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TOM TAT
Ngay nay, cling véi si phét trién cua khoa hoc cong nghé, qud trinh dé thi hoa,
cdng nghiép héa, viéc sir dung phan bén va thusc bdo vé thuc vdt trong san xuat
ndng nghiép ngdy cang nhiéu, 1am dnh huong dén méi truong nwéc va khdng khi.
Bai bdo phdn tich, dinh gid ham heong c&c nguyén té vét cia nwéc ¢ ho Xuan
Huwrong. Bang kj thudt phan tich hupnh quang tia X phdn xa toan phdn, két qua cho
thdy nuweéc tai ho Xudn Huwong cé mét sé nguyén té nhu sdt, brom virot tiéu chudn

nuéc uong cua Viét Nam.

Tir khoa: TXRF, nguyén t6 vét, ho Xudn Hiong

1. Mé dau

Nuéc 13 ngudn tai nguyén thién
nhién quy gia, 1a yéu t6 khong thé thiéu
cia sy song. Ngay nay, cing voi tng
dung khoa hoc trong nong nghiép, viéc
st dung bira bai hoa chat trong san xuat
noéng nghiép ciing tré nén nhiéu hon,
lam anh huéng nghiém trong dén chat
lugng méi trudng, dic biét 1a ngudn
nudc mat.

HO Xuan Huong nam gitra long
thanh ph6 Da Lat, 1a dia danh du lich
n6i tiéng. C6 thé ndi hd Xuan Huong
gin lién véi thanh phd mong mo ké tir
khi kham pha ra ving dat tho mong
nay. Nhitng nim gin day, 6 nhiém nudc
& hd Xuan Huong d3 dén muc bao
dong. Luong hoa chat st dung du thira
trong nong nghiép dd6 v& hd Xuan
Huong theo cic hudng tr ving trong
hoa, rau.

C6 nhiéu phuong phap phan tich vi
lugng cac nguyén té trong nudc nhu
phuong phép hdéa hoc, phuong phéap
kich hoat notron, phuong phap huynh
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quang tia X phan xa toan phin (Total
Reflection  X-ray  Fluorescence -
TXRF),... Tuy nhién, phan tich nguyén
t6 vét trong nuéc thi phuong phap
TXRF van thé hién ndi troi vai tro cua
nd, véi két qua chinh xac cao, d0 nhay
1én dén ppb (ng/l), phan tich da nguyén
t6, khong phéa hiry mau.

Tia X lan dau tién phat hién boi
Wilhelm Conrad Rontgen (1895) [1], la
btrc xa dién tir vdi budc song khoang 80
nm (E ~ 15 eV) dén 0,001 nm (E ~ 1,2
MeV). Su phu thudc gitra budc song va
nang luong cua buc xa dién tir duoc xac
dinh boi [2]:

1,240

A=T 1)

trong do6 don vi cua A lanm, cua E la keV.
Khi mot nguyén tur bi kich thich, co
thé bi ion hoa va phat tia X. Hinh 1 mo
td qué trinh phat tia X khi nguyén tir bi
khich thich. C6 hai loai tia X la burc xa
ham va tia X dac trung. Céc tia X dugc
phat ra boi qua trinh mat ning lugng
cua electron khi chung di vao “moi
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truong hat nhan” dugc goi la buc xa

ham, loai tia X nay c6 nang lugng lién

tuc. Budc song 16n nhit cua tia X &

vung nang luong nay dugc xac dinh
O
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a. Kich thich nguyén tir tao btirc xa ham

theo thé kich thich:
1,24
At(nm) = =~ (2)
trong d6 U 1a hiéu dién thé gia toc (kV).
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b. Kich thich nguyén tir tao tia X dac trung

