Nghién ciu khoa hoc
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Tom tit

Nghién ctru nay khéo st va tdi vu cdc diéu kién cua thiét bj phan tich thuy ngan tryc
tiép (DMA-80) nham xdc dinh nhanh va chinh xdc ham lugng thily ngan tong sb trong céc
mau thyc phiam bao vé stc khoe. Phuong phép kiém tra cho thdy do dic hiéu cao voi duong
chudn 1am viéc ¢6 hé s6 tuong quan R? > 0,995; giGi han phat hién (LOD) va gi6i han dinh
lugng (LOQ) twong tng 12 1,88 pg/kg va 6,26 ug/kg; do léch chuan twong dbi lap lai (RSR;)
trong khoang 2,46 - 7,34% va do thu hdi (R) trong khoang 85,7 - 100%, ddp tng tbt theo
yéu cau ciia AOAC. Quy trinh phan tich da duoc dp dung dé danh gid ham luong thiy ngan
trong 39 mau thuc phém bao vé suc khode thu thap trén dia ban thanh phé Ha Noi. Két qua
nghién ctru budce dau cho thdy 13 mau c6 chira ham luong thiy ngan trong khoang 5,41 -
450 pg/kg.

Tir khéa: thity ngdn, DMA-80, thuc phdam bdo vé sirc khe.

1. PAT VAN PE

Thay ngén va cdc hop chat ctia né 1a cic tic nhan héa hoc c6 kha ning tich tu sinh hoc
16n, gy ra nhitng anh huéng nghiém trong dén strc khoe con ngudi va giy 6 nhiém moi
truong [1]. Hién nay, viéc tiép xidc voi kim loai nay tir ca ngudn tir nhién va nhan tao dang
gia tang ddng ké. Trén thé gidi, di c6 nhiéu trudng hop nhiém doc thuy ngan xay ra & quy
md 16n [2]. C4c nghién ctru gan day lién tuc cho thiy rang tiép xdc man tinh ngay ca véi
nong d6 thiy ngan thap c6 thé giy ra ngd doc tim mach, doc tinh sinh san va phat trién,
nhiém ddc than kinh, doc than, doc tinh mién dich va gy ung thu [1-3].

Ngay nay, nhu ciu chdm séc sttc khoe ctia con ngudi ngay cang ting 1én, do d6 viéc
su dung va phat trién cdc san phém thuc phém bao vé suc khoe (TPBVSK) duoc quan tam
nhiéu hon. Tuy nhién, viéc tiéu thu nhitng san pham kém chat luong hoic khong ré ngudn
gbc, xuat xtr, c6 thé tiém an nhiéu nguy co giy hai cho stic khoe. Céc san pham nay c6 thé
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chira thudc trir siu, hat phéng xa, vi sinh vat bao gém mam bénh, doc t& ndm mdc va cdc
kim loai ning, trong d6 dién hinh 12 thuty ngén [4].

Phuong phdp xdc dinh thity ngan truc tiép bang thiét bi DMA - 80 v6i wu diém 12 phin
tich dugc da dang cac loai mau khac nhau véi d6 chon loc va d6 nhay cao, khong can xur If
mau so bo do d6 tiét kiém duoc thdi gian va chi phi. Py 1a nhitng vu diém ma cdc phuong
phép khdc nhu AAS, ICP van con han ché. Nghién ctru vé viéc st dung DMA-80 dé dinh
lwong nhanh thuy ngan trong TPBVSK trén thé gi6i néi chung va Viét Nam ndéi riéng con
chua c6 nhiéu thong tin dé tham khao [5,6]. Do d6, nghién ctru nay dugc thuc hién nhim
tmg dung thiét bi DMA-80 phan tich nhanh va chinh xdc ham luong thiy ngan dé cung cap
cac théng tin canh béo kip thoi vé mdi nguy 6 nhiém thuy ngan trong cédc san pham TPBVSK
trén thi truong.

