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MO PAU
1. Ly do chon dé tai

O nhiém moi trudng 1a su bién dbi tinh chat vat 1y héa hoc, sinh hoc cia thanh
phan méi tredng khong phit hop véi quy chuan k¥ thuat méi trudng, tiéu chuan méi
treong gdy anh hudng xau dén sirc khoe con ngudi, sinh vt va moi trudng tu nhién

(Luat Bao v¢ mdi truong 2020).

Cic thiét bi d6t nhién liéu ¢ gia dinh, phuong tién lru théng, khu san xuét ndng
nghiép, khu c6ng nghiép ché bién, chdy rimg l1a nhitng ngudn giy 6 nhiém khong
khi phd bién. Cac chat & nhiém dang lo ngai cho strc khoe cong dong bao gdm khi
carbon monoxide, ozone, nitrogen dioxide, sulfur dioxide, cac hat bui, 6 nhiém do
cac hat kim loai lo lting (& dang nano dust). Thong thuong, nguoi ta danh gia bui
qua kich thudc cua chung theo duong kinh 10 um (goi 1a PM10) hodc 2,5 um (goi
1a PM2,5). Ca hai loai bui nay thuong bit ngudn tir cic hoat dong cia con ngudi
lién quan dén qua trinh d6t chdy nhién liéu héa thach. Cac hat vat chat, dac biét Ia
PM2,5 va nho hon, c6 kha ning xdm nhdp siu vao phdi giy nén suy hd hip va di

vao miu gay ra cic tac hai dén tim mach, d€n mach mau ndo gy nén dot quy.

Dit liéu cia WHO (WHO, 2022) cho thay gan nhu toan bo dan sb trén Thé gi6i
(khoang 99%) hit thé khong khi vugt qua gidi han ti€u chuan do WHO dua ra va
khong khi hién nay chira ham lwong chat doc hai cao, trong d6 cac qudc gia c6 thu
nhap thap va trung binh phai chiu mac 6 nhiém cao nhat. Tai cdc qudc gia c6 thu
nhap cao thi 6 nhiém dang hat thip hon, nhung hau hét cic thanh phd déu gip van
dé voi khi thai NO,. Tai 117 qudc gia giam sat chat lwong khong khi, khoang 17%
cdc thanh pho khao sit & cic qudc gia c6 thu nhap cao c¢6 chat lugng khong khi duéi
khuyén cdo & nhiém khéng khi cia WHO d6i vé6i 6 nhiém dang hat PM2,5 va PM10;
trong khi d6, & cdc qubc gia c6 thu nhap thap va trung binh, chi ¢6 1% céc thanh

phé duge khao sit ¢6 chat luong khong khi dat chuan theo WHO (WHO, 2022).



Theo khuyén cdo cia WHO, chinh phu cac nude trén Thé gidi can cai thién chat
lwong khéng khi dé cai thién sirc khoe con ngudi. Cc van dé chinh ma WHO dang

kéu goi tang cuong cai thién chat lwgng khong khi 1a:

- Thong qua hodc stra d6i va thuc hién cdc tiéu chuin chat legng khong khi
quéc gia theo hudng dan chét luong khong khi méi nhat caa WHO.

- Gidm sét chat lugng khong khi va xac dinh cac ngudn gy 6 nhiém khong khi.

- Hb tro qué trinh chuyén d6i tir sit dung céc chat dot tir cdc ngudn hod thach
sang st dung niang luong sach trong gia dinh d¢ nau an, sw6i am va chiéu
sang.

- XAy dyng hé thong giao thdng cdng cong véi gid ca phai ching ciing nhu xiy
dung duong giao thong than thi€n vdi nguoi di b va xe dap.

- Thyc hién gidm sat khi thai phuong tién giao thong nghi€ém ngét hon. Thuc
hién bit budc viéc kiém dinh, bao dudng phurrong tién giao thong.

- Cai thién cdc khu cong nghiép xanh sach hon, va quan 1y chat thai db thi.

- Giam @6t chat thai nong nghiép, chdy rimg va mot sd hoat dong néng 1am
nghi€p.

- Pua 6 nhiém khong khi vao Chuong trinh giang day trong trueong hoc va phd

bien tac hai 6 nhi€m trén pham vi quoc gia.

Vi thé, dé kiém sodt & nhiém khong khi thi viéc gidm sat chat lugng khong khi
1a can thiét & bat ky noi nao trén Trai dat. Nhiéu qubc gia di xay dung cdc Chuong
trinh nghién ciru va danh gia chat lugng khong khi bang nhiéu phuwong phap khac
nhau, trong d6 tram quan trac moi truong duogc chon lya cho cic thanh phé 16n va

cac nudce phat trién.

O Viét Nam, ching ta cling da dat cac tram quan tric tai cac trung tim cua mot
s6 thanh phd 16n nhu tha &6 Ha Noi, Tp. H6 Chi Minh, Tp. Bién Hoa, ... Tuy nhién,
hién tai khong thé trién khai khip céc viing trén lanh tho do kinh phi dau tu va bao
tri, stt dung cho mdi tram quan tric rat 1on (dau tu vai ti ddng cho mot tram quan

tric, can co ngudi truc dé thu gom phin loc hing ngay).



Pé giam thiéu kinh phi dau tu trong quan tric mdi truong, ngay tir thap nién 70
cua thé ky XX, mot $6 nuGe Chau Au di si dung chi thi sinh hoc dé danh gia chat
legng khong khi, dac biét 1a st dung réu moc tai viung can quan trac (Riihiling va
Tyler, 1968, 1970). Uu diém cua phuong phap nay 1a st dung chinh nhitng thuc vat
song trong mai trudng tw nhién dé quan tric chat lugng khong khi ¢ moi truong do.
Phuong phap nay khong can dau tu kinh phi nhiéu, chi thuc hién quan tric thong
qua qua trinh hép thu cua sinh vat ban dia hodc sinh vat mang tir noi khac dén, tich
lu§ cdc nguyén td ling dong trong khong khi théng qua do dac cdc nguyén té hod

hoc ¢6 trong cac mau réu.

O Viét Nam, tir nam 2010, phuong phap nghién ciru st dung réu lam chi thi
sinh hoc trong quan tric moi truong tai mot sd khu vuc phia Bic di dwogc thir
nghiém (Nguyen Viet va cong sy, 2010). Dén nam 2015, Viét Nam di chinh thirc
tham gia vao Chuong trinh diéu tra 6 nhiém khong khi chung sir dung ciy réu ban
dia. Tt d6, phuong phap nghién ciru quan tric moi truong khong khi bang chi thi

sinh hoc trén cdy réu dugc thuc hién mot cach hé thong va lién tuc.

Cic nghién ctru tng dung réu ¢ Viét Nam 1am chi thi sinh hoc dé phan tich su
ling dong cdc nguyén t6 trong khong khi duoc thuc hién cha yéu trén réu tir nhién
(Nguyen Viet va cong su, 2010; Doan Phan Thao Tien va cong su, 2019; Khiem va
cong su, 2019; Son va cong s, 2021). Phuong phap nay c6 nhuoc diém 1a thu dong

vi chi quan trac dugc & nhitng vung c6 réu moc tu nhién.

Tén tai khic cia nhitng nghién ctru & trén 1a chi sit dung don 1é mot phuwong
phap phan tich hat nhan dé phan tich dinh tinh va dinh luong cic nguyén t6 trong
mAu, nén c6 nhitng nguyén td quyét dinh dén danh gia chat lugng khong khi nhu
Chi (Pb) va mét s6 kim loai ddc nang khdc thi khong thé phat hién.

Nhém nghién ciru ciia Lé Hong Khiém tiép tuc sir dung réu cha dong, 12 nhitng
tdi réu treo ¢ nhitg noi quan tric mdi trudng, noi ma khong ¢6 réu tir nhién moc.

Uu diém caa phuong phap nay 1a d3 mé rong pham vi quan tric méi truong khong



khi biiteg chi thi sinh hoe fu vA buede dhu 43 mang la k& qud kha quun trong quar
Iric chat hegng cia mpd trimg (Npoyén Hiw Quyét, 2022).

Han ché phai ké dén trong vige st dung réu chil ddng 13 réu tong i rdu phl
tridir cit kém khi séng bong méi medmg khdc v mat ruedmg ban déw, dico nay Bm
cho hidu suft hiip thy cta cdc nguyén 13 hod hoc lang dong trong khing khi trér nén
kém hom, do 44, két qua nghién ciu s2 khong ddy 80 khi ddnh gid chit heong khang
khi tai vang ko sar,

VE phuong phip phin tick, hign way ¢ nhiéu phwong phip phén tich dinh tinh
v dindi brgmp cdic nguydo 16 bing cach sir dung cdc tinh chit héa hoc, o chat vie
4. wh ngavan nr hat nhdu. M3 5§ kY thodt phan tich bat nhan nguyén tir thadmg
duge 4p dung d& do hiam lirgmg uguyén bt vi lugne trong réu nhu si.dung phucng
phip phin tich kich hopt reutron (NAA), phirone phép phéd hap the rguyvde o
(AAS), phuomg phap phd khdi luong plasma két hep chm émg (ICP-MS), phuzong
phip hujnh quang tia X phan xa toan phin {TXRF}, pheang phap phir za ta X
bing dung ngudn kich thich proton {PIXE), ... ¥ige chon lya phrong phap phin tch
duge ru tido thi tiry vao dét hegng va mug dich phiin tich.

¢ thng kha nang phin tich chc nguyen 1 trong ndw, cling nhir ting kha nang
phdt trién réu trong wi fuo, rong luén dn ny MCS d& chon gial phap sau:

- Kich thich phit trién rfu trong fii réu, thue nghiém 8 chon hea kieh thich
phat irién By biing cdch chidu xa tia X ning lugng thip vai ligu chidu i .

- Taug kha néng phat hidn cdc upuyén 1h 1ing dong trong khing khi qua ciy
rén, nghign ciu d& phdi hop 3 phaong phap phar tich miu réu 13 Phaomg
phip phdu tich kich hoat nentron (NAA)Y, Phorong phap huynh goang tia X
phar xa toin phiu {TXRF} vi Phuong phap huynh quang tia X phin wn
ndng lhegng (EG-XRF).

Pé thwe Rién hai nhidm vu wén, 8¢ i "Nefidn chn dp derg mel 56 phueons
phép phin tich hat nhinr nguyén he dawh gic yw flang deng nguvér 16 héa hye nong



khéing ki wir diwng i Bubalay indica (e simh bt chida xg va X 84 Suge NCS
vh tip thé can bd fromeg din hra chou.

Cdc khu vie Suge lire chon khao sdt irong nehién ofty nay hao 2dwye 05 v f
huyéu va thanh phé tai tinh Lim Bdug, bao gim: Tp. Da Lat, Tp. Bao Lic va huyén
Bao Liwn, buyén Pizc Trong, huyén Lim Hi vi thi \tan Lac Duomg; tivh Elﬁng Mai:
ving sin bay qude té Long Think,

2, Muyc dich nghifn e cia ludn én

Nai dung cua ludn dn dwes dy dung wén nhing mue téu chinh saw;

Nghién cim khé néng su dyng chiun tia X ning luimg thip dé kich thich kha
ning phat trign ewa réb trorg oii réu, fmg dung wong ki thadt wi i,

- Nghién ciru két hgp cdc phueong phap phin deh hat chin vgoyén oy 68 1EAng

kha néng phat hién cdc nguyén td ling dang trong khdng khi qua chi thi sinh
b tedn chy réu,

3, Pl tegmg vd pham vi nghieu edu

-

REw Babular indica song ty nhign i ving khio sat va tdu Babafar fudica
thu hii br viop khéug anh hudmp & nitidm,

0 dyug phirong phép kich thich phat mién réo hiing chiéu xa tia X niing
lirimg thip.

St dyng phueng phip phan tich bing k$ thudt phan tich kich host neukon
dung cy (INAA).

5@ duug phuzgng phap phan tich bing k¥ thudt huimh quang tia X phan xa
an phan (TXRF

. Pluzomg phip phan tich phé huynh gquang da X phin tin ning frgng (ED-

XRF).

Pham vi nghién ciru tai 05 ving cia tinh Lim Bf"mg Tp. B Lat, Tp. Bao Lac
vl huyén Bao Lam, huyés Bix Trong, huyén Lain Hi, Thi tefin Lac Duong,
vl vilng s&n bay qude (€ Long Thanh thuie tinh Pdog Nai.,



4. ¥ nghia khoa hoc vi thye tidn
f’ng.&fﬂ khoo hor

- Phuomg phip kick thick sinh tnrimg bling birc xa s& tam cho cay rég phag
trién kom so voi féu khdng chifu xa, v d6 tam ting kha nEng hap thu cic
nuyén th ling doog trong khéng khi trén ciy rén,

- Két hop ede phuromg phap phan tich hae ohin nguyén i s& gop phin ning cao
kha ning phin tich dinh tinh va dinh legng cia cdc nguyén o trang mdu, o
cho két qui chinh xéc hen, gip phin ddnh gid dang hom cdc thing 6 &

nhigm rong khoug khi.
¥ nghia thare tién

. S0 dung ia X nang hrgng thip givp kich thich sinl nromg cda réu, pép phin
ting pham: vi guan tric i nbiEng nov 96 thi hod, kbu céng nghidp - nai ma
hdu nhu bi b tOng nod nén B mat mdi treimg song, kolic nhimg oo didu
kién khi han ndng khi nén réu sy nhién khé phit wién, Phuong phap niy rat
phit hop ¢¢ quan icdic tr€o dign rdng o Viét Nam kién nay.

- Khi két hgp nhién phargng phap phin tch khic nhan, két qua s& thy drge
mt s nguydn th rdt guan troog trong 1ing dong o khibng khi 8¢ dinh gig
mirc & anh hirgng dén sinh v sbcg nhe npuyéu 5 Pb, Od, Br, ...

- Mghién i néy &3 phiin tich, danh gig ham Teong cic ppuyén 18 [Eng dong
wong khidng khi bing qnan tedc sir dyng 8o Babalar indica tai 05 ving cia
tinh Lim Béng, vi ving xn bay guéc i Long Thinh (tmh Béng Nai).

5. Tinh md ciia ludin 4n

. Léan dir Héc =i dung tia X ning lyong thap kich thich sinh freéng cia réu
Iroog Wi réu, umg dung trong, guan wiic md muirng.

. Lugn dn 43 kér hop 03 phugng phip phin tich hat nhin npcyén tie gidp Bm
ting 56 lueng nguyén t& phin tfch dwoe trong indu, fing 48 chinh xéc dinh

lugmg cia cic ket god phén tich cic uguyén td rocg méuw,



6. Mt sb kit qui cda lujn du

Két qua vidc kich thich sizh trwomp bang birc x3 tia X nang lugng thip én ciy
réy Bolmilar fadica B kha guan, ¢6 thé (mg dung rong viéc thng tredmg réu, dbng
1am chi thi sich hes. Dife riy mo te budng ing durg ding rée 1im chi thi sinh hoc
Eroma guan triic mii tnmomg 0 ehing no tén e nhién khic niohiéy,

Ngoai ra chidu xg con e tiém nling trong viée nghién cim 1t hieh nghi wia odc
lodi chi i khic vai didu kidn wndi meime 1 nhién khic nghigs, me oing 36 aomg
thye ¥t s dung trong quan iric,

Bing viéc két hop 03 phugng phap NAA, TXRF, ED-XRF lam cho khi nang
phin tich nhigu nguyén & hom, dd chinh xic cae hon, Pac biét, voi s hd trg cua
phuzcng phip TXRF 44 phat hidu mét sé nguyén 15 ddc hai ling dung trong mdi
rwéng ohir N0, Cu, Zn, Phna phaoog phap MeAA khing thé ahi phiin dvegc trong

man ré.

Ngoai cic két gna 43 droc inh by mong ndi dung lujin an, k& g nghidn o
cling 48 d3ng tai 09 céng trinh edng bo lign quan e fidp dén ndi dupg ludn 4n,
rong dé cd 01 cong hi gubc té xép hang Q2, 03 bai hio danp tai o tap chi trocg
mrde, (2 bai tham gia Héi nghi quie té tai Han Qudc do Hiép hai har nhin Hin
Quiic & chirc, 03 bii tham gia Hji pghi Khoa hoc va Chug cghé Hat ahin toan
qubc: dong thii con of Faog i indt 56 shng trinh khéc Hén guan dén luén dn,


















Binh nghia chink 2de v& "kim loai nling” con chua duge thing ahdt, N chung.
thijt npid nay ding dé chi cdc kim logi vi 4 kim cé mét 40 trong &6 caa (hon 5
afem’), khd vang rich Hy stah hoe rrong thre phém va rhiremg ¢ ddc deh cao dB
vii sirc khoe eon ngudd. Mt s& nha nghiée cou 4f nghi thay thé thudt ngi gy
rmanh cili “kim foai ndng” bing “cic NEITyEN W oo kha ndng pay doc” (Pourret vi
chig sy, 20193, Nhdm cde nguyEn 15 nhy bac gdm edc kim loai déc hai, nhe Cd. Pb.
Ni. Cr, B, va 4 kim ohur As. Cic kim loai v& 4 kim di vao cor f1é con ngu, 1am o
dong dént che oo quarn cha coti ngwi duge minh hoa rrong Hinh 1.5,

Mirc d§ cho phép cin edc ioe kim logi ning khac nhau, do WHO va Co quan ¥
i€ Chan Au (EMA) quy dinh, ndm wrong khoang tir ppt (10" glg)y dén ppm (10
gfe). K& tw nghy 1 thing & nam 2020, As, Cd, Ph va Hg ndm trong =8 10 hda chét
pay lo nggi lom cho sic khoe cing dong do WHO cing b, Mas do thae 18 1a dic
linh con cac nguyén i ndy $3 dugc bid dén, ntumg cde fmg dung cong nglié, v té
va ndng nehisp khic nhap cog ching vin géy ra mai de doa lom dbi vit sire khae

oot nEul,

Bél t:hfip nhidu nd lc cita cio co guan filhr EAMA, WHO hay Co guan M
mrimg Chédn Au (FEEA), sy phat trin nhanh caa cdng nghidp lam che him hoong
kint ieai dic hai oy dit, nude va khdng khi ng cao, tzo thich mdi de doa mirc
rigp hodc mign tiép 0% vai sire khoe con ngwd, Vist Nam théug ké tir nden 1990
(IHME, 2019}

Then QCVN 5202 YBTNMT - Guy clidn k¥ thudt quitc gia v& chde hromg
khdng khi, gici han cho phép cuia midt 53 kim oai dwoe qui dink wher sew Gia
pici han thi da cira mat sb chat ddc hai romp klidng khi xunge quanh, cu Hid
Plurmbum (Ph} va cac hop chét (tinh rhea Phy, thix gian rrung binh rong 24 oi, gid
bi widi han B 15 pp/Nm® ( Mm?® la mé kL6 khi thal & nhigt 45 257C & ap sudt
ryét di 7A0 mm thiny ngan); As v cac bop chat (tinh thea As). thir gian tung
binh trong 1 gier, 2id ki gidh han 1 0,03 p/Nm* (QCVN 05:2023/BTNMT, 2023).
Ly clingn kv thndr q‘nfu: iz v chat luomg kltdng khi}.
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1.2, Sir dynig réu 14m chi th] slah hge

Cd nhiéu phwong phap 4 xac dinh him hrgng & ohiém kim loal trong khéng
khi, mér trong nhimg phirong phap truyén thong va didn hinh b xay dung cic tram
guan rac nham thu thip wau by khi hodc quan trae trie tiép kd cde khn viee quan
tam, Tuy nhién. phuang phip nay déu tr kinh phi r&t 1ém cho mit tram quan wéc,
ding thed phi sir dyng nhidn phin fee, cin bae i thikmg xuyén,. ..

