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SUMMARY

DETERMINATION OF SOME TRACE AMOUNT OF RARE EARTH ELEMENTS
IN MEAT AND ORGANS FROM PIG FEEDED WITH FOOD CONTAINING
RARE EARTHS BY ICP-MS TECHNIQUES

In this report, the trace amount of some rare earth impurities in meat and some organs sample from pig
feeded with rare earth food additive was determined by inductively coupled plasma mass spectrometry
(ICP-MS). The signal suppression effect of the sample matrix on the signals of the REE was effectively
compensated for using 1%Rh internal standard. The grounded samples were subjected to microwave acid
digestion as reported by TCVN-9525:2018. Briefly, 0.5 g of the sample was mixed to 2.0 mL of 65%
HNO; and 1.0 mL of 30% H»O- in microwave polytetrafluoroethylene digestion vessels. The microwave
digestion system was operated at 400W (medium power mode) for 12 min. The method of detection limits
(LOD) were in the range of 0.004 pg/kg to 0.018 pg/kg. The sample recovery was obtained between 97.0
and 107.3 % by the certified reference material (CRM-BCR-668). La, Ce, Pr, Nd, and total REEs content
were assessed. The La, Ce content in some pig organs samples (liver, heart, spleen, kidney) using rare
earth food additive were higher than the reference samples about two to three times, and in the meat
sample were negligible.
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1. PAT VAN PE

Hién nay, cac nguyén tb dat hiém (REES) c6 ung
dung rong rai trong nhiéu linh vyc. Trong cong
nghiép, dat hiém dwoc sir dung trong nganh
cdng nghiép dién tr, ché tao cht siéu dan, chat
xUc tac va phu gia cho gém su. Trong ndng
nghiép, dat hiém duoc bd sung vao phan bon
ctia cay trong, gitp ting nang suat va chéng chiu
sau bénh, va nhu mot chit phy gia bb sung vao
thirc dn chin nudi giup thiuc day su ting trong
co thé cua dong vat [1,2].

REEs di trg thanh méi quan tdm khi ma con
nguoi tim thiy su gia ting nong d6 cua ching
trong mdi trudng va xam nhap vao co thé con
ngudi qua chudi thire an [3]. Hon nita, Viéc tiép
xuc lién tuc véi REES ¢ ndng do thap cé thé gay
ra nhitng anh huong xau dén sirc khoe. Co thé
tiép xdc l1au dai vai bui REEs gay ra bénh bui
phéi nghé nghiép [4], udng REEs liéu lugng
thap trong thoi gian dai c6 thé dan dén sy tich ty
trong cau tric xuong, té bao tuy xuong va tham
chi tao ra doc tinh di truyén trong té bao tuy
xuong [5]. Cac REEs ciing c¢6 thé 1am giam sy



6n dinh cia DNA va tham chi lam bién doi
DNA [6]. REEs c6 thé xam nhap vao h¢ than
kinh trung wong gay ra tén thuong can lam sang
[7]. Nguyén t6 La da lam cac phan ng tc ché
thu thé axit amin trong nhan xwong cut [8]. Theo
cac bao cdo trude do, thi lidu gay chét nguoi
(LD50) nam trong khoang tir 10 dén 7650
mg/kg d6i véi cac kim loai REE khac nhau va
cac hop chit cua chang [9].

Tai Viét Nam, da thuc hién kha nhiéu cac du &n
s dung ché pham citrat d4t hiém trong chin
nudi cho két qua tich cuc [10]. Tuy nhién, viéc
danh gia sy tich luy ham luong cac nguyén tb
dat hiém trong vét nudi truée khi thuong mai
hoa con han ché. Mic du chua c6 bao céo vé cac
vu ngd doc REEs ¢ ngudi qua chudi thic an,
nhung viéc nghién ctru xac dinh luong vét REEs
ton du trong thuc pham, dic biét 1a céc loai thyc
pham ¢6 ngudn gbc tir viéc sir dung ché pham
dat hiém trong qua trinh nuéi, trong can duoc
quan tam thich dang va can thiét.

