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Tom tat

Nghién ciru so sanh ba phiong phdp phdn hiy mau thie pham bo sung dé xac dinh
dong thoi 11 nguyén té bang phirong phdp ICP-MS. Cac phwong phdp bao gom: tro héa mau
trong 16 nung & 500°C, sau d6 hoa tan mau bang axit; phdn hiy mdu trong ong Poly
TetraFluoroEthylene voi thiét bi gia nhiét ¢ 170°C trong 4 gio; va phdan hity mau bang 16 vi
song ¢ 170°C trong 40 phut. Do chinh xdc cua cac phwong phap dwoc danh gia thong qua
phdn tich mét vt liéu tham chiéu T07509QC (thuc pham bé sung) ciia Fapas, két qud thu
dwoc cho thdy sw dong nhat tot gitka cdc gia tri chumg nhdn va gia tri do duoc doi véi phiong
phap phan hiy wét va phan hiy bang 1o vi song. Két qud phan tich cho thay phwong phap
phan hiy mau trong ong PTFE voi thiét bi gia nhiét c6 tiém ndng tré thanh mét giai phdp pho
bién trong cdc phong thi nghiém, ddc biét la nhitng phong thi nghiém khong cd lo vi song,
dong thoi gitip cdi thién hiéu qua, do chinh xdc va tiét kiém chi phi trong phdn tich nguyén t6
bang ICP-MS.

Tir khéa: ICP- MS, kim logi ning, phirong phdp phdn hity mau, vi khodng.
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Abstract

A comparative study of three sample digestion methods for the simultaneous
determination of 11 elements in food supplements by ICP-MS method is presented. The
methods include: ashing the sample in a furnace at 500°C followed by acid dissolution;
digesting the sample in a Poly TetraFluoroEthylene tube with a heating device at 170°C for 4
hours; and microwave digestion at 170°C for 40 minutes. The accuracy of the methods was
evaluated by analysizing a Fapas T075090QC- Nutritional Food Supplement reference and the
results showed good consistency between the certified values and the measured values for both
wet digestion and microwave digestion methods. These results suggest that the sample
digestion method in a PTFE tube with a heating device has the potential to become a widely
used solution in laboratories, especially those without microwave systems, while improving
efficiency, accuracy, and cost-effectiveness in elemental analysis by ICP-MS.

Keywords: Heavy metals, ICP-MS, micronutrients, sample digestion method.

&9



Tap chi Khoa hoc Pai hoc Pong Thép, Tap 14, S6 8 (2025): 88-97

1. it van dé

Thuce pham bd sung dang ngay cang tr¢ nén pho bién trén toan thé gidi, duoc st dung
nhu mot ngudn cung cap dinh duong cho con nguoi nho vao thanh phan héa hoc thiét yéu cia
chung, thudng bao gém céc vi chat va cac yéu tb co loi cho strc khoe nhu vitamin, khoang
chat, acid amin va acid (Buldini & cs., 2002). Cac nguyén td vi luong thiét yéu nhu Se, Cu,
Zn, Mn... du chi chiém mét luong nho trong co thé nhung lai dong vai trd vo cliing quan trong
trong cac qué trinh sinh hoc cuia con ngudi. Nguoc lai, cac nguyén té kim loai ning nhu Pb,
Cd, As, Hg lai khong can thiét cho su sdng va co hai d6i véi stc khoe (Salgueiro & cs., 2000).

Do d6, dé dam bao chat lugng cua thuc phém bod sung, viéc xac dinh chinh x4c ham
luong céc chét trong san pham, bao gdm cic nguyén to doc hai va vi lugng 1 rat can thiét.
Diéu nay khong chi gitp cac nha san xuét kiém soat chat lugng san pham ma con hd trg cac
co quan quan ly nha nudc trong viéc thyc hién kiém tra, giam sat, qua do bao vé quyén loi va
suc khoe cuia nguoi ti€u dung.

