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XAC PINH HAM LUQNG MOQT SO NGUYEN TO TRONG MAU NGUOI BANG
PHUONG PHAP PHAN TiCH KICH HOAT NEUTRON DUNG CU TREN LO PHAN
UNG PA LAT

Nguyén Vin Hing
Vién Nghién ctru hat nhan, Pa Lat
(Bai nhdn ngay 06 thang 04 nam 2010, hoan chinh sia chita ngay 14 thang 04 nam 2011)

TOM TAT: Phan tich kich hoat neutron trén 1o phadn ung hat nhan dwoc ung dung rong rai aé
xdc dinh ham lwong cdc nguyén t6 trong cdc doi twong méi truwong, sinh hoc, dia chat, khao cé, v.v.
Trong bai bdo nay trinh bay viéc xac dinh ham luwong mot 6 nguyén 16 trong mau nguoi bdng phuong
phdp phan tich kich hoat neutron dung cu trén Lo phan vmg hat nhan Pa Lat két hop véi viéc xir 1y két
qud bang phwong phap k-zero sir dung chwwong trinh ky-Dalat va phwong phép twong doi. 50 mau mau
nguoi dieoc thu gop chii yéu tir cac doi twong dan cu & tinh Lam Dong, dwgc chudn bi, chiéu kich hoat
cling voi cdc mau chudn trén kénh khé 7-1 va mam quay (kénh wot) cia Lo phan img. Sau dé ching
duoc do truc tié"p trén phé ké gamma HPGe va 56 liéu do dwoc xir ly. Két qua xdc dinh thuc nghiém vé
dai ham lwong va gid tri trung binh cia 8 nguyén té tuong iing la: Na (1,06 - 2,48; 1,71 £ 0,30 mg/ml),
Cl (1,10 - 3,75; 2,66 £ 0,71 mg/ml), Fe (0,26 - 0,72; 0,49 + 0,09 mg/ml), K (0,31 - 1,14; 0,73 £ 0,15
mg/ml), Zn (4,55 - 13,97; 8,08 + 1,24 ug/ml), Rb (2,73 - 7,92; 5,11 = 0,86 ug/mi), Se (0,04 - 0,18; 0,08
+ 0,03 ug/ml) va Sc (0,22 - 1,61; 0,56 + 0,24 ng/ml). Ngodi ra, ham luong natri dwoc xdc dinh b&ng
phuong phap k-zero (dung chuwong trinh kp-Dalat) va phuong phap tuwong doi (dung mau chudn) ciing
dwgc so sanh. Két qua xdc dinh ham heong 8 nguyén té trong cdc mau mdau nguoi duoc so sanh voi
nhitng két qua cua cac tac gia khdc cho thdy phwong phdp nay la tin cdy, c6 thé dp dung thuong quy
trong viéc xdc dinh ham lwong da nguyén t6.

Tir khod: Phan tich kich hoat neutron dung cu (INAA), phuong phap k-zero, chuong trinh ky-
Dalat, lo phan ung hat nhdn.

1. MO PAU khoe con nguoi [1]. Ngoai ra, thanh phan natfl
trong mau nguoi con 1a dai lugng chi thi doi

Phan tich kich hoat neutron trén 10 phan Vi phép dinh lidu neutron nhiét trong truong

tmg hat nhan duoc img dung rat rong rai d¢ xdc hop tai nan su c6 khi ddi tugng bi chiéu xa voi

dinh ham luong cdc nguyén (6 trong cac doi ngudn neutron hoat d¢ cao [2, 3]. Bao cao niy

tuong khac nhau nhu moéi trudng, sinh hoc, dia trinh bdy viéc x4c dinh ham lugng cia 8

chat, khio c6, v.v. do c6 d9 nhay va ¢ tin oy nguyén t6 trong 50 miu mau nguoi duge thu

cao. Thanh phin cdc nguyén t0 trong mdau gbp & mot sb ving ciia tinh Lim Ddng va mét

ngudi 1a déi twong rét dugc quan tam do chiing s6 noi khac bing phuong phép phan tich kich

c6 lién quan dén ché do dinh dudng va strc hoat neutron dung cu (INAA) trén Lo phén tmg
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hat nhan Pa Lat. Cac miu mau sau khi dugc
chudn bi, chiéu kich hoat, rdi do trén phé ké
gamma dung detector ban dan siéu tinh khiét
(HPGe) va xt ly Kkét quad tinh ham lugng
nguyén té bang phuong phap k-zero (st dung
chuong trinh ky-Dalat) va phuong phap do
tuong dbi (str dung cac miu chuén) [4, 5].