Do ndéng d6 REES trong thuc pham rat thap va
v6i nén mau phirc tap ma céc ky thuat phan tich
hién dai da dugc phat trién dé xac dinh lugng
vét REEs. Khéi phd plasma cao tan cam ung
(ICP-MS) la mét trong nhirng ky thuat duoc su
dung phé bién nhit dé xac dinh REEs trong céac
mau sinh hoc véi nhiéu wu diém vuot troi nhu
pham vi ndéng do gidi han phét hién thap, do
chon loc cao, khoang tuyén tinh rong [11-13] so
V6i cac phuong phap khac.

Qua trinh phan huy mau thyc phdm dugc uu tién
thuc hién trong cac hé théng phan hay kin (vi
s6ng) va dugc ho trg bai cac axit co tinh oxi hoa
manh dé giam thiéu kha ning nhiém ban cua
dung dich phan huy, ting kha nang tai 1ap va
tranh that thoat cac nguyén t d& bay hoi [11,14-
15]. Tuy nhién, hon hop axit nitric va hydro
peroxit dugc su dung rong réi vi chiing oxi hda
chit hitu co mot cach hiéu qua va tao ra it nhidu
phd hon trong cac phan tich ICP. Hién nay cac
tiéu chuén da dugc cong nhan dé xir Iy mau chia
nén hitu co cao nhu US-EPA-3051 (2007) st
dung 0,5 g mau dwoc phan hay bing 10 mL axit
nitric dam dic [14]; TCVN-9525:2018 (sir dung
0,2 gam mau dugc phan huy trong 3 mL axit
nitric dam dic, va thuong 13 0,5 d&én 1 mL H,0;

[15]. Ngoai cac phuong phap US-EPA, TCVN
chudn hoéa, cac phuwong phap phéan hity khac co
thé duoc tham khao tir c4c tai liéu chuyén nganh
va dugc st dung véi cac mau cu thé.

2. PHUONG PHAP NGHIEN CUU

2.1. Thiét bi, dung cu, héa chét

- Thiét bi Agilent 8900 Triple Quadrupole ICP-
MS (USA)

- Thiét bi 10 vi song Envioprep Q45 (USA)

- HNO; 65% (d = 1,51 g.cm'®), (PA, Merck, Dic)
- Hy0, 30% ( d= 1,45 g.cm®), (PA, Merck, birc)

- Nudc cat tinh khiét (khir ion) 18,2 MQ.cm'!

- Dung cu thuy tinh, pipet thuy tinh, micropipet
va cac dau hat (Eppendorf)

- Dung dich dung dich chuan hdn hop cac
nguyén tb dat hiém (REE) 10 mg/L (Inorganic
Venture, USA), dung dich chuan Rh 10 mg/L
(Merck, buc)

2.2. Chuin bi dung dich chuan

+ C4c dung dich chuan sir dung c6 ndng d6 0,01
Hg/L; 0,1 pg/L; 1 pg/L; 2 pg/L; 3 pg/L; 4 ug/L,
5 pg/L; 10 pg/L; 15 pg/L; 20 pg/L tir dung dich
chuan hdn hop REE 10 mg/L. Céc dung dich
nay duoc bd sung 1 pg/L chuéan Rh.

+ Nong d6 axit ciia cac dung dich khao sét duoc
cb dinh 1% HNO;3 (V/v).

2.3. Chuan bi miu

Cac mau nghién ctu, miu dbi ching, mau
chuian duoc thyc hién pha mau cung diéu
kién nhu nhau. Mau nghién ctu duoc lay tur
lon nudi thir nghiém s dung ché pham dat
hiém citrat (La, Ce). Mau ddi ching duoc lay
tir lon nudi khdng st dung ché pham citrat
dat hiém.