Hién nay, k¥ thuét ICP-MS ngay cang dugc sir dung rong rai trong cac phong thi nghiém
dé phan tich cac mau thyc phim nho vao khoang tuyén tinh 1am viéc rong, kha ning phén tich
nhiéu nguyén té trong mot 1an bom méu, va dic biét 1a gii han phat hién thap so véi cac ky
thuat nhu: GF-AAS hay ICP-OES (Ammann, 2007; Parsons & Barbosa Jr, 2007). Tuy nhién,
dé dat duoc két qua phan tich chinh xac va dang tin cdy, viéc chuin bi mau dong vai tro cuc
ky quan trong. Phuong phap phan hay mau khong chi chiét cac chat ra khoi nén mau ma con
anh huong tryc tiép dén d6 chinh xac cua két qua phén tich. Trong qua trinh phan huy, néu
khong thue hién dung céch, co the xay ra nhiém ban hoic that thoat chat phén tich, dan dén
sai s6 dang ké trong két qua cudi cing (Nemati & cs., 2010; Pereira & cs., 2013). Diéu nay
dic biét quan trong ddi véi cac nguyén t6 c6 ndng do thap hodc cac kim 10a1 ¢6 thé phan tng
manh véi cac thanh phan trong mau hodc véi dung mdi phéan huy.

C6 nhiéu quy trinh phan huy mau kim loai dugc sir dung nhu: tro héa kho, phan hay
udt hay sir dung 10 vi séng. M01 phuong phap c6 uu diém va han ché riéng. Tro hoa kho co
the dé dang 4 ap dung voi cac mau ran, trong khi phan huy u6t va 16 vi song cho phép kiém soat
t6t hon cac yéu tb nhiét do va thoi gian, giup tranh ton that hodc nhiém ban do su tuong tic
voi moi truong (Doner & Ege, 2004; Kira & Maihara, 2007; Tuzen & Soylak, 2007; Yaman
& Cokol, 2004). Trong nghién ctru nay, cac phuorng phap phan hiy mau khac nhau s€ duoc
danh gia dé xac dinh phuong phap t6i wu cho viéc dinh lugng cac nguyén té nhu Pb, Cd, As,
Hg, Se, Cr, Cu, Mn, va Fe trong thyc pham b6 sung bang k¥ thuat ICP-MS, nham so sanh higu
qua va d6 chinh xac ctia ting phuong phap.

2. Phuong phap nghién ciru
2.1. Hoa chit va thiét bi

Céc chat chuan don nguyén td: Chi (Pb), Cadmi (Cd), Arsen (As), Thay ngén (Hg),
Niken (N1), Crom (Cr), Dong (Cu), Manganese (Mn), Selenium (Se), Kém (Zn), Sat (Fe),
Vang (Au), ndi chudn Germani déu c6 ndng do 1000ppm, ndi chuan Terbium (Tb) c¢6 ndng do
100 ppm (Merck, Germany),. Cac dung mdi, hoa chat khac gdm: Methanol (MeOH) 99,9%,
HNO; 65%; Methanol (MeOH); Hydro peoxid H>O, 30% (Germany), nudc sir dung 1a nudc
deion c6 d6 dan dién 18 MQ/cm (MiliQ).

Thiét bi phd khdi plasma cao tin cam tmng (ICP-MS) NexION 2000 (PerkinElmer,
USA), thiét bi 10 vi séng pha mau Ethos up (Milestone, Italia), 10 nung Nabertherm (Germany),
can phan tich (c6 do chinh xac 0,1 mg) XS105 (Metter Toledo), khi Argon (99,999%), khi
Helium (99,999%) (Messer, Viét Nam). Ngoai ra, cac thiét bi, dung cu thong thuong khac
trong phong thi nghiém ciing dugc st dung.
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2.2 Vit liéu

Vat liéu duoc st dqu trong nghién ctu la mg}u vat 1i§u chuan T075 09QC- Nutritional
Food Supplement (thuc pham bo sung) dugc cung cap bdi to chirc thir nghiém thanh thao cua
Fapas (Proficiency testing from Fera Science Ltd.) — Anh

2.2. Phuwong phap phéan tich
Qua tham khao cac tai liéu

Céc quy trinh phan hily mau, bao gém tro héa kho, phan hily u6t va phan hay bang 10
vi song, duoc ap dung dé phan tich 11 nguyén t trong mau thue pham b6 sung (Pb, Cd, As,
Hg, Ni, Se, Cu, Mn, Zn, va Fe) voi cac diéu kién da duogc tdi wu. Trong qua trinh phan huy,
mau trang dung moi va mau trang thude thir duoc chudn bi twong tu nhu diéu kién phan tich
mau thyc dé kiém tra sy nhiém ban, anh hudng héa chét trong qua trinh xir Iy mau.

