96 54995.20 58264 732 3074 2s D.06 1033 1:28
s S s1a5_031019_CHL-Ca Stana... 7.50 1.96 132646.05 140996 2388 7.451 -0.7 D06 2435 1:29
& € s105_031019_CHL-Ca Stand... 15.00 1.96 266524.91 283526.875 15.012 0.1 007 4153 1:30

Compound name: Perchiorate

Correlation coefficient: r = 0.9290968. 2 = 0.999935

Calibration curve: 18802 5 * x + 156.967

Response type: External Std, Area

Curve type: Linear, Origin: Exclude. W eighting: Null, Axis trans: None

200000
Conc

-0.0 SO 10.0 15.0

Response

Hinh 5. Duong chuan cua chlorate va perchlorate trén nén mau trang cd

3.3.3. Ddnh gid dnh hiwréng nén mau

Anh huong nén cuia phuong phép duge ddnh gid thong qua so sanh dudng chudn pha
trong pha dong va trén nén miu trong khoang ndéng d6 0,0005 - 0,015 mg/L. Két qua céc
dudng biéu dién d6 tuyén tinh va phuong trinh dudng chudn duogc thé hién trong Hinh 6. Hé
sd gbc cla cdc dudng chuin léch nhau twong Ung 47,90 va 52,94 % dbi véi chlorate va
perchlorate 1a vugt mirc cho phép 20% theo quy dinh cia SANTE [15]. Nhu vay c6 thé két
luan nén mau c6 anh hudng déng ké dén két qua phan tich. Do d6, khi phan tich chlorate va
perchlorate trén mau thyc dudng chuan phai duoc xdy dung két hop voi nén mau.
3.3.4. Gioi han phdt hién (LOD) va gioi han dinh luong (LOQ)

Gi6i han phat hién duoc x4c dinh trén co s& phan tich 13p lai 20 mau tréng, tinh tin
hiéu nhidu trung binh ctia mau tring. Gi6i han phat hién bang tin hiéu trung binh cong véi 3
14n @6 1éch chuan ctia 20 mau trang. Sau d6, tham tra gid tri LOD béng cach thém chuan vio
mau tréng o néng d6 tinh toan duoc, LOQ dugc xac dinh trong khoang tur 2 dén 3 14n LOD.
Két qua cho thay tai ndng do tham tra LOD = 0,0025 mg/kg, LOQ = 0,005 mg/kg; ti 16 S/N
ctia mdi ion tai LOD > 3, tai LOQ > 10 va ti 1¢ ion tuong ddi so v&i chuan nhé hon + 30%,
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cac két qua thu dugc déu ddp tmg yéu cau cia SANTE [15]. Vi vay, LOD va LOQ cua
phuong phép 1an luot 12 0,0025 mg/kg va 0,005 mg/kg cho mdi chit chlorate va perchlorate.

Chlorate Perchlorate
20000 300000
550000 y=18907x +112.11,®
15000 y=1035.4x+17.647 o R = 09999 .
R*=0.9999 .- 200000 "
10000 e 150000 L
@ =700:09x + 25.545 100000 _..-4:,122352X +634.61
5000 e R?=0.9999 e R =0.9999
g 50000 5
0 & o &
0 5 10 15 20 0 5 10 15 20
--------- Linear (Pha trong thuéc thir) <+seeeee Linear (Pha trong thudc thr)
--------- Linear (Pha trén nén ca) <+eee.-- Linear (Pha trén nén cd)

Hinh 6. Puong chudn cia chlorate va perchlorate pha trong pha dong va trén nén mau cd

Chlorate Perchlorate
spike ca F1:MRM of 2 channels,ES- spike ca F2:MRM of 2 channels,ES-
829 >66.9 98.9>829
5.406e+003 1.311e+005
% %
1.85
20 e Min 20 -+ min
spike ca F1:MRM of 2 channels,ES- spike ca F2:MRM of 2 channels,ES-
829 >509 98.9 > 66.9
Chilorate;3.02;47 .63;4.76e1 6.776e+002 9.447e+003
% %
1.98 ) .
20 Yrrrrrrrrrrrr e Min 20 | min
2.00 4.00 6.00 2.00 400 6.00

Hinh 7. Sdc ky d6 ciia mdu cd thém chudn tai LOQ = 0,005 ug/kg

3.3.5. Do chum va do diing

P9J chum cua phuong phap dugc danh gid thong qua do 1dp lai va dd tai 1ap ndi bo
(thuc hién boi hai kiém nghiém vién khdc nhau). Tién hanh thuc hién ddnh gid bang cich
thém chuin vio mAu tring & ba muc ndng d6 0,005, 0,01 va 0,05 mg/kg, mdi ndng dd phan
tich it nhét 5 1an lip lai va theo quy trinh di dwoc xay dung.