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

Pbi tugng ciia nghién ctru nay 1a thiy ngan trong cdc san pham TPBVSK dang luu
hanh trén thi trudng, dugc thu thap ngau nhién trén dia ban thanh phd Ha Noi. Tong s6 gdom
39 mau TPBVSK cé dang bao g6i khac nhau nhu: vién nang clrng, vién nang mém, vién sui,
dang c6m, dang siro.

Mau thir tring TPBVSK dang 1ong dugc st dung trong nghién ctru cho muc dich khao
st quy trinh phan tich dwoc xdc dinh trudc bang k¥ thuat ICP-MS va x4c nhén lai bing céch
do trén thiét bi DMA-80 ma khong cho tin hiéu pic ciia thay ngan trong cting diéu kién véi
mau dung dich chuan.

2.2. Thiét bi, dung cu

Hé thong thiét bi phan tich thuy ngan truc tiép DMA - 80 cta hing Milestone (Hinh
1); thuyén chtra mau b?mg kim loai hodc thach anh; Can phan tich (c6 d chinh xac 0,1mg)
ctia Mettler Toledo; Micropipet ¢ thé tich diéu chinh duogc loai: 1-10 uL; 20-200 pL tir
hang Eppendorf; Binh dinh mirc, thia cAn mau, va cdc dung cu thong thuong khéac cia phong
thi nghi¢m.

Thay ngin trong cdc mau & thé ran va long duoc giai phéng nho mot ngudn nhiét c6
kiém sodt ctia bo phan 10 sdy va phan huy st dung khi oxy dugc cdp vao bén trong thiét bi
DMA-80. Cic san pham cta qud trinh phan huy dwoc dan t6i dng xdc tic cua 10 nhd dong
khi mang oxy. Qud trinh oxy héa hoan thanh, cdc nguyén té halogen va cdc hop chét oxit
clia nito va luu huynh bi gitt lai. C4c san pham phan hiy con lai duoc dan téi mot bay vang
hép thu chon loc thuy ngan. Sau khi h¢ théng duoc thoi khi oxy dé loai bo céc khi con s6t
lai hodc cdc san pham phan huy, by vang nhanh chéng dugc gia nhiét dé giai hip hoi thiy
ngan. Tiép theo, dong khi oxy mang hoi thy ngin qua bo phan hap thu dit trong duong
truyén tia sdng don sic ciia may quang phd hap thu nguyén tir gdm 3 cell hap thy, twong ng
v6i ba khoang 1am viéc ctia dudng chuan trong khoang thap, trung binh va cao. Do hap thu
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(tinh theo dién tich hodc chiéu cao) dugc do & budc séng 253,7 nm phu thudc tuyén tinh vao
ndng do cua thiy ngén trong mau [6].
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Hinh 1. So do cdu tao ciia thiét bi phan tich thity ngan truc tiép DMA - 80 (Milestone)

2.3. Héa chat, thudc thir

Tat ca héa chit sir dung déu 13 héa chit tinh khiét ding cho phén tich cdc nguyén td
lugng vét: dung dich chudn gbc thiy ngin c6 ndng d6 1000 ppm (Merck); Acid nitric HNO3
(65%) va acid clohydric HCI (37%) cling dugc mua tir hang Merck; Mau chuén kiém tra
thiét bi 1a miu chuin duoc ching nhan DORM-4 nén thuy san (Canada); Mau kiém sodt
chét luong 12 mau QCM 07326 nén thuc phém bd sung (Fapas); Bot phu tro (Milestone);
khi Oxy c6 do tinh khiét 99,999% (Messer) va nudc cét hai 1an chuén bi tir hé thong mdy
loc nudc siéu tinh khiét Milli-Q.
2.4. Phwong phap nghién ctiru
2.4.1. Khdo sdt va t6i wu quy trinh phan tich