Céac nghién cimy, danh gia & nhiém khong khi thidne can ohi phil cao vi kha
thirc hign, doi hai vige thy maw trong vhng khoug gian tdng véi thed zian di, nén
gap ohiéw kho khan dbi vii cae wede dang phat tidn. Vi nlifmg Iy do 484, trong
nghign caw mii mromg, cde nhi pghién cine ngdy cang quan tam hom dén vide sir
dymg phrong phap quen tric dimg chi thi sioli bgc, nhi i dyng cic déi wrone cd
Ihé foat ddng i2m chét rick r sinh hee, Chi thi sink hoe trong danh gid mbi teimg
oG nhimg thuan i ding && nhw: chi thi sinh hoe thedmg ds dang v o6 mi hau
khép cdc nol mé cling i3 guan thm; m didm ciia viée diung chi thi sinh hoc =2 mang
lai chi phi ddu tr thip {Ruhling va odng sur, 19985,

V& fmy dymg rén 1am chi thi sinh hoe, t6 hai phuong phip ehinh &uoc si dung
reong quan trhe, |4 plivong phip quan e rhu ddng va phuomg phap quan wic chi
dijog.

- Phuorg phip quan tdc thy déng, B phaosg phap thi maw réu moc wr nhién,
nén by phy thude vao khé ndng sinh rrang ciw réu, nén khang thé quan he &
ving réu khéng moe 1 ohign, vi thé phyong phap nay Li déng o vimg cin
quan tric.,

- Phieong phip guan trhe elin dong: dé khac phue nhizye diém quan brac mdi
truimg & viing khing o6 réu moc te nhidn, thi pivomg phap quan trde chy
ding ducre 11én hanh. Phuong phip niy | sir dyne réo o eoi khac mang dén
vinrg can quan tric mii truong. Phuomg phip nay thuong s dung rée dat
trony cie tGl vi treo tal cdc ving khéng cb rén br ohign. Cic 10l €o nay sé
e dEE tal cdc vi T cin quan tric trong mdi khodng il giar o thé.



L2 1. N dung rdu K ohi ] slnk hpe teén ThE giddl

Thuc vat deng mdl vai trd guan oou e viec gidm sit vi diry o se cin béng
siuh thii, bdng cheh ehdng tham gia tich cuc rrong chu tAnh céc chér dinh didmg v
brao d&i khi nbi Carhon dioxide. Oxy. Tliwe val ¢6 diée tch bé mét 14, canh, thin
fom i d2 thare hign gud inh mao 461 chit, hip , tich ra cdo chét & uhidm khong
khi nhiim gidm mite 46 & nhiém ong méi trwémg khdng khi,

Thure var ciing od thé dang vai td 13 chi thi sinh hoc trbng guan telic méi teimiz.
bing cack hap thu va tich lu§ chat giy & nhi€m hofe mar so chat chuyén bk, tir &
cé thé quan trae duge & nhidm mbi tmimg thing qui lang dong cdc ehdt mong ede
et cu chaimp (Wolterbeek, 2003, Markert v& odng s, 2003, Smodid va cing s,
MXM; Markert. 20007; Bakiyara) va Ayyappan, 2014).

Ké&n 12 Todi thuee vit tharong dwee ding 1am ohi thi sinh hos wong nghién o §
nhiém mdd fwang, hai v 2w 13 tre 3t co b £ gid hen che chit dinh duing dege
hip thn qua i v canh. ¥1 thé co thé dime réu dé quan oac, danh gia sy lEng dong
cide npuvén to hod hoe trong mdi treome khdng khi (Directive 2000060/EC, 2000,
Frasnzle va Markent, 2007; Markert va cing sy, 2008},

Rau thuemy chiém wa thé trong 80 ode thee vt duge s dung Ban chi thi sinh
hoc nhzm dénli 213 & nhifm do son khi wong khi guytn {Fmenzle va Markert, 2007,
Markerr v cdng sw, 2068), Théng fhidne, quan trEC mdt tnrimg théng gua chi thi
sinh hoe duov thye hien bing cdch phin tich thanh phin hba hoe cda réu tir qui
krinh sinh tnromp caa chiing trong méi mrémg @ chién (Zeichmeister va cjng sy,
200K3).

Cimng klolt nghién eim diiv tién sir dimg réun ong quan trac mébi tnrong duge
rhaze hién o thap nign 70 coa thé ky XX iRihiling and Tyler, L5368, 1970} Nghién
cin mity cho thay o |é s dung réu 1am clii thi frone guan trac méi romg, kéL gné
nghign <t ndy cang da ghi shdn mdt 50 it kim loai Ming dong trong khing khi, dac
Liét J 35 phin tcli duew kim logi Ph.



16

Riu ¢ing thvdmg ding 1am chi thi sink hge @& ddnh gid sy tich t 15u di coa
kim logi trong khéng khi bai i i} réu hép thu dergc biu hée cac Ngnyén k5 hod hoc
ey kI quyen, va (4) ahiu nguyén @ bod boc tir mira duoc @it Tai mét cdeb higu qua
ong cic mé riu (Ojengedal va Steinncs, 1990). Ngod ra, khi phén tich bam lugng
cde ngryén 16 1ang dong trong réy thi o6 thé tink duge gld tri ham hegng nguyén 1h
ling dong trang khi quyén khi biét biéu suit hép thu coa ding loal réu (Ceburnis va
cing su, TO00) Wi thé. sir dymg réu lam chi thi slnh hoc T k§ thudt déng tin ciy
rrong vige quan trhe méd rudng khdng khi & pham vi ring (Schitidt-Grob va ofng
sz, 1991, Zechmeister, 1997: Ruhling va Steinnes, 1998, Zeichmeister va céng s,
1999 Galznmies va cong s, 2000).

Pé chon Iira thirc vit 1am chi tn sinh hoc, cin chon lya nhimg loa thyc vit mé
Eong qué trind sinh twdRg cia chuing obi hip thu odéc ngievén 15 hod hoe thing qua
s Heh tu efc chit tir khi quyén (Rithiling, 1994). T nhidy iogi réu moc ty nhién
duge ding lam chi thi sinh hoc, nbung khi chon hea cin mén theo cic réu chi san
day;

) Loai rén dige chon Tiya phai phér bidn trong kbn virc cin quan trac méi tnrong

20 Toai rdu chon jva phai co sin ¢ by mau rrong tat cé cic mua, neu khéng thi
co thé d& ding wdng duge rong cic mia.

3) Logi rdu dwgc chon lim chi thi sinh hoc phai chiu dirge sy & nhiém khéng khf
theo cae cip 49 khic nhau,

Bén canh nhitng déu chi can thiés rén, cic véu ciu b snng khdc nhu rén co kha
ring hip tu doc 1ap cic nguyén 1, khdng B bicu di sinh hec trong md mKmg.
khilng oo sy hﬁp thn dinp ké cac NEnYEn th hod hoc tr nhirng ngnén khic nhir ur
phan bén, tir ddt,... (Onianws, 2000 ; Zeichmeister va odng sz 20031,

Tir cde méu chi én, npard ta & chon duge mit 6 Toai e ding Bm chi thj sinh
bow trong guan tde mdl tewdme, Vi du, 0 Chau Au thuimg dimg Tom 2 tao tiin
nhiz Pleurozivm schrebert (Suchurovi va Suchara, 1998) vi Hvlocomiam splendens

(Frontasyeva vi cong sy 2004) cac lpal 18w pu tién tiép theo 13 Hypeum
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cupressiforme Vi Scleropodivm purim (ICF Vegetarion, 2019, ... Cie aghi&n o &
Chéu Au sir dung réu 1am chi thi sinh bec trong guan tric méi mnimg theong B
hign tr2n mdt viong rdng 16m, 1 Bac cue dén Thé NKT K3, ndu theo thong ké troug
wizi doan ur 1990 dén 2008 &4 siz dung céc logl réu san theo phio ram déng gop,
bao gdm: Mewrozinm sohreberi chidm 40,9%, Hvlocomium splenden chiém (32,7%).
Hypmum cupressiforme chifm (18.0%). SETE ORI PLrm chiém (11.6%). cdc
lgal khig chiém 6,94 sd rér duwpc thy miu (Harry Harmens vi edng s 2008). O
Chéu A, nhing logi réu nay hidm khi duge fim thdy, Thay vao 46, cac loai éu khae
di duge =i dung: Hyprum plumaefons o Trang Quﬁc {Lee va cing s, 20085}
Hopowr phimtae foraee vi Toevithelins instrinm & Malaysia (Abdullah va cong s,
2011, Fhwidiuwm cmarixcefivm o Philippines [(Munar va cong s, 200140 va Bafular
idioa & ViEt Nam (Ngwyen Vet va cing se, 2000; Khiem va ofng s, 20200.

2.2 Nik dlyng rén b o ] sinh Bpc o VIg Nam

Vién Wang frgng nguyén nr Vidt Nam di diing cic may bom co comg sudr 1dn,
hiit bui khi qua phin loc € danh gia & ahidin bui khi tai Tp. HO Chi Minh & ndm
1992 Tiép then rong ma doan 1998-2020, nhawrr nphién e eia PFham Dy Hign
dd cb nhimg dong pép quan rpng treng aghign < O nhigm mbi muimg (Pham
Driy Hién, 2020). Phar Duy Hifn cing céc cang sy di thuc hitn dé i cip Nha
nurde v ngltién ol § ahidgm mi treimg. Ciing tong thém nghién o oita Pham
Dy Hién, thanh vién trong ahom 13 tae gid Vuwong Thu Bic 43 bao vé thanh cdng
ludn n tién &7 cita minh nam 2043 {Vuong The Bie. 20133, Sau ¢6 Vuong Thu Béc
tép tue thye hién dé tar cdp Bo. Nhing nghién clu ndy st dung tem guan klc
roug do dac & nhiém, khéng sit dung chi th simh hoc,

S dung réu trong nghidn clim méi meeme o Viét Nam od thé ké dén 12 nheém
nghifn ciu cia Trén Ninh, Nghién ciu diu fn thye hign theo dé i cap B cia
nhéin, Két qua nghikn ciw cing 43 danl gia anh hudng cita mét 36 chit cd ohira
Tun harymth 1€n sy7 phat trién oia rén Babular indicy (Tran Ninh, 1995} Nher vy,
nehién cim sir dyng rén rong quan tric méi emg & Vit Nam rong pisi dogn nay
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chi phan tich lre huynh va cde oxit cia ching, chra dénh @ia Hmg dong od¢ nguydu
i khic.

To w2002 dén 2007, t4c gid Neuydn Yiét Biug phdi hop véi nhém rghign
cul tal Cong hoa Phap di s dyng f€n Bafular indica 1am chi thi sinh hec aé
pghign ciru & nhidm méi tewémg kbi tai Ha N&i va Thai Neuvén (Npuyen Vier vid
edng sy 2007). Trong nghién clru ndy, nhdm tie gid dd dimg phuong phap AAS
phén tich dugc 7 nguyén o kim Joai ning gdm: Fh, Cii. Zn, Ni, Ci, Mn, va Fe v
ham heong trung hinh rong (o 1a 31.%, 303, 1.2, 19,1, 37,0, 207, vh 6825 pefy.

MNhan iy the quan kong ot sk hirdng & nhifm méi uong 18n 2t khod con
ngudi, Vigt Nam da tham gia vao mét Chuong trinh quan trac mai tnsémg, tap trung
vao vide theo ddi & nhiéim khbng khi bing cach s dung cdy réu ban din tr ofm
2015 va d& the hidn siz cam két cda Viet Nam trong vide bio v mdi tutmg.

Cdc Viegn nehién cine va cac of 59 2ido dus wong mzdt d8 tich cwe them gia
nghicn ciu va hop tie véi meéc agedi vé Tinh vire nay, oo thé: Vign Han lim Khoa
hoc vi Cong nghi Vidgr Nam, Vién Nang lnong nguyén it Viét Nam, Dai hoc Quélc
Gia Ha Ngi, Pai hoe Quic gia Tp. Hé Chi Minh, Tredng Dai hoe Pa Lad ... Giad
dogn nay, sy hop e va nghién cir vé imp dung véu Bebalar indice lam chi ty
sinb Tige & Viét Mam pbai k# dén Li uhom nghién ¢iru cua L2 Ndng Khigm, Thang
gua ¢t tit Nght dinh the voi Lién bang Niga, tic gia L& Hong Khigm 4§ cher ohidm
&é i chp qudc gia: ding thii vai sy ho trg cia cac nhém nghién cim qubc té (dac
biét 1a Vign Lién hiép Mghién otu bat nhin - Dubna, Lién bang Ngw). Nhom LE
Hémg Khitm di thye hign nhiéu d¢ ti nghitn cim dmg dung véu Bebular indica
wong quan tric mdi iordmg; 48 40 cip BY nfim 2019 do ¢ gid Nguyén An Son Jam
chi nhitm, & i rong &iém cdp co sér do chbinh NCS Eim chi whiém ture hign
2021. Cng trong nhim nghién cine ndy, of 42 NCS bag vé thanh obng fugn én ticn
47 cia minh do 18 Neuyén Hiu Quyét v Poan Phan Thao Tien. Che nghién cim
nay Ip tung danlt gia King dong cac nguysn 16 had hae Eén réu moc e nhidn 14
chint, va s dung phuong phip phan tich NAA k& bop véi phuong phip PIXE:; &



19

nghi&n ol caa Mouvén Hire Quyét buede ddu d8 st dung tii céo, nhimg hidn sult
hip thn cic nguyén té rt thip dg réu rong nii chét nhién. Mt han ché nira cin noi
dén & kér qud cua cée ugeyen cin nay 18 kbdng phat lién duoe nguvén 1 Pb do
phereng phip NAA khéng phin tich digc; mét vii nguyén 1 khac co npueing phat
hign rat kém nhy Ca, Cu, As, ... Pb, Cu, As dugc xem lam nhitng nguyén 10 quan
wong danh gis chit lugng cia khong khn ndi ridng cling nhu ddnb gid & ahiém moi

mrémg néd chiang,
1.3. K# tbudt the min rén vd kick thich sinb trinimg
1.3. 1. Phueng phip chom Yy vi &ef thi man réu v xar I méu réu

Phirong phap thu hdi va chon méal réu 1a ce K guan trong trong quan tedic, vi
iri thu man réu s& anh bidmg dén him hmg phén tick &anh phiio cic npuyén w
hod hoe o6 troug mdu réu. Céc yén 16 4nh hipomp dén ké qua phin tich bam loong
rong vige thu miu réu nhae dd cao ofa miu so voi mat dd (Zechméister, 1995,
Winfried Schrtider vh cing sy, 2013), cch thu miu rén vi phirong phap ghl do cdc
reuyen t& Mng dong (Matrken vi Weckert, 1993),

Treng nphiSn ci ndy, thu mac réu G A§ng (réu moc 1 nhign) theo guy chuin
cia Chirong trinh 1CP - Yepetatign {Prontasyeva and Harmens, 2055) nhr sau;

{) Trong méi truimg sing o6 cly cdi, tal mi diém thu miu phai Wy it nhit hai
Yan 1ai 2 chy gén nhau vai khodng cdch 1ém hom 10 m {(voi nirng 1w nhidu), v2
khoang céick Jdn hom 5 m vii ring trdng. R&u 1iy 1am miu khdng bi nirde nhi
gigl tir cdc tdn ciy omg. Cic didm thu méu phai cick phan 161 tbidu 3 m. T
nbdt 16 1dy rfu & nhing tén ciy nhd ta, hode tén bé mat muc uat eda pde ciy.
() nhimg vimg B & nhigm nite v&1 mit 43 chin wmai cao, thi khoang cdch thn
maw gide hai diém tdi thidu phai lon hou 7 m (Mobr, 2014),

2; Tai nhimg méi truimg séng nhe ving ddng bing, ding cd hodc ving than ban.
tht kbéng nén thu maw dwdd tdn cliy bur hode thao mdc 16 Mm, ciing nhw cée
kb vye of dong chiy ren cdc sudn di,

1) Can cén thin 1am sach v loai bé cic moiu rén chita cic, xdc dimg vat.
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4) Cée didm tbu méu nén cbon o cae da diém dal dign cbo cde khu vice ciin thu
mau. G nhimg vimg siu, vimg xa, cic diém thn min cich it nhdt phai 13 300 m
tir dirorng chinh, céde khu céng neghigp, khu san xuit ndag nghiép va xa [t nhit
100 m i cac con dirgnp nhanh va nhimg npdi fEng.

