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SUMMARY

DETERMINATION OF GROSS ALPHA AND BETA RADIOACTIVITIES IN TREATED
WASTE WATER FROM THE BEACH SAND MINERAL PROCESSING

The determination of gross alpha and beta activities in waters with the low dissolved solid materials
can be easily done. However, for the treatment of liquid wastes containing high radioactivity from the beach
sand mineral processing, a large amount of chemicals have been introduced to form soluble salts, which are
mainly NaCl, that contributes to the decrease in performance, and in sensitivity of the measurement,
resulting in the inaccurate or even impossible determination of the gross alpha and beta activities. The
method of separating radioactive elements from the interfering salt background by co-precipitation using
BaRa(S0,),, and Fe(OH); was performed in this paper. The study was carried out on treated waste samples
from the beach sand mineral processing. The results showed that the efficiency of the radioactive elements
separation when the alpha activity was from 3.5 Bg/L and the beta from 2 Bg/L reached up to 95% and then
we could easily determine the gross alpha and beta radioactivity in the separated fractions with high
stability and accuracy. Limit of detection with alpha and beta for treated waste water from the beach sand
mineral processing was 0.0074 Bg/L and 0.021 Bg/L, respectively.

Keywords: Gross alpha and beta activities, high radioactivity wastes water, beach sand mineral
processing, co-precipitation method.

1. PAT VAN PE thanh ngudn chiéu trong va do kha ning ion héa
rat manh, chling s& gy ra nguy hiém cho sirc khoé
con ngudi. Vi vay van d& xac dinh tong hoat do
phong xa alpha, beta trong cac loai nudc sinh hoat,
nudéc thai cong nghiép dé danh gia tiéu chi vé an
toan phéng xa dbi véi con ngudi va méi truong la

Céc nguyén t5 phong xa tu nhién nhu *Ra, **U,
2Th trong qua trinh phan rd phéng xa thuong
phat ra dong thoi cac birc xa gamma, beta, alpha.
Birc xa gamma la cac song dién tr c6 do dam

xuyén I6n nhung c6 mirc d6 ion hda nho thuong
gay nguy hiém khi bi chiéu ngoai. Trong khi buc
Xa alpha, beta c6 dd dam xuyén nho, bi che chan
boi chi mét to giay mong lai c6 mirc do ion hoa
I6n, gay nguy hiém khi bi chiéu trong. Céc loai
nuéc ¢ téng hoat ¢ phéng xa alpha va beta 16n
hon gidi han cho phép néu dua vao co thé s& tao

van d& hét sirc quan trong.

Vé phuong phap xac dinh tong hoat do phong xa
alpha, beta di c6 cac Tiéu chuan qudc gia TCVN
8879:2011 (ISO10704:2009) vé dotong hoat
d6 phong xa alpha va beta trong nwgc khdng man —
phuong phap ling dong ngudn moéng [1], tiéu chuan
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qudc gia TCVN 6053:2011 do tong hoat d6 phong
xa alpha trong nudc khéng man— phuong phép
ngudn day [2]. CAc tiéu chuan trén &p dung rét phu
hop cho viéc xac dinh tong hoat d¢ alpha va beta
trong céc loai nuéc ¢ tong lugng chat ran hoa tan
nho nhu céc loai nuée sdng, hd, nudc ngam, nudc
thai sinh hoat. Khi d6 hiéu suat dém alpha va beta
rat 16n, hau nhu khdng bi suy giam do hién twong tu
hip thy, gioi han phét hién xubng rat thap, d& dang
xéc dinh duoc tbng hoat do phong xa alpha va beta
trong mau.

Hién nay, cac hoat dong tham do, khai thac va ché
bién cac loai khoang san chura chat phong xa cé
nguon gbc tw nhién (Naturally Occurring
Radioactive Material - NORM) nhu dét hiém, sa
khoang titan, than d4, dau khi... c6 xu huéng ngay
cang gia tang. Bén canh lgi ich vé kinh té, cac hoat
dong nay ciing anh huong khéng nho dén sic
khoé con nguoi va moi truong. Hién tai, viéc kiém
soat va quan ly chat thai phong xa trong cac nganh
cong nghiép van dang con nhiéu han ché va thiéu
nhitng quy dinh va tiéu chi cu thé, rat can dugc
chlng ta quan tam.

