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SUMMARY

DETERMINATION OF URAN AND THORI IN SOIL BY INDUCTIVELY
COUPLED PLASMA MASS SPECTROMETRY (ICP-MS)

In this article, the procedure for analyzing U and Th in soil by inductively coupled

plasma mass spectrometry ICP-MS has been studies. In which, the investigation of

optimal conditions of instrument, digestion process and evaluating the quality of the

procedure by analyzing standard sample Soil-7 of IAEA were carried out. The

concentrations of U and Th in soil samples of Da Lat city were determined by

applying this procedure.The analytical result showed that the concentrations of Th are

higher than the concentrations of U in all soil samples of Da Lat city and the ratio of

U/ Urorar is about 0,7%.

1. DAT VAN DE

Uran va thori 1a hai nguyén té phong xa
ty nhién c6 nhidu tng dung trong cac
linh vuc khoa hoc va cong nghé; dac
biét 1a trong linh vyc cong nghé hat
nhan. Chang 14 ngudn nhién liéu chinh
trong cac 10 phan trng nghién ctru cling
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nhu trong cac 10 nang lugng cua cac
nha may di¢n hat nhan. Ngoai ra, uran
va thori con dugc st dung rat nhiéu
trong cac nganh cong nghi¢p khac nhu
cong nghiép qubc phong, dién tir vién
thong, v.v... [1]



Ham luong U va Th trong dat dugc xac
dinh bang nhiu phuong phap khac
nhau nhu phuong phép tric quang,
phuong phap quang phd hip thu nguyén
tir (AAS), phuong phap phan tich kich
hoat notron (NAA), phuong phdp quang
pho phat xa plasma (ICP-AES), phuong
phap quang phd plasma ghép ndi khéi
phé (ICP-MS).... Tuy nhién, ICP-MS
thé hién tinh wu viét hon cic phuong
phap khac vé kha ning phan tich nhanh
va phat hién véi nong d6 thip (ppt).
Phuong phap nay da duoc ung dung o
nhiéu noi trén thé gisi trong viée xac
dinh ham luong cac dong vi phong xa
va kim loai ndng doc trong moi truong
dat, nudc, khong khi...[2]

Trong bai bao nay, chung t6i cong bd
cac két qua nghién ctru, xay dung quy
trinh phan tich uran va thori trong mau
dat bang phuong phap ICP-MS; éap
dung quy trinh dé phan tich mot s6 mau
dat thudc khu vuc thanh phd Da Lat.

2. THUC NGHIEM

2.1 Thiét bi, dung cu

- May ICP-MS NexION 300X Perkin
Elmer, phan mém diéu khién va xir Iy
ph6 NexION 300X version 1.5.

- Can phan tich d6 c6 do nhay 10°g cta
hang Satorius, Cong hoa Lién bang Dtrc.

- Bép dién loai Fisher Science, Cong
hoa Lién bang Drc.

- Hé xir Iy miu bang 10 vi song
Speedwave Four, cong hoa Lién bang
Duc.

- Céac dung cu thuy tinh: binh dinh mtec,
dng dong, phéu loc, pipet, micropipet,
cde ctia Cong hoa Lién bang Pirc.

- Chén platin dung tich 50 ml.

2.2 Héa chit

- Khi argon ¢6 d6 tinh khiét cao (99,999
%-99,9995 %); khi heli 99,9995 %.

- Nudc cét hai lan duge qua cdt trao ddi
ion.

- Cac hoa chat str dung trong thi nghiém
déu dam bao do tinh khiét phan tich
(P.A); cu thé 1a:

- Céc axit HNOs; 68%, HF 40%, HCIO4
70-72%, H3PO4 85% ctia hang Merk. Duc
- ThOz; UOZ(NO?,)Z; NaF;
FG(NO3)3.6H20; Ca(N03)2.4H20;
Mg(NO3),; AI(NO3)3; KNOs cua hang
Merk, Puec.

- Mau chuan soil-7 cua Co quan Ning
luong nguyén tir quic té (IAEA).

2.3 Cac thong s6 tdi wu ciia thiét bi.
Dua trén cac thong ) ky thuat duoc chi
ra trong catalog cta thiét bi va kiém tra,
van hanh thuc té, cac diéu kién tdi wu
duoc dua ra trong bang 1.