51 PE et thé so sinh i ljéu b cude didw tra niy vl cdc cude digu tra tnrde 4o,
réu nén thu thip ti cing mi vi trf (hoge gln do. e 13 khdng qud 17 km).
Weodl ra. cin thu mda réu fuzdng xuyén tai nhime ngi cf cdc wam guan tric
ifng dong kim loal ndng, team do nite 48 so sénh twe uép bim lrong cha
chitng vo1 ham luong trong réao.

¢ Mén tao mdt miu tang hap wr mdi didgm th mén, bao gdm murid mdu phu tra
l&n, néu cd thé, nén thu thip mav trong mii kin vee khodng 50 m x 50 m. Rén
& 1ndu 1ong hop chi nén dai din cho mét 1oai réu, Can dong g6i chn than &
nghn chin & nhiém trong qud trdnh vin chuyén.

7} Tot ahdt nén thu nodn trong khoang thin gian milz miza, vi & mia mea réy phit
tridu manh nén khd nfing hiip thu cae nguyin 16 cao hon,

&) M&i noi thu méu cén ghi ddy du tpa d3 nham gilp cho vige xir 1§ dir ligu sau
NEY.

5 Bé xic dink 45 bidu thifn lién quat dfn wan b quy trich hy mis + phin
tich), phai thu thap nhiu inau rdu (it nhat 3 mau md dja diém) va fi nhit hai
da Em cd mire 45 6 nhigm khdc nhau.

Phizomg phap chudn bi va ki 1§ miu réu dé phin dich Hog dong céc nguyén
had hoc trong khdng khi dege ICP - Vegetaion 2010 (Frontasyeva vd Harmens.
2015 dwra m nhr a1

- ‘Thu mau réy 1pd hign tredma: khi lfaj.f cic mau réu 1l bién tuimg nén dea
wing tay nitrile. Trdnh nbifm bén tr guin a0 duge mde rong gus ink thy
mak, Cdc mil cin i3y khoang 5 g khdi hoomg réu udt, phai dwoe bio quan
trong lp thity tinh 43 duge i fi nhat ba 14n bing nude cit 2 1in. Ngodi ra,
mt miu trang (mdu réu khang bj & nhidm) nén dugc iy tal mdi dia diém dé
xac dinh 3 nbiEm trong qué trinh thu méc v3 %k 1§ mau Hép theo,
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- Hét sire can thin 8¢ iwinh 5 nhidm ni phong thi nghidin, Do 46, réu nén duge
|34 vin e 1§ trén cac thm gidy sach cua phing thi nghidm, tong budng chin
kinh, hodic t4m polyihene sach, Mén deo gfne tay ninrs ding 1t 18n khing
chira bt talc {talc la mit loai khoding chit cd thinh phén chi yvéu br céc
nauyén i magie, silicon ¥ oxy) vh khdng nén sir dung dung cu hﬁng kKim
lowgi.

- ¥& simh vi héo quat miu réu: néu miu réu khing thé deos lam sach Agay
sau khi [ may, vhi nén disge dtea vdo bl gidy, siy khd vh bao quan & nhiét
@3 phbng (20 9C = 309C) dé xir Iy cac burdc tiép theo.

- Réu phai dwee 1am ach can thiin, logi ba 1t ed cfc canh chét va ric thai
kirm theo. Vi thé, chi nén ldy uhimp phiu cinh xanh ciz réu dimg trong phin
tich,

- Cac miau réu ding dé phén lich phii dwer say khd dén khoa legmg khdng dbi
& khoang 40 *C. Nén ghi lad gid i khoi heomp tir lée bt d5u say cho dén khi
khdi lwong khdng d6i & whiét 8 siy. Phéin eim iai cha réu chita sir dung

rong cic phan tlch thi cén | i cho céc phiu tich san nay,
1.3.2. KPP thudt too nii réu srong quan trde ohi ding

K# 1hud o1i tfu 88 dupe 38 duug hon mia thé ky qua v o thinh load chi thi
sinh hoe tich cype, phd bién ahat dé theo ¢80 chas hegng khdng khi, Mac di ciu ban
dia phid hep hon cho nghién ciu & nhiing Khu vye rdng Ion G nhién, ahamg kT thudt
nil réu rit hifu ich 42 thire hign céc khao s& chi tié v& finh mang & ohidm o cdc kin
&6 ti va khu ciing nghidp, noi tht khé thy thip duee réu moc tw shién {(Ares va
cong =i, 2002).

) cie khu vare @4 tly v3 cong nghiép, céc k¥ thudt quan trde ding chi thi sinh
how thuimg drge si dyug la nhimg ki thndt sir dung cdc sinh vit song nr noi khac
oo Tl thedmg [t by tac ddng bdd & whidm, fic 13 moi tradmg com npwyén so (Culicov
vii Yurukova, 2006; Kosiot vi cdng sir, 20010} Dui rivh gnau trac dieoe kidm sodl

theo thin gian sinh tromg coa thirc vat Ké1 gui cia gnan Irac I:ring chi tht sinh hoc



thudmg duge giai tich blng phin tieh so sanh (Daillant v odng sw. 2003,
Berpamaschi va ciug sy, 2004) va cac phirong phap ﬂléng ki khdc.

*, Chor lhea cde b3 phidn irén cdy réu 38 cidy ghép frong tili réu

Khi chiug ta chon mit lodi téu cy thé sit dung rong ki thugt i réu, thi Gép
theo ta quyét dinh phan nao cia réw dwoe ding. Két gua hap thu ling dong edc
nguyen 16 hod hoe trong khing ki oo thé khdc nhau iy thupe vhe phin eda réy
duoe chon lgs, bt vi céc phan gid cia thin réy & hip thu ham Teong kém hom so
vifl cle m ot { Vasconcelos v Tavares, 1998 Leblond v cGng su, 2004),

Mot w6 nhdm nghign o wng hg vide sy dunp cic phﬁu ngoU cHa Téu,
{ Ferndnder va Carbatleira, 2000: Gailey va Llovd, 1986, Littie v Martln, 1974 ) bdi
vi vigc chi sir dunp cdc phin ndy s& loai b sy bién d&% mong qua irink sinh [mrdug
cita réy, v¥ dam bao thd gian quan ehe 42 o6 thé se sanh khé ndng hap thu cic
nguyEn 10 ehinh xdc hom, Tuy nhién. mdt sd nhom nghién cinr khac thi khdng dng
hé viec chu =7 dung phéu chéi non cia rért., vi cd hai nhirge diém lién cpuEn dén viec
sit ding lodn b ehdi non. Thir nhét, khi kich thude cha réu thay 350 thi kha ning
hich liy cic nguyén th ciing s thay déi do vinh chil khing déng nhit cia réu: thiz
hai, viéc chi chon phﬁn xanh cia réu [ hai chd quan do qud winh ehon e ed thé

khéng ding dén wong cic maw.

Mot van 38 i khi chon réu sy dung trong k& thudt odi réue 1B réu cb thé drge
rita hode khong rira bede khi treo. Myc dieh cia vige rm i (i) lm sach ede ap
chit bén sao cho hdm legng ban ddu cos cdic nguyen 1§ cang dong nhdt cing 1
(Trétiach vi cing su, 2007; Adamo v cong sw, 2008a), va {ii} d& kich thich mdt
phﬁu cic mi, bcﬁng cich loai bo mit sb npuyarn b trac dbi cation trén thanh vi ang
i€ bao {Femdndez va edng su, 2010). Két qia cia cic 1dn rea duge XBc dinh baj
uhifu thing s&: (1} s lin roa; (1Y thin giau nka; (157 nra 1ac hodc khbug LEc; (v Toal
mrde ding d€ riza; (v) méi twomg quan gitta trong lwgng cha o vh khii lreng nude
démg 4 miza.
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Théng k& cde nghign enn cho thay, s6 lan 1éa ahidu nhat i | dén 7 1an nia
chiém 53%, trong 34 pha bién nhat 1a 3 o nra (chiém 474 va 7 lin mos (chiém
22%) (Ares vi cong sw, 2002 Muc dieh cia vide riim trude khi cly vao ti réu 13 dé
rén duge cdy ghép o dac didm ban diu twong tyr va duge xac dinh /& rang (Winh
théi Rromg fr, ham lwomg chat gy & nhidm ban diu twong tr) (Giordana vit cing s,
2009; Gailey v Lloyd. 1386).

. Chon g vil 1i5e ldm 16 rén v cdc dang ki réu

Chudn bi cAy ghép téu thudng lidn qaan dén vige diu 20 trong mdt 56 loai vt
iigu hd rg piv séu J6 treo, thyrimp (& Ky hedt. Réu ciy gheép cd thé duge d@ tong
mt khung, [ dp khung 1am bdng ob (Naszradi ¥3 cdng s¢, 2004), hodc wong 13m
polyetylen {Boquote va cgug s, 20H 1, hodc of thé duge dit gilis tham tic vt ban
dia m khéing cin bai ki 1oai Khung ndo (Hottunen va cdng sy, 1981).

Khi efiy ghép rdu trong 1101 dang hedi, két quil thy duge s bi dnh hidme bot ede
dac Huh ctia tdi (Adamo va cing s, 2008b; Archibold, 19835; Zachmeister vA ogug
sir, 2006}, Nhiing dfe didm nhue vay bao gdm céc taah phan va kich thuée eia mit
lwiri, hinh thize va kich thwede coa tidi. Thanh phﬁ.ﬂ cia vit [én hrdi thrdmp 13 cdc
boal nhize nhe i bng £7 %), polvpropylen (3%, polyetylen {3%) halic thara khong
e dinh { 17%). Cic vt lidu thuimg dupe sdn xudl hegng mat cho cic muc dich s
dung da fang nhy t6¢ man hode man chdng mudi. Cée loai ful khée alw s dung i
béng £3%:), hodc luda kim logi £1%:).

Wac dis cd nhidu kidu hinh dang khdc nhan cis 1 u duge s duug, todmg
ba logi chint; tit réu hinh cdu (36% aghign civ), 18 réa hinh vudag hojc hinh ehi
nhét (239} va tdi rén hinh try {3%). Trong 38% cdc nghién cim trde, hinh daug
ctia chide Wi khong dugse noi ra. Uy didm etia i ba chidu {tire 13 mish cdu v hinh
try) 12 chiiug cho phép fu tong i hip thy cic nguyén 156 mdt cich déng déu i i
ch che hudng (Lirtle v Manin, 1974), Trong khi /i hai chiu (the 1 103 2o phing).
thi sy tifp xiic cia réu véi khi quyén dbng dér hom, sg hip thu cde uguyén 16 tir khi
guyén duge ci thign bang cich ob diuh nham ngan réu xé dich bén troug nii réu khi



quan Lode (vi di: bing cach khiu t0i 48 tao thinh edc ngdn). Cach ldm ndy ngln réy
khing bi xep & day nii wong nhimg didu kién nhat dinh (vi dy: mus, B3, ..}
Nehign clro duy nhat v& so sinh cde load fif doge e hide bé Goilay va cac cdne
se (Gailey vi Llowd, 1986}, két qui cho thiy ring réu deoc treo rong clic i cé
dang hinh cdu th duec ham hromg kim loai ean Lon, nghis 1 hidu selit bap tha o

.
1.3.3, Sur thay 808 céu tric DNA B rde ding bire xa

MNhimg thanh 0ng trong vl 1Y hgt nhin thee nghigm vi vat I¥ ing dung 83 che
phép sir dyung céc ngudn bire xa khéc nhau cé thé lim kich thich sioh muonp, kich
thieh nay mam. hodc we ché sinh truong, o st thay doi edu inic THINA trong thye
vl nSi chung vi réu ndi riéng. Trong nhilng wim pin &y, mén thé pidi 4 fue dung
binh chét o o cua dot bién trong vide chon tap gidng, dic bigt 1d cde nde dng
dung manh edc ngudn phdag xg nbw MNga, Thay Bién, Nhit Ban, Hoa K¥, An
B, ...

Sn sinh tudmz cia réu b the duge kich thich béd chigu xa ong khofing lidu
dén vai chuc gray (Gy). Buc xa inh heong dén chc dic vinh sinh hoc cia réu, ¢ 1hé
gnlt hurdmg dén cic co quan quang hop cha réu, lam thay A6i qu# trinh quang hop vl
kha ning cia réu hiip thy wing lrgnp bic xa. .. Chiu xa 6 thé dugc si dp dé
kich thich s sinh tresma cia c2u mot cach hidgu qua, Khi réu duge chidu xs v mot
lidu bare xa wwong khodng van ehpe Gy, ching of khd ndng thich nghi voi méi pwimg
xuug quanb mdh cich ding ké. Birc xa 4nh hurtmg d2n cac d3c tinh sinh hoe cia rdu,
g6p phan lam thay &6t co quan quang hp eida ching.

Npoai ra, khi ning h:";p thiz nang heomg bite xa cing 1a gt }'éu td gnan trong.
Réu sau khi dwoe chigu xa cb thé hip thy ndog legmy i finh sdng mdt i v bIC xa
mt céch hidu qud hem, giip phét ridn 661 hem v ob (hé thich nghi 181 hon oug
mdi treimg madi, Do d6, ehidu xa ob the dige sir dung &€ Lao digu kign thudn 109 cho
sy phit tridu cha réu. Hidu tmg cia bitc xq irén cic ou quan qeang hop vA khd nimg
hip thy nang ligng chia réu gidp ching phét trién 15t hon trong mét romp o nhign,
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Trong khoang Vidu 0,1 + | kGy cde qua trinh sinh ly nhu qua trink ehm chia w4
civ o thé bi i hoin. Céc qua minh nay 13 két qui cuas nhiog thay déi vé enzym
irome cac mo1hue vit Khi triing cic Toad cfn tfing Bng bac xa teong dai idu 0,2 =
} kGy nham ngin ngia thu thit do cHn g giy hai eng ogi coc, diu, ngd cc,
bGE mi, o phé, dau, gia ve, trdl oy ﬁﬁy khi, cac loai hat khy, céc san phﬁm thizy san
khd v thye pham khi khac, Ligu hip thy 183 thidu khoang 150 Gy o6 thé dém bda
chdmg tai cdc loal rudi gidm tephrenid khac nhau mong (i céy heai va rau gud, lidy
161 thidu 300 Gy ed the ngdn oda tring cha ede ol khie xam ohip vdo khuy v
khiing bi 14y nhim. Trong hén hét cac meong hop, chidu xa o6 thé gidt chét hode ire
ché thém vé su phat tridn cac giai doan, vong 8 khdc ahag cda con tiing ady hai.
Sy bay hoat cha mé so kY sinh whng gay Binh of ¢ nghia 86 vl sic khde chup
ddng nhir sén day v triching trong thit ¢4 thé dat dwog vai liéu heomp tong khoang
0.3 kGy (Beyas va cing sy, 2016; Wiendi va cing sy, 2013; Hussain va cdng 5.
2007

Buc 1o 1on hda véi mdt lidu chiu nhat dinh cdo &6 {uy thude vio jop thue vin
cd thé din dén sy dint pay nhidin sic thé, cho phép lidn két chéo giira cde INA
Trong 5& edc the aldn gdy dat bicn vat 19, tia eye tim (LYY 6 dd dim xovén thip
uén higu qui trong viéc Lao rz chét dimer purine hodc pyrmidine, din dén A6t bién
diém. Tia UV 6 thé duoc sir dung hidu qua dé chidu xa phin hoa trong gidl Joan
codi hodic giai doan dhu hinh thinh (international Atomic Energy Agenwy, 1977,
Van Hanen va Anton Marcus, [998).

Thay d0i chu tric BNA bing bitc xa ion hda 1a phuomg phap duoc st dung phid
bidn nhit 42 phé trién céc pidug dt bién, day 14 phuong phap droc cho B cd nhide
wu didm hom so v cdc phuong phép tuven thong nhu phuong phip chon loc f
vhién, lai tpo. Trong sé cic loal birc xg ion hda, bie x3 ta X vi gamma dugc si
dung ahigu nhat 48 tao &Gt bien ciing nhu kich thich sind trirdmg hay e ché qud
trink phé) widu, Thoo thing k&, tn gamma 43 tao 1604 gidng d5 bidn mony khi do
Ha X cing dugo img Jung Lao 18 dage 561 giéng madi {adosn vi chng s, 20106).



Khi bj chidu xa, xdc sD# 42 cdo tin thirong & DMA 30 cng midl vj tef va tao
cing kiéu bn thuong 1a v8 cing nhd, Khi mdt té bao bi ton thoong DNA, 8 cb
afing sira chiva, il hodn gud 1rinh phin chis hodic nr chél, Cde cong b diu tigo vé
Agt bién do birc xa jon hod bing tia X 3% dwge Mulier v Stadler v wim 1989, Tny
nhigs, trong 56 cac ddt bién do b xa 1on hoa, ta gamma dirge st dung rdng rit
(Beyaz va cfng sy, 20170 trd thénh tic ahén ghy 48¢ bin, dipe sir dung phd hién
wrong nhin gifing cay tréng. Kht chidu xa, birc x3 anh hudmg dén é bae thang qua
kai co ché nhir sau:

- Co ché e tidp: phén it ADN gdm cap diy rofin mi roug méi diy oo mit
chudi xhe dinh cde Nocleatit. Vi céu tric cia ADN 12 mach xodin kép nén tia birc xa
cd thé Lie dong ién mit hodc ca hai day v iam 10 tuong ching. Néo tén thuong
birc xa chi xay ta & mdr div cia AND thi co ché siaa chifa trong & bdo cé the saa
chiva v hdi phye phin hong cia diy do.

Cé thé cd hai kha nfng: sua chita hoan thién, khi dé khéng thé hign hign ing
ki thuwong vé& sua chiva khing hodn 1hign hay cin st lgi mit phin khing duge sia
chita, khi dé tinh chét di truyén mén day niy cua ADN bi thay déi. Nén birc xa m
hong ch hai diy cha ADN o khi nang sira chiva che chd hong 12 it thap vi trong
phin tiz ADN khéng cén sgi diy bd sung wio @2 1am khudu sita chita sgi diy héng
kia. Dang t5n tuzong nay dege xép Br miec dudi chét dén mae chét phy thuéc vie
chudi irong di ieuvén chju Lic dong,

- Co ché gisn tigp: khi photon nmmg tic v nguyén nir bang hifn @ng quang
dién, Janm bt elecwon gqu¥ &0 p kKhol nguyén tly, Cdc clectron néy giy 10b hia cdc

phan b, uguyeén bz nong qod aink di chnyén.