2.2.1. Tro hoa kho

Qua tham khao tai liéu (Kira & Maihara, 2007; Tuzen & Soylak, 2007). Thuc hién quy
trinh nhu sau: Can chinh xac khoang 0,5 - 0,6 gam mau vao cac chén nung bang st (chén nung
dd duoc ngadm trong hdn hop cudng thuy trong 24h dé loai bo céc tap chét, kim loai nang con
du, sau d6 chén dugc rira sach 1an luot bang HNO; 6% nhiéu lan, nuéc deion va dé kho). Thém
lan luot 0,5 mL chét noi chuin Tb 0,2 ppm; 0,5 mL chat noi chuan Ge 2 ppm, 0,5mL  dung
dich Au 100 ppb. Sau do, tro hda mau trén bép dién & nhiét do thip dé dudi dung méi roi day
nap chén nung va dua vao 10 nung. Nhiét d6 16 dugc tang tir tir nhiét d6 phong 1én 500 °C trong
khoang 5 gio cho dén khi thu duoc tro tréng xam. Phén tro duoc hoa tan trong 10 ml HNO;
6% (néu can co thé dun nong tir tir bang acid dé hoa tan hoan toan cac ion kim loai can phan
tich). Sau do, chuyén phan dich tir chén nung vao dng binh dinh mirc c6 thé tich 50 mL theo
thu tu béng nudc deion, thém 0,5 mL MeOH va dinh mirc béng nudce deion dén vach, lic déu.
Dung dich mau thir sau d6 duogc loc qua mang loc 0,20 pm 1di chuyén vao dng polypropylen
50 mL dé phan tich trén thiét bi ICP-MS

2.2.2 Phan huy wot

Qua tham khao tai liéu (Al Khalifa & Ahmad, 2010; Llorent-Martinez & cs., 2012).
Thuc hién quy trinh nhu sau: Can chinh x4c khoang 0,3 - 0,4 gam mau vao cac 6ng phan huy
Poly TetraFluoroEthylene co thé tich 50 mL. Thém l4an lugt 1mL nudce deion; 0,5 mL chat ndi
chuan Tb 0,2 ppm; 0,5 mL chét ndi chuan Ge 2 ppm; 0,5mL dung dich Au 100 ppb; 7 mL
HNO:; 65% va 1 mL H,0,30%. Pay nip dng, sau d6 dua vao thiét bi gia nhiét theo thir ty di
dugc ma héa. Cai dit chuong trinh nhiét d6 cta thiét bi gia nhiét tir nhiét 46 phong 1én dén
160-170 °C, duy tri nhiét d6 trén trong khoang 4 gio dén khi xuat hién dung dich khong mau,
mau cia dung dich gan nhu nude. Dé ngudi va chuyen phan dich trong 6ng vao binh dinh mirc
c6 thé tich 50mL c6 thé tich 50mL bang nudc ct dén vach, lac déu. Dung dich mau thir sau
d6 dugc loc qua mang loc 0,20 um rdi chuyén vao ong polypropylen 50 mL dé va phan tich
trén thiét bj ICP-MS.
2.2.3 Phdn hiy bang 10 vi séng
Qua tham khao tai liéu (Nardi & cs., 2009; Pereira & cs., 2013). Thyc hién quy trinh
nhu sau: Can chinh xac khoang 0,3 - 0,4 gam méu vao cc binh phan huy dugc lam bang
Teflon ctia 10 vi song. Thém 1an luot ImL nude deion; 0,5 mL chat ndi chudn Tb 0,2 ppm; 0,5
mL chét ndi chuin Ge 2 ppm; 0,5mL dung dich Au 100 ppb; 7 mL HNOs 65% va 1 mL H,0,
30%. bay nap binh phan g va dua vao 16 vi song phén huy ¢ nhiét d¢ 170 °C trong thoi gian

40 phut voi cong sudt vi song 1800W. Sau khi két thiic qua trinh ~phan huy, mau duogc lam
ngudi dén nhiét d6 khoang 30 °C, chuyén sang binh dinh muc c¢6 thé tich 50 mL c6 thé tich 50
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mL, thém 0,5 mL MeOH va dinh muc bang nudc deion den vach, lic déu. Dung dich mau tht
sau d6 dugc loc qua mang loc 0,20 pm rdi chuyén vao dng polypropylen 50 mL dé va phan
tich trén thiét bj ICP-MS.

