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SUMMARY

STUDY ON THE ISOTOPE DILUTION —-INDUCTIVELY COUPLED PLASMA
MASS SPECTROMETRY (ID-ICP-MS) FOR DETERMINING ¥’Sr/ 3¢Sr ISOTOPIC
RATIO IN PETROLEUM DRILLHOLES WATER SAMPLES

87Sr/%6Sr isotopic ratio is one of the useful tools that can authenticate the original source of the natural
products from the earth-created and/or geological processes. However, the effect of the interferences
such as thickness of sample matrix or isotopic signal of ’Rb might cause the low precision of ’Sr/*°Sr
determination using quadrupole inductively coupled plasma spectrometry (ICP-MS). With the
assistance of the isotope dilution technique using enriched ¥°Sr isotope standard solution for the control
of separation process, the ¥Sr/*5Sr isotopic ratio was sucessfully determined using ICP-MS together
with the signal correction by a strontium isotopic ratio standard reference material (NIST SRM 987).
The proposed analytical procedure can thus be applied for the determination of ¥Sr/*Sr isotopic ratio
in the petroleum drillholes water samples with the acceptable precision and the relatively high
accuracy.
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1. PAT VAN DE trong nudc bién khoang 8 mg/L [3]. Ty 1¢ dong
Trong ty nhién, stronti c6 4 dong vi bén ®Sr vi ¥7Sr/ #6Sr it bién dong trong nudc dai dwong
(0,56%), *°Sr (9,86%), ¥'Sr (7,0%) va 8Sr va bang 0,7092, nhung trong cac giéng dau c6
(82,58%), trong d6 'Sr 1a ddng vi bén sinh ra gia tri trong khoang 0,707 — 0,730 [4]. Dua
tir sw phan rd phong xa B ctia ¥Rb : ¥Rb = ¥7Sr vao mdi twong quan gitta téng ham luong
+ B~ (v6i thoi gian ban rd ti, cua Rb Ia strontium hoa tan trong nudc va ty s dong vi
4,88.10'° nam)[1]. Trong da kién tao, thanh 87Sr/%6Sr trong mau thu duoc, ¢ thé nhan biét
phan 8Rb thuong cao nén ham luong 87Sr ciing ngudn gbc nudc trong cac ting dau khi [2,5],
cao, do d6 ty sb 87Sr/8Sr trong nude ¢ (nudce tir 46 danh gia duoc trit luong dau c6 thé khai
nguyén sinh) tai cac ting dau khi ciing s& cao thac [2].

hon so v6i nuée bom ép tir nude bién bé mat Ty 1& ddng vi cua nhidu nguyén t6 thudng
[2]. Ty 1& ddng vi 8St/ Sr trong khoang vét dugc xac dinh bing phd khdi ion héa nhiét
va d4 dao dong tir khoang 0,7 dén 16n hon 4,0 (TIMS), hodc phd khdi ion héa thir cap (SIMS)

trong khi tong ham luong Sr hoa tan trung binh v6i do chinh xéc cao [6]. Phd khdi plasma ICP-
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MS (dang tir cuc-quadrupole hay da dau thu-
multi-collector) cling dugc cac nha nghién ctru
lya chon sir dung thay thé hai phwong phap
trén do thoi gian phan tich nhanh, thao tac van
hanh thiét bi trong ddi don gian va gia thanh
mau phan tich khong cao, nhung anh huéng
ciia nén mau va sy trung khéi tai vi tri déng vi
can phan tich phai loai trir [5,7]. Viéc loai trir
anh huong nén mau do su c6 mit cua da luong
céc cation kim loai kiém, kiém thd trong nudc
bién (dai dién 1a Ca) va anh huong tring khdi
cua ¥Rb duoc thuc hién thanh cong trén hé hai
cot sic ky trao d6i anion va cation [8].

Pé kiém soat qué trinh sic ky tach loai cac
nguyén t6 da lugng trong nén mau va sau d6 tach
Rb khoi Sr, k¥ thuat pha lodng déng vi da duoc
str dung. Day 1a mot trong nhiing k¥ thuat rat hiru
hiéu [9] dé danh gia do thu hdi va do dung cua
phuong phap phan tich, dic biét dbi véi viéc
phén tich vét dong vi/nguyén t6 [10].