Trang cic 18 bao song LGan Judn e @i mdt hreng nrde nhar dinh dé duy b se
séing vi thé nude s# bj ton hoa bdi cac photon, liam cha clectron by bén kht chc phin
i nude v pha v cdc iign két hda hoo. Cae sin phim sau dd két hop lai @2 tao
thiuh hydro (Hz), goc hydro (H"), gdc hydroxvi (OH") va cic goc hydroperoxyl






didu kidn akidl @8, leong oxy trong & bdo v & pH. Ching o6 thé tao 86 hode
chiém mét electron ddi wii cac phin or mude khic, lin win thizong phin ot ADN va
cdc thimh phéa hitu co troug & bde nhir cdc protein vé lipid. Ngodi ra g6c o do OH
cé b két hop vdi nhan lae wén hvdrogeu peroxide HaD-;

OH +0H = Hi(; {1.5

Hydrogen peraxide 18 mi téc nhidn oxy héa rat manh 1 o6 thé Jam 1o 1huzomg,
e phin 1 hini eo manh hon the dung e ép eia bic xa.

Su thay ddi ciu inic DNA phy thuc vac su hip thy agnp hrgng bic xa va gin
dimg tf |& vid ndng 40 ndng lugng hip the frong md sinh hoe Do @6 don vi oo ban
cla lifu birc xa duce hign dién qua uang hrgng h:r";p thir bdn mgt don vi khéi hagmg

cia mi.
L.3.4. Phuong phip kick thich réu phit rrién bdng b xg

Nz diem cig k§ thudr i rdu U rés phit wién khéng 1ot b réu tr nhign,
Lam cho khi ndng tich By eac nguyén tb héa hee tr khong khi cia i réu hip hon
réy ty ubidn. Trong mdt 50 tnromg, hop, ham lwong cdc uguyén B ¢ hai ahu Ph,
As, Od. Cu, Ni... irong ti réu khing do duwge do dedd ngedng phét hidn, nén kit
qud dénh pia khbng phin dnh chiub xdc higu trang & nhifm khing khi. Dé khic
phuc han ché nay, Ares 4 tham khao mdt loat céc nghign cfm Béa quan dén k&
thuit i1 réu 42 de xudt mdt gy winh véi mue dich phit mén mdt phiong phip Géu
chugn cho k¥ thudt sir dung 5] réu (Ares vd cdng sie, 2012,

Anh haéng cia bie X3 d6i véi thye val $8 duge nghiga cdu khi nhiéu 1rén Thé
gidi vol cdc muc dich khdc ohaw, ohu thie hién doe bida gen & nhin pidng
(FACYIAEA. 2018, Beyaz v chng sk, 2006), @& kich hich hat ndy mém vé ting
tuctig cda cdy con {lapo vi cong sy, 2019), néu difl v sinh vl va ic ché nay
ram trong ndng san (Farkas, 2004 Jeang v3 cong s, 2042 Son va cng su. 2022).
Gehrke (1999 84 s dyng bic xa cure dm d md phiug difu kidu suy glam téng
Ozone khi nghidn cizi vé sg sinh treomg v phdt irién cos hai lodd 120, Nhin ching,
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fhimg phit hign fong c4c nghign cdu nha viy v thie vl 14 khic nhaa déng ke
kich thich tang tnring & lidu chién xa thip v izc ché s phit trién thirc vt & lidu
chidu xa cao (Moussean vi Maller, 20200,

Birc xa o lién cao co the BAY ra nhigu tac dgng e ché déu thuc val by chién xa
di§ dwoc nghién ci, nhy it ché su phar trién cia thue vt (Sax. 1955 Fina, 2017),
giy chét cic (& bao vi thue vat (Nawkar vi cing sy, 2005 Kusmiyati vé cing su.
2018, hodc gy ¢t bign bang cich phi vé& chndj kép v chudi don DNA (Forster vi
cong s, 20197, si xudt hidn cua cdc bién the 56 luong bdn 580 mdi va chén node
xod ciu mic DNA (Adewoye vi cng s, 2015, va cic dii bién khac (Gregersen.
20510

Chifu xa lifu thip co thé giy ra hién img kich thich mfn thue vit da duge cdng
bd trong phidi aghién con teée day. Chife xa véi lidu heomg thip o6 thé nang cao
tv L& nay mém cia hat (Beyaz vi cong sy. 2016, Jaipo va cdng str. 2019), giam thii
midy nay mamn {Bevaz va cane sw, 2010f: Hussain v opng sz, 2017), va kich thich
sy ndy mam cia hal doge bao quin Trong thd gian dai (Mousseay va Maller, 2020).

Ciy con tir hat dwge chidu xa véi lidu lrgng thip ob thé siuh trudng it hew cy
ddi cingng vé cac chi ridu sinh 19 bao ghm s legng, trong legme va kich thuac che
e quan nhu: irpng logng va Kich thide iokn b ciy cou, &, chilm chii, me duodd &
mam, ... (Hussatn i cdng s, 2007; Marcy vi cong sir, 2053,

Cliy duoe 190 ra 1 vfe ngudn chiéy xa lidu rthip nhy o, Rat, ... cling ¢d thé phil
trién t6t hon va na boa sdm hon (Sax, V955) v sy cdi thign vé chidu cao ciy, s
chét, chidy dii bong v s hat trén bdng (Maicy v& cbng =iz, 2005), vé ang 56 heomy
il va tﬁng sin lygmg {Tom A vE cing s, 2013

Miller v Miller {1987} 43 tham khao mit loat céc nghién cire Lién quan dén
vife kich thich téng mudng thiee viit biug cich cho hat gidng hoac ture v tidp xic
wii birc 52 ion hda Lidu thap va chl ra ding cudmg &6 cua cac tae ddng thwdmg nho.
chifm khodug 10% gia i kifm soit, Theo cdc tic gid iy, van chua ¢6 nhimg qny
ludt cy thé vé co ché cia cic phau ing nhu viy cia céc yén 5 & bao v vau 1§ lién
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quan dén vide ofiy ra cac iy dng dd. Tuy chidh xg 1ifu thdp Wm kich thich sinh
truémg, nhyng ia ij lidn bao nhién thi oy thode vao ding toad thye vl ma ta qnan
e, ndn khong cd mdt gid tej lidu chigu op the cho it cd cde todi thire vér,

B pidi thich ro hon v dnh hidmg ciia bire xa 457 véi sy sinh tnrong va phit
resén ctia thiee vt, kién thirc chi tiét vé co ehé coa cac qui 1finh xay ra & cap do di
rruyén v sinh by, cfing nhir the dgng qua i cia ching 14 cin thiét vi da b rit nhidu
nghién i chimg minh ring birc xa 6 thé dnh hugng dén hé thing ndi oét o vi
chil chdnty oxy héa, gud trink sinh thng hep, quang hep. bd hip va difu hoa di
I.m].rén cdc qua minh sinh ly ¢ thyee vat (Gndkov va cong sy, 2009}

Réu moc vén chy vA mén nedmg thude indt trong ba pham thye vt mén can
khing ct mach { Bryaphvres). Vé ngnyén tae, ching oo thé bj aab hirdmg bai hic xa
rhwr cie Joai Fhue vit khic, Do vay, vdi bitc xa & lidu thip, ¢6 thé kich thich s phit
irién cha vén, lam tang khé niing sdng sdt khi ding rEu bang K 1hesit tin rén, Diy ta
¥ wong ban diu cha ughién cir, nhdm kich thich sinh rudme v cdi (thién kha nang
hip thit cdc nguydn 16 hda hoo cia réa si dyng trong k§ il 10i réu, Trong nghién
ciru nay, chi ing dung qoi wink kich thich u viée chon lira 1ién chién xa i uu ma
khéng di sén dén co ebé cita qud 1inh chén xa.

1.4. Cac phrong phip phin tich bt ohin uguyén 1

Mt 50 k¥ thuat phin tich hat nhin nguvén ne 38 duge dp deng d€ xic dinh ham
Lurang ngeryén (5 vi lugng rong réu nhis NAA, AAS, ICP-MS, TXRF, PIXE, ... Ky
I]m.?:l. XRE. NAA vi PTXE 44 dirge sir dyug & Phip, Ao D§, Bé& Dio Nhp, Ghana,
Jamaica, Nga, YViét Nan, K§ thedt JOP-MS 88 duoe s dung 0 Phip. An B9, Bsrac]
va Na Uy,

Trong cic nghign ciie Ewde diy, khodng 20 nguyen 16 o6 thé dwge phét hign
bang k¥ thudt NAA mong cic mdu fu (Sucharova vi Socham, 1998; Pemandez vi
Carballeira. 2000, Anidié va cbag sie. 20081, Trong indt 6 nghign ol khie, 30 dén
36 ngnyén 15 da dizpe phdt bidn (Cuticow vil cdng s, 2009; Doan Phan v cdng .
2019, Dién cin lun v 15 khng thé phiu tich dizoc Ph.
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L4 1, FPhdin vieh kich hopt nentren (NAA)
F4.4.1 M s &7 FRuzi phein ifeft NALA

C6 phidu cach ¢ phan joai phdn Weh kich hoat nevtran. MJL wong s6 &6 dua
rén cic céch tao mau trwde hojdc sau khi chiéu xa, phin biél rhu:

£ Philn tick Kick how cd x&r ¥ hoa hae (RNAA - Radiockemical nentron
activation analvsis)t néu cac phép tieh hoa duge thye hién véi cie mdu sau ki
kich hogt dé logi erir ahiing dnh huemg can abidu cia cic ddng v khic, hojc 12 1am
gidu déng vi phdng xa cdn gnan tim, thi k5 thud niy 201 10 NAA o X 1Y hés
(RMNAA)Y K¥ thuit tich dirge sir dunp 1a: chidl long (Krett, 2002, Heutig, 199%)
rae dbi jon (Wildhagen, 1997), k& ma (Cro. 2002: Shinolsuke, 1997), dién phin
{Rictz, 2001 §, va SAC k¥ {Polkowska-Motrecko, 2000).

£ Phin tich kick hoat newtron dung oy (INAA - Msirumental neutron
activation amedysis): thing thudng, sv phd huy mau bdng xi 1§ hod lrang phin tich
kizh hoat neutron 12 khéing cdn thidt (Orvini, 1998: Bode, 19983, Hal nhan phéng xa
duge xdc dinh tén oo 56 sw khde bigt & the @3 phin d thing qua cée phép do véi
cdc khoaug thid gian phén 3 khie ahau bang cich sir dung cic loai dau dd bdn din
co &4 phin gidi cgo. Pmrong phip ndy dwoe ding rong ludn dn va s& 1nh bay chi
tif1 & phin sau.

. Phdn fch fiel hogt Wdp ving (CNAA- Cyelic newfron aciivation analvsis)
Phan tich Lich hoat Bp vong dya wén quan diém ndng cao 83 nhay cua phuong
phép kich hogt, nhdm xic dinth cic nguyén i co théd gian séng ngén bang cdch
chigu 1ap lak do tudn hodn va thu dwoe phd tong, Phuong phdp nay cal thién duwoe
=& dém théug ke cia cac nhin sing ngin nhir tang 6 54 dinh/phcg tao b cie nhin
st dai.

*= Phiin fich kich hegt dv pgamma fivc thei (PGNAA - Prompt garmma neytron
activation aralysisy: Hat nhan hop phin dwoe tao thanh do bil newtren, khi hat
chin heop phﬁc: tré vE irang thl cén bﬁng phit m chicu lis aamm (e thin, sau do
mai phit pamma tré. Trong kich hoat nevtron dé pamma hirc thin, cic phep do phfl
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gammg thire hitn ngay seu khi chifu, Phoong phdp nay diing d¢ xac dinh cée
rguyén 1& co Z cho ulur B, B, N, P, § vi Si troug ahidu mau {mfu diz chit, min
<inh boc, va hop kim) (Internationai Awamnio Enerey Agency, 19949 Borsary, 2004
Nagvi, 2003; Nuncs, 2002; Nair, 2004). C4c nguyéa 16 nhe thidmg khéog duoc xic
dinh bing phdin tich kich hogt neutran dyng cu vi cho dj nhay thép. PGNAA cling
thutmg duge dp dung 861 vdi cdo nguyen 15 ning nhwe U, *¥Th, #0 (Révay.
2000 Lindstrom, 1998).

*. Phdn tich kich hogt do pamma 1ré (EBGNAA): Tul thude vao ddng vi trong
rdu khi bit neutron od théi glan bén r4 agin bay dai mi ta chon cach dé gammg téc
thisi hay gamma e, Thang thiromg, miu sau khi kich hoat duec do ca 2 logh gamma
riy.

Néu mau san khi kich hoat duge Tun 10E rdi mdl tién hanth do birc xa gamma, thi
qud inh do n2y goi la phan tich kioh hoat do gamma €. Thing thnong, ki thujt
NAA chi yéu s dung phuong phip do gamma tré.

Meodi cdch chia k§ chudt NAA theo cdch tao mau nhr trén, ngadi ta con quan
tim & ki Lhuit NAA gua hgt nhan cia bia mau bal peutron thep cac nang liegmg
khic nngu. Khi do, neution tiomg lac vdi bia miu dwge phan inn cic loai: neutron
rhi€t, acutron trén nhiét nentron phin hach {aeuatron rhaah). Hinh 1.7 chi ra cic
NEuYEN k3 ¢6 thé xéc dinh trong phin tich kich hoat neutron,

Théng thutmg, phuong phip NAA thrimg 50 dmg neutron nhigl (TNAA) a8
igo ra phan imyg hat nhin dwdi dang tao hat abin hop phin. Hon 65 ngcyén th oy
ubién e the tao m hat nhén phéng xa i phit biic xa gamma bing phin img (n. * )
Uiy difm chinh cdiz TNAA lia dé; dign bl birc xa cao vi khéng tbc tat cic phan imy
klvic, Whirge diént chinh 13 sy can nhidu do théng womg neutron nhidt thay dd v
cic mdu hip th cao {Csiksi, 2002},

Neutran Irdn nhigt rong phén lich kich hoal newron (ENAA - Epilhermal
neatron activation analysis): Newtron wén nhigt chi yéa dwge si dung 48 cai hién
gici han phil hién va 46 chinh xdc cia vide xac dinh cic neuydn tdé nne U, T), In,









teong dd: A 36 khdi cia hat nhan bia: 2 6 dién tich caa hat nhdn bia, Ky hidu!™
hat nhén & trang théi hop phan,

Vi phan img (n, y), hé phd k& gamme s& ghi nhan nding luong va cudmg 83 cac
i gamma, tir dé xac dinh dwoc hat nhin vé ham luong cie ching of trang miu,

Truwtmg hep mot s& hat nhén khi bat neutron 58 tae ra phifug san phim mé (e
ra dong vi méi). Seu d0, céc hat nhan nay ifi nh¥ng hal nhiin thira noutron, of xu
hirdng 14m giim nevtron bén rong hat nhin bing cich phan ol beta trit, v3 phat b
xa gammi. Treng tneme hop nay. pamma phi ahdn B gamma 18 Thin giun phat
samma pho thode vio hdd @ian ciia hgl nhdu phit beta. Phuronz tink mo 14 cho qud
trinh tréu dirge minh hoa nhr sau:

B+ o (M) o (M0 - Hivre +T4 Y (1.7
Théng thmmg, phuong phap NAA sit dung cae doag vi cdtict di€n bal neatron
16m. Ngudn neutron 1 16 phin (me duoc 57 dung dé kich hoat cac ddng vi gom
ceutron nhiét va trén nhidt ivimg cdmg hudng), Npudn acatron v 16 phan éng li
pgudn hon hop nén tac 45 phan tmg duoc linh thinh bai phin dwoe kich hoat bai

efic pevlron fAhigt vi teén nhiét tudn theo quy uoc Hogdahl, duge thé hign trong edng
thize (Kruges, B, 1971 %

R =G”,,gi'm.ﬂ'ﬂ +GEF’I'#E."I'“ “.E:l‘

Hp _ WaN
Em M

Viy: ESy[Gin By 00 + Goo . o (@)} 5.0.C

Khi dg, hogr 48 riéng clix hat nhin quan 1im do duge la:

frery —LI .'r'-"m
A w.ipbr (1.,

v Ny f, i3 we i xung do duoc cug dinh pa gameme guan tAm 43 duge hiéa
chinb i gian ¢béy va cde hidv img ngdu nhién cling nher trivg phing thie: N; 14
=6 dém trong dinh nang lirong toan phin: 114 thoi gian chidc xa; t. 14 thisi gian do,
ty lin thist gize phiin if; . N, 1o hing 36 Avogadro: W 13 khdd hugng aguyen th duge
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chifu xa (g); 8 13 i phi bicn ddng v ¢ia dbug i bia; M 13 khoi hepng ngnyén ti
eha nguyén (6 bia; G 13 bé 0 hidu chink cho syt che chin newsron nhidn Go hé
=% hiéu chinh cho su t che chin nentron mén ohiét; § = [1 — =] hé =6 hléu

[ . aa ~g 2w
chinh thidi gian chién b = [e‘*‘ﬂ] a hé 50 hiéu chimh thdd giap v, O = (e :1 }'

la hé 56 hléu chink thivi pian do; f, Fa xdc xudt phdr ta gamma cha ndng loeng £,
duge do; £ [ higu snit rhi tai dinh ning hromg E':,-

Thea gy woc Hogdaht, phueng winh {1.10) cho phép ta tnh kit leomg (g} coa
nguyén i nhu sau:

Woftm ™M 1 t

W = . Sl
0.8 " Nad mn Cend it Gedphole)

(1.10)

Cac thing &0 rong phwong trinh (E.17) dupc giai thick phy trong pheoag trinf
f1.100.

