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Tém tit: Nghién ciru nay thuc hién do dac va tinh toan hé s phan bé va ty s6 ndng do cua
Co va Cs trong mot s6 sinh vat, trAm tich va nudc bién & ddo C6 Td, tinh Quang Ninh. Cac
thong s6 nay co thé dung dé danh gia suét lidu ma mot co s& hat nhan anh hudng dén sinh
vat trong hé sinh thai nuéc bién bang céng cu ERICA. Ham luong Co va Cs duoc xac dinh
bang khéi phd ICP-MS (PlasmaQuantMS). Két qua chi ra ring, ham luong Co c6 trong
mau sinh VAt (c4, tdm, ngao va rong bién) dao dong tir 42,5 dén 4197.8 pg/kg tuoi, ham
luong Cs tir 100,2 dén 2273,7 pg/kg twoi. Pay 1a co sé dé tinh toan ty sé nong do Co va
Cs, két qua lan lugt nam trong khoang 110 dén 10903, va 112 dén 2546; Hé s6 phan bb Co
va Cs lan luot 12 51.968 va 8.072 L.kg! kho. Cac ket qua h¢ s6 phan bd phu hop véi cac
do dac dugc thyuc hién trén thé gi6i, trong khi ty s6 ndng do con han ché ca vé mat dinh
tinh va dinh luong. Pay 1a nhing két qua budc dau cta viéc ing dung ICP-MS phuc vu
danh gia tac dong moi truong ma Vién Khoa hoc va Ky thudt hat nhan dang thuc hién.

Tir khéa: Ty s6 ndng do, hé sé phan b, ICP-MS, ERICA.

1. MO DAU

banh gia tac dong mdi trudong tir cac co so hat nhan (dac biét 1a nhitng nha may dién hat
nhan) trong diéu kién van hanh binh thuong hoac khi xdy ra su b 1a mot nhiém vu quan trong.
Cong cu danh gia rui ro phong xa td1 moi truong (ERICA) [1] 1a mot hé chuong trinh tinh toan,
hd trg viée dinh tinh va dinh lugng cac tic dong phong xa ma mét co s¢ hat nhén c6 thé anh
huong t61 hé sinh thai xung quanh. Mirc do phoi chiéu phong xa duoc thé hién qua suit liéu
hap thy, de xac dinh dai lugng nay can c6 nong d6 hoat d6 phong xa trong sinh vét va moi
truong séng (nude ngot, dat, nudc bién, tram tich va khong khi), tur do chuyén d6i ra lidu chiéu
ngoai va chiéu trong. Ham lugng cac hat nhan phong xa c6 thé duoc do dac truc tiép, hoic udce
lugng thong qua cac mo hinh van chuyén ma IAEA xay dung [2]. Trong cac m6 hinh do, ty s6
noéng do (CR) va h¢ sO phén bd (Kd) 1a can ctr dé udc lugng ndng do hoat do trong sinh vat khi
khong thé do dac truc tiép.

Trong bao c4o ndy, nhém nghién ciru tién hanh do dac CR va Kd ctia mét nhom sinh vat
(c4, ngao, rong bién, tdm) sdng trong mdi truong nude bién, tram tich bién. Pia diém ldy mau
1a dao C6 To, tinh Quang Ninh, Viét Nam, vi tri ¢6 thé chiu tac dong boi cac nha may dién hat
nhan (NPP) Phong Thanh Cang va Xuong Giang cua Trung Qubéc, Hinh 1. Ham lugng cac
nguyén t6 Co va Cs dugc do dac bang hé khdi phd plasma cam tng cao tan (ICP-MS) tai Vién
Khoa hoc va K¥ thuat hat nhan.
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Hinh 1. Vi tri ddo C6 T6 va cac nha may dién hat nhén Phong Thanh, Xwong Giang cua Trung
Quoc [Anh: Google Map]
II. NOI DUNG
IL.1. Poi twgng va Phwong phap
Péi twong nghién ciu

Trong mé1 truong thuy sinh (nudc ngot va bién), ty s6 ndng d6 CR cua hat nhan phong
xa 1 trong mot sinh vat cu thé dugc dinh nghia bang cong thuc (1) [1].
CRi — Cbiota,i

1
Cwater,i ( )
trong do, Cbiota,i,lé néng d06 hoat do cua hat phﬁn phong xa 1 trong toan bd sinh vat dang phan
tich (Bq.kg™! khoi luong twoi), va Cyateri 12 ndng do hoat d6 ctia hat nhan phong xa i trong nudc
(Bq.L™M).