Trong bai bao nay, két qua nghién ctru phuong
phap pha lodng ddng vi két hop ICP-MS dung
dong vi giau %6Sr dé xac dinh ty 18 dong vi
$7Sr/%Sr ¢6 mit trong mau sau khi tach loai cac
yéu t6 anh huong s& dugc trinh bay. Phuong
phap phén tich sau d6 da dugc ung dung dé
xéc dinh dinh ty 1& 87Sr/*Sr trong mét sé mau
nuée khoan dau khi.

2. THUC NGHIEM

2.1. Thiét bi, dung cu, héa chét

Thiét bi khdi phd plasma cao tan cam tmg ICP-
MS (Model 7500a-Agilent); Hoa chit st dung
1a loai tinh khiét phan tich: axit HNO; 65%
(Merck, CHLB Biic), cic dung dich chuan Ca,
Sr, Rb (1000mg/l, Merck, CHLB Dtic) dung
cho ICP-MS; mau chuén ti 1& déng vi stronti
SRM 987 (Cacbonat Stronti-SrCO; NIST
(USA)); Dung dich chuan dong vi %Sr dugc
lam giau (97,02 %); nudc cét tinh khiét (dién
tr& 18 MQcm!), nhya trao ddi cationit Bio-
Rad AG50W-X8 (200-400mesh) va nhya trao
d6i anionit Bio-Rad AGIW-X8 (200-
400mesh). Hoa chit dugc chuidn bi va thuc
nghiém duoc tién hanh ¢ nhiét ¢ phong.

2.2. Phuong phap nghién ctru

Mau sau khi thu thap dugc loc dé tach loai can
lo ing va can dau (néu ¢6), dugc pha lodng va
axit hoa dé phan tich ban dinh lugng toan bd
thanh phdn cac cation hoa tan. Tién hanh tach
loai Ca ra khoi Rb va Sr trén cot nhya trao do6i
anionit, va tach Rb ra khoi Sr trén cot cationit
[8]. Sir dung k¥ thuat pha lodng dong vi voi
dung dich chuan ddng vi giau %°Sr dé xac dinh
ty 1& dong vi ¥’Sr/%Sr trong cac phan doan tach
tir mau nudc khoan dau khi bang thiét bi ICP-
MS.

Cac thong sb cia thiét bi sau khi khao sat téi
uu duogc trinh bay ¢ Bang 1.

Bdng 1. Théng s6 van hanh thiét bj ICP-MS

Théng s6 Gia tri Théng sb Gia tri
Cong sudt RF 1450W Ap suét phan tich 3.10%-2.103 Pa
RF Matching 1,45V Luu lugng nude lam mat 2,4 L/phut
Thoi gian hat mau 90 s Nhiét d6 budng phun miu 2°C
Téc d6 hut mau 0,1 mL/phat Xt ly dit lidu:
Chiéu sau mau 6,4 mm Dang pho 3 diém
Luu lugng khi plasma 15L/phut Thoi gian tich phan 1,0s
Luu luong khi mang 1,2 L/phut Do lap lai tai 1 diém 3

3. KET QUA VA THAO LUAN

3.1. Khéo sat nén miu nuée 16 khoan diu khi
Pé tim hiéu chinh xac hon vé cac nguyén td c¢6
thé gdy anh huong dén két qua phan tich ty 1&
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dong vi ¥Sr/*6Sr, mot mau nudc 16 khoan dau
khi duoc tién hanh dinh lugng, Kkét qua duoc
trinh bay ¢ Bang 2.




Bdng 2. Thanh phan kim loai mét mau nwée 16 khoan dau khi

STT Ng.t6 Ham lugng (ng/l) STT Ng.t6 Ham lugng (ng/l)
1 Li 80,6 10 As 4,16
2 Be 0,15 11 Sr 6614,0
3 Mg 31333 12 Rb 282,9
4 K 28002 13 Ag 0,008
5 Ca 134452 14 Cd 7,46
6 Mn 41,1 15 Cs 0,07
7 Fe 2,49 16 Ba 72,6
8 Co 6,18 17 Hg 0,03
9 Ni 1,22 18 Pb 2,46