Hay hain heong ciia nguyén td treng méau dwec xdc Jinh nhe sau:

Npftm M 11 1
WL WD Ty ep fy Eppfa Cotdgla)

w 1i khii Twgmp, mlu (g),

pgfg)= (.1

Pheromje frink () F} 14 phereme ninh e hao trong phin tieh kich hogt

Nhir vy, dé xac dinh ham Iugmg cna miu ta phai hiét cac théng 56 vi i chigu
x4 clia 16 phin fmy (holic ngudn nenton ddng vid nhy thing lhong lugng neatron
phiét va trén nhit, hift hé so 1éch phé neunou trén nhiét. Di voi thift hi phi bic xa
ta phai xac dinh dudmg cong hidn sudt theo naiva lireng cia detectar,

Phén tich dinh Twong dwge xbe djoh oo thé King cach so sanb dign rch eda dink
ring lrong gamma cin gnan cim phat 1a oén mac don vi thil gian bid mot nguyén
b ndo 4 cia mdn cin phin tich voi dige tdeh dinh cia ning logng i x3 gamma
phat ta rén mgt dom vi théd gian cia naguydu 1o trong man chuin 3 bigt, Trong thg
€, khét hegmg nguyEn 0 duge xac dinh dya vao cie phueng phap chudn hag ohd
bién ohu: phong phip oyt déi. phuong phap nrong ddi, phona phap chudn don
va phuong phdp chuan Lida ka (Kruger B, 19711,
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14, 1.3. B nhay v sal s cna pheeng phdp NAA
Y &% nhay ciao phuwong phdap

£ nhay coa phwong phap NAA 360 vdi cic ddng vi ph thide vao céc thing sb
chifu xg (e 1a théng lugng nentron, bie xa phit ra va this gian phin rd), didu kign
do (tic Ta thé gian do, hiéy sudt cia detector), thang sb hat nhin cia cic dong vi
cin do (tie 14 42 pht bign ding vi. Gér dién bat nentron, cha k¥ bin rd v hé si re
nhédnh cia cac bia gamma). DY chinh xac clia mdt dong vi xéc dinh bing phuong
phép NAA thwdng dao ding w7 107 dén 107" gammdt gam miu. DG ehinh xac cha
phép do bing pbirgng phap NAA thirong n 2% déu 10% pid i ham lugng,

1§ chinh xac gy firy thude vao ngtiyén 16 phéan tich va ham hrong oo trong
maw. (it han phit hign trong phuong phip NAA duge xac dinh (Krager B, 1971

. = AcAmit)=ild  ur
MR T ey e 1—eATer) wy

{Li2)

rong do A, H 86 nguyéu tr cua ding vi, Am(7) 36 Jéw tai dinh nang womg cén gran
LA, 70 thii giem vl (e thid gian ti loc két thie ehifu xa dén thoi diém bl dde do),
Fli @5 phi biéu cha dbny vi, 60 hé sé & thay d6i 56 dém’ phiit qus 54 dém/pliy. N
sb Avogadro, ¢ 1a thdng lugme nedtron, n.em s, = L3 tlé Jién phan ime (., ¥), w
rong lweng maw b Bang gam, UF 13 hé 58 chivén 33i dom vi (UF — 108 0éy O
tinh bang ppm hede mp/L), UF = 10 néu Cain tmi bing phin trém).

¥. Bai ol trong phirang phip

Trong phuong phap phin tich NAA sat 56 déng gop 8 oic nguda chinh ahu: sat
56 khii Ironpg mau. sai ) théug lugmg peutron kich hoat v hink hoc chidy, sai i
reong phin tich phd, sai sb hidu sust hé do, sai 58 théi gian chigy, 12, do, sai sb nén
phitng, ... Tny ohién, déng gop chinh la cdc upudn sal 56 sau, va duge tinh theo sai
s todm phan bang chng rhidc tuyén sai 59, ta of;

Up(Bm) = Wi + U3 + 13 145 {1.13)

Vil i fem) 1 501 50 tromg 861 cha hm hwong oo
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- Sai s0 vy tobg qud tdnh chudn bj mas: heo qiy wov, sai sd trong gué trink
cin may banpg 50% gid i 151 thidu mh cau o6 thé xiac dinh duge,

Chiing han, chn co 48 phay 10 gam. th! sai sb =& 13 3107 gam.

- Sai 50 7 trong qui klnh chifu mfu: Sai 5¢ do Kink kee chidy: thedmg khodng
0,1+ 1 %: Sai 30 do hidu img tyr che chin, va qua tfnh tin xg dan héi khodng 0,i%;

Sai s6 vE mit thei gian chidy khodng 0.3% nhimg bd qua vl s dymg phuong
phap tegmg 46i: Sai 6 gdy ra boi phan {mg nhidu o newtron nhank khoang 1%

- Sai 50 s trong qua trirth do va i 19 phé gamma: Thong k& b dém: Ty theo
théng k& dinh, sai 86 nay déng pop ding ké voi dinh vl 54 dém théug ké thygmg
khoang w 0,2 + 15%;

Sai s thid gian t3 (vai nhin séna ngdu (< | phit) khoang 0.3%); Sal s6 thoi
gian do i 0,1 + 0,2%,

- Sai 55 . 13 sai 56 cva qui trinh do pho, dong gop o cée ngadn chinh ii: sai sb
hoat &6 ngudn, sai sb thdng ké cua qnd rinh do. sai $6 théi gian chéy, sal 56 cudng
&9 phit cud dink ghan thm, sai 56 thid gian bin #8 cba ddng vi. Sai 50 hidu sudr ghi
cia dan do dwge xac dinh theo ciug thire:

a2 aey? ary 2 dx 2 arys
o 4 0 () )
iromg do: A sat 54 hogt 3 ban dan (cung cap hoi mid san xudn, A sal s6 didn tch
dinh, {c: sai 50 hing s phin rd, £y sai 50 cudmg 4 phdt, A sai 56 hiing s0 phin 1.

L4, 1.4, M1 3G i didm va ahegc Sém ciia plrseng phadp INAA

Uu didm cia phirgmg phap INAA 1a khing pha hay, khéng yéu cin xa 1§ phic
tap. Tat ca cic van dé Hén quan dén pha hoy méu va tach (hba mn, nhidm bian v
thit thodr rafun) duge loal bo. Dac diém néy piop cho phueng phip 0d thioh ha
chon wu tién khi phin tich nhimg méw vat hiém, vf dy céc miu khio cb hoc, cic v
thé roup trrima hop vit ligw kb hik ran, radu dus reéu silicon hode gom sir,
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INAA T phuong phap phin tich da nguyén 10, phd hop vl oF miu b pg dén
kg khi nang phat hién cic nguysu & o mizc ppb dén ppm, o6 thé phin tich dén 65
nguyén tb trong bing hé théng tuln hodn. Gicd han phdt hidn cfe nguyén 8 mong
wubh co thé dat dge bé.ng cich t& uu hoa cic théng st chidu 23 (nang lugmg,
théng hrgng chim newtron, théi gian chiéy, théd pian phin . v thai glan do).

Anh hudng eia matzix nén thuimg khing ddng k€, bdi vi cde nguyén & ma hin
hét ching dwoc cdu o (H, C, O, N, B va Si) thi hiu oha khing a0 thinh bir ky
dding v phong xa who, didu niy Bm cho phrong phap oo 89 nhay s,

B4 nhay thu dwge khl prin tfch kich hoat neutron 13 mot him eua edc rhong sé
hat nhin vai cac ddng vi of trong mdu nlue tiés dién bat nedtron, dd phé bidn dang
vi, chu kv bdn rd v hé 58 of uhinh cia tis gamma, thing lugng neurow, thid glan
chién s, hidw sndt ghi cfia dhu 45, thanh phin matrix trong mén, kich thwée miu.

Tuy rhidn, NAA cang co mdt 6 sthuge didgm nhn;

Mt sb nguyen 16 quan nomg orong mdi mrong, vi du, Cd. Cu, Wi va Pb i khé
hole khing thé xic dinh dwge 5 véi him lupng ibip,

Phuong pbap NAA khi tdn thid giau khi pran tch wan b cac déng vi moug
mdu, Mt khodang 2 < 4 wan d& ¢d dugc thdng tin vé céc pRuvén o lidn quan dén
cic hat uhin phdng xa cd chu ky rin b 4. MAA chi cung cp théug o vé hira
legng 10ng coa cde ngevEp th, Cdc thing tin v& hop chat héa hoo vi trang Wi vit 1y
khdng thé cho kél qua bang phiin teh NAA,

Mt hau ché nita cia pluzong phap l cén thiér tién hioh thue ughidm sai nhikng
i ob by phan Ging hat ldn, cde noi of agudn phit W mdy gia idc hat. hodc nhiing
nguﬁn ohit ueirtron thing luang dia lém. Do vy, vin dé che chin an toan phong xa
can phii dwge quan tam cho ngiedl iam thae nghiém.

L.4.2. K thuilt phin tich kujah guang Bu X phia xg todr phin (TXRF)
1.4.2.1, Tone quan vé phinge phap TXRF

Vio thang 11 nim 1895, iz X lin diu & dwge phit kién boi Wilhclm Conrad



Ronigent {Rontgen. W. C.. 1898), I bie xa didn i v brde song khodng 80 nm {E
- 15 e¥) déu D01 nm (E ~ 1.2 MeV). Nam 1925 Comptou (Compton, 1923} pbat
hién bdng rhae nghiém hiés tuomg phan xa todn phin iz X, ching minh ring he b
phén xg tia X cdia mt vir ltu phing tiog 1én nhach ¢hong dudéi mot gdc 101 hin
uhiit dinh ean 0,1% nhung phai t&i nim 1971, nhitmg misu ta diu tién v init he thue
nghigm huimb quang tia X phan xa todn phin (TXRF) méi duge Yoneds cdng bo
{¥oneda va Horiuchi, 1971). ¥ twdng chinh cia cfng minh ndy 1 dp dung hinhk hoc
phén xa todn phin $& tao ra huynh quang bic xa kich thich tia X cda nhitng uguyén
hr wonz mét lugme vit lidu ohé duge &b trén mét promp phan xp. Y oromy nay
durge hién thare hda trong cdc cing tiah nghin cirn vao nhimg nam thdg nién 19705
(Adginger v Wobranscbeck, (974, 1975: Knoth v& Scbwenke. 1978).

TXRF 13 mat k% thudt phén tich da nguydn o, d2i nguyén td phin tich rina t
Na dén U, thudmg duge s dung dé phin tich cde nguyén 10 vét, Phirong phap co
cac i didm sau; Day tién, TXRF cé ngrang pha hign thip, cho phép phir hién vi
phin tich cde nguyen 10 o trong miu o ham Tugng oo the dat dén ppb, dam bio sy
chinh xic va 44 nhay trong qud irink phin tich. Thir kai, mé un didm dang chi ¥
khiic 18 TXRF cil can s dung mdt leong mdu oic uhd @2 thwe hign quy tiuh phan
tich, riét kiégm b plau va ngudn lue, Hom nira, TXRF of kha nang diug thii phin
tich nthidu nguyén th trong mét mau, gitp dét kiém thid gian va cong =ic so v
vlge si dung nhiéw k§ thodt tiéng bigt, Bidu ndy khing ehi glip (31 vu hoa gna trink
phén tich nw3 con giam o rét hifu ima matrix va hiéu img kich thich, lam cho két
qué phin tich tn hién chinh xic how, Cudi cing, TXRE cdo durge bigl Jén vdi chi
phi thiip, gidp tgo difn ki€n thodn 1gi cho vige si iy 1dng rai rong phigu linh e
ughi®n ciu ¥a cOng nghigp.

TXRF 13 mat ki thuit dn pbo xnde phit it k¥ thodt huynbk quang ta X (X-ray
Muorescence - XRF). Digm khic phau chi véux gila THERF va XRF B v& hinh dang
hinh hoc. Ngoii ra, phuong phip TXRF khae phwong phap XRF thing thuimg vé
viée kich thich mdu, chink sira hinh hoc cilng nhw vigée chuan bt madue















Giidi hgn phat hiéh diegre 2éc dinh dya én 58 dém thong kE (ad dinh va phong
(High t.12), Do do, mét nguyén 1 duge xem 1 duge phat hign nés dién tich dink
1dm hea ba Tin 58 dém thdng ké cia pldng (héu chuau 3-sizgmal:

£LD, = 20/ Mae (1.18)
|

oo do: LD gidd han phdy hiép =|hfnp nhit cha ngu_}rén % I O ham Trgmg chia
rEuyén if i M sb dém dinh coa ngevén & i Nog: 56 dém phéng dudi dinh,

*. Saxi 34 frong phureng phip

Sai s& coa phurgng phép TXRF dugc Bnh ohur sag;

U () = TS F uE + 12 (1.19)
wir i) 18 5al 4 fuomg, déi ciia ham legna &, 58 6 10y trong qud irinh chudn bi
méw: wz 1 sai 50 frong qud trinh thdm chulin nfi; w13 sai 56 rong qua tinh do vi
xir 1§ phé tra X theo thing ké sb dém: Tity theo thdng ké dinh, sai s6 nay dong gép
dang k& vai dinh voi 58 dém thony ké thuwdmg nihé hon 10%,
f4.2.4 T v mhargre diém cnia phurong phde TXRE

Treéi diy T2 mdt s0 wu didm edn phuong phap TXRE:

- Chudin bj may don gidn, nhanh ching, an todn ma khong co chir thai hia hoe,

- Chi phi canh trarh.

- Phan vich ngay 1ai noi san Xt

- Khing céin phar hiéu chink lai hang agiy.

Chudn hi mAu den gian, nhanh chdng va an tedn, cac phép do bai THRE duge
thire bién tree 1i€p én vt 1idu rin {hofic 1ore) v guy minh chudn hi mis khi dom
aian.

TXRF do diwoe miu vii khi hrong tuong 851 nha (1 mg dén 10 gramy}, vén o
s4i &6 do tinh khdng déng uhit miu dagc giam thién 48 dang.

Khi tinh dén chi phi ddu ro thids b va co s& ha thog, chi phi vin hinh bing khi.



axil, diga vh xit 1§ chat thai, k§ thudt TXRF tiét kigm hon it shidu so vé ICP vh
AAS. TXRF khing yéa cu str dung khi va o hie d3r tién. Yéu cae duy nhit b
ngidir dién, ¥31 trong mit 56 trudmg hop sir Jung khi heli dé ding dd nhay eho edc
phén i Anh séng trong maW. Ngodi 1a, odc thianh phin troag thidt bi do phié TXRE
khéng bi anh hudng bed va cham hofie thidt 0§ ghip kéo diai i tho mdy,

Do viée vin hanh mdy quang phd TXRF khiag doi hoi chit khi, ehdi 1ong, adt
v i hiit, dpng cp o6 thé diege 3t mong co s& %N Xudt, ugay bén canh diy chuyén
sha xadt &2 kiém sodt quy thinh tai cho. Thiét bi a2y dé 13p dic, chi voi khda dao te
ng3n han v co ban vé phia mém, ngudi wi dung o thé vin hanh thide bj mét cdch
dé dany,

Céc dén bd mdi nhit moug céug nghi kich thick va phét hign 1am cho miy
quang phd banchtop TXRF hoat ddng on inh, So vai 1CP vi AAS, XRF khéng cin
khi hefic chit iong d& vin kanh, Do do, ahimg thay dbi irong vige hiéu ehinh do d¢
tinh khiét vi tinh dn dinh cia cac khi khbug phai 12 vin d& coa TXRE, khéag phat
midt thiri gian higw chuan hing ngdy thiét bj TXRF.

B4i v cac may da phd XRF, d léch chuan gua cac nadm dirge chioh sira o
ding troug phdn mém va khong cdn phal hidu chufn il toan b5 mdi 1n vin hanh
mdy.

Mt nhwoe &iém chinh ¢be phiong phap TXRF 18 khing thé phin tich cic
nguvén td nhe do vimg ning legng phal tia X ddc trung rit thip, ndm wong viing
nhiéu cia hé do; mdot véu dé nira ia han ché ftdng hrgng cia ngui‘rn phit sén mt a6
neuyln tr ¢ nlng hoone lign két electron Loa thl khing thé birt eiectron ra khol
nguyén i, nghia ia khdng phat da X d5¢ numa.

§.4.3. Kf thudt pitin fich hupnh guang tia X phén 1dn pang fromg (ED-XRE}
1.4.3.1 Fomg quan vé phucmy phap ED-XRF

Mai cho dén tdn nhifng niim i960s vi ddu nhing ndm i970s, cdc hé thiét b
didu i phil iién, dic biét 13 ciing nghé che we detector b g phan gidi cac, nhie
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detector Lithivm Silie — 81 (L), thl k¥ thudt do ED-XRF bt diu phitt triga v4 fng

dung roag rai trong phin tich cic nguyén K trong mau.

ED-XRF li pheong phip phin tich tuong ddi don gidn va d&u tw kink phi Lt so
v cac ki thusi do khic. EB-XRBF d6i hoi ngudn ta X don gian chi 1a mét dug ba
X 30 - 60 kV va cing sudt khoang 30 - 360 W, Céc model ED-XRF cAm tay hodc
& baa voi chi phi thip ctn co thé sir dymg &dng vi phdng xa nhu Fe, '"™Cd, ¥*Cm.
M am, "Co, hodc ong phit tia X cdng suat nhd. Thiah phin quan yong thir hai cia
hé ED-XRF 13 deteclor. Hau hél cic he do CD-XEBF tong phodag thi aghiém vén sir
dung datector iam ignh bang nito iong hoic detector Si {Li) Jam ianh bang Peitier.
M 50 thigt bj cam tay si dung cic detector khéc niur badide thuy ngan, CdTe vi
CdZuTe.

Phirong phép quang phd hiimh quang tia X 1oai ED-XRF 13 mit coag cu quan
lrgng trong viée xde dinh nhanh che nguyén 16 ed reng maw, Phuong phap ndy
thirgng s dung frung cdng oghiép. woug phin tdch miu san phim. Bifu guan mong
14 ED-XEF o6 the cung cip két qua nhanh chong, gitp & kitm thdd gian rong qed
irinh kiém tra chit lirgng va phin tich ngiryén t.