Két qua tong hop danh gid d6 chum va d6 ding duoc trinh bay trong Bang 3. Céc két
qua cho thiy: do lap lai trong khoang 3,90 dén 6,70% va tir 3,92 dén 6,19% lan luot cho
chlorate va perchlorate; d6 tai 1ap khoang tir 6,37 dén 9,50% va tir 5,62 dén 7,23% lan luot
cho chlorate va perchlorate.

b§ ding dugc danh gid thong qua do thu hdi. P thu hoi duge xdc dinh bﬁng cach
thém chuin vio mAu tring & ba muc ndng d6 0,005, 0,01 va 0,05 mg/kg, mdi ndng dd phan
tich it nhét 5 1an ldp lai va theo quy trinh di duoc xay dung.

Két qua do thu hdi cta chlorate dat tir 91,35 dén 109,05% va perchlorate tir 94,16 dén
103,52% (Bang 3).
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Bdng 3. Dit liéu do chum va do diing cua phwong phdp

Chlorate Perchlorate
Néng dp 0,005 0,01 0,05 0,005 0,01 0,05
mg/kg mg/kg  mg/kg mg/kg  mglkg  mg/kg
D¢ lap lai (RSDr), % 6,70 5,44 3,90 6,19 4,71 3,92
D¢ tdi ldgp (RSDR), % 9,50 6,80 6,37 7,23 6,52 5,62
Dé thu héi, % 91,35 96,33 109,05 94,16 97,33 103,52

3.3.6. D¢ léch ti 1¢ ion twong doi

Tir cdc mAu phén tich ddnh gid d6 chum va d6 ddng, tinh ti 18 ion twong d6i (phan tram
dién tich cta ion dinh tinh chia cho dién tich ion dinh luong). Két qua cho thiy, d6 1éch ti 18
ion twong d6i ctia chorate nam trong khoang tir -9,70 dén 7,46% va clia perchlorate tir -12,12
dén 6,06% (Bang 4), déu nam trong khoang cho phép * 30% theo SANTE [15].

Bdng 4. Két qua do léch ti I¢ ion tuong déi so véi chat chudn

Néng d¢ Dé léch ti 1¢ ion twong doi (%)

(mg/kg) Chlorate Perchlorate
0,005 -9,70 2,24 - 12,12+ 1,52
0,01 - 8,96 + 7,46 - 6,06 =+ 6,06
0,05 -2,24 6,72 -7,58+1,52

3.3.7. Téng hop két qua xdc nhdn gid tri su dung cua phwong phdp va ban lugn

Két qué déanh gié cac thdong s6 d6 dic hiéu; do tuyén tinh ctia dudng chuin; anh hudng
ctia nén mau; gidi han phét hién va gidi han dinh luong; d6 chum thong qua dd 1ap lai, do
tai 1ap noi bo; do ding thong qua do thu hoi va ti 16 ion dugc tong hop tai Bang 5.

Bing 5. Tong hop két qua xdc nhdn gid tri su dung cua phwong phdp

P Theo quy
T Heraua dinh cia b ooh gid két qui
Thong so Chlorate Perchlorate SANTE/ ¢ !
11312/2021
1 b0 dac hiéu - <10 % <30 % cua Ddp ung yéu cau
LOQ
2 Do tuyén tinh cia <10 % <10 % <+20%  Ddp tng yéu cau
duong chuan - Do
chéch ndng do
tinh nguoc cho
mdi mirc ndng do
2 Anh hudng cua 47,90 % 52,94 % <+£20%  Co6 sy anh huong
nén miu ctia nén mau dén
qué trinh phan

tich. Nén khi
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. i Theo quy
T reraud dinh cia oo gid két qui
Thong so Chlorate Perchlorate SANTE/ s !
11312/2021
phéan tich chlorate
va perchlorate
duong chuan phai
duoc xay dung
két hop v6i nén
mau
4 Giéi han dinh 0,005 mg/kg 0,005 mg/kg <MRL Diép tmg yéu cau
luong - LOQ (0,01
mg/kg)
5 Do chum
5.1 Doléchchuanlip 3,90 - 6,70 3,92-6,19 <+20 Diép tng yéu cau
lai trong d6i -
(RSDr) (%)
52 Doléchchuantsi 6,37 -9,50 5,62-1723 <+20 Piép tng yéu cau
1ap twong d6i -
(RSDR) (%)
6 Do thu hdi (%) 91,4 -109 94,2 - 104 70 - 120 Diép tng yéu cau
7 Til€ ion
7.1 S ion con 2 2 2
7.2 Do lech ti I¢ ion -9,70 + 7,46 -12,12 + 6,06 + 30 Diép tng yéu cau

tuong ddi (%)