MAu thit lon (thit nac tir mdng va vai lon) va
mot s noi tang lon sau khi duoc Iy tir 16 md
chuyén vé phong thi nghiém duoc rira sach
bing nugc cit 2 1an, xay nhuyén, siy kho,
nghién min, bao quan trong ta da. Mau
nghién ctru dugc duge xt ly bang hdn hop
HNO3 + H,0; trong 10 vi s6ng: can 0,5g mau
khé duoc nghién min, bé sung 2 mL HNO;
65% + 1 mL H»02 30% vao binh phan Gng.
Phan hiy mau trong 10 vi séng véi cong suat
400W trong 12 phut (phan doan 3 phut/luot).
Dung dich duoc ly ra dinh mac trong binh
25 mL. Dung dich truéc khi do ICP — MS



duoc bd sung 1 pg/L chuan Rh dé én dinh tin
hiéu.
2.4. Xac dinh tap chit REE bang ICP-MS
Mot s6 Vét tap chat dat hiém trong mau thit va
noi tang lon c6 sir dung ché pham dat hiém dugc
dinh lwong bang cach do truc tiép véi thiét bi
ICP — MS/MS Agilent 8900 sir dung chit noi
chuan Rh dé han ché sy triét tiéu tin hiéu cac
nguyén t vét trong nén mau sinh hoc. Thong sé
thiét bi ICP — MS/MS Agilent 8900 duoc lya
chon trong Bang 1.
Thuc nghiém do mau duoc tién hanh ¢ nhiét do
phong.
Bang 1. Bang diéu kién cac théng s6 may ICP-
MS/MS dwoc cai dat
ICP — MS/MS Agilent 8900 Triple

Quadrupole
Cong suat cao | 1350 W
tan (RF)
Luu lwong khi | 1,00 L/phdt
mang
Téc do dong | 0,1rps
bom méu
Do sdu mau 8 mm
KED -5V mode He

Octopole bias -18V
bong vi phan | %Sc, 89Y; 139 a; 140Ce;
tich 141pr; 146Nd; 147Sm; 133Eu;
157Gd; 159Tb; 163Dy;
165Hg:  166Fp;  169Tpp:
172Yb; 175LU.

Chat noi chuan | 1Rh
3. KET QUA VA THAO LUAN
3.1. Xac nhan gia tri sir dung cia phwong
phap
Viéc xac dinh céc thong sé quan trong nhu hé
s6 twong quan (R?), gigi han phat hién (LOD),
gi6i han dinh lugng (LOQ), d6 léch chuén tuong
d6i (RSD %) va do thu hdi duoc trinh bay trong
Bang 2. Hé sb twong quan duoc tinh toén tir cc
duong chuan co gid tri tir 0,9990 dén 0,9997 ddi
véi ICP-MS. Gidi han phat hién va gigi han cua
Ccé&c gi4 tri dinh lugng cho phép xac dinh cac
nguyén t5 d phan tich & cAc mac yéu cau. Cac
gié tri thu hoi dugc tim thdy nam trong khoang
tir 96 % dén 107,3% & do tin cay 95% trén vat
liéu chuan dugc ching nhan (CRM-BCR-668)

(Bang 3). Tuong tu, ty & phn trim thu hoi
phuong phap phén tich cho tat ca 16 nguyén tb
dat hiém nam trong khoang tir 99,52% dén
102,01%. Céc két qua thu dugc ching to khong
c6 sy mat hoac nhiém ban chét phan tich trong
qué trinh xir ly miu va do miu. T4t ca céc gia
trj thong s6 chat lugng wéc tinh déu theo tiéu chi
yéu cau cua Hiép hoi cac nha hoa hoc phan tich
chinh thic (AOAC, 2012).
Bang 2. Hé s6 twong quan, giéi han phat hién
va dinh leong, hé sé phwong sai va dg thu hoi
phép do ICP-MS
Gioi | Gioi
Hésé| han | han
Nguyén|twong| phat | dinh |RSD
té | quan | hién |lweng | (%)
(R? |(LOD)|(LOQ)
(Hg/kg)|(Hg/kg)
La 0,9998| 0,018 | 0,054 | 1,7 [102,01