Bang 1. Mot 6 diéu kién toi wu cua thiét bi

Tbc d6 dong khi mang mau (Nebulizer gas flow)

0,85 lit/phut

Tbc do dong khi phu tro (Auxiliary gas flow)

1,4 lit/phat

Tbc d6 dong khi plasma (plasma gas flow)

11 lit/phat

Cong sut phat tan sb radio (Radio Frequency Power — RFP)

1150W
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2.4 Thu thap va xir Iy miu phén tich
Mau dat duoc thu thip tai cac khu vuc:
Thai Phién (TP), Tung Lam (TL), Van
Thanh (VT) va Xuan Truong (XT). Bay la
cac khu vuc chuyén canh rau, hoa va ca
phé tai Pa Lat. Cac miu dat thudc nhom
dat feralit do vang 13 nhom dat chiém trén
90% dién tich dat toan thanh phd.

Mau dat duoc dua vé phong thi nghiém,
dé kho khong khi, loai bo cac tap chit
nhu ré, 13 ciy, da, soi...sau do6 nghién
min, rdy qua rdy co6 kich thudc 1mm;
sy kho & 105°C cho dén khéi lugng
khong dbi. Cho mau vao lo polyetylen
(PE), ddy nip, bao quan noi thoang mat.
Can 0,25g mau cho vao chén s va
nung & 550°C trong 10 gior (tro hoa hiru
co). Pé ngudi miu, chuyén dinh luong
mau vao chén teflon dung tich 100 ml,
cho vao mau SmL HF, SmL HNO; dac,
chuyén chén teflon vao binh chira mau
trong 10 vi song, van chat binh. Hoa tan
mAu trén hé pha miu bang 10 vi song
Speedwave Four theo chuong trinh cho
mau dit. Sau khi két thic, mau dugc
chuyén sang chén platin. Tién hanh cb
can dung dich miu trén bép dién & nhiét
do 300°C cho dén trang thai mubi Am.
Thém 2mL HF, SmL HNO;

chén, ti€p tuc c6 can dén trang thai

dac vao

mudi am. Thém vao chén 5 ml HNO;
va 2ml NaF 0.05M va tiép tuc cd can
dén trang thai mudi 4m mot 1an nira,
hoa tan mudi 4m béng 10ml HNO3 1M,
loc trén giéy loc bang xanh, dinh muc
thanh 25 ml bang HNO;s 0,5 M. Tién
hanh xac dinh U va Th trén may ICP-
MS [3, 4, 5].

2.5 Khao sat anh hwéng ciia nén miu
dén phép do U va Th bing phuong
phap ICP-MS

Céc ion Fe, Ca, Mg, Al, K thuong co
ham luong 16n trong dat. Cac nguyén td
nay c6 thé anh huong dén quy trinh
phan tich U va Th. Pé khao sat anh
huwdng ciia cac nguyén té trén, tién hanh
cac budc nhu sau: Str dung 6 binh tam
giac c6 dung tich 150mL dugc danh sd
theo thtr tu tir 1 dén 6, cac binh déu
chtra 100mL dung dich; trong d6 U, Th
c6 ndng d6 10 ppb, ham luong nguyén
t6 Fe (binh 1) Ca (binh 2), Mg (binh 3),
Al (binh 5), K (binh 5) khoang
3000ppm (gap 300.000 lan so véi ham
luong caa U va Th). Binh s6 6 chira
ddng thoi 5 nguyén to. Két qua xac dinh
U, Th dugc dua ra trong bang 2.

Bang 2: Két qua xdc dinh U va Th khi co mat Fe, Ca, Mg, Al, K

Nguyén t(”')Nthém Nguyén tb Ham luong Ham luong xac | Do léch twong ddi
vao mau can xac dinh (ppb) dinh dugc (ppb) (%)
Khi thém Fe U 10 10,65 6,5
3000ppm Th 10 10,58 5,8
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Nguyén t6~thém Nguyén tb Ham luong Ham luong xac | Do léch twong ddi
vao mau can xac dinh (ppb) dinh dugc (ppb) (%)
Khi thém Ca U 10 10,46 4,6
3000ppm Th 10 9,44 5,6
Khi thém Mg S 10 9,81 -1,9
3000ppm Th 10 10,18 1,8
Khi thém Al S 10 9,63 -3,7
3000ppm Th 10 9,72 2.8
Khi thém K S 10 10,31 3,1
3000ppm Th 10 10,63 6,3
Khi thém dong U 10 10,48 4.8

thoi Fe, Ca, Mg,

Al va K 3000ppm Th 10 9,47 -5,3

Két qua phan tich nhan duoc cho thiy
cac nguyeén td Fe, Ca, Mg, Al, K hau
nhu khong c¢6 anh huong dén két qua
xac dinh U va Th.