Hinh 1: M6 ta qua trinh phat tia X khi nguyén i bi kich thich

Mot loai tia X khac nira dugc goi la
tia X dac trung. Khi ndng lugng birc xa
kich thich di vao nguyén tir truyén ning
lugng cho electron cua nguyén tu, lam
chung bat ra ngoai. Néu birc xa t6i 1a tia
X va néu tia X toi c6 ning luong 16n
hon ning lugng lién két cia electron
trén cac lop K, L, M,... cua nguyén tu
thi electron trong nguyén tir bi bat ra tao
thanh cac 13 tréng, khi d6 nguyén tir &
trang thai ion héa. Khi nguyén tir trd vé
trang thai bén thi cac electron tir cac 16p
vo bén ngoai c6 nang lugng cao hon s€
dich chuyén vé dé lap day 10 trong va su
dich chuyén nay s& phat ra tia X dic
trung c¢6 ning lugng bang hiéu ning
luong hai 16p quy dao.

AE=E; - Ej (3)

Ei, E; 1a nang luong cua electron
trugc va sau khi chuyén muc, AE 1a d6
chénh léch nang luong gitra hai muc i,
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j, cting chinh la nang lugng cua tia X
phat ra.

Trong ky thuat, viéc Gng dung
phuong phap huynh quang tia X phan
xa toan phan (Total Reflection X-ray
Fluorescence - TXRF) da dugc cong b
tir nhitng nam 1990 [3, 4, 5]. Uu diém
cua TXRF la tang ngudng phat hién cua
cac nguyén té trong mau 1én dén ppb,
trong khi phuong phap tuong tu la
phuong phap phan xa huynh quang tia
X (Reflection X-ray Fluorescence -
XRF) chi cho danh gia ham luong dén
ppm (ngudng phat hién nho hon 3 bac).
Céac tng dung TXRF da dang mau va la
phuong phap phén tich noi bat khi d¢anh
gid cac nguyén té vét trong nudéc, ran,
khi, thugc loai phuong phap khong pha
mau trong phan tich hat nhan [6].

Vé6i mau mong, co thé bo qua hién
tuong hap thu va kich thich tha cap bén
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trong mau thi quan hé gitra cuong do tia
X dic trung va khdi lwong nguyén td
duoc xac dinh boi:

li = S; xm; (4)

trong do, Ii (cps) la cuong do tia X
dic trung ctia nguyén td, twong Gng Vi
téc d6 dém dinh phd; S; (cps/ng/mA) la
d6 nhay hé théng cua nguyén tb i; m;
(ng) la khdi lwgng nguyén to.

Tai Viét Nam, cac nghién cuu ang
dung vé TXRF c6 thé ké ¢ Phong thi
nghiém Ung dung Ky thuat Hat nhan
trong Cong nghi¢p tai Vién Nghién cuu
hat nhan - Pa Lat va 1 tién than cua
Trung tdm tng dung k¥ thuat hat nhan
trong cong nghiép (CANTI) ngay nay.
Tai day, da c6 nhiéu nghién cau trién
khai trén hé¢ TXRF [7, 8]. Tuy nhién,

Sample on Polished Carrier Disc

sau d6 vi diéu kién thiét bj thi nghiém,
hé do TXRF khong con hoat dong va
nhom nghién ctu da chuyén sang céc
linh vuc khac vé ky thuat hat nhan.

2. Thiét bi va phwong phap
nghién ciu

2.1. H¢ TXRF

Hé TXRF loai S2 PICOFOX™ [9]
cua truong Pai hoc Pa Lat 1a hé théng
ban tu dong phan tich dinh tinh va dinh
luong nhiéu nguyén t. Cau tao cua hé
gom: 6ng phat tia X (bia Molipden) lam
viéc & diéu kiendién ap 50KV, dong dién
1000 pA; bo don ning Ia tinh thé da 16p
lam bang kim loai ddng; detector ban
dan loai SDD. Hinh 2 trinh bay nguyén
ly phan xa toan phan cua hé TXRF.