Ce 0,9997| 0,005 | 0,015 | 2,4 {100,83
Pr 0,9999| 0,004 | 0,012 | 0,7 | 98,25
Nd 0,9998| 0,005 | 0,015 | 1,7 | 99,52

Do thu
hoi
(%)

Bing 3. Két qua phén tich mau CRM-BCR-668 (n = 5)
Gia tri
Giatri | chung
Nguyén |do trung| nhan | RSD |P¢ thu
to binh | trung | (%) |hoi (%)
(ng/kg) | binh
(ng/kg)

La 79,8 80,0 2,7 | 99,7

Ce 85,6 89,0 3,2 96,1

Pr 13,2 12,3 2,6 | 107,3

Nd 52,4 54,0 15 97,0
3.2. Két qua nghién ciru miu thit va ngi tang
lon ¢6 sir dung ché pham dit hiém
Két qua nghién ctiu cho thiy, trong mau nghién
ctru ¢6 st dung ché pham citrate dt hiém, ham
luong La, Ce c6 ty 1 vuot troi so vai tong sé
REE trong mau. Ty Ié REE duoc tap trung cha
yéu & gan (461,2 ug/kg) va tim (401,36 pg/kg)
cua lon. Su phan bé cac nguyén té trong céc
nhdém mau ciing khac nhau: ty I& La/Ce cao &
nhém cat va gan, ty 16 La/Ce thip & nhém mau
con lai (bang 4).




Bang 4. Két qua phan tich mdu thjt va ngi tang lon ¢6 si dung ché pham dat hiém (n = 15)

Tén Mau nghién cieu (Lg/Kg mau twoi)
mau La Ce Pr Nd Téng REE
Mau cdt | 61,43 + 1,06 4593+1,28 | 17,810,441 8,18 + 0,84 173,45 + 3,44
Mguthit | 75,77+0,47 | 12411+081 | 1584+034 | 16,02+0,88 | 290,64+ 1,76
Mau I 211,96 + 0,53
Igzha 5568+053 | 6024+043 | 1226+016 | 11,10+ 026
Ma 154,03 £ 1,51
ph“ﬁ: 50,05 + 0,71 39,98 + 1,01 9,39+ 0,37 7,82+0,33
[0
Mdugan | 248,07 +8,66 | 97,81+453 | 18,33+1,85 | 2168+1,31 | 461,20 + 15,08
Mgutim | 10516+3,12 | 14120+1,73 | 36,08+042 | 27,031,112 | 401,36 £ 3,02
Mau déi chirng (ug/kg miu twoi)
Tin La Ce Pr Nd Tong REE
mau
Mdu cat | 31,09 + 1,29 18,87 +1,30 | 12,32+0,62 6,03 + 0,15 98,69 + 4,45
Mguthit | 67,91+3,84 | 113,09+215 | 14,35 1,15 6,21 + 0,36 246,14 + 3,25
iu 14 +
N:‘;;]'a 35,52 + 2,05 19,33+1,04 | 11,41+1,20 6,54 + 0,59 108,45 + 1,09
3 +
';"hafi 34,77 + 1,12 22,43+ 1,05 8,90 £ 0,78 7,21+0,55 11041 £5,52
[0]
Mdugan | 39,78 + 1,56 3839+152 | 17,26+1,02 7,61+ 0,65 151,89 + 2,35
Mgutim | 38,87 1,38 2711+1,42 | 2315+1,22 8,59+0,72 147,12 + 3,06