Heé s6 phan bd tram tich Kqg ctia hat nhan phéng xa i dwoc dinh nghia bang cong thirc (2).
Kd,i — Csediment,i (2)

Cwater,i

trong d0, Csedimenti 14 nong d6 hoat do cua déng vi i trong tram tich duéi day (Bq.kg™).
Mot cach khai quat, CR va Kq thuong duge dwa ra cho mét nguyén t6, va co so 1y tir

dong vi 6n dinh hoac phéng xa [3]. Trong nghién ctru nay, CR va K4 cho Co va Cs dugc tinh

toan cho cac dong vi bén, néng do hoat do trong cac cong thire (1) va cong thire (2) duge thay

thé bang ham luong. Cac sinh vat quan tdm trong nghién ciru nay la cac mau sinh vat (ca, ngao,
rong bién, tdm) sdng trong moi trudng nude bién va tram tich.

Phwong phap nghién ciru
LAy miu va xir Iy

Cac mau sinh vat dugc thu thap va xu 1y theo tiéu chuan TCVN 9525:2012 [4] "Thuc
pham - Phan hity mau bang 4p luc dé xac dinh cac nguyén td vét" ban hanh nam 2012. Mau
sinh vat duogc lam sach bfmg nudc may, trang nudc cit 1 1an, nudc cét 2 1an, dé rdo nudc, hong
kho, va dem séy t6i khéi luong khong ddi trong tu séy o nhiét d6 105°C; nghién thanh bot min;

2



duoc vo co héa bang hdn hop axit HNOs va H,0, dudi tac dong cua 10 vi song, nhu mo ta trong
Hinh 2. Mau tom, ngao dugc boc vo, chi phan tich phén an dugc. Mau dat, tram tich thu thap
duoc 1am sach, loai bo ré cay, da va soi, séy kho téi khoi luong khong ddi ¢ 105°C, nghién
thanh bot min, v6 co hoa bﬁng hdn hop axit HNOs va HCI duéi tac dong cua 10 vi séng, nhu
mo ta trong Hinh 3.

‘ 0,5 g miu 0,2 g miu
+ 1 mL nudc cat + 1 mL nude cét
— + 10 mL HNO; va HCl s + 15 mL cuong thuy (HNOs + HCI)
‘ Lo vi Sdng Lo vi Song
— Dinh mite 50 mL P szh mifc 50 mL
‘ Bé ngudi — > Nude khit ion Pé nguoi N = Nudc khir ion
Hinh 2. So d6 quy trinh xir Iy mAu sinh vat Hinh 3. So d6 quy trinh xir 1y tram tich

Thiét 1ap hé thong ICP-MS va do dac

Diéu kién do dac ctia khéi phd ICP-MS duoc thiét 1ap nhu Bang 1. Cac dong vi duoc lya
chon bang khéi phd ICP-MS theo 3 tiéu chi: Tinh phd bién ctia dong vi trong tw nhién; Anh
huéng ctia hién tuong chén khéi ciia dong vi 1a khong c6 hodc thap nhét; Hiéu chinh anh huong
cua cadc manh ion oxit phai thép nhat. Do d6, v&i muc tiéu do dac ham luong Co va Cs, hai déng
vi dugc lua chon do dac trong nghién ctru nay 1a Co-59 va Cs-133. Theo khuyén cdo cua nha
san xudt thiét bi, Co duge do & ché d6 NO GAS, Cs duoc do & ché do He.