Theo nguyén 1i hoat dong cua thiét bi DMA-80 (muc 2.2), cdc mau thuc phém hay
TPBVSK khéng cin thiét phai trai qua cdc qué trinh phan hily mau trude khi do nhu cic ki
thudt phén tich quang phd khac. Tuy nhién, c4c diéu kién phan tich trén thiét bi nhu nhiét do
va thoi gian tai cdc giai doan sy, tro héa, giai phéng thuy ngan tai bay vang, 1am sach hé
thdng ciing nhu khéi lwong miu thir 12 nhirng yéu t6 ¢6 anh hudng toi do chinh xédc két qua
ctia phép phén tich va cin tién hanh khao st:

a. Khao sat khéi lugng can mau: tir 100 - 500 mg d6i v6i ca mau rin va miu 16ng. Mdi
mirc khéi lwong can 1ap lai 2 1an phan tich 14y két qua trung binh.

b. Khao sat nhiét do: Khao sét nhiét do sdy (180 - 220°C); Khao sit nhiét do tro héa
(600 - 700°C); Khao sit nhiét 6 giai phéng thuy ngan tai bay vang (660 - 720°C). O mdi
murc nhiét do lip lai khao sét 2 1an.

c. Khdo sét thoi gian: thoi gian tro héa phan hiy mau (8 - 18 gidy), thoi gian 1am sach
hé thong (30 - 70 gidy).
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2.4.2. Tham dinh phwong phdp

Phuong phép dugc thim dinh véi cdc thong sb dic trung bao gdm: Tinh thich hop cia
hé thdng; Do dic hiéu; Khoang 1am viéc ciia duong chuan; Gidi han phat hién, gidi han dinh
lugng; Do chinh xéc (d6 ding, 46 chum); B9 khdong dam bao do.
2.4.3. Phuwrong phdp xir Ii va ddnh gid két qud phan tich

Cic sb liéu phan tich dugc théng ké va xir Ii bang phan mém Excell 2016. D4nh gid
két qua phan tich mau thuc trén co sd so sanh ham lugng thiy ngin trong miu voi cdc quy
dinh hién hanh theo QCVN 8-2:2011/BYT [7].

3. KET QUA VA BAN LUAN
3.1. Khéi lwrong miu thir

Khdi lugng cdc mau thir dang 1ong va dang ran duoc khao sét trong khoang 100 - 500
mg. Céc mau thir dang 16ng khong chira thity ngan duoc thém chuén ciing mot mirc nong do
100 pg/kg, trong khi cdc mau thir rin duoc danh gid trén két qua ham luong thuc ciia mau.
Két qua khao st anh huong ciia khdi lwong mau thir duge thé hién trong Hinh 2.
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Hinh 2. Khao sdt anh hwéng khéi leong can mau

Tir két qua khao sat & Hinh 2 cho thy, mic dit ¢6 sy thay d6i vé ham luong thiy ngan
khi thay d6i khdi lwong mau thtr dang 16ng va dat gid tri cao nhat tai 200 mg, nhung dé thu
hoi déu dat trong khoang 86 - 102%, dép tng tot yéu cdu cia AOAC (80 - 110%). Trong khi
cdc mAu thir rén cho gid tri 10n nhét va nhé nhét c6 d6 chéch khong qud 5%. Nhu vay, tity
vao ham luong thuy ngan va d6 dong nhit ciia mau, c6 thé sir dung khéi lwong mau thir trong
khoang 100 - 500 mg. Khéi lugng nay ciing phit hop véi thé tich téi da ciia thuyén cin miu
dugc st dung theo khuyén cdo cuia hang san xuat (khong qud 0,5 mL d6i véi thuyén nickel,
va 1,0 mL véi thuyén thach anh).
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3.2. Khdo sat nhiét d

Nhiét do ctia hé théng DMA-80 c6 anh hudng t6i két qua phan tich thity ngan bao gdm
nhiét do tai cdc qud trinh sdy mau, tro hda va nhiét giai phéng thiy ngén tai by vang. Tién
hanh khao st nhiét d6 tai mdi giai doan d6i voi ca hai nén mau 16ng va mau ran, mdi mirc
nhiét do khao sét duoc lap lai 2 1an.

Nhiét d6 sdy mau dugc khao sét trong khoang 180 - 220°C véi budc nhay cho mdi lan
thay doi nhiét 6 12 10°C. Trong khi d6, nhiét do tro héa mau khao sit trong khoang 600 -
700°C va nhiét &0 giai phong thuy ngén tai bay vang tir 660 - 720°C véi bude nhdy cho moi
lan thay d6i nhiét d6 1a 20°C.