2.6 Xay dung dwong chuin

Trong phuong phap ICP-MS, tin hi¢u
ctia phép do (CPS) c6 thé thay ddi trong
khoang gia tri rat 16n (tir vai CPS dén
bdo hoa 4.10° CPS) nén khoang tuyén
tinh cua phép do rat rong (tir vai ppt dén
vai chuc hay vai traim ppm). Do d6, dbi
voi1 phép do ICP-MS nguoi ta thuong
khong chii ¥ nhiéu dén khoang tuyén
tinh. Vi vay, trong bai bdo nay chung toi
khong nghién ctu dén khoang tuyén
tinh ma chi xay dung dudng chuan cia
cac nguyén to va sir dung dudng chuan
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dé phan tich néu hé sb twong quan R>
0,993.

Maic du gioi han dinh lugng 1a ppt
nhung cin cr vao ham luong thuc té
cia U va Th trong dat ciing nhu trong
cac db6i twong moi trudng, thudng
>1ppm nén chung t6i da chuan bi cac
dung dich chuin c6 ndéng do 0,5ppb,
10ppb, 100ppb, 1000ppb, 4000ppb va
5000ppb trong mdi truong HNO; 0,5N
dé tién hanh xay dung duong chuan.
Céac thong s may do dugc chon nhu
bang 1, tién hanh do véi cac mau chuén,
két qua duoc biéu dién trong hinh 1.




Puong chuin U
100000000
» v=17154y. 1017 4
~ 80000000 \SEL Sa )L
z R*=0,9999
< 60000000
& 40000000 /
@
“ 20000000 g
0/
0 1000 2000 3000 4000 5000
C (pph)

Puing chuan Th
250000000
200000000 y=ciile- 02 x
e R*=10,9999
@ 150000000
£
€ 100000000 i
2 e
" 50000000 //
0
0 1000 2000 3000 4000 5000
' (mnh)
~Arrv)

Hinh 1. Puong chudn U va Th

Cac duong chuin trén déu c6 hé sb
twong quan R 16n gan bang 1 va co
huéng cit qua gbc toa do, chimg to
phuong phap khong mic sai sd hé
théng, cac duong chuidn c6 khoang
tuyén tinh rong.

3. KET QUA VA BIEN LUAN

3.1 Két qua phan tich miu chuin
soil-7 cia IAEA

Mau soil-7 ctia IAEA duoc xtr 1y hoan
toan giéng nhu v4i mau dat o trén. Tién
hanh do bang hai ché d6 chay Standard
va KED. Céac két qua phan tich miu
chuin duogc dua ra trong bang 3.

Bang 3. Két qua phén tich mau chudn soil-7

Chi ticu Standard mode KED
phan tich , .
Keét qua Gia tri Do léch Keét qua Gia tri Do léch
phan tich |duoc cong | twong dbi | phantich |duoc cong| twong ddi
(n=3) nhan (%) (n=3) nhan (%)
Utong | 2,105 | 2,6+0,5 | -19,2% 2,5+0,1 | 2,6=+0,5 -3,8%
0,016 +
2y ’ - - 0,019+ 0,001 - -
0,002
25U | 2,08+0,02 - - 2,48 +0,01 - -
735
u/
P 0.0076 - - 0.0076 - -
Utong
Th 10,5+0,8 | 8,2+1,1 28,0% 83+0,2 | 82+1,1 2,4%

Tir cic két qua phan tich mau chuan bang
phuong phap ICP-MS qua hai ché do
Standard va KED cho thiy: két qua thu
duogc khi chay ché do Standard co sai sd tur

19% dén 28% so véi gia tri dugc cong
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nhan. Véi ché 4o do KED c6 do chinh xac
t6t hon sai s6 chi dudi 4%. Do vay, khi
phan tich dong thoi U va Th trong mau
dét, dé dam bao do chinh xac cao, chiing
to1 chon chay theo ché do KED.