Sa khoang ven bién thuong chwra zircon, ilmenit
va rutile, xenotime va monazite. Nhitng khoang
chat nay duoc khai thac & nhidu qudc gia va san
lwong 1én tsi hang triéu tin zircon va titan (tur
rutile va ilmenite) mdi nam. Cac sa khoang nay
duoc sir dung chii yéu trong cac xudng dic, san
Xuat vat liéu chiu lira va cong nghiép gém su, cac
nganh san xuat my pham, hoa chat. Cac khoang
chat trong sa khoéng nay nhiéu loai c6 tinh phong
xa 16n, 18n téi 10.000 Ba/kg. Vi vay cac loai chit
thai ran va long tir qua trinh ché bién sa khoang
trén rat can dwoc quan tam vi tinh phéng xa cao
cua ching

Céc loai thai long trong qua trinh ché bién quang
sa khoang ndi trén déu chtra cac chat phong xa
nhét dinh ma chu yéu trong d6 14 cac nhan phong
Xa trong day U, Th, Ra va cac con chau cua ching.
Dé xur ly loai bo cac nhan phéng xa ndy bing qué
trinh két taa, mot luong Ion cac héa chit nhu
NaOH, Na,S, PAC, Na,CO; da duoc dua vao
dung dich thai 1am cho lwong mudi kim loai kiém
cha yéu nhu NaCl hoa tan trong dung dich nugc
thai 1a rat lon (c6 thé dén vai hay vai chuc g/L)
[4,5]. Chinh lwong mudi hoa tan tao can lén d6
lam giam hiéu suat d¢ém alpha va beta. Diéu nay

lam cho viéc xac dinh alpha, beta trong céc dung
dich nué6c thai da xu Iy tir cac qué trinh ché bién
quang sa khoang gap sai s rat I6n, tham chi la
hoan toan khong thé xac dinh duoc.

Vi viy, nghién cau tach céc nguyén t6 phong xa
phét alpha va beta ra khoi nén mudi cao tao diéu
kién cho viéc xac dinh téng hoat do phéng xa
alpha, beta trong cac mau nudc thai cua qué trinh
ché bién quang sa khoang tré nén dé dang, chinh
xé&c 1a vo cung can thiét. Viéc tach cac nguyén té
phong xa c6 ngudn géc tu nhién co thé duoc thuc
hién bang cac phuong phap chiét, trao d6i ion
hodc dong két taa BaRa(SO,),. Trong bai béo nay,
Vv6i d6i twong mau 1a nuée thai tir qué trinh ché
bién quing sa khoéng Zircon va Monazite c6
nhiéu ?°Ra, 28U, #2Th, viéc tach **°Ra ra khoi
nén mudi cao bang phuong phap ddng két tua
BaRa(SO.),, 28U, ***Th tach bang cong két véi
Fe(OH); duogc sir dung do phuong phap don gian,
d& thuc hién [7, 8].

2. THUC NGHIEM
2.1. Thiét bi, dung cu, héa chat

- Thiét bi LB5500 ctia hing Canberra (M¥) ¢ cac
thong so sau: Detector dong khi ty 1& Series5 hiéu
suét cao c6 duong kinh 12,7cm, hiéu sudt dém Alpha
35%:; hiéu suat dém Beta: 45%; gia tri phong alpha:
0,04 cpm,; gia tri phong beta 2,0 cpm.

- Thiét bj ICP-MS Agilent 8900 QQQ (M3).
- Pén hong ngoai, bép dién, tu siy (Trung Qudc).