Két qua phan tich thanh phan miu cho thy
ham lugng Ca, Mg va cac nguyén t6 kim loai
kiém khé cao tao nén nén mubi gdy anh hudng
dén két qua phan tich tryc tiép ty 1& dong vi
¥7Sr/%Sr. Do d6, viéc loai trir anh huéng nén
mau 13 can thiét. Bén canh do, ham lugng Rb
trong mau tuy khong 16n nhung su tring khoi
ctia ¥’Rb (chiém 27,83% phan bb dong vi) dén
s6 khéi 87Sr can phan tich lam d6 chinh xéc cua
phép do giam di, bit budc phai loai trir anh
huong nay. Ham lugng tap chat kim loai khéac
kha nho, hau nhu khéng anh huong dén tin
hiéu phan tich ty 1€ 8’Sr/%Sr. Vi vy, viéc dinh
luong chinh xac ty 1¢ ¥7Sr/%Sr c6 trong nén
mAu nudc bién hodc nude 16 khoan diu khi,
nudc chiét tir ¢4 dau chi thyc hién dugc khi ap
dung quy trinh tach cic kim loai nén va Rb ra
khoi Sr truge khi phan tich bang phuong phép
ICP-MS [8].

3.2. Khio sat lwong dong vi %Sr thém vao
miu

Dé theo ddi qua trinh tach sic ky trao d6i anion
loai anh huong nén méau va sau d6 1a sic ky
trao ddi cation loai Rb, cling nhu tinh toan hi¢u
suét tach, k¥ thuét pha lodng dong vi voi dung
dich chuan dong vi ®°Sr da lam giau dén
97,02% duogc st dung nhu mot tdc nhan ndi
chuan. Luong dong vi thém vao da duoc khao
sat trén nén dung dich Sr chuén 100 pg/L.
Thanh phan dong vi ty nhién Sr, 8Sr trong
miu dugc goi lan luot 13 A, By. Nong do
nguyén to Sr trong miu va trong miu chuan
déng vi 1an lugt 12 Cy, Cs, v6i thanh phén déng
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vi ¥Sr, 8Sr trong mau chuan dong vi twong
tmg 1an luot 1a A,, B.. Ty 1& dong vi 87Sr/Sr
trong mau sau khi thém dong vi gidu %Sr dwoc
do trén thiét bi ICP-MS 1a R. Khdi luong
nguyén tir cia Sr ty nhién va trong dung dich
chuan dong vi lan lugt 1a Wy, W,. Khi d6 ty 18
ddng vi trong mau s& duoc xac dinh theo cong

thirc sau.
87 87 87
[ SI" j — Sr}hém + Srméu (l )
36 86 36
Sr o Stiom + SThuay

Trong d6: As = 0,9702; Bs = 0,0078 (thanh
phan dong vi ciia dung dich chudn ddng vi giau
8Sr); Ax= 0,0986; By = 0,07 (thanh phan dong
vi ty nhién cua dung dich chuin Sr); ¥Sripem =
BxCs; ®Srmem = AXCs; ¥Srmin = BxxCy;

87STman = AsxCy

" e O
Trong nghién ctru ny, cac gia tri W, va W,lan
luot: W, =87,617;, W, =85,958.
Hiéu suét thu hdi s& dugc tinh tir ti 16 Ry, (thu
dugc tr thuc nghiém) va Ry (tinh theo ly
thuyét). Dé danh gia anh huong cua luong
dong vi %6Sr thém vao, gia tri R’= 89Sryem/
Srigng duoc khdo sat tor 0 dén 0,5. Két qua thé
hién trong bang 3.




Bdng 3. Khao sat heong dong vi *Sr thém trén nén mau chudn

R’ 0 0,05 0,1 0,25 0,5

86Sr thém (ug/L) 0 2,5 5 12,5 25
87Sr/86Sr 1) 0,7104 0,5697 0,4205 0,3413 0,2456
87Sr/%6Sr 1 0,7099 0,5867 0,4165 0,2250 0,1299
Hiéu suét thu hdi (%) 100,07 97,10 100,96 151,67 189,13

87S1/8Sr (: ty 1€ do duoc bang ICP-MS

87S1/%%Sr (1y: ty 1& tinh theo cong thirc pha lodng dong vi

Két qua khao sat cho thdy nong do dong vi %Sr
can thém vao cho phép pha loéing nhé hon 0,1 1an
ndng do stronti tong trong miu chuin cho do thu
hdi cao hon, dat tir 97,11% dén 100,96% (so véi ty
16 dong vi tinh theo 1y thuyét trong mau chuin ban
dAu). Khi thém luong 16n hon (0,25-0,5 14n), sai sb
cta phuong phép do 1a rét 16n (d6 thu hdi 151-
189%). Trong thyc té, ndng do dong vi thém vao

thuong chi chiém ti 16 1/10 gia tri ham lrong
nguyén 6 (hodc dong vi) can xac dinh [8,11].