Béng 1. Thiét 1ap nhimng thong s6 chinh ctia h¢ thong ICP-MS khi do dac

Thong so H2 mode | No gas mode | He mode

Toc dd dong khi plasma (lit/phut) 9,0 9,0 9,0
Tdc do dong khi mang mau (lit/phat) | 1,35 1,35 1,35
Toc do dong khi phu trg (lit/phtt) 1,03 1,03 1,03
Cong suat RF (kW) 1,25 1,25 1,25
Tbc dd bom (vong/phut) 20 20 20
Pia 16i vao -90 -74 -90
Fringe Bias -4,1 -39 -4,1
Cuc thién (Pole bias) 0,0 0,0 0,0
Nguon khi Skimmer H2 OFF He
Tbc d6 bom mau (vong/phut) 20 20 20
Nhiét d6 nudc lam mat 20°C 20°C 20°C
Thoi gian do cho 1 1an (s) 20 20 20
Thoi gian bom lam sach (s) 60 60 60
Thoi gian bom 6n dinh (s) 30 30 30
S lan do lip cho 1 diém (lan) 3 3 3

Khoiang tuyén tinh ciia phwong phap do

Khoang tuyén tinh cia mdi nguyén t6 & mdi sb kh61 (m/Z) khac nhau 1a khac nhau. S6
khdi phan tich nao co cuong do cang 16n thi khoang tuyén tinh cang hep. Do do, dé x4c dinh
ham luong Co, Cs ta phai xay dung duong chuin dé dwa ra khoang tuyen tinh cua phép do. Tuy
nhién trong phuong phap ICP-MS, tin hidu ctia phép do (CPS) c6 thé thay d6i trong khoang gia
trj rat 16n (tr vai CPS dén béo hoa, 4.10° CPS) nén khoang tuyén tinh cia phép do réat rong (tir
vai ppt dén vai chuc hay vai trim ppm). Do d6, dbi v6i phép do ICP-MS ngudi ta thudng khong
chu ¥ nhiéu dén khoang tuyén tinh.

Puwong chuin

Puong chudn cia cac nguyén té Co, Cs duoc xdy dung voi 5 diém co nf}ng d6 lan luot
la: 0,1 ppb, 0,5 ppb, 1,0 ppb, 5,0 ppb va 10,0 ppb, kiém dinh hi¢u chuan ban dau (ICV) la 2,0
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ppb va klem dinh hleu chuan lién tuc (CCV) 1a 6,0 ppb. Cac thong s6 may do dugc chon nhu
diéu kién toi wu, tién hanh do v6i cac mau chuan thu dugce dudng chudn cua 2 nguyén t6 Co,
Cs.

Panh gia do chinh xac (d¢ ding va d¢ chum) ciia phép do

Dé kiém tra tinh 6n dinh va chinh xé4c cua thiét bi do, ching t61 s dung dung dich chuan
ICV va CCV kiém tra c¢6 chira dong thoi Co, Cs véi cac ndng do & khoang giira va cubi cua
duong chuan dé kiém tra 46 ding va do chum cua cac phep do. Dung dich ICV: Co, Cs ¢6 nong
d6 2 ppb; Dung dich CCV: Co, Cs c6 nong d6 6 ppb. Str dung cac dudng chuan dugc thiét lap
dé tim ndng d6 cac dung dich chuan kiém tra, két qua thu duoc & Bang 2 va Bang 3.

Béng 2. Nong d6 Co, Cs trong dung dich chuan kiém tra phép do mau thyc pham.

Nguyén Nong do Nong do do | Sai s6 tuong doi D6 1éch chuan tuong doi
tb chuan dac (%) RSD (%)
2,0000 2,0390 1,95 1,31
Co 6,0000 6,3296 5,49 1,68
6,0000 6,0604 1,01 0,60
2,0000 2,1269 6,35 0,46
Cs 6,0000 6,0361 0,60 0,43
6,0000 6,0948 1,58 1,68
Bang 3. Nong do Co, Cs trong dung dich chuin kiém tra phép do mau dat.
Nguyén Nong do Nong do do | Sai sb twong ddi Do 1éch chuan twong d6i
t6 chuan dac (%) (RSD) (%)
2,0000 1,9839 0,81 1,31
Co 6,0000 5,4368 9,39 1,19
6,0000 5,7651 3,91 0,53
2,0000 2,1269 6,35 0,46
Cs 6,0000 60,2285 3,81 0,97
6,0000 60,2649 4,42 0,33
Trong d6: Sai sé twong ddi (%) = (ndng d6 do dac — ndong d6 chuan)x100%/(ndng do chuan);

RSD% = % 100% ; S 1a d6 1éch chuén cua cac lan do lap néng do xac dinh dugce; X 1a gia tri

trung binh ctia ndng d6 do dac.