2.2.4. Piéu kién phan tich dinh luong trén ICP-MS

Trudc khi tién hanh phan tich, thyc hién t0i wu thiét bj bing dung dich tuning ctia hing
(Perkinlmer, USA cung cap). Sau khi tf)i uu xong thu duogc cac diéu kién van hanh va lua
chon dong vi dac trung cho céc nguyén t6 can phan tich dugc trinh bay trong Bang 1.

Bang 1. Cic thong sb cai @it thiét bi ICP-MS NexION 2000

Thiét bi ICP-MS PerkinElmer NexION 2000
Cong suat cao tan RF 1500 W
Luu lugng khi Ar plasma 15 L/phut
Luu lugng dong khi Ar phu trg 0,98 L/phtt
Luu lugng dong khi Nebulizer 1,0 L/phat
Tc d6 hit mau 250 pL/phit
Thoi gian phan tich 100-500 ms
S6 lan quét 1ap lai mot mau 3 lan
Ché do phan tich KED (do va cham dong hoc)
Céc dong vi nguyén t6 phan tich ~ 2%Pb, '''Cd, 7As, 22Hg, “Ni, "*Se, *2Cr , *Cu, >*Mn,
S6Fe, %Zn

2.3. Chuin bi dwong chuin cac nguyén to phén tich

Céc dung dich chuan 1am viéc bao gém hdn hop 11 nguyén té duge chuin nhu sau:
dung dich chuén lam viéc c6 nﬁ)ng d6 0 0,4; 1; 2; 4; 10; 20 ppb ddi vdi cac nguyén té Pb, Cd,
As, Hg va Se; dung dich chuan 1am viéc c6 nong do: 0; 2,5; 5; 20; 80; 160; 320 ppb ddi vai
cac nguyén to Ni, Cr, Cu, Mn, Fe va Zn. Mdi dung dich chuan duogc thém lan luot: 0,5 mL
chat ndi chudn Tb 0,2 ppm, 0,5 mL chat ndi chuin Ge 2 ppm va 0,5 mL dung dich Au 100 ppb
va dinh muc bang dung dich HNO; 2%.

3. Két qua va ban luin
3.1. Xay dung dwdng chuin

DBuong chuin cac nguyén t6 Pb, Cd, As, Hg, Se va Ni duogc xdy dung biéu dién su phu
thudc tuyén tinh giira ty 1¢ sb dém ctia mdi chat phan tich/chat ndi chuan (Tb) vao nong do
chat phan tich trong dung dich chuén tuong mg. Déi véi dudng chuin cua cac ‘nguyén t6 Cr,
Cu, Mn, Fe va Zn dugc xdy dung biéu dién su phu thudc tuyén tinh gitra ty 16 s6 dém cua mdi
che”it phan tich/chat noi chuan (Ge) vao ndng d¢ chat phan tich trong dung dich chuan twong
mg. Tét ca cac dudng chudn duoc dung tu dong theo phan mém cua thiét bi. Két qua duong
chuan noi chuan xéac dinh 11 nguyén té dugc trinh bay ¢ Bang 2.

Bang 2. Phwong trinh dwdng chuén cho cic nguyén tb

Puong chuin R? Puong chuin R?
Pb y=0,201x - 0,0008 0,9997 Ni y=0,0569x - 0,0015 0,9999
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Puong chuin R? Puong chuan R?
Cd y=0,002x - 0,0001 0,9996 Cr y=0,1342x - 0,0212  0,9999
As y=0,018x + 0,0001 0,9996 Cu y=10,1961x - 0,0192 1
Hg y=0,0413x - 0,0043 0,9998 Mn y=0,0667x - 0,0107 1
Se y=0,0016x - 0,0002 0,9996 Fe y=0,1176x - 0,0191 1
Zn y=0,0194x + 0,0008 1

Két qua trong Bang 2 cho thiy trong khoang ndng d¢ tir 0,4 — 20 ppb dbi voi Pb, Cd,
As, Hg va Se va trong khoang néng do tur 2,5-320 ppb ddi v6i Ni, Cr, Cu, Mn, Fe va Zn duong
chuan ctia 11 nguyén t6 déu co hé sé twong quan tuyén tinh R? > 0,999 va do chéch tai mdi
diém ctia dudng chuan (%) < £15%. Vi vay, dudng chuan dap tmg yéu cau dé phan tich mau.