- Khay dém: thép khong gi c6 duong kinh 13 cm,
thé tich 60 mL

- C4c dung dich H,SO, (1 mol/L); dung dich Fe**
(5 mg/mL); dung dich Ba** (2,5 mg/mL)

- Gidy loc chay cham.
2.2. Chuin bi miu

2.2.1. Chudn bj mdu nghién cizu dnh hwong cua
lwong chdt rdn hoa tan trong nude dén viéc xac
dinh téng hoat dé phong xg alpha va beta

Mau nghién ciru duge lay tir nuée thai sau xur ly
cua qua trinh ché bién quing sa khoang: 20 mau
nuéc thai sau xir Iy quang Zircon va 10 mau nuée
thai sau xu ly quiang Monazite dwoc lay dinh ky 1
tuan/2 lan vai thé tich 5 L/mau. Mau duoc phan



tich thanh phan héa hoc, tong chit rin hoa tan,
tbng hoat d6 phong xa alpha va beta theo quy
chudn Viét Nam vé quan Iy nudc thai méi trudng.

Lay thé tich mau tha tr 200 mL dén 500 mL
chuyén vao cbc thuy tinh chiu nhiét va 1am bay
hoi trén bép dién thong thuong. Sau khi miu can
con khoang tir 20 dén 50 mL, chuyén mau vao
khay dém da duoc can khéi luong trudc. Sdy khay
dém trong tu siy ¢ 85° C dén trong lugng khong
ddi, can khéi lugng khay dém c6 mau, tinh khoi
luong can trong khay dém ung voi thé tich mau
tuong ng [1]. Cho khay dém vao budng do cia
thiét bi do tong hoat d6 alpha va beta LB5500, x4c
dinh téng hoat d6 alpha va beta trong mau.

2.2.2. Chudn bj mau sir dung phwong phdp dong
két tua tach cac nguyén to phong xa ra khoi nén
Mdu c6 heong chat ran hoa tan cao

Léy thé tich mau thai 12 500 mL cho vao céc 1000
mL. Thém 30 mL acid sunfuric 1M, dun mau dén
s6i, khudy trong 3 phit dé dudi khi CO, (qué trinh
nay dé tranh CO, tao phirc tan véi cac hop chét cua
U), sau d6 dé ngudi. Mau sau d6 dwoc dun nong
dén 50° C, thém 3 mL dung dich 2,5mg/mL Ba?*
vao dé két tia BaSO,, khudy & nhiét do trén trong
30 phiit dé thu dugc két tia toi uu, sau do dé nguoi,
lai gia nhiét 1én 50° C. Cho 2mL dung dich
5mg/mL Fe* va 20 mL dung dich 6M NH,OH vao
dé két taa Fe(OH)s, tiép tuc khudy trong 30 phdt va
dung dich két tia chira cac nguyén t6 phéng xa
duoc dé qua dém dé tao két tua hat to. Két tua sau
d6 dugc loc trén gidy loc chay cham va duoc
chuyén dinh lwong vao khay dém dé do trén thiét bi
do tong hoat d¢ alpha va beta LB5500 [9, 10].

2.3. Tinh toan két qua

Hoat do alpha va beta trong mau duoc tinh theo
cbng thuc:
Ay = (Count,z-Countynsne)/60/V mauwy/ €ao
A[}(Bq/L) = (COUntﬁmgu-COUntphfmgB)/GON mgu(L)/ €ap
€aa, Eap- NIEU SUAL SUAt dém caa mAu a doi véi o va B

3. KET QUA VA THAO LUAN

3.1. Anh hwéng ciia lwgng chit rin hoa tan lén
trong nuwéc thai caa qua trinh ché bién quing
dén vige xac dinh tong hoat d9 alpha va beta
Tién hanh phan tich thanh phan hoa hoc cua 20
mau nudc thai sau xt ly cia qua trinh ché bién cac