Céc két qua déu cho sai sb tuong ddi tir 0,60% dén 9,39%; nam trong gidi han 15% cia
AOAC d6i véi cip ham luong ppb. Nhu vay, phep do ICP-MS co6 d6 ding (trueness) cao, mat
khac RSD (%) tir 0,33% dén 1,68 % (cAp ham luong ppb cho phép do 1éch chuan twong ddi tir
-20% dén +10%, cho phép két luan phuong phap co6 do chum (precision) cao hay phep do co
do lap lai tot Cac két qua do chi ra rang, phép do ICP-MS c6 gi61 han phat hién va gi6i han
dinh luong rt nho, khoang tuyen tinh rong va do o 6n dinh cao.

I1.2. Két qua

Ham luong Co va Cs trong cac mAau cac va tom duoc thé hién trong Bang 4; cta ngao,
rong bién va tram tich dugc trinh bay trong Bang 5; Cua nudc bién dugc trinh bay trong Bang
6; tat ca duoc tong hop trong Bang 7. Dua vao cong thirc (1) va (2), hé s6 phan bd va ty sé ndng
dd dugc tinh toan va trinh bay trong Bang 8.



Bang 4. Két qua phan tich ham luong Co, Cs ctia mau ca, tom di xir 1y

Mau | Ham lugng Co (ug/L) (S:gl /io) Ham luong Cs (ug/L) | Sai sé (ug/L)
LOD 0,0014 0,0015
LOQ 0,0047 0,0051

Ca 1,4243 0,0162 8,8918 0,0870
Tom 1,6861 0,0160 2,9730 0,0387

LOD la gioi han phat hién
LOQ la gioi han dinh luong

Bang 5. Két qua phan tich ham luong Cs, Co ciia mau ngao, rong bién, trim tich d xu 1y

Mau Ham luong Co (ng/L) | Sai s6 (ng/L) | Ham luong Cs (ug/L) | Sai s6 (ug/L)

LOD 0,0058 0,0015

LOQ 0,0193 0,0051

Ngao 9,5166 0,0077 5,0941 0,0463
Rong bién 5,1738 0,0058 3,0189 0,0342
Tram tich 7,9430 0,0118 2,8619 0,0361

Béng 6. Két qua phan tich ham lugng Cs, Co trong mau nudc bién bang ICP-MS

Mau Ham luong Co (ng/L) | Sai sé (ng/L) | Ham luong Cs (ug/L) | Sai sb (ug/L)

LOD 0,0054 0,0126

LOQ 0,0179 0,0420

ICV 0,2006 1,0088
Nudc bién 0,3850 0,0123 0,8930 0,0852

CCV 0,5153 2,7616

Nhu trinh bay & trén, mau sinh vat dugc xir 1y bang siy kho va pha mau bang 10 vi song,
ham luong nudc trong ngao, rong bién, ¢ va tom lan luot 13 84%, 83%, 82% va 80%. Dy 1a
co s& dé chuyén doi tir ham luong trong miu dé xir 1y (Bang 4, Bang 5) thanh ham lugng trong
mau tuoi, trinh bay trong Bang 7.