Chuong trinh ky-Dalat dugc xay dung tai
Vién Nghién ciru hat nhan, sit dung véi muc
dich 1a doc va xir Iy pho gamma, tinh cac thong
sO phd neutron, tinh ham lugng va giéi han
phat hién ciing nhu sai s6 ciia cac nguyén t6
quan tdm trong mau. Chuong trinh ko-Dalat c6
thé xir 1y dong thoi nhiéu phd gamma (< 128
phé) trong cung mot loat mau chiéu xa mot
cach tw dong, cho két qua nhanh chéng, khong
can phai st dung cic mau chuin nhu trong
phuong phép do tuong dbi ma chi can st dung
mot 14 do chuan (thuong ding 1a do vang) [4,
5].

2. THUC NGHIEM
2.1. Thu g6p va chuin bi miu

Thu gép 50 mau mau (véi thé tich mdi mau
tr 0,5 — 2 ml, dugc chua trong lo thily tinh sach
va dan nhin; 21 miu mAiu nam va 29 miu mau
nit tir 15 dén 78 tudi) tir 50 dbi twong dan cu
chu yéu la dan cu tinh Lam Dc‘Sng (trong d6 co
35 méu tir dan cu Tp. Pa Lat, 3 miu tir dan cu
huyén Lim Ha, 6 mau tir dan cu huyén Pirc
Trong, 1 mau tir dan cu huyén Pon Duong, 1
miu tir dan cu huyén Lac Duong), 1 mau tir
dan cu Tp. Hué, 1 méu tir dan cu tinh Dong

Nai, 2 mau tir dan cu Tp. H6 Chi Minh.

Mau méu sau khi thu gép dugc lam dong
kho trén may dong kho voi thoi gian khoang 24
gio/mé, sau d6 dwoc nghién va can (can phan
tich dién tir c6 d6 chinh x4c dén 0,1 mg) dé tinh
trong lwong miu khé trén thé tich miu (theo
mg/ml). Cac mau sau khi cin (khi lugng miu
chiéu ngin va trung khoang 25-30 mg/mau,
khéi lwong miu chiéu dai khoang 40-50
mg/miu) duoc chira trong tii nilon sach voi
kich thuéc c& 2x2 cm*tii. Cac mau chuan
ciing dugc chudn bj tuwong ty nhu mau phan
tich [6].

Céac mau phan tich, mau chuan va la do
vang dugc dua vao container chiéu xa chuyén
dung (Dung 6ng chiéu bang nhya cho chiéu
ngan va chiéu trung, va ding container bing
nhom cho chiéu dai). O day sir dung 3 miu
chuén ctia IAEA 14 A-13 (Animal blood), V-10
(Powder), SRM-1547 (Peach leaves) va la do
chuén vang (Au) [7, 8].

2.2. Chiéu kich hoat, do va xir Iy miu

Céc miu mau da chuan bi cing v6i mau
chuén dugc chiéu dong thoi trén Lo phan tmg.
Tuy theo chu ky ban ra ciia cac nguyén t6 quan
tam ma chon thoi gian chiéu, ra, do thich hop.
Thi nghiém nay thuc hién phép chiu ngin 5
phit kém miu chudn SRM-1547, chiéu trung
10 phit kém méu chuén A-13 tai kénh khé 7-1
(voi théng luwong neutron nhiét 4,5.10"
n/cm’.gidy); chiéu dai 10 gio kém miu chuin
A-13 va V-10 tai mdm quay (véi thong lugng
neutron nhiét 4,3.10'> n/cm’.gidy) cta Lo phan
(g tai cong suat 500 kW. Ché d¢ chiéu - r -
do dugc néu trong Bang 1 [9, 10]. Do mét s6