loai quing sa khoang nhu Monazite, Zircon bang
ICP-MS nhan thdy rang nuéc thai caa ching co
thanh phan chu yéu 1a cac nguyén té Al, Mg, Ca
v6i ham luong trung binh tir 0,5g/L dén 3g/L; Na
v6i ham lugng trung binh tir 8g/L dén 15g/L, ham
luong K trong d6 rat thap, trung binh tir 100 dén
200 ppm. Tong lugng chét rin hoa tan trong nudc
thai sau xu 1y rat 1on (tir 5 dén 20 g/L), trung binh
cd 10g/L, trong d6 thanh phan chinh 1a mubi
NaCl. Nén mudi cao nay da lam giam hiéu suat
dém alpha va beta. Tién hanh thuc nghiém bing
céch tao ra mot ddy mau trong d6 luong chét
phong xa trong mdi mau la bang nhau, sau d6
thém dan luong mudi NaCl vao cac mau. Chuyén
c4c mau c6 khéi lugng khac nhau vao khay dém
va do téng hoat do alpha va beta trén thiét bi do
LB5500. Két qua cho thiy rang khi phan tich cac
mau nudc thai, véi thé tich mau thir 12 500 mL,
lwong can ling trong khay dém da 16n hon 5 g, khi
d6 hiéu suat dém alpha da giam xudng chi con hon
3% va hiéu suit dém beta da giam con 14 %, do
nhay, d6 chinh xac cua phép do trd' nén rat thap
(Hinh 1).
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Hinh 1. Két qud dnh hiong cua heong chdt ran
hoa tan(g) dén hiéu sudr dém alpha va beta

a) b)

Hinh 2. Khay mau sau khi xiz Iy mdu dem do trén

thiét bi LB5500. a)- Bé mat khay dém khi khong

tach cac nguyén t6 phong xa ra khoi nén. b)- Bé

mit khay dém khi tach cac nguyén té phong xa ra
khoi nén mubi.



Mat khac do lugng can trong khay dém 1én dén 59
nén khi d6 bé mat hinh hoc cua mau khong dong
déu, mau & trong khay dém dé& dang bi trao ra
ngoai (Hinh 2a). Céac yéu t6 trén khién viéc xac
dinh tong hoat d6 alpha, beta trong dung dich
nudéce thai sau xir Iy caa qué trinh ché bién cac loai
quang sa khoang gap sai s rat 16n, tham chi la
hoan toan khong xac dinh dwuoc.

3.2. Phuong phap tach cic nguyén to phong xa
ra khéi nén miu ¢é lweng chit rin hoa tan Ién

Pé tang do chinh xé&c cua phép do hoat d6 alpha va
beta trong mau c6 luong chit rin hoa tan cao, viéc
tach cac nhan phéng xa ra khoi nén mudi bang
phuong phap dong két tua BaRa(SO,), va cong két
véi Fe(OH)3 néu trong muc 2.2.2 da duoc thuc
hién va cho két qua kha quan. Két taa chira céac
nhan phéng xa sau khi tach ra khoi nén mau dugc
chuyén vao khay dém, theo d6 luong tia trong
khay dém con khoang 0,08 g. Khi d6 hiéu suat
dém alpha dat c& 32% va hiéu suit dém beta dat
44%, nghia 1a hau nhu khong bi suy giam so Vi
hiéu suit cua ngudn chuan. B& mat hinh hoc cua
mau do rit méng va déu, thuan lgi cho viéc xac
dinh téng hoat d6 alpha va beta (Hinh 2b).

Tuy nhién khi thyc hién qué trinh tach céc nguyén
t6 phong xa ra khoi nén mau c6 lugng chat ran hoa
tan cao, lwong chat phong xa bi mat di so vai ban
dau hay hiéu suét thu hdi ciing duoc nghién ctru va
khao sat bang thuc nghiém nhu sau. Tao mot ddy
mau bang cach cb dinh luong chat hoa tan, sau dé
thém dan dung dich chuan phéng xa tu nhién c6
hoat d6 phéng xa biét trudc vao cac miu. Tién
hanh két tia tach phdng xa cac mau nay nhu trong
quy trinh. Sau d6 do hoat d¢ alpha, beta trong céc
mau vira két tua va so sanh vai hoat d6 alpha, beta
trong dung dich chuin phéng xa ban dau dé tinh
hiéu suat thu hoi.