3.2. Két qua phan hily mu bing cac phuong phap
3.2.1. Pdnh gid cdc phwong chudn bi mau

Céc phuong phap xtr Iy mau da dugc khao sat bao gdm: tro hoa kho, phan hiy wét, phan
huy bang 16 vi séng dé dinh luong 11 nguyén t6. Do dung va do chinh xac cta cac phuong
phap trén dugc danh gia thong qua mau vat liéu Fapas 07509- Nutritional Food Supplement
(thuc pham bd sung).
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Hinh 1. Két qua khao sat phwong phap xir Iy miu

Tur két qua 6 Hinh 1 cho thay, phuong phap xu li mau tro hoa kho str dung nhiét d¢ rat
cao 500 °C dé pha v& cu tric cua cac chét hitu co trong mau gitip chuyén hoa chang thanh
céc chit vo co hodc hop chét c6 thé d& dang phan tich. Khi mau duoc nung & nhiét do cao, cac
hop chét cua Se(VI) hay Se(IV) va Hg(II) co thé bi khtr boi cacbon, khién cac nguyén té dé
bay hoi nhu thuy ngan (Hg) va selen (Se) mat di du6i dang hoi, ddn dén hiéu suét thu hdi cac
nguyén t6 nay thap Nhu vay, phuong phap tro hoa kho nay khong kha quan dung dé xur ly
mau phén tich dong thoi cac nguyén td lugng vét va vi khoang. Két qua nay ciing phii hgp mot
sd nghién ciru ciia cac nhém trude d6 (Kira & Maihara, 2007; Tuzen & Soylak, 2007).

Phuong phép phén huy w6t cho hi¢u suét thu hdi trong ddi 6n dinh, v6i hau hét cac
nguyén t6 co hiéu suat thu hoi tir 90% dén 108,6%. Mirc thu hdi cao nhit 1a dbi voi Pb
(108,6%), trong khi mirc thu hoi thap nhat 1a d6i voi Zn (98,8%). Phuong phap phan hity bang
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16 vi song cting cho két qua thu hoi tét, voi hiéu suét thu hoi dao dong tir 97,6% dén 105% cho
cac nguyén to. Muc thu hoi thap nhat 1a d6i voi Zn (97,6%), con mirc thu hoi cao nhat 1a doi
voi Hg (102,7%).

Phuong phap 16 vi séng c6 hiéu sut thu hoi cao hon dbi véi mot sb nguyén t6 nhu Cd,
Hg, va Se, cho thiy phuong phap nay co thé hiéu qua hon ddi véi cac nguyén td nay. Dic biét,
thiy ngan (Hg) c6 hiéu suat thu hoi rat cao khi dung phuong phap 16 vi song (102,7%). Trong
khi d6, phuong phap phan hiy uét mot sd nguyén td nhu Pb, Cr, Cu, Mn, Fe va Zn khi ap
dung phuong phap phan hily udt cho hiéu suat thu hdi twong duong v6i phuong phap 16 vi
song.

Két qua cho thay hai phuong phap phan huy mau uét va phan hay bang 16 vi song cho
két qua kha tuong ddng giita cac nguyén td. Ca hai phuong phap nay co thé duogc st dung dé
phan hity mau dé xac dinh nguyén t6 lugng vét va vi lugng trong thuc pham bo sung, didu nay
cling phut hop véi cac két qua nghién ciru (Al Khalifa & Ahmad, 2010; Llorent-Martinez &
cs., 2012).

3.2.2. Pdnh gid cdc néi chudn

Viéc sir dung ndi chuin trong ICP-MS ¢ vai tro rt quan trong trong phan tich mau boi
ndi chuan gitp bu trir cdc sai s6 cO thé xay ra trong qua trinh phan tich, nhu su thay d6i vé
hiéu suat cua hé thong thiét bi, d6 6n dinh ciia nguon plasma, sy thay doi trong hiéu qua ion
hoa va cac yéu t6 khic c6 thé anh huong dén do chinh xac cua phep do (Nardi & cs., 2009).
Viéc str dung ndi chuan gip so sanh dugc tin hi¢u cua mau véi tin hi¢u cua noi chuan Néu

tin hiéu ctia ndi chuan va mau bi thay di theo ty 1& giéng nhau trong sudt qua trinh phén tich,
diéu nay giup giam thiéu cac 156i hé théng va ting do chinh xac cua két qua cudi cung.