Két qua céac buodc khao sat nay lga chon dugc nhiét do cho cac giai doan séy mau, tro
héa va giai phéng thily ngan tir bay vang 1a 200°C, 680°C va 700°C tuong ung.

3.3. Khdo sat thoi gian

Xét vé yéu t6 thoi gian trong cic giai doan ctia qud trinh phan tich thily ngan bang thiét
bi DMA-80, thoi gian tro héa mau va thoi gian 1am sach hé thong 1a céc thong s6 quan trong
can d4nh gid.

Thoi gian tro héa nham dam bao miu dugc tro héa triét dé trudc khi khi oxy day dong
hoi sinh ra qua éng xuc tac. Thoi gian 1am sach hé théng duoc khao sat lva chon sao cho
tranh dugc hién tuong nhiém chéo gifra cac lan phan tich.

Thoi gian tro héa duge khao sit dya trén phan tich mau thuc dang rén, v6i thoi gian
thay doi trong khoang 8 - 18s. Trong khi d6, thoi gian 1am sach hé thdng duoc dénh gia dwa
trén hiéu suat rira giai thay ngan tir giai doan sdy mau, tro héa cho t&i khi giai hip tir bdy
vang trong khoang thoi gian 30 - 80s. Két qua khao sat thoi gian tro héa va thoi gian 1am
sach hé théng duoc thé hién trong cac biéu d6 ¢ Hinh 3.
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Hinh 3. Khdo sdt thoi gian tro héa (A) va thoi gian lam sach hé thong (B)

Két qua khéo sét cho thiy thoi gian tro héa tbi wu 12 10s, trong khi thoi gian 1am sach
duoc lya chon trong khoang 60 - 70s nham dam bao khong xay ra nhiém chéo giita cic 1an
phan tich. Céc thong sb tbi wu cua diéu kién phan tich trén thiét bi DMA-80 dugc tong hop
trong Bang 1.

Tap chi Kiém nghiém va An toan thuc pham - tap 5, s6 2, 2022



Nghién cdu Ung dung thiét bi phdn tich thly ngdn truc tiép (DMA-80) ...

Bing 1. Cdc thong sé hoat dong 16i weu ciia mdy DMA-80

Cdc théng so Gid tri téi wu
Budc séng 253,65 nm
Ngudn sing Pen Hg ép sudt thap
Khi mang Oxy
N , x Thach anh hoac nikel (dung tich
Thuyén chira mau 0.5 - 1mL)
Nhiét do siy 200°C
Nhiét do tro hoa 680°C
Nhiét do giai EhOI}g thuy ngan tai 700°C
bay vang
Thot gian tro hoa 10s
Thot gian 1am sach 60s

3.2. Thim dinh phwong phap
3.2.1. Tinh thich hop hé thong va tinh ddc hiéu

Tinh thich hop ctia hé thong dugce danh gid qua d6 6n dinh ngin han: trén nén mau
dung dich chuan thiy ngan c6 néng d6 10 pg/kg, phan tich lip lai 10 1an. Do 1éch chudn
turong ddi thu dwoc RSD; % = 1,58 < 2%, chung to phuong phip ¢6 d6 6n dinh ngin han
phu hop.

Tinh dic hiéu: Két qua phan tich trén nén mau tring cho thdy khong c6 tin hiéu phin
tich, 100% cac miu do dugc déu am tinh. Két qua phan tich trén nén mau tring thém chuin
& ham lugng gan LOQ cho thdy 100% cic mau do dwoc déu xuat hién tin hiéu. Do d6,
phuong phép c6 tinh dic hiéu cao, ddp tng tot yéu cau vé dinh luong.