Bang 7. Két qua do dac ham luong Co va Cs trong mau sinh vét tuoi, nudc bién va tram tich
quan tam bang h¢ ICP-MS

Dua trén két qua do dac ham lugng Co, Cs, va cong thure tinh toan hé ) phan bd va ty sb

Doi tuong

Ham lugng Co

Ham luong Cs

Ca

4.2457E-8 (kg.kg! tuoi)

2,6505E-7 (kg.kg™! tuoi)

Ngao

4,1978E-6 (kg.kg! tuoi)

2,2737E-6 (kg.kg! tuoi)

Rong bién

2,3275E-6 (kgkg ! tuoi)

1,2082E-6 (kg kg tuoi)

Tom

5,6819E-8 (kg.kg! tuoi)

1,0019E-7 (kg.kg™! tuoi)

Nudc bién

3,8500E-10 (kg.L")

8,9300E-10 (kg.L")

Tram tich

2,0008E-5 (kg.kg! kho)

7,2087E-6 (kg kg " kho)

nong do, cac két qua tinh toan dugc trinh bay trong Bang 2.10.

Bang 8. Két qua tinh toan ty s6 ndng do va hé s6 phan bd

Thong s6 Poi tuong | Cs Co

CR (L.kg! tuoi) | Ngao 2.546 | 10.903
Ca 297 110
Toém 112 148
Rong bién | 1.353 | 6.045

Kq (Lkg! kho) 8.072 | 51.968

IL.3. Théo lusn




Cac két qua do dac trinh bay ¢ phan trén thé hién rang, gia tri ham luong Co c6 sai sd
nam trong khoang tur 0,0058 dén 0,0162 (ng/L), sai s6 nay rat nho so voi gia tri ham lugng c6
trong cac mau do, ¢& vai chuc pg/L. Két qua do dac cho mau ca cd sai sO tuyét dbi 16n nhét,
0,0162 pg/L so voi ndng do do dac la 1,4245 pg/L, sai s6 twong dbi rat thap. Tuong tu dbi véi
két qua do dac ham luong Cs, sai s6 nam trong khoang tir 0,0342 dén 0,0870 pg/L, mau cé ciing
c6 sai s6 16n nhit.

Tir Bang 8, ta thiy su phén bb khong dong déu ciia ham luong Cs va Co trong cac (161
tuong nghién ciru: ngao, rong bién c6 ham lugng Cs 16n hon nhiéu so v6i mau cé va tom, tram
tich chua nh1eu 2 nguyén t6 nay nhat. Khong c6 biéu hién tuong quan gitta ham luong Co va
Cs trong cic mau, ham lugng Cs 16n hon trong c4, tdm nhung lai thép hon trong ngao va rong
bién, do dic diém chuyén hoa cua timg sinh vat. Do day 1a nghién ctru budc dau trong linh vire
nay cua nhom, nhiing phén tich va luan giai chi tiét hon s& duoc thuc hién trong céc nghién ctru
tiép theo.

Béng 9. So sanh ham lugng Co, Cs trong mau nudc bién va tram tich

Nguyén t0 | Li va cac cong su [3] | IAEA, 2004 [5] | Két qua do dac
Nudec bién | Cs 4,5E-10 3,1E-10 8,9E-10
Co 1,3E-09 1,5E-11 3,9E-10
Tram tich | Cs 5,1E-06 - 7,2E-06
Co 9,9E-06 2,2E-05 2,0E-05
Bang 10. So sanh ty s nong do Co, Cs trong mot sb sinh vét bién
Sinh vat | Nguyén to | IAEA, 2004 [5] | Li va cac cong sy [3] | Két qua do dac
Ca Co 700 3600 110
Cs 100 940 297
Giap xéc Co 7000 2100 (Cua) 148 (Tom)
Cs 50 790 (Cua) 112 (Tom)
Than mém Co 20000 3600 (Abalone) 10903 (Ngao)
Cs 60 150 (Abalone) 2546 (Ngao)
Rong bién Co 6000 3100 (Sea lettuce) 6045
Cs 50 3600 (Sea lettuce) 1353

Bang 11. So sanh hé s phan bd Kd trong mét s6 cong trinh nghién ciru

IAEA, 2004 [5] | Li va cac cong su [3] | Két qua do dac
Kd ciia Co | 1,0E4 - 2,7E5 7,8E3 52E4
Kd ciia Cs | 3,0E2 - 2,0E4 1,1E4 8,1E3