R

XFlash® Detector

Hinh 2: So d@6 nguyén Iy phan xa toan phan cia hé TXRF va hinh dang hé
TXRF S2 Picofox™

Dé giam thiéu phan buc xa tia X
nang luong lién tuc (bac xa hdm), hé
phé ké TXRF thuong dugc trang bi bo
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loc don ning dé cat phan niang lugng
nay. Hinh 3 mé ta pho lién tuc trude va
sau khi qua bg loc.
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1. Pho tia X dung dé kich thich bia mau; 2. Pho tia X tir ong phat tia X di qua
b6 loc; 3. Pho tia X phat ra tir 5ng phét tia X; 4. Ong phat tia X; 5. B9 loc don ning

lugng; 6. Chum tia X don nang qua ctra ) hep; 7. Detector; 8. VAt mang mau.

Hinh 3: Phé tia X phdt ra tir mdy phdt tia X triwée va sau bé loc (bia Mo)

Thong thuong, cic hé TXRF cat
blrc xa ham bang cac tinh thé co do
rong khe hep (khodng cach céc nut
mang tinh thé) phu hop voi bude song
tia X dac trung cua vat liéu lam cathode
cua may phat. Viéc chon lya vat li¢u
tuan theo dinh luat Bragg:

2dsind = kA (5)

véi d 1a khoang céach gitra cac

nguyén tir tinh thé nhiu xa, k 14 béac
nhiéu xa, A 1a budc song cia tia X.

Trong h¢ TXRF loai S2
PICOFOX™ vat liéu lam cathode 1a
Mo, niang luong tia X dic trung can
quan tam la K,(17,5 keV), vat liéu
nhiéu xa dugc chon c6 d = 2,88 nm
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(kim loai dong) thi gbc nhiém xa bic
nhét 13 0,7°, didu nay rt dé dang dé cit
cac nang lugng trén va dudi mic 17,5 keV
(ning lugng ong phat tia X loai
Molipden).

2.2. Tao méu

2.2.1. Cac vi tri ldy mdu

Tién hanh ldy mau vao mua mua tir
01/9/2018+31/12/2018, tan suat lay
mau 1 tuan/lan. Nudc dugc ldy cach
mat nude 30 cm, dong vao chai va acid
hoa ngay tai noi lay nuwéc. Liy mau
nudc tai 05 vi tri khac nhau cua hd
Xuan Huong, vi tri 1y mau mé ta &
hinh 4.
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Hinh 4: Céc vi tri ldy mdu nwéc tai ho Xudn Hwong

Muc dich cua viéc lay nuéc tir cac
Vi tri trén vi day nhiing 16i vao va 16i ra
ctia hd. Céc vi tri s6 1, 2 1a nhitng 16i
vao tir hé thdng hd Ling va c6 chuc
ning 1am “bé loc co hoc” cudi cling cua
cac ngudn nudc trude khi d6 vao ho.
Theo [10] vi tri s6 1 dang bi 6 nhiém,
noi nay 1a 15i thoat cua dong chay kénh
rach, chiu anh hudng caa vung chuyén
san xuit ndng nghiép Phuong 8,
Phuong 9 (Pa Lat Hasfarm). Vi tri s6 3
la 16i ra cua ho, @6 vé thac Cam Ly,
nudc tai noi nay duoc du doan la it bi 6
nhiém hon so véi nhitng noi khac. Tai
vi tri s6 4 c6 cong thoat nudce tir ddi Cu
vao, theo [11] ngudn nudc & day bi 6
nhidm. Vi tri s6 5 13 noi trung hoa cua

tat ca vi tri trén.

2.2.2. Chudn bi mau

Str dung chuan noi 1a Ga véi nong
d6 1a 10 ppb. Cho 1 ml Ga 100 ppb vao
trong lo thé tich 10ml. Tién hanh dinh
mirc nuéc can do dén thé tich 10ml.