3.2.2. Gioi han phdt hién (LOD) va gioi han dinh luong (LOQ)

Tién hanh x4c dinh LOD va LOQ trén mau tréng thém chuén 10 lan 1ap lai. X4c dinh
duoc LOD 1a 1,88 pg/kg va LOQ 1a 6,26 pg/kg. Gidi han phat hién va gigi han dinh lugng
thity ngan bang k¥ thuat DMA-80 nhu vay cho do nhay rat tt, phit hop dé phan tich va kiém
sodt ham luong thiy ngin trong thie phim bao vé stc khoe theo quy dinh cta Viét Nam va
ASEAN (gi6i han t6i da cho phép ML = 100 pg/kg dp dung cho thyc pham bd sung theo
QCVN 8-2:2011/BYT [7], ML = 500 pg/kg theo hudng dan ciia ASEAN [8]).

3.2.3. Duong chudn lam viéc

Po cic dung dich chuan c6 néng d6 khac nhau 6 1, 2, 3, 5, 10, 15, 20, 25, 50, 150,
400, 1000 ng/g trong 3 cell hép thu (cell 0, cell 1 vacell 2) va biéu dién sy phu thudc cua tin
hiéu dién tich dudng cong hip thy ciia thily ngin vao ndng do chit phan tich trong mdi cell
(Hinh 4).
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Hinh 4. Buong biéu dién su phu thudc ciia dién tich pic Hg vao nong dé trong cdc cell
hdp thu khdc nhau (A-cell 0, B-cell 1, C-cell 2)

Trong trudng hop phén tich thuy ngan trén thiét bi DMA-80, su phu thudc cua dién
tich dudng cong hép thu vao ndng d6 ¢ thé dugc biéu dién bang duong tuyén tinh bac 1
hodc dudng cong bac 2 tuy vao thuat toan dugc lya chon. Puong chuan 1am viéc & ca 3 cell
déu c6 hé s6 R? > 0,995, voi do chéch tai tat ca cic diém chuan nho hon 10%, do d6 dép tng
t6t yéu cau vé phén tich dinh luong [9].
3.2.4. Do chum

P0o chum dugc danh giad thong qua do Iéch chuin 1ap lai tuong ddi RSD; (%). Thuc
nghiém duogc tién hanh trén 3 nén mau thuc dang vién nén, siro va vién nang mém thém
chuén & cic muc 10, 50 va 100 pg/kg. Két qua cho thiy, d6 1éch chuan twong ddi 1ap lai ndm
trong khoang 4,99 - 7,34% dap tmg tot yéu cau cia AOAC ¢ cic mirc ndng do twong Ung
[9].
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3.2.5. D¢ diing

Thyuc nghi¢m vé do ding duogc danh gid qua do thu hdi tai 03 murc néng do va phan
tich cdc mau chudn chting nhdn DORM-4, miu kiém sodt chat lugng QCM 07326 ctia Fapas.
Do thu hdi ing voi cdc mirc ndng d6 10, 50 va 100 pg/kg trén 3 nén miu dang nén mau vién
nén, siro va vién nang mém trong khoang 86,4 - 92,4 % déu dap tmg theo yéu cau ciia AOAC
[9]. Két qua phéan tich miu chuan DORM-4 va miu kiém sodt chat lugng QCM 07326
(Fapas) déu dat yéu cau (Bang 2).

Bing 2. Két qud phan tich mdu kiém sodt chat liwong

- Két qud phén Gid tri én dinh Khodng cho phép
Tén mau )
tich(ug/kg) (uglkg) (ug/kg)
DORM-4 421 £ 63 410 £ 55 355 - 465
CRM 07326 22,0+3,7 20,8 11,6 -29,9

Nhu vay két qua thdm dinh phwong phdp cho thay cic thong sé dd duoc danh gid déu
phit hop theo yéu cau ciia AOAC [9], chimg té phuong phdp c6 do tin cdy cao dé xdc dinh
ham lugng thily ngan trong cdc mau thuc pham bao vé sirc khoe.

3.3. Phan tich miu thye té

Sau khi khao sit t6i vu cdc diéu kién thiét bi va xdc nhan gid tri str dung, phuong phép
da dugc 4p dung dé phén tich ham luong thuy ngén trong 39 miu thuc phdm bao vé stc
khde thu thép trén thi truong thanh phé Ha Noi, bao gém céc dang: vién nén, vién nang

mém, vién sui, com, siro 1ong.