Dua trén diéu nay, nghién cuu lua chon 02 ndi chuin Tb va Ge. Két qua phan tich trén
thiét bi ICP-MS cho thay c6 su tuong quan tot gitia tin hiéu cac chat phan tich véi tin hiéu cua
ndi chuan. Céc két qua phan tich thé hién trong Bang 3.

Bang 3. Hiéu suat ctia tirng nguyén to véi ngi chuan

Tb (%) Ge (%)
Pb 99,2 Ni 115,8
Cd 98,9 Cr 103,2
As 98,3 Cu 106,3
Hg 108,3 Mn 102,8
Se 110,5 Fe 108,5
Zn 101

Cac gia tri do duoc tinh trung binh (n = 3)

_ Hiéu suat clia ndi chuan cao dat 98,3 -110,5% ddi v6i Tb, tir 101-115,8% doi voi Ge
di€u nay cho thay n6i chuan giup kiém soat va bu trir nhiing thay doi trong qua trinh phén tich
mot cach hi€u qua, tir d6 dam bao dd chinh xac cua két qua.

3.2.3. Xdc nhdn gid tri sir dung ciia cdc phwong phdp xir 1y mdu
Dé xac dinh gi61 han phat hién (LOD) va gi61 han dinh lugng (LOQ) cua moi phuong

phap dugc tinh toan lan lugt bang ba lan va mudi lan d¢ 1éch chuan cua phép do lap lai 10 lan
mAu tring (mAu tring 1a mot dung dich dwoc chudn bi véi cac hoa chat va diéu kién gidng nhu
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mau thuc, nhung khong chira cac thanh phan hodc nguyén té can do luong) duge chuin bi
riéng 1¢. Moi dung dich mau trang cta cac phuong phap trén dugc chuan bi vdi cac hoa chat
st dung diéu kién phan tich giong nhu mau thyec.

Do ding va do chinh x4c cta cac phuong phap duge thuc hién bang cach phan tich mau
T07509QC cua Fapas.

Bang 4. Két qua phan tich LOD, LOQ va miu T07509QC

Phén hiiy wét Phdn hiiy bang 16 vi séng

Gid tri chirng nhidn i} §
Kert LOD LOQ Ket quda LOD LOQ

quido  (ng/kg) (ng/kg) do (ng/kg) (ng/kg)

Pb  47,9+21,0 (ng/ke) 52,0 34 11,2 50,3 2,4 7.9
Cd 33,0+ 14,5 (ngke) 30,8 3,6 12,0 32,9 2,9 9,7
As 57,7 +254 (ng/ke) 54.6 5.7 18,7 57,0 3,7 12,0
Hg 18,5+ 8,12 (ngke) 17,2 4,1 13,6 19,0 2.8 9,4
Ni 1,37+ 022 (mgkg) 1,37 4,7 15,5 1,37 4,0 13,3
Se 294+ 113 (ng/ke) 266 42 13,9 273 3,6 11,8
Cr 537+ 189 (ng/ke) 571 5.4 17,7 560 5,1 16,7
Cu 748+ 1,84 (mgke) 7,91 9,0 29.8 7.83 6.3 20,6
Mn 11,9 £ 2,62 (mgke) 12,2 9,0 29,5 12,0 5,9 19,6
Fe 85,3+ 14,0 (mgkg) 88,0 128 420 87,7 8,8 29,1
Zn 24,5 + 4,84 (mg/kg) 24,2 13,5 44,6 23,9 9,0 29,8

Cac gia tri do dwoc tinh trung binh (n = 3)

Tir két qua Bang 4 cho thdy cac két qua do cac nguyén t6 voi cac phuong phap phan
hay w6t va phan huy bang 10 vi song déu nam trong khoang gia tri an dinh ctia mau vat liéu
chuén. Tuy nhién, phuong phap phén huy bang 16 vi song cho két qua on dinh hon voi d6 1éch
chuan rat nho, phan anh tinh dong nhit va kha nang kiém soat nhiét do tSt hon trong qua trinh
phan hiy. Lo vi séng cung cdp mot mdi truong phan hiy dong déu, gitp giam sai s6 ngau
nhién va cai thién d6 chinh xéc cta két qua.