Nho 10 pl silicone Ién vat mang
miu sau d6 sdy kho & nhiét do 50°C
trong 20 phut. Vat mang mau dugc st
dung la dia thuy tinh thach anh véi
nhiéu wu diém nhu do tinh khiét cao,
phong nén thap, dé dang lam sach. Sau
khi dia dugc siy khé nho 10 pl miu
nude can do 1én va tiép tuc sdy kho &
nhiét 6 25°C trong 20 phat. Hinh 5 1a
vat mang mau dang duoc nhé mau va
dung cu siy mau.

Hinh 5: Nho mau trén vit liéu mang mau va say mau
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3. Két qua va thio ludn

3.1. Két qua

Tién hanh do dac va phan tich trén
hé TXRF, thoi gian do mdi mau 1a
600s. Bé dam bao tinh thong ké cua
phép do, méi mau tai cac vi tri khao sat
dugc thuc hién do 3 lan. Két qua phan

x 1E3 Pulses
Cd

tich dugc ldy trung binh cho tat ca céac
mau tai cung mot vi tri do. Hinh 6 1a
ph6é TXRF tiéu biéu do dugc tai 05 vi
tri 14y mau; bang 1 trinh bay két qua
phan tich dinh luong ctia mot s6 nguyén
t6 vét trong nudc tai hd Xuan Huong.
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Hinh 6: Cdc phé TXRF tai 5 vi tri thu mdau nwée ho Xudn Hirong

Bang 1: Két qua phdn tich mét sé nguyén té vét trong nude tai hé Xudin Hwong

QCVN 08-MT:2015/BTNMT

. Vitril Vitri2 Vitri3 Vitri4 Vitri5 [12]
Ng:léy en N{(;Zg Sai 56 Nggg Sai 56 Ng;zg Sai 56 Nggg Sai 56 Ng;tg Saiso Al A2 Bl B2
e O e O e O ey 0 ey (0 (2D (mg) (mgl) (mgr)
Cl 0,061 16,413 n.d nd 0,142 10,401 0,036 19,685 0,031 19,335 250 350 350 -
Cr n.d nd 0,006 16,667 0,003 11,111 0,011 15,152 n.d nd 0,05 0,1 0,5 1
Mn 0,041 5206 0,061 6,143 0,049 4810 0,059 7453 0,022 5,170 0,1 0,2 0,5 1
Fe 1,566 3,117 1,780 4313 0411 3231 0,544 6,447 0283 2,665 0,5 1 1,5 2
Ni n.d nd 0,004 14,434 n.d nd 0,007 9,524 0,001 0,000 0,1 0,1 0,1 0,1
Cu 0,103 3,560 0,109 5,044 0,075 3,883 0,075 6,273 0,079 2923 0,1 0,2 0,5 1
Zn 0,099 3,716 0,181 4,683 0,087 3,580 0,093 6,511 0,099 2916 0,5 1,0 1,5 2
As 0,011 5249 0,021 6,650 0,010 5973 0,006 12,892 0,007 7,873 0,01 002 005 0,1
Br 0,101 3,630 0,026 6,281 0,114 3425 0,164 5533 0,107 2,69 001 001 0,01 -
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Chu thich: A; - Muc dich cap nwée sinh hogt (sau khi ap dung xiz Iy théng
thiong), bao ton dong thuc vat thiy sinh; A, - Muc dich ccfp nuwoc sinh hoat nhung
phai ap dung cbng nghé xu ly phu hop hodc cac muc dich sir dung nhu loai By va By;
B - Muc dich teéi tiéu, thiy loi hodc cac muc dich sir dung khac c6 yéu cdu chat
lwong nuoc twong ty hogc cadc muc dich sir dung nhur logi By; B, - Giao thdong thuy
Va Cac Muc dich khdc véi yéu cau medc chat heong thdp.