£iém manh cia ED-XRF 18 kha ning phiin tich nhigu nguven 66 cimg lic, Bay
ia mét wong ufimg, ki thugt huimh guang tia X phd hidn. dong vai 0o quan g
trong vige xdc dinh s hién dién va feymg cac nguyéEn 10 trong mau mot cach chinh
xic. Dléu ndy lam cho phuong phép ED-XRF trd thanh mdt cong oy quan trong
trong aghién o va me dung chug nehé monp cic imh vire khiac nhag, or nganh
sien xwat dén khoa loe mdi irwdmg va v hoe.

Vi quang, phiv EB-XRF, tit c4 cic nguyén o trong mia dwge kich thich déng
théni va detector plidu tan nang Wwomg ket hop véi may phn tich da kénh dugc sir
duug dé ghi nhin ciing lbe cée hirc xa hujnh quang phat o b miu, v sau 46 thch
che nding Lreng khéc thav cuz birc xa tia X d8¢ treng o mdi aguyEn 65 khis nhaw,



B phin gidi efia hé thong ED-XREF phy thupe vao detector, timg nim rong
khodng tr 150 ¢V + 600 eV, Uu diém c@a quang phé ED-XRF i3 tinh don gidn, vin
Lanh nhanh, kbdng cdn cac bd phin chuvéa ddng va higw sulit ngudn phét cao,

K# thuit quang hoc dugc img dung troug tin xa a X dé ting khi nang phin
tich, cy thé vii hé ED-XRF. Bi vii hé XRF thing tardmp. kich thwds ving kich
thich & bé mat bia mau cd duimg kinh tr vai orim mieromel dén vai milimét, lrong
khi hé thong giang hoc cpa é FP-XRF 52 héi m v thu nhin cac fa X 6r ngude ba
X phén k¥, va hirdng chiing 1 midt cham ta hdi i sho & BE mal mau ed dudng
kinh nhé k3 hing chypc micromet, Nén két qué 13 cudmg 3¢ ting 18n va di dén bia
mdu o it tidu didm nho. tam ting db phan gidi khing giau dé phin tich miw nha
va ning cao higu sudt nhim &6 céc Bguyén 16 vi iugng,

Céac hire %a huynh qiang tie X phét ra tr mau 52 &i vie dau GO ban dan tel cong
thoi diém (Hinh i.13), Sau do, nhé vio thu vidn ning irong oife cae nguyea 16 phat
tia-X s& uhdn dién cho fmg npuyen 18 (dmg vdng hrong phit ra).

Detector bPHA
badn ddn sadlic B phan tich
boai 550 clijdi cwn 5oy
4| ' :
fia %:Fhw Detectar TaX
- @-@-’ ™ . 7] 4] @@ A

I

$-':() . %m o8

ka

Miu

a-utnin QR —
ot @@

Hinh 1.13. Nguyén i¥ may quang phd ndag iwong tin xe e X

f4.3 2 Kho nang phdn tich h.ring Phinony pivip ED-XRE

ED-XRF vd hé duge sir dung cha At shidn ang dung phan tick ngavén b,
Phugng, phip néy oo thé dwge s dyng 3 xic dinh hfu nhy moei nguyén 5 nr Na
dén Py, woru khoang 72 nguveén 16 wong heng tudn hoan (Hinh 1.14).

Ngudmg phit hifn ciia phwong phap ED-XRF cd thé dat dén 0,5 ppm, hodc nhé
hon tuy wdc vie nguyia & phin tich, FD-XRF ¢o thé si dung 4 theo ddi cac
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- 8ai 56 nz rohg qua thinh do vi xik 1§ phd tia X thea thbag k& 53 dém: Thy theo
théng ké dinh, sai sf nay dong eop dang k& vl dinh vdi x4 dém théng ké thudug
nh hom i 5%,

F.4.3.4 U va nhwoe &ém cia phuong phdp ELL-XRF

Drréi ddy 18 mit 50 vu diém cia ED-XRF;

- ED-XRF e6 kha nang phan tieh da nguyén 16, Cle nguyéa t5 hod hoe o thé
phia tich gin nhir hdu hé cic aguyén o rong bang hé théop win hoan, me
mit vin nepuyea th nhe va aguyén b thom khi tro

- Chuin bi miu dom gian, nhanh chéng, an toan méi khéng e chit thai hoa hoe.
€6 thé do tnge tidp mb khong cin pha loZng mén mau riu, Wug, Méu chuin
don piin hom phugng phip TXRF.

—  Chi phi ré ham céc phuomg phap phin tch khac.

~  Fhin tich agay 14 woi sa xudt, phia tich trye tep theo ddy ehuyéa sin wndt,

Tuy nhidn. hé guang phé ED-XRF cd ohuge diém 1 dd phin gidi ning logng
kém hon hé TXRP (3§ phiin gidn edia hé ED-XRF khoang vai tdm eV, trong khi wdt
hé TXRF c& vii chyc eV ED-XRF ¢ kha niang phin tdch hiam lugag chi khoang
pprm, nehia [ kb pliat hién cac nguysn 65 wEt trong Ty how phirong phap TXRF.
1.5. Tdm 1&t Chirong 1

N dung Clireng 1 &3 ninh bay 1ng gian vé & nhiem klidng khi va nhitug anh
hudng ciin ching 18 sirc khoé con ngwad. Phrong phip quan e ding téu Lim chi
thi sinh hgc cling duwoc dé cip, trong do chi va cac loai rén theimg ding va nhimg
phuomg plidp quan trfc, NG dung tiép theo ' tdng quan vé phwong phap kich thich
réir phit nidu bing bitc xa ning lucmg thip, két hop ba phirgng phap phin Heh:
NAA. TXRF, v ED-XRF phin tieh cac méu réu d& thu dirge ket qua mon ven hom.
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Béing 2.1. Céc thdng st edd indy phat tia X Hitchi MBR-1618R-BE

Bi phin Chi tiée Thing 54 k¥ thuft
ENidn 4p ddu vio 220Y
Bé phil cao thé Bién ap diu ra 35+ 60KV
Cuimg &6 dang diu ra I+ 30 moA
Ong phit tia X ding | Hidu dign ibé tdi da 160 kY
Molybden (Mo} 1o | -~ o g dimg téi da 30 mA
auend, b lgc bang Cu
Géc chidu xa g0V
Kich turdie Héu digm 5.5 mm
Kich turée 7308000 ] 600 mim
L Cin n2ug 650 ku
Hip bao v&
Subt Béurd i bénngodi | 1pSwigio o xudng & vi o
céch bé m3t 5 cm
Téc dé quay 6 = 7.2 ving/phiir
Ban xouy Khoang cdch ban xoay to |56 + 5§50 mm

dng philt

Hé thimg 1iam mudt

Erang mdi dwge s dung

R4 A {HFC} Hydno-

Fluora-Carban

Hidr sudt lim mt

4TS 100 Wi S0/e0Hz)

2.3.2. Chiéu xyg réu kick thick sinh traimg

Cae ti réu deoc chidu xa véi cae tigu khae hban, dai lide i 1,0 = 20,0 Gy. mdi
bude thay d&i 1,0 Gy, suit lidu 0,52 Gy/ipkil. Man o deoc dat ¢é diub tai v b
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chiér xa chch hzudn phil tia X 1 250 mm. ddng dién 18 mA, dén ap 140 KV, lrong
didu kién nhigt 45 phong. Pé fim éu chidu i ms che kich thieh sinh meong réu,
mdi i€y chiéu 52 13p lai 3 (& vdd mdi 1dn chidu 13 3 rii du, Tdng cong 180 /i 43
uge chidu xa voi cac lifu khic nhaw, mdi ér twong fmg 13 9 6 réu, Sar 43, cac
i réu d4 chidu xa nby ciing w61 9 1 réu kbdng chign xa 58 duge reo ciing mt noj
véd ciing mdl dicu kign sinh trndmg,

Rén chidu xa vii réu khéng chlér xa dwpc so sdnb voi ohaw 32 chen gid tr 65t v
cho vige kicl thich sinh irwing Fude khi dem réu & quan tede, dong thid so sinh
vai réu [y nhién tai nm kbhio =it Trong nghién cire nay, ture higu so sdnb theo cac
dni trgmg b chi 50 didp luc va kbéi lugng thng twdng. Ban diu. khdi lugng cée 161
réu dge can nrde khi chigu x khoang 5 &

Cuan 4, danh gia su sinh Twdng hing ngay 38 danh 2id v hay déi cie dac
dicm hinh thdi. Séu 30 ngdy, rén deee dem di quan sal bing kink bign vi vai thang
o B 300 wn dé rthen &3 sur phir tridn coa réu. Két qua xac dinh kha ndng thay déi
khoi hugmg v digp lac ena réu 52 quyét dinh chon ha éu chifu xa 16i i, diing ¢
kich thich réu trndc khi diea réu vio ving quan iric cy thé,

2.4. Cich treo ti) réu va guan tric

Npuyitu rac treo Ldi réu: rong thige nebifm néy, til réu chifu xa vt khimg chiéu
xa e treo wong dién kidn mai trémg b nhidn, cing digo kidn vl mbi nudng
eda 78y Mmoo Uy vhign, Che 1 rén duge ireo 100 cie vi i o6 49 cao trung bibh 1,3 m
m0 W mt dét, d cso ndy ciing 1§ d& cao cido cde rén mec tor nhién khi tﬁy dé phéin
tich.

San khi chon lya ligu chidu xs 141 wu 42 kich thich phét trifs réu trong til rén,
lidh hank chidu xa ri réu vél «56 Taong 16, du @8 12m chi thi sink hoe rong quan
ki mbi mzéme. Nehign cim udy thye bién treo i céu gl 3 dia &idm, cy thé nhy san:

- Ever didnr thip sl khiao sét lide chigu ti o d& kich thich sinh teudog oda

réu. Nphién cint ody chon v i teo réu b Phoug AZ05, kbu ubd All.
Trnrimg B boc B Lae, co kinh di: 11955461, +T dd: 108447500,



39

- Bja i the hai v b thg dong 10d B trong quin ieie mdi tedng, Thye
nghigm chon 40 vi i tai Lim Béng. Cac vi tri ireo réu ¢ tnh Lim Pang hio
gbm: 13 vi wi tad Dé Lat, 06 vi 1 rat huyén Bic Trong, 05 vi wi tal huyén
Lain Ha, 05 vi trf tai thi mén Lac Evang, 11 vi b tai Béo Lic va Bae Lim.
Cée vind Leeo réw tpi l.ong Thanh bao gﬁm 10 w4 tri xung quanh khu vyc san
hay ¢6 bin kinb 16r 3 km. Toa 4§ wrong (ng cde v trl &6 duoc rinh bay &
Bang 2.2 va Bang 2.3, Hinh 2.8, Hinb 2.8 md ta cac vi o1 weo 0 rén gt finh

Lt Bdng v& vieg xéy dung sén bay Long Thanh,

Béng 2.2. Thimg tin cac vi ti thu min réu sbng v treo aii réu tai tnh Lam Bbug

STT Ky hién
PHa chi Vi it Kinh dé
miu
Céc diém tai Tp. Pa Lat
Gau Nha méy xir i réc
) B0 . T1L92076 | 108540691
Lhéi vAn Tp. B Lat
Tram xe hu§t bén xe lign
2 BLoz _ 11926683 LOR. 446972
tink
36 Tran Phi 851 didn
3 BLO3 L1 935738 LO8, 431734
Trung thim hanh chinh
4 DL Brimg qudc 1§ & Cdu DA | 194522 | 108,525755
Py derimy Bink Tién
a L0 11942560 108,41362
Hoahg
Trung tim oug dung ky
thuit Har nhén treng oin
6 BLOG X b OUnE ) .080628 L&, 489914
nghiép, 01 DT 7232, F14,
Tp. PaLat
! BLO7 Khy din cur Than Phién, 11,972246 108,474213




STT ki hidu
Pia chi VT i Kinh 45
mau
20410 Ngd Gia Ty
H& Than tig, Garden
.t BLOB 11,962071 OB, 47708
September bomicslay
Buang v Tp. Pa Lat - Nha
G BLD9 Trang, cdch nga 3 Thad 12000178 (08,4862 187
Phign Tra Ml | km
Nhi tao thiéu hhi, s6 6
dudmg HE Xuin Huonp
I nLid ) 11053532 | 108470755
Lavini house {&HF — Ho
Kuar Hueorge)
Cty TNHH M tuwimg
Nang lugng Xanh, Nha
11 BLII Ay K 1y chit thii riin TF. | 11,898908 108, 336574
Tp. Ba Lat, 1638 Xuin
T reimg
Khn dén ou, cach nga 3 Tral
1z BLIZ &ldr, Mha Trang - Tp. Pa 11, 943806 108, 454602
Lal
Tru s Pang gy HEND
13 BLI3 Xuén The, thin Ba Lde, x3 | 11942863 | 108520584
Auwin Tho
Ciéic diém sl thj trio Lac Duvag - hiryén Lac Drong
) Péc wén 1hi tréu Lac
14 LE] J2003704 | 108412293

Deromyg,




ol

ETT K3 hidu
Pja chi Viag Kinh 43
miu
15 L2 Hinh 1.anghiang 12046528 | 108,440146
16 Lo3 Khu du lich Langbian i 2020075 108,419371)
Vigim D Hoa Thing
17 L0 Thnh 12,6003%602 |03, 4340173
Thi Irin Lac Drromg
Khu quy hoack Yap Xuin
18 .00 . L 12,0205963 | 108443454
riuo vin duimg DT723
Cac diém tai thy trib Litn Nghia - huy¢n Béde Trong
19 T Nad 3 Lién Elwpmg 11, 751848 10E,383:3527
Cang hang khing Lién _
20 T2 11, 748897 | 1083650664
Khurony
L& Héng Phong {ngé 3,
21 DTO3 duomg di Tp HCM va va 11, 738645 [08 374118
L& Hing Phong)
Chg Lign Mabila {dipdmg L§
22 Tod 11,729065 D8, 3FHMS
Thudong Kigt)
13 DTOS Hé Wam Son 11, 720572 DR, 357790
55692 QL20
24 DTG Phis Hal {cudl thi toin Lign | 11.701247 |08, 3472058
Nyghila)
Cén diém tad th tréin Dink Yan - buyén Lim Hi
25 LH{ H3 thiy dién Do Dang 2, | 11,730186 | 108250822
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STT K¥ hiéu
Pja chi Vi a6 Kinh 45
mau
Thi Tran Hinh Vin
26 LH&2 Trudrnge THPT Lam Hi 11,784 176 108,25522
PT725 giao vai QL. 27.
27 LHO3 . 11793082 L0E, 238913
Th; trEn Cinh Vin
Céng Ty TNHH CA Phe
An Thii Bao
28 LHOd 1§, 787805 | 108.25435)
Khu Phd VEn Tém, Thi
Tréin Dinh Vin
Ciing Ty TNHH Sin Xuit
Phan Bdn Him Co Sink
20 LHO3 ) N 11,792834 | 108236765
Heo Duyén Truyée,
Thi tréin Dinh Vin
Cic diém tei Tp. Bie Lic va buyéu Bio Lam
Khu din co Beacun Fass,
20 BLUI | 209 Trin Phd, Lic Tidn, | 11534575 | 107,783515
Tp. Bao Loc
Cing Ty TMHH Dt Tor
Tam Viét Silk, Quang
31 BL2 11.55726a1 147 86955
Trung, Phiyimg 2, Tp. Bao
Loc
344-37% QL20
12 BLO3 11.534407 | 107857868
x4 Lo Nga, Tp. Bao Léc
33 BLO4 Ta Yinh Bnén. Tp. Ban 11,527217 147, 865781




B

5TT

Ky hidu
mau

Pa chi

Vi

¥Kinh d9

Léc

34

BLOS

[INTN Tra vi ca phé
Phuong, phzomg Léc Phit

Tp. Béo Lje

11.584934

|07, 343804

35

BL

Coug ty Mosa Moka, Ly
Thuong Kidt,
phuémg Lic Phit, Tp. Bao
Lac

11.58649%8

07215435

36

BLUY

Nha Thér Bio Loc, phuing
Blao, Tp. Bdo Lijc

11.342982

07305654

37

BLO3

Trung tim dio taa vi sl
hach 141 xe B4 Thién, k3
Lie Nga, Tp. Bio Lic

11.5197129

107 852847

3B

BLI%

Ban didu hanh dir dn nha
rdy i yén bauxitc, TT.
Léc Thing, Bdo Lam

11622534

07235316

34

BLD

Cong ty TNHHE md: thinh
vién nhim Lam Bdng, TT.
L5c Thing, huyén Bao
Laim (vi tef ehir nhét)

11 640577

107, 2209095

BL1{

Cong ty TNHHE md: thinh
vifn nhém Lam Béng. TT.
L&c Thing, huryén Bao
Lira (v tri Lhit hai}

11652798

107 8044717
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Molipden), ndng Iwong phar ~ 17,5 keV {Kag = 17,479 keV, Kaz= 17.3745 lam vige
g digu kign dign ap 50 kV, dimg dign 1000 pA; hé lgc don ning la tinh thé da lop
lam bAng kim logl ddng; detector thu nhin tia X 12 detecior bdn dda loal SDD. M3t
5@ thong 6 chinh ciia hé phé ké TXRF PMICOFOX §2™ duge ninh by & Bang 2.5
(Brucker. 33 PICOFOX™, 2018},

Bang 2.5, Cdc thing 6 k¥ thuit co bin eva hé TXRF PICQFOX 52™

Tham si Théng sb
Kich thuiv 590 romxed SO 1 300 mm
Thimg s6 dign Sp | 100-240 VY £10 %, S0v60 He, coug suar ouc dai 150 W, ndi
visg dau tridy phidn,
Thing s6 hé phd ké
A Laoai 4k, 4.0 keah, | 2bit
Bruker Mano GmbH, log Silicon-Doft Dewecwr (SDEY,
Dicrector difén dch bé mit: 30mm. 15 phin pia <160 ¥ @1 Mo K.

(5.898.8 eV}, iic &3 ghi nhan i da> 100 keps.