Béng 9 so sanh ham lugng cua Co va Cs trong mau nudc bién va trim tich, cac két qua
c6 cung béc voi cong trinh cua Li va cong su [2015], [5], do do gia tri he s6 phan bd cia 2
nguyén td nay ciing twong dong (Bang 11), va nam trong mién két qua cua cac nghién ctru da
duoc thyc hién [5]. Tuy nhién, Kkét qua do dac cho cdc mau sinh vat va gia tri ty s6 nong do co
su khac biét 16n, Bang 10. Trong cac cong trinh da nghién ctu [5] [3], vé mat dinh tinh, ham
luong Cs thudng cao hon Co trong cic mau sinh vat, nhung két qua do dac ciia nhém nghién
cuu lai khong thé hién dugc diéu nay. Vé dinh luong, voi céac sinh vat cung nhom, gia tri ham
lugng do dac dugc khac biét rAt nhiéu so voi gia tri dé xuét caa IAEA cling nhu Kkét qua cua Li
va cac cong su [3]. Nhom nghién ciru s& chu trong hoan thién phuong phéap do dac véi cac mau
sinh vét trong cac cong trinh tiép theo.

III. KET LUAN

Nhom nghién ctru di hoan thanh viéc xac dinh ty s6 ndng do ctua Co va Cs clia mot s6
sinh vét sdng trong moi trudng bién (C4, tdbm, ngao va rong bién) va hé sé phan bd. Hé théng
ICP-MS (PlasmaQuantMS) tai Vién Khoa hoc va K¥ thuat hat nhan dugc sir dung dé xac dinh
ham luong nguyén t6 phuc vu muc tiéu nghién ctru. Két qua xac dinh ham luong Co va Cs trong
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trAm tich va nudc bién phu hop véi mot sb két qua nghién ctru da thuc hién [3, 5], do d6 h¢ )
phén b thu nhan duoc c6 d6 chinh xéac cao. Ddi véi nhimng mAu sinh vat, két qua chua t6t ca
v€ mat dinh tinh va dinh lugng. Nguyén nhan co6 thé xuat phat tir qua trinh xtr Iy mau, 1am anh
huong dén ham lugng cac nguyén t6 quan tim. D& hoan thién hon kha nang phan tich, nhom
nghién ctru s& quan tAm nhiéu hon dén giai doan bao quan, xir Iy mau bang 16 vi séng, va tién
hanh do dac ti mi hon dé hoan thién kha nang phan tich cac nguyén t6 vét trong mau sinh vat,
phuc vu hoat dong quan tric moi truong.
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DETERMINATION OF Co AND Cs CONCENTRATION RATIO AND
DISTRIBUTION COEFFICIENT USING ICP-MS SYSTEM

PHAM TUAN NAM, NGUYEN VAN KHANH, DUONG VAN THANG, NGUYEN THI
OANH, LE THI HOA

Institute for Nuclear Science and Technology, No. 179 Hoang Quoc Viet str., Hanoi, Vietnam
Email: ptn2910@gmail.com

Abstract: In this study, the concentration ratios and distribution coefficients were
measured and calculated for Co and Cs in organisms, sediment and seawater in Co To
island, Quang Ninh province. The parameters can be used as the ERICA tool's database to
assessment the dose rate that is caused by a nuclear facility. The concentrations of Co and
Cs were measured by ICP-MS system (Model PlasmaQuantMS, Analytik Jena). The
concentration measurement results for Co is in the range from 42.5 to 4197.8 pg/kg fresh,
for Cs is in the range from 100.2 to 2273.7 ug/kg fresh in the organisms. This is the basis
to calculate the concentration ratio for Co and Cs, corresponding to (100 - 10903) and (112
- 2546); and the distribution coefficients for Co and Cs, corresponding to 51,968 and 8.072
L.kg!dry. The results are the first steps to apply the ICP-MS system for the environmental
impact assessment in Institute for Nuclear Science and Technology.

Keywords: Concentration ratio, distribution coefficient, [CP-MS, ERICA.
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