3.3. Xdc dinh giéi han phat hién va giéi han
dinh lugng cia phép do ICP-MS

Tién hanh chuén bi 5 miu blank va 5 mau
chuan SRM 987 SrCOs; 100 pg/L va do trén
thiét bi ICP-MS. Ghi nhan tin hiéu stronti tai
hai s6 khdi m/Z = 87 va 86. Két qua duoc thé
hién trong bang 4.

Bang 4. Gia tri LOD, LOQ cua phép do ICP-MS

N Lsa Tbtank LOD LOQ
BOl’lg V1 X 24 “ A Y4 A SDblank
(s6 dem/giay) (s6 dem/giay) (ng/L) (ng/L)
86Sr 635087,29 8484,86 144,31 0,0068 0,0164
87Sr 467777,53 8338,57 367,07 0,0168 0,0559

Két qua tinh toan cho thdy gi6i han phat hién, gioi
han dinh Iuong ciia stronti tai hai dong vi %Sr va
$Sr & mirc ham lugng ppt. Nhu vay phuong phap
ICP-MS xéac dinh chinh xac ham lugng hai déng vi
$Sr va ¥’Sr trong cac miu c6 ham lugng stronti
thap khi khong c6 mit Rb trong mau.

3.4. Panh gia do thu hdi va do chinh xac cia
phwong phap

Panh gid d6 thu hdi duoc thuc hién trén nén

dung dich chuén. Chuin bi céc dung dich
chuan stronti 100 pg/l, va thém dung dich
chuan dong vi ¥Sr c6 ndng do lan lugt 1a 0-10
pg/l. Cac dung dich dugc tdch qua hai c6t trao
rira giai tir cot trao doi cationit dwoc phén tich
trén thiét bi ICP-MS. Ty 18 dong vi ¥’Sr/*Sr
dugc hiéu chinh theo phuong trinh hi¢u chinh
da thiét 1ap véi nén mau tring. Két qua danh
gia duoc tom tit trong bang sau.

Bdng 5. Hiéu sudt thu hoi Sr ciia phiong phdp (%)

Ham lugng Sr | St thém | ¥Sriing SSr/SSr(tt) | SSe/6Sr(l) | Hiu sudt (tvlt)
(ng/l) (ng/l) (ng/)
100 0 7,000 0,72013 0,70994 101,44
100 I 7,0814 0,66695 0,65206 102,28
100 2 71628 0,61097 0,60395 101,16
100 5 7,4071 0,50834 0,49846 101,98
100 g 7,6512 0,43883 0,42840 102,43
100 10 7.8142 039737 0,39346 100,99

87S1/30Sr (): ty 1€ do dugce trén ICP-MS
87S1/%Sr (1n: ty 18 tinh theo cong thirc pha lodng ddng vi
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Két qua khao st cho thay hiéu suét thu hdi cta ty
16 ¥Sr/°Sr nim trong khoang 100,99% -
102,43%, phuong phap c6 do tin cdy cao du st
dung quy trinh tach phan doan nhiéu budc. Do
d6, n6 phut hop dé 4p dung phén tich ty 1¢ dong vi
$7Sr/%Sr trong cac mau nude 16 khoan dau khi.

b6 1ap lai va do chinh xac cta phuong phap
duogc khao sat qua mau chudn SRM 987 NIST.

Dung dich chira 100pug/l pha tir chuin SRM
987 NIST duoc nap 1én cdt theo quy trinh tach
qua hai ¢t [8]. Dung dich rtra giai Sr dugc thu
hdéi va dem phan tich bang ICP-MS. Thi
nghiém duogc ldp lai it nhét ba lan. Két qua
khéo sat thé hién & bang 6.