Két qua nghién ciru cho thiy trong cac mau ddi
chiung khong b sung citrate dat hiém nhung
ham luong dat hiém trong miu ciing dugc phat
hién. Biéu nay cd thé thay rang trong cac ngudn
thirc an cung cap cho lon ciing chtra mot luong
dat hiém (cam ting trong, cam ngo...). So séanh
v6i mau dbi chung khodng st dung ché pham dat
hiém citrat thay rang c6 su gia ting nong do
REE trong cac nhdm mau nghién ciru sir dung
dat hiém. Trong mau thit ciia mau nghién cau
va mau ddi chung cho thiy c6 su ting nhe khi
sir dung ché pham dat hiém citrate, tuy nhién
muc ting nay khong dang ké: Ham luong La
(75,77 + 0,47 pg/kg); Ce (124,11 + 0,81 pg/kg);
Pr (15,84 + 0,34 pg/kg); Nd (16,02 + 0,88
ug/kg); tong REE (290,64 + 1,76 pg/kg) trong
mau nghién ctu so véi La (67,91 + 3,84 pg/kg);
Ce (113,09 = 2,15 pg/kg); Pr (14,35 + 1,15
ng/kg); Nd (6,21 + 0,36 pg/kg); tong REE
(246,14 + 3,25 pg/kg) trong mau dbi chang.

Tuy nhién véi cac mau ndi tang lon, ty 18 tong
dat hiém tang tir 2 dén 3 lan so véi mau khong
st dung ché phim citrate dat hiém: mau phdi

(téng REE 154,03 pg/kg so véi 110,41 pg/kg);
mau cat (tbng REE 173,45 ug/kg so vai 98,69
pg/kg); mau 14 lach (tdng REE 211,96 pg/kg so
v6i 108,45 pg/kg); dic biét cao dbi véi mau tim
(téng REE 401,36 pg/kg so véi 147,12 ug/kg)
va mau gan (tong REE 461,21 pg/kg so véi
151,89 pug/kg). PBiéu nay cd thé cho thiy su khac
nhau vé muc d6 tich luy REE trong cac mau noi
tang lon va giira thit lon véi cac mau noi tang
lon.

Béo co cua nhom t&c gia Eisele va cong su [16]
danh gia vé ton du La, Ce trong thit va noi tang
lon an cam chira phu gia dat hiém khi nghién
ctru cac ché d6 an bd sung 300 mg dat hiém
clorua trén mot kg thiac an (thay doi ty lé
LaCls/CeCls), cho két qua ham lugng La va Ce
trong gan, than, co va m& cua lon vd béo dao
dong trong khoang 89,3 dén 101 mg/kg mau kho
déi véi La; 39,7 — 105 mg/kg mau kho ddi véi
Ce, cao hon méu ddi chung tir 4 dén 10 lan,
nhung ham luong La va Ce trong mau thit bap
khong ting so véi mau ddi chung. Ham lugng
La va Ce cuia nghién ctru nay lan luot 12 0,26 va
0,19 mg/kg trong trong mau than kho, 0,87 va



0,34 mg/kg trong mau gan kh, cao hon mau ddi
chang tir 2 dén 6 lan. Nhu vay, ¢ xu hudng tich
luy cac REE trong ndi tang cao hon trong thit va
ham luvgng REE tich tu trong tang Ign phu thudc
ngudn mubi dat hiém vé co hay hitu co sir dung
lam phu gia thire an chian nuéi.

4. KET LUAN

Qua két qua nghién ctru di xac dinh vét cac
nguyén t6 dat hiém trong mau thit lon va noi
tang lon bang ky thuat ICP — MS cho thay
phuong phap nay cé do ding, do chinh xéc cao
tng dung khi x4c dinh cac vét dat hiém trong
mau thuc pham. Nghién ciu c6 thé duoc ap
dung vao phén tich, danh gia muc do tich lay
dat hiém trong cac loai thuc pham khac, dac biét
1a cac déi tugng sir dung ché pham cé chira dat
hiém. Tir d6 dua ra bo s6 liéu dé khang dinh
lwong ton du theo thoi gian cua dat hiém va c6
thé tinh toan luong dat hiém sir dung trong chin
nudi, trong trot sao cho phti hop nham vira nang
cao nang suét cdy trong, vat nudi vira dé tranh
nhiing anh huong dén sic khoé nguoi tiéu dang.
LOT CAM ON

Nhém téc gia xin gui 16i cam on dén PGS.TS
Nguyén Thi Kim Dung dé c6 nhitng gop y dé
bai bao dugc hoan thién.
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