Dbi v6i phuong phap phan huy w6t sir dung hoa chat manh dé phan huy mau. Tuy nhién,
phuong phap nay c6 nhuoc diém 1a d6 léch chuan (SD) cao, thé hién sy bién dong 16n trong
cac két qua do co thé do viéc kho kiém soat nhiét do va diéu kién trong qué trinh phén huy,
dan dén sai s6 trong két qua va gi6i han phat hién (LOD) ciing cao hon.Tuy nhién, ddy 1a mot
phwong phap dé thyc hién va da dugc sur dung rong rai trong cac phong thi nghiém phan tich,
C6 thé sir dung cho nhiéu loai mau khac nhau.

Phuong phéap phan huy bang 10 vi song cho gia tri LOD va LOQ thap hon, cho phép
phat hién va dinh lugng chinh xac cac nguyén t6 & nong do thap, lam tang d6 nhay ctia phuong
pha tot hon so véi phuong phap phan huy u6t. Tuy nhién, phuong phap phan huy w6t van dam
bao cho két qua kha chinh xac va c6 thé dugc ap dung khi can sy don gian va chi phi thap hon.

3.24. Ung dung phan tich mot $6 mau vat liéu chuan

95



Tap chi Khoa hoc Pai hoc Pong Thép, Tap 14, S6 8 (2025): 88-97

Tién hanh phan tich 03 mau vat liéu c}luén T07495QC (stra bot), TO7503QC (bot dau
nanh), T18124QC (stra bdt), dugc cung cap bai td chirc thﬁ»nghiém thanh thao ctia Fapas
(Proficiency testing from Fera Science Ltd.) — Anh. K&t qua thé hién trong Bang 5.

Bang 5. Két qua phan tich mgt s6 miu vit liéu chuin

Khodng , Khodng , Khoing  Két qua
i Két qua i Két qua ,
Donvi gidtrian gid tri dn gidtrian  phdn
phan tich phan tich
dinh dinh dinh tich
T074950C T075030C T18124Q0C
(sira bot) (bot ddu nanh) (sita bot)
Pb  pgkg  30,9-79,5 56,8 365-757 583
Cd pnugkg 9,2-23,5 15,6 317-667 430
As ugkg  38,3-984 66,2 647-1262 922
Hg ug/kg 15,6-40,1 25,5 267-547 401
Se  pugkg 128-302 252
Cu pngkg 265-570 425
Mn pgkg 256-552 451

Cac gia tri do dwoc tinh trung binh (n = 3)

Tat ca cac két qua phéan tich & bang 5 cua ca sita bot va bot dau nanh déu nam trong
khoang gié tri an dinh, cho thay rang cac phuong phéap xur li mau phan hiy uét dugc st dung
trong nghién ctru ddm bao d¢ 1a chinh xac va phu hop.

4. Két luan

Phuong phép phan hiy udt 14 mot phuong phap hiéu qua va tiét kiém dé chuan bi mau
cho viéc xac dinh nhiéu nguyén t6 nhu Pb, Cd, As, Hg, Ni, Se, Cu, Cr, Mn, Fe va Zn trong cdc
mau thuc phim b sung. Két qua thu dugc tir phuong phap phan hiy uét sir dung dng Poly
TetraFluoroEthylene két hop vai thiét bi gia nhiét da dugc so sanh vdi cac phuong phap chuan
bi mau thong thuong va dugc xac nhén la dat yéu cdu dbi v6i phan tich mau vat liu
T07509QC. Piéu nay chimg to d6 chinh xac va do tin cdy cao cua phuong phap trong viéc
phan tich cac nguyén t6 kim loai. Phuong phap nay khong chi ap dung cho miu vat liéu
T07509QC ma con c6 thé sir dung cho cac loai mau thyc phdm bé sung khac.

Ngoai ra, phuong phap phan huy wét st dung dng Poly TetraFluoroEthylene va thiét bi
gia nhiét c6 chi phi van hanh thap, d& s dung va thuan tién hon so véi cac phuong phép sir
dung 16 vi séng, dong thoi giup don gian héa quy trinh chuan bi mau trong phong thi nghiém.
Day ciing 1a mot giai phap thay thé hiéu qua cho cac phong thi nghiém khéng c6 10 vi song,
md rong kha ning ing dung trong nhiéu phong thi nghiém véi trang thiét bi co ban, dong thoi
dam bao hiéu qua, do chinh xac va d tin cay cua Kkét qua phan tich.
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