Thong 56 dign ap cac

Logi MNX SOPSOKCT

Dén dp vao: 24 ¥V, dimp cyc dai 2.5 A

thé
Bién dp lam viéc 50 kV, dbng 1000 pA, vbng suft S0W
Loat MCBMS0-0,60. g8 sir ma kim loai. Mo
Ong phit 18 X Gdc phit 12, ddu ndi I].E:-d]ﬂ mim?, :I:im = ong phit ta X:
100 pm (Be), conz sodt phat 50 W, ionp thén gian lam vige
~ FOL0KN gidr.
Phat den nang ohé b loc da 1ap, 17,5 ke (Mo), kich o
Thing s tia X

chim a 8x8 mm’

Thing s& khay min |

DAt mdAu dane khay, dide khida bEae md to bude do
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Charong trinh mady binh, s6 méu w31 da khi 43l vao: 25.

Piéu kifn vén hanh | Nhigt 43 trong dai 0 = 29 %C, 46 4m tuong dbi: 260 + B09%,
hi TXRF khéng bi ngirog i, ¢6i ina 1w nhign, khiug by,

* KhaE phde tie X: Khbi phit fia X 00 chng suat 50 W, hia phat (cathode) ndi
diit, anode ¢t dog phit noi von didn &p cac the duong. Cao the va déng ditn cia
dng phit duge didu chinh bii giao dién XSys (thay dbi didn ap vao rir 0+ 10 V),

(g phat tia X dwge rrang bj bd phan bao v bie xa day 5 mm lam bing dong,
Theo hudmg vé phia hi oo don ndng, oo mét 1§ véi dwémg kinh 3 mw 8¢ phat e
chidn fia X w&i ndng foong mong mobdn, DE dim bao Mm mat ey qua nhit, dny
phat tia X duge bav quanh bai kénh thing wio v guat.

Cmg phit tin X diwec hiit chém khaog, mdi the bi anh udng dang ké bei ché 49
viin hanh. BE ddm bio hiée sult can trong thin pisn vin hinh dii, cac thay 46 vé
dong disn va dign ép dupc xéc dinh b phan wém theo cic quy dinh 33 duee xic
dinh chint xdc. Bao gdm thii gian khid dng dng phat va phy thudc vao thin gian
a4 s dumg cubi ciog rwde do.

Thit gian hoat ddng cia dng phé tia X (khdng phai eva thiét bj) duge qein st
bii b dfm gitr hogt d5ng. BS dém ndy ndm bén trohyg thigt bj va chi oo the truy eép
b mhin vids dich vg.

* B lpr dom ndap: Nhigm v ciia b loc dom ning 13 chich st hinh hee vi
thay 44 phd cua bire xa coa Gog phittie X cho thi wy theo phuomg phap phén xa
koka phin bia méw kich thich. Vige dinh vi chim tia duge thye hién biing hé thing
I& hat v tao ra hinh dang chitn ta rong vimg dign Hoh mdu do khoang 7 % 0,1 om?.

Nzuyén t&c tyo don shc chim Ha X thing qua hé thing chiéu xa da ldp theo quy
Injt nhiu xa Bragg. B4 da lop duoc 1am biing cac lop xen ké cac kop nguyén 15 nhe
va céc 1op nguvén 16 ndng hodic cic hep chit caa ching, Hinh 2. t5 mé 1 qud triak
rhife xa ta X qna cac idp vét chit cua hé oo don néng. Vi dy nhu mét hé thing
1op 1am bling 108 lop NickelCarbon voi khoang cach gilte cac lép 1 2,88 nm.
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M i

Kha ning ciy hé ED-XRF logi
SPECTRC XEPOS

Kh4 ndng phin Heh nguvén 15 trotg méa

Hau hét cde nguyén bd 1 Ma dén U

Gigi han phat hign clha mér sd bguyén 16

C'd, Ho, Br, Cr, Ph < 2ppm

1Hnh dang ma Kich thwdc tity v, bat ky hinh danig nao
Loai méu Niwa, Kim loat, Phim, Chit loog, ...
Ria phiis Mo
Cog tia X | Bién ap 52 50kV
Dang dign I+ 1000 pA
Brrimg kinh tifp xie miu 2,5, 8 mm
Dratector log 50D, 45 phin gta néng
Detector _
hugmg 125 &V taj 5,9 keV
ADC 2.0438 kénh
& b loc durgre tar dgnp chon va :::huﬁ:n
B lge \
dai
Ouan st mau Méy Inb mau CCD 200
o J 30 - 500 giby, o6 thé dicu chinh thii
Ther gién phan bch _

granm.

2.7.2. Chudn bj mdin réu cha phin tich béing ki thugt ED-XRF

Guy nh chudn bi mdu hong phén tch bing k§ thuat ED-XRE dugs winh by

& Hiuh 2,22,







B4

D2 chiip nhin bay bés bd gid toydt H holic Hyz, chn tinh t thing k€ Z theo
coog thire §2.11 va so sanh voi gib 1 P(Z>Z;). Yol Z, = Nomsiny(i- o) 13 mi sb
théng ké tai nore ¢b nghfa o,

. -l
E_dfﬁ' {21

trong da X 13 ¢id i1} ung binh cia miu, degc tinh theo céng thite (2.2
Ezi . (2.2

Lo 18 gid tri ki vong mong gid thuyét Ha, & K @i 1éch chudn cia khimg pian méu va
duge tinh theo cing thirg {2.3):

= \]i B (2 —X)% n bk khing gian miy, (2.9

Gt i Z duroc sir dung d& tinh i m p theo cing thise (2.4
p=1i - FZ} {2.4)

vl F(Z) i ham thing ké duwoc it dung dé tinh gid tj caa him phin bd chudn
(siandard notmal distebution function) ta1 mat gia M Z og thé.

REY 4

o'l ol

-

-Lf? a2
¥hing bac bd Hy

Bic bd He Bac ba Hy

Hinh 2,23, Minh boa kiém. dinh gia thiét thong ké
Khi kiem dinh mot gia whigt, ching ta chot mt mic ¥ ngbia (), sén 30 ok
toan sé lida thing k& dya mén cac div lidgo A8 Ky dwoc mat mire ¥ ngh¥a guan sar



duge (p). Cnoi cang, 5o shrh 2 mdae ndy (& v&i p) &8 dua m quyé? dinh bac bo ga
thuyét hoac khimg bac bo gia thuyét (Hinh 2,233,

Gtz i p te e ¥ nghia quan sal (observed significance level), iomg {mg vii
pia L kiém dinh thing k&, Vi du, khi ding him kiém dinh Z, g 1 p 13 dién tich
(xAc sudr) cua dwéma phén DS ar gid wi thing ké kiém dinh 7 dép v o, Uay néi
cdch Khie, yih o p 1 gifi 5 nhd ahdi ooz mide ¢ nghia o ma ching 1t chdi gia
rhuvé Ho, Néu o nhe hon nika thi ching a clidp nhin Ha vl Wi ndy X € nhd Zaivd
p s& Ym hom o, Gid i p cling B gid 19 10 nhdl cua o cho phép chiing ta chip nhin
Hp, Méu o lon hon gii ) iy, ching $a tir chii Ha

Gid i p ddng vai mé quan trong trong kiémn dinh thing ké vi céc phan mém xir
I théing ké déu cho gid tr nay. Hom nima, pid m3 p it d& ding tinh todn v sir dung.
Khi ra quyét dinh 1 chéi hay chip nhdn mét sid thuvée chi cin xem x&t gin i p.
Néu p > o chiing (2 chidp nhan Ho va néu p < a chiing ta bae bd H,

29, Tém tir Chirong 2

D¢ Lién hanh hoach dinh va do dze thi xiy dung cée quy trinh 13 can thidl - d6
ciing chmh 14 ngi dung cua Chuong 2. Trong Chremg nity, quy minh o mau réy
reong phiin tich iy tie nhién cling nhie i réy dirge trinb bay theo so dd khéi tr khau
thu hii dén tao miu cho 3 phoomg phap. Tuy vao phuong phip phin tich ma cb
nhitng cich chudn b miu khic nhau, ngay ca trong ching phuong phip phan tich
eling ci d€n 2 etich 1g0 mau (& phuomg phap phin dch NAA)Y N§i dung Chuoeng 2
ciing trioh bay vé cdc hé thiét bi ding oong nehién ciu, guy tinb chido xa, cdch
i wrec éu, thu gom & xa 19 vi phan hick, Yisc tgo mdu cfing nhu cde quy tinh
khic dai boi phai cén thin, b mi, giam thidu sai g6 troug qud minh thu nhin gif
thure nghigm.
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Bing 3.1 Ham lugng cia cie nguytn 10 troitg win réu trwde khi dimg Wim chi thi

sinh hoc
Phaong phap phin fich
MNauyén

i 4 INAA TXRF ELLXRF

ppm |24 | pgm | £A | ppm | A
! MNa 362 1.8 — 63| LB
2 Ma 3007 — M2 17
) Al -- B3 15| 3,17 | 645 | 3.2
4 5 -- 3724 | BT (36,7 | 17
¥ P -- 40,08 | 200 | 40,2 2.0
f L -- 6737 |33k | 676 34

7 CH 435224395 | 2.0 | 441 2.2

& K. I |05 NS 1L

Y Cu -- &7.04 | 239 (4069 | 24

e Ti - L546 | OTR | 150 OB

17 b4 DO1kL] 095|006 LO[ Ol

12l or o6& | 073|005 037|007

f3] Mn TE|UA 169|086 70( 06

4 ke 267 | 4.8 | 93,06 | 491 | 934 | 55

3.2, Két qud kich thich sinh trudmg véu biing tix X nang lwpng thip

Két qua sy sinh tnordmg i, so sinh gida cdc miu réu duge chifu xa tiy X v
klidng dwoe chidu xa sau 30 nedy, dwow thé hién ¢ Hinh 3.2, Cic chif 50 d€ dénh pia
su sith trrdmg, phiil Uién cia ey trong nghién cim nay bao gﬁm: chi s& Jiép lirc vi
khii egmg. Chi =8 diép Tie duge do dac théng qua may do digp lpe CCM-300 @iz









Bang 3.2 vi Hlnh 2.3 trinh bay sy thay 45 v& khal lwgng va toag ki fugmg
chat diép Ly cua u gifra cac lidgu chidu xa sau 30 ngdy Weo réu o diéu kign tyr
nhién tal phdng the nghidm Khoa Vit 19 w2 K% thual hat nhin 03 dha ALi.
Tnrimg Bal boc Bia Lat b 01/5072020 dén 0171 12020,

Rang 3.2 Khéi Trgng vix 4iép Tue ¢ua rdu khing chidu xa vi réu spu khi chide xg

LiZy chiéu (Gy) | Khéi Lryna (g) | Diép lyc (mgfm?)
Wi khéng chifu xa 4,91 +0,25 43,40+ 2,29
1 4.92+0,14 42,77+ 2.29

2 5,04 + 0,14 52,99+ 2,50

3 554024 63,84+ 2,71

4 5.26 + 0,25 76,98 £2,34

5 5,37 £ 0,20 92,84 £ 396

& 5.48 & 0,30 L#1,83 3 4,38

1 5391035 134,17 £ 6,66

8 5,71 2 0,44 162527712

q 581 4 0.45 195.6% & 8,55

L 592+040| 202,50+ 11,06

1 5062017 246739+ 1147

12 6,17 £025 | 24723+ (254

13 B3B+0 10| 273,724 15,14

14 (.59 +0,28 | 307.04+ 14,81

15 B85+ 0,18 | 30752+ 17,11

16 521+0,15 121,84 + 4,38







U6 the 1thay mbi ieong quan chiit chg gita cée diie Sidm hink thai quan st duge
vl trong Iugmy do dupc vi ténpg ham heomg chit digp lyc ddd anh hirong cha cac
lidu chidn xg khdc shau, Bigu hign hink théi cia réu o céc mau &61 ciding. mau xir
I¥ liéu 1,0 Gy va miu xir I§ HEw 17,0 Gy + 20,0 Gy cho thdy téu sinh trudnp kém.
V& khai fugng & cdc lidu chiéu nay. san thoi gian treo réu, khai Lugng giam so v
ban ddy. Di¢u nay 14 do réy khong phit rién, réu b chér nhidy nén lugng nde
vone réa bi mit, 1n cho khéd Tugng sut pian, Thng ouome dueoc cdi (hién o rét o
lidgn chidy xa te 2,0 Gy $én 15,0 Gy, voi lidy it nhit 1 14,0 Gy v 15,0 Gy, Téc
dung kich thich cip birc xa gidm dgt npat & Léu 16,0 Gy, Ca tronp huignp va 16ng
harn hegmg chat digp pe déw giam & réw duge chidu xa & léu L0 Gy dén 4 Gy va
17,0 Gy dén 20,0 Gy. Khii kegnpg vh tbng ham heemp diép luc tang din theo Lt
byeng 6 2.0 Gy + 15,0 Gy, Mac di cac xu wrdmg cliéy xa chunp L trong T nhaw,
nhimg sy thay ddi v tdng ham Lrgng chit didp lue dang ke hen so voi sy thay dbi
vé trong fuong,

Str phil trién kém cha réu khing chidu xa vA réu chidy xa vdi lidw thép (1.0 Gy)
o thé duoc glii thich bang cich chuyén méi tuémg sénp va khing dis lirre xa dé
kich thich sy phat (dén, nhung sy phat trfién kém cia réw dwge chidu xa @ Féu Tyong
nr 16,0 Gy dén 20,0 Gy cd thé dwge pial thich bdi ca hai vpuyéu nhin, thiz nhét do
ihgy d6i mdi tnrémg song ban diw, v thir hai do t4c dung de ché ciia liéy phing xe
dit cao {Ehrenberg v& cdrg sy, 1955; Fina v cing sp, 20017 Forster v edng sy,
2009; Kusmiyati va cong sy, 2018; Nawkar vi cong sy, 2003}

Sur kich which phit Irén cha réu trong déi Hew chidu tr 2.0 Gy = 16,0 Gy, va sy
fzc ché sy phét tridn & lidu mén 16.0 Gy cé hé duge pial thich baug hifu promg cam
img hoocrmon (Mitler and Miller, 1987}, Téc dung kich thich ¢ lidu bire xp thap vi
Lic dyng (e ché su phét rién cia tdu & lidw chidu cao hon duge thiy munp ughién
cirw hién tai cling 43 dwoe b 3 ¢ nbiéu loai thie vit trong cic nehign cim oudc
day { Gudkov va cing si, 2019 Mousseau and Maller, 20200,



Két qua cho thay chidu tia X & lidu 14,0 Gy va 15.0 Gy ¢d tdc dung kich thich
kdt cho su phit trién cda réu. Tuy nhién, tong bam liomg diép luc troup réy dige
chigu xg vl thip hon so véi ndy Bubwlor indica 1noc e nhign tai noa khéao sét {tdng
diép luc 12 350,92 + 1523 me/m®}. Bifu nay che thiy ngay ca khi dirge kicli thick
bari Lidu lunug chigu xg thich hop, nhang sir phit (rién cin rén trong kT thudt i réu
khong thé dat duge nhi su pndr tridn cia réy ban dia. Bo 46, & nhimg ving khing
o6 réu hoic ¢l na bi b2 tiing héa cdc i réy diees chisy voi lisy 14.0 Gy sit dung
irong khéo sdt guan o mdi rimg.

A3, Két qui phin tich réu tai tinh Lim Bang

‘U9 tinh Lam Péng, thyc nghiém di chon hes 40 dia didrm 38 quan trhc bao adne
Tp. Ba Lai: 13 diém 1hj méin Lac Errong: 05 difm, th wéin Lién Nphia: 06 diém, thi
teém Binh Vian: {5 didm va Tp, Rao Loc va huyén Bao Lam: 1i didm.

Che diém chon Wi thy miy duge tudn thi thee nguyén tic chon Tya vi i nb
&3 duoe rinh bay o Chgonp L. Hom nika, v i khio sat la cac vilng co npuy co 6
nhifm tir sén xudt néng nehiép, i phirong tién giao thing, t céc viing ling nghd.
tir phimg viinp khai thic khodng san

Sau khi thire hién kbdo saf cic dia didm nghign ctm, cic ol réu chién xg vé
khing chifu xa duoe treo tai nhilng ving cd téu ty nhién moe. Qué rinh treo éu
duge tién hanh trong 03 thang iién we 38 quan tric mdi trwong, Sau khodng thid
man trEn. cae W rén chign xg vi rBu moc by uhin Lir cic vighg ngmén o s& thy
LLLLL)

Tidp theo, sau khi thy thip cdc miu réu 58 duoe < IF, chudn b maw theo timg
phromg phap cu dié. M&i phuonp phip s2 &30 hoi qui triuh t2a may va do dac féug
biét g drm bao tink chinh xdc vi tin cdy. Két qua phin tich baug 03 phyong, phip
NAA, TXRF. ED-XRF &uge minh bity cic phin tép theo & ndi dung dudi day. Chi
¥ chng hémt hegng cde uguyén td trong mav réy & cdc bing di duoe ok him heomg
nEnyeEn t& ban din doi vii réu chifu xa vi Lhing chifu xa. Meoda ra, cée ket gua ndy
3 duge do va duere lay qung biuh voi 03 landvi of quan trac.



331, K& gqui phin Beh Bdng k7 thidr INAA

Bé phan gch ham lugne cic npuyén b rong mau réu, e hét cén xiy dump
duimg chudn ndng boong, i duimg chudn hide sudt ca phd k& diing @& ehi nhin
phi garmma ciz cdc miu réu sau khi duge kich hoat bang neutrun. Npuin 2B

dang ngudn didm, ngudn cip |, sai 56 <5% dege iz dupg 34 chudm ndng Tugng va
chudn higy swit. DE xac dinh him rgng o cde nguyEn 18 trong cde miu réy.
phiemg phap tromp 460 va phiromg phip Ko dwoc s dung. Bang 3.3 v3 3.5 13 cdc
két qué phin tich cho méu chuan TAEA-392 (& Kiém tra &6 chinh xéc céa guy trink
phin tich) v cdc miw réu a5 the thip tai cdc vi of cin khao sdt. Két qua phén tch

bao hi dung maw d& plde tich kich heat neutron dwge iinb bay ¢ Bing 3.4.