A B
Hinh 5. Phé do phan tich Hg trong mau vién sii (A) va siro (B)

Két qua phan tich cho thiy c6 13/39 (33,3%) mau phat hién c6 chira thiy ngan, trong
d6 05/13 mau c6 ham lvgng nhd hon muc gidi han dinh Iugng. Pic biét, 01 mau TPBVSK
dang vién sui (Hinh 5A) c6 chira ham lugng thuy ngan (450 pg/kg) vuot ngudng cho phép
d6i v6i dang thue pham bd sung theo quy dinh 1a 100 pg/kg [7]. Trén co s ndy, nha san
xudt dd cung cdp cdc nguyén liéu ciu thanh cta san pham dé truy xuat ngudn gbc nhiém
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thuy ngan. Két qua cho thay, ham luong thuy ngan bi nhiém tir thanh phan acid tartaric, mot
trong nhitng loai phu gia thuc phdm 1a thanh phan chinh ctia san pham nay.

Cac mau TPBVSK dang rin nhu vién nang ctng, cdm c6 ti 1¢ phat hién thay ngin
nhiéu hon vién nang mém, trong khi 100% cdc mau dang siro 16ng khong phét hién c6 chira
thuy ngan (Hinh 5B). Tong hop két qua phan tich cic mau TPBVSK duoc tong hop trong
Bang 3.

Bing 3. Két qua phan tich thity ngan trong mau TPBVSK

S6 mdu phdt Ham lwong

T Logi mau So lugng (N) hign (uglkg)
1  Viénnangcung 10 06 6,30 - 34,0
2 Viénnangmém 6 02 541-12,0
3 Viénsui 4 01 450
4  Cém 12 04 572-173
5 Sird 7 00 KPH (< LOD)
3. KET LUAN

Cic diéu kién phan tich trén thiét bi DMA-80 di duogc khao st tdi wu nham xdc dinh
ham luong thily ngén trong cdc mau TPBVSK. Phuong phdp di dugc tham dinh véi day du
céc thong sb dap ung tot theo yéu cau cia AOAC. Tong s6 39 mau TPBVSK da duoc thu
thap va phan tich, budc dau cho thdy mirc do 6 nhiém cua thity ngén trong mét sé san pham
TPBVSK hién nay. Phan tich thuy ngan bang thiét bi DMA-80 da cho thdy vu diém vé do
nhay, d6 chinh xdc va dic biét 1a thoi gian phén tich dwoc rit ngan so véi cic ki thuét phan
tich khdc do khong can budc xtr 1i mau so bd. Vi vy, phuong phdp nay dugc xem nhu 13
mot cong cu hiru hiéu gitp kiém tra, ddnh gia nhanh ham luong thily ngén trong cic san
phim TPBVSK dang luu hanh trén thi truong.

LOI CAM ON

Nghién ciru nay duoc thuc hién dudi su hd trg vé thiét bi va héa chat tir Vién kiém
nghiém an toan v¢ sinh thuc phém Qudc gia.
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Research and application of direct mercury analyzer (DMA-80) quickly
determination of total mercury contents in dietary supplements
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Viet Nam University of Traditional Medicine, Ha Noi, Viet Nam
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Abstract

The Direct Mercury Analyzer (DMA-80) was studied and investigated to quickly and
accurately determine the total mercury content in health supplements. The method shows
high specificity, and the calibration curve has a good correlation coefficient with R? greater
than 0.995; the limit of detection (LOD) and limit of quantification (LOQ) were 1.88 ug/kg
and 6.26 pg/kg, respectively; The relative repeatability standard deviation (RSRr) was in the
range of 2.46 - 7.34% and the recovery (R) was in the range of 85.7 - 100%. The method
was applied to evaluate the mercury content in 39 health supplement samples taken in Hanoi
city. The initial research results indicated preliminary mercury contamination in 13 health
supplement products on the market in the range of 5.41 - 450 ug/kg.

Keywords: mercury, DMA-80, health supplements.
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