Bang 6. Khao sat do dung cua phép phan tich

,, PG léch khoi gid tri
Ty 18 7St/%Sr chuan cong nhan Ty 16 ¥7Sr/%Sr  xéc dinh duge o fech Kot gla til
chuan (%)
0,71034 = 0,00026 0,71453 + 0,00836 +0,59

Do chinh x4c tuong ddi cua két qua phén tich
12 99,41% so v&i gia tri thuc cia mau chuin
NIST SRM 987. Do su dong gép cua do léch
tin hiéu do tir [CP-MS gy ra sai sb timg lan
do, két qua phan tich ddng vi s& chinh xac hon
khi stt dung MC-ICP-MS [12] hay TIMS [13].
Tuy vay, phuong phap ICP-MS c6 thé ap dung

dé phén tich ty 1& dong vi 8Sr/*6Sr trong mau
nuée khoan dau khi khi két hop sir dung k¥
thudt pha loang déng vi va hiéu chinh tin hiéu
do bang miu chuan SRM.

3.5. Phén tich ty 1& dong vi ¥’Sr/**Sr trong
cAc miu nuwée khoan diu khi.

Bdng 7. Két qud phdn tich mét s6 mau nuwdc khoan dau khi

Ky hiéu 87Sr/%6Sr RSD% Ky hiéu 87Sr/%6Sr RSD%
EWO01 0,70759 = 0,00375 0,53 PW23 0,70683 + 0,00410 0,58
EW02 0,70715 +0,00120 0,17 Al 0,70391 + 0,00028 0,04
EWO03 0,70793 £ 0,00092 0,13 A2 0,70449 + 0,00190 0,27
EWO05 0,70734 + 0,00552 0,78 A3 0,69916 + 0,00105 0,15
EWO08 0,70773 £ 0,00248 0,35 Bl 0,70358 +0,00091 0,13
EW16 0,70722 + 0,00297 0,42 B2 0,70564 + 0,00191 0,27
PWO1 0,70669 + 0,00339 0,48 B3 0,70118 + 0,00084 0,12
PWO02 0,70693 + 0,00254 0,36 Cl 0,70821 + 0,00333 0,47
PWO03 0,70686 + 0,00262 0,37 C2 0,70722 + 0,00156 0,22
PWo04 0,70639 + 0,00445 0,63 D1 0,69997 + 0,00609 0,87
PW14 0,70674 + 0,00325 0,46 D2 0,70069 £ 0,00070 0,10
PW17 0,70677 +0,00170 0,24 D3 0,70134 + 0,00449 0,64

Két qua tir bang trén cho thdy, ty 1& dong vi
87Sr/%Sr trong cac mau nudc khoan dau khi rat
khac nhau & mau khic nhau: cac mau EW
(nude chiét tr d4 diu) ndm trong khoang
0,70783-0,70793, ty 1€ nay 16n hon so vdi cac
mAu PW (tir 16 khoan khai thac dau) 0,70639 -
0,70693. Dit lidu nay tuong dbi phu hop véi
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nhitng dt liéu thu duoc tir nghién clru tuong ty
tai Vién Dau khi Viét Nam [2]. C4c miu A, B,
C, D (c6 ngudn gbc tir mo dau Kuwait) cho ty
1&¢ ddng vi ¥7Sr/%Sr khac nhau, tuy nhién cé sy
tuong dong trong timg nhom mau (dai dién
theo céc 16 mau dung dich nudc 16 khoan).

4. KET LUAN




Nghién ciru xac dinh ty 1¢ dong vi *’Sr/%Sr
trong miu nudc khoan dau khi bang phwong
phap ICP-MS sir dung k¥ thuat pha loang dong
vi 1an dAu tién dugc thuc hién trong nude. Quy
trinh phan tich dé xuat c6 thé thay thé cho
phuong phéap TIMS (phai gii ra nudc ngoai)
v6i do dung kha cao, do lip lai tot, chi phi
phan tich phu hop. Ngoai viéc gop phan danh
gi4 trit lugng dau mé, nghién ctru xac dinh ty
1&¢ ddng vi ¥Sr/*Sr con duoc ing dung dé xac
dinh ngudn gdc, xuit x{r cdc san pham nong
nghiép co nguén géc tu nhién nhu: gao, ruou,
mat ong, cac loai qua,...

Loi cam on: Cac tac gia chan thanh cam on
Vién Dau khi Viét Nam, Trung tam Ung dung
ky thudt hat nhan trong cong nghiép (Vién
Nang lwong nguyén tir Viét Nam) dd cung cdp
mau nghién citu. Cong trinh nghién ciru da
dwoc hé tro mét ph&n kinh phi tir de tai cdp bo
DTCB.09/18/VCNXH.
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