kho khan vé thoi gian va thiét bi do nén trong
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phép chiéu dai chi do dugc 1 1an véi thoi gian
30 phat/mau. Khi do phd gamma cia mau
chiéu trung 10 phut, chiing t6i nhan théy cuong
d6 tai dinh nang luong 1368,6 keV cia **Na
trong mau rat 16n, khong thé tinh ham luong
natri trong mau dua vao mau chuan SRM-1547.
Vi vay, chiing t6i da chiéu mau dot 2 voi thoi
gian chiéu mau 1a 5 phut, dé rd 15 gio roi méi
do thanh phan natri.

Sau khi chiéu xa, cdc mau chiéu ngén,
chiéu trung va mAu chuén do truc tiép trén phé
ké gamma dung detector HPGe loai GMX-
3090 (ghi nhan phd gamma bang phin mém
Genie-2000) dat tai khoang cach 12,1 cm so
véi bé mit detector. Cac mau chiéu dai va
chuén duge do tryc tiép trén phd ké gamma
HPGe phong thap Canberra (ghi nhan phd

gamma bang phin mém Aptec) dat tai vi tri sat

bé mit detector [9, 10, 11]. Cac phd gamma
cia miu chiéu trung dugc dua viao chuong
trinh ky-Dalat dé xir 1y [4, 5].

Do diéu kién thiét bj va dé thoi gian ra qua
dai (15 gi®) nén phd gamma ciia cac mau chiéu
ngin thu dugc sau khi do chi chtra cac dinh
ning lugng ciia dong vi **Na. Po phd gamma
clia cac mau chiéu trung 10 phut ddi véi cac
dinh nang lugng ciia dong vi **Na, *’'Cl va K.
Po phd gamma ciia cac mau chiéu dai 10 gio
ddi véi cac dinh ning luong cua dong vi **Br,
*Fe, ®Zn, 7Se, “Sc, Y'Ca, “Co, **Hg, *'Cr va
%Rb. Do cac dinh nang lugng cta dong vi **Br,
YCa, “Co, **Hg va *'Cr ¢6 cudong do rat yéu
(boi vi khéng c6 diéu kién do miu sau thoi
gian rd khoang mot tuan), nén trong pham vi
bdo cdo nay khong tinh ham lugng cic nguyén

t6 nay.

Bang 1. Ché do chiéu - ra - do d6i v6i cac miu mau.

B 3 Thoi gian Thoi Thoi
Ché do chiéu kich hoat i Nhén do dwoc
chiéu gian ra gian do
Chiéu ngin (Kénh 7-1) 5 phut 15gio | 200 gidy | **Na
Chiéu trung (Kénh 7-1) 10 phiit 4 gioy 120 giay | *Na, *'Cl, “K.
Chiéu dai (MAm quay) 10 gio 2 tudn 30 phit | *Fe, ®Zn, "Se, *Sc, ®Rb

Ham lugng natri dugc xac dinh theo
phuong phap k-zero (chuong trinh k-Dalat) va
phuong phap tuong dbi (dwa theo mau chuan
A-13). Ham lugng cua clo dugce xac dinh theo
chuong trinh k¢-Dalat. Ham lugng cta cac
nguyén td K, Rb, Se, Fe, Zn va Sc duoc xéc
dinh theo phuong phap twong ddi nhu sau:

nguyén t6 K dya vao mau chuan SRM-1547;
cac nguyén td Rb, Se, Fe va Zn dya vao miu
chuan A-13; va nguyén t6 Sc dua vao miu
chuan V-10. Mot phd gamma dién hinh cia
mau mau chiéu trung 10 phut dugc trinh bay

trén Hinh 1.
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Hinh 1. Ph gamma dién hinh ctia mau méau chiéu trung (10 phut).
. P 2 . mau chuén A-13) dugc trinh bay trén Hinh 2 va
3. KET QUA VA THAO LUAN ) dug Y

DO thi so sanh két qua xac dinh ham lugng
natri bén theo phuong phap k-zero (chwong

trinh ko-Dalat) va phuong phap tuong déi (theo

3. Két qua nay cho thiy su tuong dwong khi st
dung phuong phdp k—zero va phuong phap
tuong ddi, va do léch vé két qua xac dinh ham

lugng nguyén t6 1a khong qué 5%.