Két qua danh gid cdc thong sb co ban cia phuwong phap déu ddp tng yéu ciu cua
SANTE [15] va gia tri LOQ cua phuong phdp nho hon mic MRL theo quy dinh cua Lién
minh EU tai Chi thi s (EU) 2020/749 ngay 04/6/2020. Piéu nay khang dinh phuong phap
thich hop dé sir dung phén tich chlorate va perchlorate trong mau c4 tra.

3.4. Két qua phan tich miu thye té

Trén co sé phuong phép di duge xdc nhan gid tri st dung dat theo yéu cau cia SANTE,

nhém nghién ctru da tién hanh phan tich mau tir cdc nha may ché bién thuy san dé xéc dinh
du lwong chlorate va perchlorate ton du trong san phdm c4 tra phi 18. Téng s6 mau phan tich
12 427 méu phan bd nhu sau: & An Giang 281 mau, Bén Tre 5 mau, Can Tho 32 mau, Pong
Thap 82 mau, Hau Giang 5 mau, Tién Giang 13 miu va Vinh Long 9 miu.

Két qua phan tich cho thiy (Hinh 8) c¢6 76 miu phét hién chlorate trong tong s 427,
chiém ti 18 18 %. Nong d6 chlorate dugc phat hién trong khoang tir 0,43 mg/kg dén 253
mg/kg va ham luong cdc mau nhidm chlorate déu vuot ngudng MRL cho phép tai chi thi s6
(EU) 2020/749.
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Hinh 8. Két qua phan tich méu thiec té

4. KET LUAN

Nhém nghién ciru da thanh cong trong viée xay dung phuong phap sic ky long ghép
khéi phd hai 1an (LC-MS/MS) dé phan tich du luong chlorate va perchlorate ton du trong cé
tra & murc giéi han dinh lugng ddp img yéu cau kiém sodt theo ngudng quy dinh MRL. Két
qua thdm dinh cho théy phuong phédp cé do dac hiéu/dd chon loc cao, do tuyén tinh cua
dudng chudn, d6 chum va do ding ddp ng céc yéu cau cia SANTE [15]. Phuong phdp da
duoc 4p dung phén tich chlorate va perchlorate trong cdc mau cé tra phi 1& & céc tinh An
Giang, Bén Tre, Can Tho, Pong Thap, Hau Giang, Tién Giang va Vinh Long. Két qua phan
tich da phat hién 18% mau bi nhiém vuot ngudng MRL cho phép tai chi thi s6 (EU)
2020/749.

LOI CAM ON
Nhém nghién ctru xin chin thanh cam on Ban Gidgm ddc, cdc phong ban Trung tim
Chét luong nong 1am thuy san vung 6 da tao diéu kién va hd tro nhém thuc hién dé tai.
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Determination of chlorate and perchlorate in pangasius samples by liquid
chromatography tandem mass spectrometry (LC-MS/MS)

Huynh Thi Ngoc Lien, Co Hong Son, Nguyen Van Luy

National Agro-Forestry-Fisheries Quality Assurance Department-Branch 6, Can Tho, Vietnam

Abstract

The LC-ESI-MS/MS method has been successfully developed for determination of
chlorate and perchlorate in pangasius samples. Residues of chlorate and perchlorate in the
sample were extracted with a methanolic solution acidified with 1% formic acid. Then, the
extract was cleaned with Cig powder, used a normal phase column to separate chlorate and
perchlorate, and quantified on an LC-ESI-MS/MS instrument. The method was validated for
good specificity, linear calibration curve in the range of 0.0005 - 0.015 mg/L; the limit of
quantification (LOQ) was 0.005 mg/kg; the recovery and relative standard deviation was
from 91 to 109% and from 6.4 to 9.5% respectively and all met the requirements of SANTE.
The method was applied to the real analysis, a total of 427 pangasius fillet samples collected
from seafood processing companies. There were 76 samples were detected chlorate
equivalent to 18%. The concentration of chlorate ranged from 0.43 to 253 mg/kg.

Keywords: Chlorate and Perchlorate, LC-MS/MS, pangasius.
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