3.2. Thdo lugn

Tir két qua phan tich cho thay ham
lwong cac nguyén té Cl, Cr, Ni, Mn, Cu,
Zn, As tai cac vi tri khao sat nam trong
gi6i han cho phép so véi quy chuan Viét
Nam. Tuy nhién, ham lugng Br tai cac vi
tri khao sat déu vuot qua gisi han cho
phép so véi tiéu chuan nudc udng & Viét
Nam. Brom la kim loai c6 doc tinh cao,
& trang thai long, ndé an mon cac mé cua
co thé con nguoi, ¢ trang thai khi, nd
gay hai cho mit, c6 hong va vo cung doc
hai cho co thé néu ching ta hit phai loai
khi nay. Brom gay hai cho réat nhiéu bo
phan co thé quan trong, nhu gan, than,
phdi va da day. Trong mot sb truong
hop, nd c6 thé giy ung thu. Brom la
thanh phan trong héa chat néng nghiép,
thudc trir sau, thudc nhudm, chat khi
tring, xang dau va vo nhua cua cac thiét
bi dién tir. Brom trong nudc tai cac vi tri
khao s&t cao 1a do dong chit thai nong
nghiép c6 chira du luong thudc trir sau,
chat khir trung c6 cbng thac héa hoc
CH3Br (methyl bromua).

Tai vi tri s6 1 va s6 2 ham luong sat
cao hon 2 lan. Vi day 1a cac ngudn nude
d6 vao hd Xuan Huong, chiu anh huéng
cua cac hoat dong néng nghiép (phéan
bon, thudc trir sau...), tir rac thai sinh
hoat, bin cong ranh. Khi ham lugng sat
cao s€ lam cho nudc c6 mau vang duc
kém mui hoi tanh.
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Tai vi tri s6 3 ham luong céc
nguyén t6 déu nhé hon so véi nhiing vi
tri con lai, vi noi nay 1a 16i ra caa hd
Xuan Huong. Tai vi tri s6 4 ham luong
sat cao hon tiéu chuan cho phép 1,1 lan,
Vi ¢ day nuéc thoat tir ddi Cu db vao.
Vi tri s6 5 & giira ho 13 noi trung hoa
cua 4 vi tri con lai nén ham lugng cac
nguyén to tai day ciing trung hoa giita
cac vi tri khao sat.

4. Két luan

Bing phuong phap TXRF di danh
gia dinh tinh va dinh luong mot sé
nguyén t6 vét caa nudc tai hd Xuan
Huong Pa Lat. Tur nghién ciru nay cho
thiy nudc hé Xuan Huong dang & muc
6 nhidm, cu thé 1a ham luong sit va
brom cao hon so véi tiéu chuan cho
phép nuéc udng cua Viét Nam. Vi vay,
néu str dung nuéc hd Xuan Huong cho
muc dich cung cdp nudc sinh hoat la
khong an toan. Ham lugng nguyén tb
brom vuot tiéu chuan nguyén nhan Ia
do du lugng hoa chat trong ndng nghiép
(thubc trir su, chat khir tring) tir cac
viing chuyén canh néng nghiép do vé
hd. Do vay can quy hoach khu chuyén
san xuit néng nghiép va cé hé thong xir
Iy nuée trude khi d6 vao hd ddng thoi
can c6 cac bién phap cai thién chat
luong nudc tai ho.
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APPLICATION OF TOTAL REFLECTION X-RAY FLUORESCENCE IN
ANALYZING TRACE ELEMENTS IN XUAN HUONG LAKE WATER

ABSTRACT

Nowadays, in line with the development of science and technology,
municipalization, and industrialization, the utilization of more and more pesticides
and fertilizer in agriculture has contaminated water and air. This paper analyses,
evaluates the concentration of trace elements in Xuan Huong lake water. By using
Total Reflection X-ray Fluorescence (TXRF) method, the result shows that water in
Xuan Huong Lake contains some elements such as lon, Bromine that higher
concentration than Vietnamese drinking water standard.

Keywords: TXRF, trace element, Xuan Huong lake
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