Ham luong Na (mg/ml)

£ 0.5 1
0

Ky hiéu miu

Hinh 2. D5 thi so sanh cac gia tri ham lwgng natri do dwoc trong 50 miu mau sir dung phuong phép k-zero (.) va

phuong phép tuong déi' ).
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Hinh 3. D) thi biéu dién ti s6 tinh ham hrong natri theo phirong phép k—zero va phuong phép twong dbi trong 50

mau mau.

Dai ham lugng va gi4 tri trung binh cta 8 nguyén t6 do dugc trong 50 mau ngudi dugc néu trong

Bang 2.

Bang 2. So sanh dai ham lugng va gia tri trung binh ctia 8 nguyén tb trong 50 mau mau.

Theo cac tai li€u khac
Nguyén Pon vi Dai ham Gia trj trung
TT ) Gia tri trung
to do luwgng binh Tai liéu
binh
1,98 [10]
1 Na mg/ml 1,06 - 2,48 1,71+ 0,30 1,90 [3]
1,55+0,36 [12]
2 Cl mg/ml 1,10 -3,75 2,66 +0,71 2,30 [13]
0,45 [10]
3 Fe mg/ml 0,26-0,72 0,49 + 0,09 0,51 +£0,06 [13, 14]
0,55+0,08 [12]
4 K mg/ml 0,31-1,14 0,73 +0,15 0,22 +£0,02 [14]
7,60 [10]
5 Zn pg/ml 4,55-13,97 8,08 + 1,24
7,00 [15]
6 Rb pg/ml 2,73-7,92 5,11+0,86 42+0,5 [12]
7 Se pg/ml 0,04-0,18 0,08 + 0,03 0,07 [9]
8 Sc ng/ml 0,22 -1,61 0,56 + 0,24 2,6+0,7 [12]

T Bang 2 thdy rang: Dai ham lugng cla

natri do dugc trong 50 mau mau nguoi la 1,06 -

2,48 mg Na/ml miu, tuong Ung voi gid tri

trung binh 1a 1,71 mg Na/ml; trong d6 ddi véi
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35 mau mau ctia cu dan Tp. Pa Lat thi gia tri
trung binh 1a 1,69 mg Na/ml va ctia 6 dan cu
huyén Btic Trong 1a 1,70 mg Na/ml. Ddi véi cu
dan séng & cac ving gan Tp. Pa Lat thi ham
luong natri trung binh trong mau ciing khong
chénh 1éch nhiéu so voi ham lugng natri trung
binh trong mau cta cu dan Tp. Da Lat va
huyén Puc Trong. Riéng ddi v6i 4 miu mau
con lai cia cu dan séng & cac tinh ngoai tinh
Lam Pong thi ham lugng natri trung binh trong
méu cta 4 cu dan nay 1a thap hon nhung khong
dang ké so véi cu dan sng ¢ tinh Lam Pong.
Két qué thuc nghiém cho thiy, ham lugng natri
trong mau cua cac ddi twong khac nhau 1a khac
nhau. Do sb lwong mau duoc thu gop con it nén
chura thiy quy ludt nio vé& ham luong natri
trong méau ngudi phu thude theo do tudi va gidi
tinh.

Tir Bang 2 ciing nhén thiy: Céc gia trj ham
luong ciia cac nguyén té co trong mau ngudi
nhu Na, Cl, Fe va K nim trong dai rong va co
gia tri 16n (mg/ml) so véi cac gia tri ham lugng
clia cac nguyén td Zn, Se, Sc va Rb tir ng/ml
(nhu Sc) dén pg/ml (nhw Zn, Se va Rb). Két
qua thyc nghiém duoc so sanh véi két qua tir
chc tai lidu khac cho thdy: Dai ham lugng va
gi4 tri trung binh ctia cac nguyén t6 nhu Na, Cl,
Fe, Zn, Se va Rb déu phu hop véi cac gia tri
trong cac tai liéu khac [3, 10, 12, 13, 14, 15].
Riéng ham luong ciia K cao hon 3,3 14n so véi
két qua trong [14], con ham luong cua Sc chi

biang 0,22 14n so véi két qua trong [12] - Diéu

nay can dugc nghién ctru thém véi s6 mau mau

thu gop nhiéu hon.