Két qua cho thdy ring khi tach cac nguyén tb
phdng xa ¢ gia tri hoat do alpha 0,1 Bg/L, hiéu
suit thu hoi alpha dat c& 86%. Khi hoat do phong
Xa ting thi hiéu suat thu hoi ciing ting va dat c&
95% khi hoat do phong xa trong mau ¢ muac 3,5
Bg/L (Bang 1). V&i hoat d6 beta thi mac du “K bi
mat trong qué trinh két tia nhung ham luong K
trong nudc thai sau xir ly cua c&c loai quang sa
khoang rat thip (muc 3.1), nén hoat d¢ beta trong
mau chi yéu Ia do qué trinh phan ra caa cac nguyén

t5 phong xa “*Ra, U, ®*Th tao thanh. Thuc
nghiém cho thdy rang hiéu suit thu hdi beta dat
90% 6 gié tri hoat d beta 0,2 Bg/L va dat téi 98%
khi hoat do beta trong mau ¢ muic 2 Bg/L (Bang 1).

Bang 1: Hiéu sudt thu hoi alpha va beta khi tach
cac nguyén té phong xa bang két tua.

Hoat Hoat :‘L:thj Hoat Hoat :‘L:?ltj
o o o beta | do beta | >
thu N +.| thu

alpha | alpha ». |ban dau| thu hoi N
ban dau | thu hai | " hoi
alpha Beta

(Bg/L) [ (Bg/L) | (%) | (Ba/L) | (Ba/L) | (%)

0,13 0,11 | 86,3 0,2 0,18 90

0,28 025 | 879 04 0,36 92

0,56 0,50 | 895 0,8 0,75 93

1,12 1,07 | 92,3 1,6 1,50 96

2,25 2,19 | 94,2 3,1 3,06 98

3,31 317 | 957 | 46 4,55 99

4,5 429 | 954 6,2 6,07 98

9 8,69 | 96,5 12 11,89 | 98

Gia tri LOD va LOQ cua phuong phap déi voéi
mau nudc thai sau khi tach ra khoi nén mudi cao
dugc xac dinh: LOD vai tong alpha 0,0074 Ba/L,
LOQ 0,022 Ba/L; gia tri LOD véi tong beta 0,021
Bg/L, LOQ 0,06 Bg/L.

3.3. Panh gia @9 chinh xac

Viéc danh gia d6 lap lai va do chinh xac ctaa phép
xac dinh téng hoat d6 alpha va beta dwoc thuc
hién thdng qua viéc so sanh vai cac gié tri chuan
ctia cAc mau chuan thtr cap CTC1, CTC2 va CTC3
dugc tao thanh thong qua phuong phap xac dinh
d6 thu hdi bing cach thém chuin CRM1 cua
IAEA -2021 vao cac dung dich chira chat phéng
xa ty nhién dé tao thanh cac mau chuan tha cép.
Sau khi xac dinh dugc gia tri chinh x&c cua cac
mau chuan CTC1, CTC2 va CTC3, thém nén mudi
NaCl vao cho giéng mau that va tién hanh céac
budc két tua nhu trong quy trinh.

Tur bang 2, ta nhan thay ring két qua gia tri vé& do
chéch bias, z-score caa mau phan tich sau khi két
tua vai hoat do chuan ban dau déu nam trong gioi
han cho phép [11,12]. Phuong phap xac dinh téng
hoat d¢ alpha va beta trén thiét bi LB5500 co do
I3p lai va @6 chinh xac cao.