3.2 Két qua phan tich U, Th trong trén hé ICP-MS, chay ché d¢6 KED. Két
cAc mau dit qua dugc trinh bay ¢ bang 4 va bang 5.
Tién hanh xr Iy mau dat nhu muc 2.4;
sau d6 tién phan tich ham lwong U, Th

Bang 4. Két qua phén tich U, Th trong cdc mdu ddt khu vue Pa Lat

Ky hiéu U tong Th Ky hiéu U tong Th
méu (ppm) (ppm) méu (ppm) (ppm)
TP1 2,11 5,00 VTI 2,04 4,84
TP2 2,04 5,16 VT2 2,00 5,02
TP3 2,09 5,10 VT3 1,99 4,87
TP4 1,99 4,99 VT4 2,02 5,05
TP5 2,09 4,96 VTS5 2,10 5,02
TP6 2,10 5,01 VT6 1,99 4,65
TP7 2,05 5,05 VT7 1,99 4,90
TPS 1,98 4,98 VT8 2,04 5,12
TP9 1,98 4,87 VT9 2,10 5,18
TP10 1,99 5,00 VTI10 2,00 5,01
TLI1 2,03 4,85 XTI 1,96 4,74
TL2 2,01 5,11 XT2 2,02 5,10
TL3 2,10 5,12 XT3 1,99 4,88
TL4 2,02 5,02 XT4 1,96 4,81
TL5 2,01 4,78 XTS5 2,01 4,79
TL6 1,99 4,77 XT6 1,99 4,78
TL7 2,00 4,95 XT7 2,00 4,93
TLS 1,98 5,02 XT8 2,00 5,02
TL9 1,99 4,93 XT9 1,99 4,95
TLI10 2,01 5,02 XT10 2,00 5,02

Nhan xét:

- Ham luwong U va Th trong cac mau dat

- Ham luong U va Th trong cac mau dat tai thanh phé Da Lat nim & mic trung

thu thap tai mot so khu vue cua thanh binh so v6i ham lwong U va Th trén thé

phé Pa Lat dao dong khong nhiéu; dbi
v6i U tur 1,96-2,10; Th tur 4,65-5,18.

gi6i [6].
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Bdng 5. Ty 16 P’ U/U tong s6 trong mét s6 mau dat tai Pa Lat

] U tong By By 2SU/U tong
Ky hi¢u mau (ppm) (ppm) (ppm)
TP1 2,106 0,016 2,090 0,0076
TP2 2,037 0,015 2,022 0,0074
TP3 2,092 0,016 2,076 0,0076
TP4 1,994 0,015 1,979 0,0075
TP5 2,089 0,016 2,073 0,0077
TP6 2,102 0,016 2,086 0,0076
TP7 2,053 0,015 2,038 0,0073
TPS 1,985 0,015 1,970 0,0076
TP9 1,978 0,015 1,963 0,0076
TP10 1,997 0,015 1,982 0,0075

Ti 1& dong vi ~°U/U tong sb trong céac
mAu dat tai thanh phd Pa Lat phu hop
v6i ti 16 #°U/U tdng sé trong tu nhién;
khoang 0,7%.

4. KET LUAN

- Két qua phan tich mu chuan qudc té
soil-7 bang phuwong phap ICP-MS cho
phép két luan: Khi xac dinh U, Th trong
mau dat thu thap v6i quy trinh phd miu da
néu & trén va cac didu kién toi wu cta ché
do6 KED cho do chinh x4c cao, c6 thé ap
dung quy trinh phan tich nay dé xac dinh
U, Th trong cac mau dét khac nhau.

- Ham luong U va Th trong cac miu dat
dugc thu thap tai mdt s6 khu vuc cua
thanh ph6 Da Lat khong khac nhau nhiéu.
Ham luong Th cao hon U tir 2-3 lan. va &
mutc trung binh vé& ham luong hai nguyén
t6 nay trong céc loai dat ctia thé gi6i.
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