4. KET LUAN

Béo cdo trinh bay viéc xac dinh ham lugng
clia 8 nguyén td ¢ trong 50 miu mau ngudi
duoc thu gop chii yéu & mot sb ving ctia tinh
Lam Pong bang phuong phap phan tich kich
hoat neutron dyng cu trén Lo phdn Ung hat
nhan Pa Lat va xtr 1y két qua bang phuong
phép k-zero sir dung chuong trinh ky-Dalat va
phuong phap tuong dbi sir dung cac ngudn
chuén. Két qua thuc nghiém vé ham luong natri
dugc so sanh giita hai phuwong phap cho thiy
ching twong duong nhau, nhung phuong phap
k-zero cho két qua tu dong va nhanh chéng hon
so v6i phuong phap do tuong dbi (xtr Iy phd
gamma bang tay). Két qua do thuc nghiém vé
ham lugng cua 8 nguyén td (nhu Na, Cl, Fe, K,
Zn, Rb, Se va Sc) dd dugc so sanh vai Kkét qua
trong céac tai liéu khac cho thfiy, vé co ban,
ching phtt hgp nhau va nam trong pham vi sai
s6. Pidu nay chimg to phuong phép phan tich
kich hoat neutron trén Lo phan (ng hat nhéan st
dung phuong phap k-zero ¢6 nhiéu uu diém la
cho két qua nhanh chéng va tin cdy. Hién nay,
phuong phép nay dang dugc st dung thuong
quy dé xac dinh ham lugng cac nguyén td trong
cac d6i tuong moi truong, sinh hoc, dia chét,
khéo cd, dau khi, v.v. tai Vién Nghién ctru hat

nhan.
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DETERMINATION OF CONTENT OF SOME ELEMENTS IN THE HUMAN BLOOD
BY METHOD OF INSTRUMENTAL NEUTRON ACTIVATION ANALYSIS USING
DALAT NUCLEAR REACTOR

Nguyen Van Hung

Nuclear Research Institute, Dalat city

ABSTRACT: Neutron activation analysis using nuclear reactor has been used widely to
determine of content of elements in environment, biology, geology, archaeology, etc. In this report,
determination of content of some elements in the human blood by method of instrumental neutron
activation analysis using Dalat nuclear reactor coupled with processing of results by k-zero method
(using ky-Dalat code) and by relative one (using standard samples) is presented. 50 samples of the
human blood are mainly collected from public objects in Lamdong province. They are prepared and
activated together with the standard samples at the dry channel No. 7-1 and the rotary specimen rack
(wet channel) of the reactor. Then they are directly measured by the HPGe gamma spectrometer and
the measured data are processed. The experimental results for determination of ranges of contents and
average values for 8 elements respectively are Na (1.06 - 2,48; 1.71 + 0.30 mg/ml), Cl (1.10 - 3.75; 2.66
+ 0.71 mg/ml), Fe (0.26 - 0.72; 0.49 + 0.09 mg/ml), K (0.31 - 1.14; 0.73 + 0.15 mg/ml), Zn (4.55 -
13.97; 8.08 + 1.24 ug/ml), Rb (2.73 - 7.92; 5.11 + 0.86 ug/ml), Se (0.04 - 0.18; 0.08 = 0.03 ug/ml) and
Sc (0.22 — 1.61; 0.56 £ 0.24 ng/ml). Besides, content of sodium to be determined by the k-zero method
and the relative one are compared also. The results for determination of contents of 8 elements in the
human samples to be compared with those of other authers are shown that this method has had
confidence, and it could be applied routinely in determination of contents of multi-elements.

Keywords: Instrumental neutron activation analysis (INAA), k-zero method, ky-Dalat code,
nuclear reactor.
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