Bang 2: Két qua danh gid dg chinh xac hoat d¢ alpha va beta doi véi 3 mau chudn thi cap CTC1, CTC2 va

CTC3
o Két qua
A Gia tri Gia ttl Hiéu suat | mau Do chéch o
Ky hiéu Y n 2 trung binh s . Z. Do chéch
x Chi tiéu chuan £ thu hoi phan toi da cho N Z-Score
mau sau ket . ) Bias (%)
(Bg/L) tia (Bg/L) (%) tich phép (%)
Hae (Bq/L)
Alpha 0,60 0,52 90 0,58 20 3,71 0,31
CTC1
Beta 0,85 0,78 94 0,83 20 2,38 0,42
Alpha 1,45 1,39 93 1,49 20 3,08 0,54
CTC2
Beta 1,80 1,75 98 1,80 20 1,34 0,26
Alpha 7,20 6,96 95 7,33 20 1,75 0,33
CTC3
Beta 8,80 8,25 98 8,42 20 4,34 0,61

3.4. Phan tich miu thuc

Bang 3: Két qua phan tich téng hoar dé alpha va beta mau nuéc thdi sau xi ly ciza qué trinh ché bién quéng
Zircon, Monazite.

. Ky . Hiéusuit | Kétquatong | Hiéusuat | Kétquatong
SO | sy |V mau Luong | i hdi alpha | hoat do alpha | thu hdi beta | hoat do beta
TT x (mL) can (9)

mau (%) (Ba/L) (%) (Ba/L)
1 PX1 500 0,09 97 2,80 98 2,12
2 PX2 500 0,08 86 0,01 90 0,11
3 PX3 500 0,09 95 1,37 96 1,16
4 PX4 500 0,08 92 0,75 93 0,61
5 PX5 500 0,09 97 2,76 98 2,26
6 | zocl | 500 0,07 93 1,37 95 0,82
7 | Mx1 500 0,09 90 0,32 94 0,61
8 | MX2 500 0,09 90 0,36 94 0,65

Tién hanh phan tich mot s6 16 mau nudc thai sau
xi Iy tr qua trinh ché quang Ziron ZOC PX1,
PX2, PX3, PX4, PX5, ZOC1 va quang Monazite
MX1, MX2 biang phwong phip két tua & trén,
trong d6 mau PX1 va PX5 1a mau lap. Mau PX2 1a
mau tring (nudc cat). Mau PX3 1a miu pha loang
50% tir PX1 va mau PX4 1a mau pha lodng 50% tur
mau PX3, mau MX1 va MX2 la cac mau lap
(Bang 3). Tur két qua phan tich cap mau lap
PX1végi PX5, cap MX1 véi MX5 la tuong dbi

trang khép, mau tring PX2 ¢ hoat do gan béang
khong, mau pha lodng PX3 va PX4 c6 két qua ty
I& véi hé sb pha lodng, c6 thé danh gia duoc do
chinh xéc, 6n dinh cua phép xac dinh tong hoat do
alpha va beta trong cac mau nudc thai.

4. KET LUAN

Viéc nghién ctu va ap dung phuong phap dong
két tua BaRa(SO,), va cong két véi Fe(OH); nham
tach cac nguyén t6 phong xa ra khoi nén mau c6



wu diém rat I6n, khi 6 anh huong nén mau phic
tap gy can tré, hip thu tia alpha va beta da bi loai
trir hoan toan, hiéu suat dém alpha va beta rét cao
dat t6i 32% va 44% nghia 14 hdu nhu khong bi suy
giam so vai higu suat caa nguon chuan. Higu suét
thu hoi alpha va beta khi két tia ciing dat gia tri rat
cao tir 86% tdi toi 95 %. Gigi han phét hién tong
hoat d¢ alphava beta xudng rat thip, alpha 0,0074
Bq/L, beta 0,021 Bg/L. Viéc xac dinh tong hoat do
alpha va beta trong cac loai nuée co lwong chit
rin hod tan cao trd nén d& dang, chinh xéc.
Phuong phép két tua tach phong xa c6 ing dung
rat 1on ddi vai viéc phan tich cac mau nuéc thai
sau xir ly tir qua trinh ché bién céc loai quing sa
khoang bién va ciing c6 thé ap dung dé phan tich
nuée thai tir qUa trinh ché bién cac loai quang
phdng xa c6 nguon gbc tu nhien (NORM ) hién
nay tai Viét Nam.
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