Baog 3.3. K&l qua phén tich miu chuin 1AEA-392 (ti0}

Gid Lan phaie Harm hrong Harm hryag do Sy a8

”g“; n hign chujn duge bigt
l (ppm) {ppm) (ppm) { %)
Na 7 680 628 7.60
K 200 8.383 T.545 43,50
Cr 0,67 4,57 5,01 %78
Fe 50.13 497 546 9,85
Co 0,05 LI 3.az {3,30
Zn 2.36 128 i %0 5,37
S¢ 0.1% - . i
Rl > 04 4,57
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gridin {s&p theo thir oty ddp cos sb 2k Na, Mg, CL K, Se. v, Cr, Mn. Fe, Co, Zn,
As, Se, Br, Rb, Sb, I, Cs. La, Ce, Sm, Eu, Tb, Dy, Yb, Hf, Ta, Th vi U. Trong khi
dd, vorl k¥ chudit ndi rdu, thi mde 50 npuyen o khing phin deh dugc (0 thé do thi
gian treo khing du dai) do ham hegng dudi Rgerimg phit hign. Cac nguyée to nay 14
Se, Eu. Th, Hf. Ta,

3.3.2. Két qui phin tieh biing k¥ theit TXRF vi ED-XRF

Thixi gian mat phép do che cd hai phwong phip TXRF vi ED-XRF 13 20 phisi
mdt man. Cde npiyén 1d ed trong mln ehd yén do bing che chuyén did & 1dp K (ed
Ko vh Kp vi df phin gidi detector khiing thé tach céc dinb nay), it it nmuyén 16 sir
doug vach phit 1. (ching han ngoyen th Ph). Cdc phin mén thu vi iz 1§ phd TXRF
v ED-XRF It nhimg phin mém chuyén dung di kém i hé de.

Trong nghin ciry niy, dé kiém tra d chinh xdc cia hé TYXRF coa Picofox $2™,
mau ehuin dé kidm ehtng 13 mdu K-reff. Miu K-raff cé 11 ngoyén & véi ham
hrong chisdn cho mdi nguyie 16 13 1ppm. Dé kidn tra d3 chirh xdc v& mat dinh tinh
vii dith Trome cda bé phd k& TXRF. 1hi cdn do kidm chimg him lugng oia déc
ngnyén t& oo trong mau K-raff va dia wang (dia khisg mang miu). Thang thinimg
2ai st cho pheép gé phan uch diph rgmg voi hé TXRE coa Picafox 2™ Ta phi hon
105, két gid duge winh biy o Bang 3.6 va Bang 3.7,

Bang 3.6, K&t gué phan tich mau K-raff

i Gifk han phait Ham lugmg | Ham Jugmg | Sad higt
MNuuyen ti
hitnippm) chuén (ppm) | (ppm) (%)

! Ti .03 1.1 1,000 0.0
2 ¥ 0,03 1.4 {LY63 3.5
3 | Ct 0,03 1.4 {3,966 34
4 Mn 0,02 1,04 {1,903 0

J Fe 0,02 1.0 {1,966 34
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é Co 0.02 1,00 0041 58
7 N 0.02 1,00 0,045 5.5
A Cu 0.01 1,00 (3,925 7.5
) Zn 0.01 100 (0,027 7.3
1 Rb 0.01 1.00 0,907 03
Baog 3.7, K&t qud phén tich dia thach anh {dia khing rang mdu)

F Nguvén 5 Ham hryng (ppm) Sai s { %)

f o1 297 4,7

2 Ca 1.71 .9

i Fe 1.03 13.1

4 Ni 0,73 14.5

3 e 1.04) ({1

P6i v hé ED-XRF, dé Kiém tra 60 chinh xac cha hé. nghidn cim nay sir dyng

phén Hch dinh lugng trén méu &t ez Co quan iwao ddi phin toh &t quic 1& (1SE)
(Metzger vi cdng sa, 20200, két gua duge trinh biy o Bang 3.5,

Bang 3.8. K&t qud phin tieh miu dat 1SE 924

i .| Gifihanphit | Himlwyng | Hamdwgng | Sad bigt
Nguyén Lo . )

bEEn( ) chiman (ppm) {ppru) (5)
! Al .7 56,8 59,2 4,2%
2 Ca 0.6 43,0 43,8 1.5%
3 Cu 0.5 93,8 94,2 {1.4%
4 Cr (L5 1300 124,77 0.2%
] Fe .4 3.9 3z4 1.6%:
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Keét qut phiin tich him lrgng cho thiy, cde vi th quan wlic & Tp. B Lat, thi trin
L1&n Ngihta, thi oran Lac Duong, va th rdn Dinh VAL o6 him luwong cdc nguyén th
khé nrong ddng mhau v khdng cd s thay 35 khdc biét 1om. Tuy nhién, khi so sdnh
kam hzong cic nguyén o) trang cde indu rde ¢ Tp. Bao Léc v3 huydn Bao Lim thi
mit 56 nguyén & oo ham hreng khic higt lén. Cy thé {xét 4i s6 nromg vmg gilta ham
lirgmig cdc nguyén i) phan tich duge & Tp. B4 Lat. thy rrin Lign wahta, thi trin Lac
Dirang, va thi trfin Dinh Van trén hame heong & Tp. Bao Lje vi hayén Bio Lam) cic
nguvén th: K: 5.75: 5.69; 4.8t va 6,34 En; Rb: 5,51; 2,87; 521 va 5,06 lan; Tuy
nhién, mdt 56 nguyén 18 khdc thi & Tp. Ban Lic vi huyén Bao Lim cao han 04 khu
virc & Tp. D4 Lat, thi iwéin Lifn Mehia, thi ién Lac Dugmg, vi thi win Binh Van. Cu
thé: Ti: 2,12; 4,77: 2,20 v 2,56 Vin; Mg: 3,18; 2.60; 348 v& 3,01 Hha; Cor 2.20;
1,57, 2,20 vi 3,55 Jan; edc nguyén th: Yo, HE Ta, Th va U bim lugng fang tir 1.4
dén 4. 66 lin.

Cing womg tu, khi so sanh ham luong cée nznvén o Wng dong trong khing khi
gua miy rdu cho thiy, of sy wong ddng ham long ola cfe nguyvén b & sin bay
Long Thanh vé1 Tp. Bao Lo va huyeén Bdo Lim. ty nhaén cf sy khde big 1dm &
mit s& nguydn o giita sén hay Eong Thinh va 04 ving 1a Tp. £24 Lat, thi trén Lién
Nglhie, thi trdn 1.ac Digng, va thi trén Dinh Van, Cu thé cdc nguyén 16 {xét i 56
rromg Umg gitra bam lzgng cic ngnyén 10 phin tich duge & Tp. Da La, thi wén Lién
Nghia, thi tran Lac Daomg, thi tran Dind ¥Van, va Tp. Bao Lic va huvén Bio Lim
irén ham lugmg & sin hay Long Thanh) K: 7.46: 7,39 6.24: 8.22 vh 130 thn; Rb:
124; 377 684 & 64 va 1,31 lan, Vi tuong fy von phin tich mén, ham Iwgng mét 8
nEuyén 16 phin tich & sin hay Long Thanh co him luomg cae hon nkife so vai Tp.
P Lal, thi irdn Lién Nghia, thy tran Lac Drong, v thi ran Pinh Van. Cu th céce
nguyén tik: s, La. Ce. S, En, Th, Dy, Yb, HE, Ta v Th tang nir 1.8 dén t4 Tén. Tir
ket gug phan Hoh ham lugng v cic nguyén 0 nay dou 13 rhimg nEuyéa I trotig lop
vo Trai dit, chiing 1a o6 thé du dodn vé thinh phin khogng chit & Tp. Bao Lac vi
huyén Béo Lam of thé womg déng voi sén bay Long Thinh teong tv khodng chil
1ai cde ving dit & Tp. DA La, thi min Lién Nghfa, thi mén Lac Duong v thi win
Binh Vin 13 gén giong nhau,
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K& qua phin tich ham luong nguydén 16 1 céc ving gnan wic st dyug fu cho ca
03 tromg bpp: rén iy nhién, tin réu chifir xa v i réu kbéng chidu xa cha Thi}.-':

- Vi kha ning hip thy cde nguyen 1d: Hiu bér cde ngoyén 1 troang phin tich biing
plurmmy phap TXRF of thé tim troug c4 3 Joai ién: o nhittn, chidio xa vi khéng chifu
xa. Tuy niién, & phuomg pléap NAA, mol 50 ngnydn o ob him wgag thip thi khong
dizgc ghi nhidn Tong v réuo khing chidu xq, ntur céc nguyén k4 Se. Ew, Th, Ta,

- V& kha nang hip thp hiin hrong cie nguyen td tong mba: két qua cho thy, rdu
g il réu khing chifu xg ob hhd ning hip b thip hon nhidn se vii réu e nhign vi
réu frong ti réa droc chiéir MA Bﬁng th, higu surat hﬁp thir char phy thuc vao ving
e réu. O nhirng viing khi hdy m# mé, 4§ dm caq, thi hiu sude hip thu cob ofi rég o
ca 2 tordng hop chidu xa v khing chifu xa oan. Cy tbé bifu sudt hdp thu wung binh
cde nguydn 40 véi wruwdmg bop idu chiéu xa so vdi rda khdng chidu xa duge tdnh by &
Bang 3.12.

Bing 3.12. ilidv suit hap thy trung binh nrong dbi & cac ving quan tric cua réu chigy
x4, téu khong chifn xa so vii réu te nhign

4
]

?I‘p. Bac Lgc va
hah Van ?w}'&n Beo Lim

Thi trén Thi tran Thi trén San bay
Tp. Bé Lat
Lign Mukwa

Lac Doy Long Thdoh

Beéu| Ry (Eéw| Bbfu |Réuo| Rew |Réw| Bew Eéo| Bfu |[Réu| Réo

ehidy
X

kiving fehiu

"k .
chige xa ] xa

khing
chiéu xa

chifp
%8

kb

chidu xa

chifu
KR

khoag chiéu

chiga xa  xa

Khitig
chidu xa

chify
R

khing

chide xp

s, 2

TR

0, 1%

3,0%

72.2%

AT RO

19.5%:

AR

L6.9%

.5 F!,Eﬁ-

Tir 50 lidw Bang 112 cho thiy. hicu sult hip thu cde nguyén th Ling dong wrong
khéag hbi & réu chiér xa vi khéng chidu xa so voi réu nr nhién giam din theo ving quan
e theo cdc vang sau: Thi trdn Lac Dwong > Tp. D4 Lat > Thi iran Dinh Y > Tp. Bao
L vi buyén Bao Lim> Sin bay Long Thinb. Banp cud v 14 3n bay Long Thinh trong
trwimg hep réu khéing chiéu xa chi cd hidu spit hﬁp thir khodng 174% 50 vl qu ty nhign.

S& lidu wong Bang 3.12 ciug cho thiy rdu chifo xg cd khd nang hip the céc
nguydn & iing dong trong khdng khi khd wt, diy dwge xem T trién vong d& khic phuc
sir hip thir kém khi sit dung hii rBu rong guan trac mél emg, ook md rdu by obién
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theing khéug phit thén dwge do dide kién khi biin khing thodo 1o hode do bi bE tong
ho Jam mit i méi tnrémg séng coa réw,
1.6, BAnh gid khi nfing phin tich djnh tinh v djnk lugme ciid ba pheong phap:
INAA, TXRF via ED-XRF

Két qud phin tich dirh inh v dieh legng cac nguyén 16 lng dong irong khing
khi béing 03 k¢ thuit phin tich & duge trinh biy & cic Bang 3.5, Bing 3.9, Bing 3.10.
Bang 3.12. C 56 liéw nay, mét sb nhan xé va danh gia nhar sau:

3.6.1. Khd niing phin tick dinh tink

Ca 3 phuong phap oo sy dan xen vé ket qui xie dinh cic oguyén K trong mal,
mdt 56 nguydn td khong thé phat hign & phirong phip ndy thi dwoe phét hién & pheong
phap khic. Bifu niy 1am ting khi ning danh pis chinh xac hom vé O mhifm khing khi
diwng ¢hi thi sinh hoc réw, Bang 3,13 vi so 40 & Hinh 3, ED chi ra nhiing nguyén 13 phin
tich dwge va phuong phap xée dinh cic ogoyén té do.

Bang 3,13, Khi ning xac dinlt céc nguyén t& trong miu réu coz cic ki thudt INAA,
TXEF va EE:-XRF

Phirong pbip ca kha Pberong phip cé kha
¢ | Nguyén o i |Npuyéo o
nang phin tich nany phian Gch

4 Ma INAA EE-XEF | ) ae INAA

2 g INAA EE-XRF | I} Ti TXEF (ER-XRF
J Al | TXEF (ED-XEF | /2 Y INAA TXEF (ED-XRF
4 ok TXEF ([EE-XEF | /3 Cr INAA | TXEF |(ER-XEF
5 P TXEF |ED-XEF | /4 Mn INAA |TXEF (ED-XRF
& 5 TXRF |ED-XEF | f5 Fe INAA | TXEF (ED-XRF
7 Cl :]'HAH TXRF |EE-XEF | i Co INAA (TXEF (ED-XRF
& K ;IHM TXRF [EE-XRKF | f7 Ni TKEF ([ER-XRF
¢| ca | TXRF |ED-XRF | 78| Cu TXRF |ED-XRF
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3.6.2. Kha ning phin tick dinh fwgny

Két qua nphién ciru cho thiy, & ¢4 ba plwomg phap khi cing phin ch mbl nguyén
6 thi ¢ s1r s khdc nho gidd cac phurong phip, diéu why ob thé gidl thich Ia do sy can
nhifr cia cdc rgnyén th khéc of rong mio, cing cd thé dnh hudmg bal gud mwinh xi 1§
phd. Tuy nhidn it sai khdc ady frong d&i nhd {<5%) cho 18t o4 cdc nguydn 1 ob the
phin tich hing ¢4 3 plarong phap.

b inic dis phén tich dinh luang, thi phaang phap TXRF cd ngudng phdt hidu thip
hom hal phueong phap NAA v ED-XRF. Vi dy, khi so sdnh ham lirong coa cdc ugoyén
T tronig tii reéu khbng chidu xa, mét sb REEYER 16 oo him heomg mﬁp khimg thé phat
hién bding phuong phap NAA va EX-XRF, ahi: Sc, Se, Sm, Eu, Th, Dv, Yh, HE, Ta,
Th vi U. M3t v&i nguryén 1o phin tich bing phwrong phip TXRF ¢6 thé phin tch ¢én
ham Lwgmg pph, Nioe vy TXRF cé vu diém hon treng viée phiin tich cdc nguyén 1 vé

Con phrong phap NAA va CD-XRF thi kha nang phit hidn cac nguyén 18 tomg
miu réu tuimg ¢ ngudng phit hién ppm. ED-XRF thi phin tich nhanh hom NAA,
atimyg mdt st nguyen o khong thé phit hicn duge,

1.6.3. Pdnk gid hidu qud cia vifc kit hop ba phiaag phip phin tick

Tir vhifng 10gn chimg khea hoc dwoe trinh biy & phin t6ng quan, kit bop voi két
goa phin tich Iéng dong cic uguyén 1t hod hoc wong khbug khi gqoa chi th: sinh hoo
1tén ciy réw trong nghidn ot nity, ki qua cho Ty cdc nguyén 16 ddc hai 2dm: Cr, Fe.
Ni, Cu, Zn, Br, Pb (ghi ohén bing phinmg phiap TXRF); Cr, Fe, Zr, As, Br {ghi nhin
bing phueng phap NAAY, Cr, Fe, Ni, Cu, Zn, Pb (ghi ohin bang phwong phap E0-
XRPF). St két hyp ndy 45 gidp cha vic phin tich mi thaimg bt hon, va ¢d huomg i
I5 thich hop hom. Sy két hop cdc phurong phap phin Geh mang [ai két qud i viét hon.
Cu thé, khi so sdnh vide quan whe mdt redmg dimg chi thi sinh hoe sit dyng réu
Babwlar indica & Vigt Nom, =i dyog phuonp phap phin Gch NAA, thi chi wae dinh
diroe 29 nguyén b Bee dong tomg khing khi (Doan Fhan Thao Tien va cdng s,
2022), trong khi ké gnd ndy d3 phin tich dwgr 45 ngryén th JEng doog, dac biet
nguyén 5 Ph - m{t trong nhiing nguyen 16 quan trong danh pia & nhidn th 1a1 khong
dirgc phit hign o cong wink trude dsy.
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Vi mit dinh loong, ngudng phét hién cda phuong phip TXRF theimg vét hon
phuong phap ¥AA vi ED-XRE. Bien hinh 1 khi 50 sanh ham lheong cia cic oguyén
i6 Itong tili rén khing chidy xa, mdt sb nguyén b co hdm luong thap khdng thé phat
hifn bang phuong phip NAA vi EB-XRF shir cic nguvén i Sc. Sc. Sm. En, Tb. By,
Yh, HE, Ta, Th va L.

3.7, Tém it Chirong 3

K&t qua nghidn cinu cho thdly kha dng kich thich sinh trrdng cis bic xa oa X
niing luyng thip & lidn chidu thiip (~14 Gy) déi vai rén Babulur indices. difn nay lb vin
dé rit dirge quan tim & ki thodt wii rér. Nghién cirn Gép theo thye hién trén réa treo &
5 viing khéc nhau t3i tinh Lam Dang va vung sin hiy Long Thanh, nghién cit nay 43
két hgp 03 phuony phap phin tich 13, bao gém NAA, TXRF, vi EB-XRF, 44 dugc két
hop d€ x4c dinh thanh phén nguyén d vi him fuong cda chiing wong méu rén. Két gud
nghién cizn cho thiy d3 phin tich duge 44 opuyén tb kim logi va & kim trong ling dong
khing khi. Bing viée kéw hop 3 phuomg phip NAA, TXEF, E-XRF dd mang fai két
qna tam @ng khd niing phin Beh dinh tinh v dinh luomg cie ngavén th héa hoo Hng
dong oong khing khi, Cic phuong phép phan tich duge s dyng mong oghifo ¢im
kitbng el ¢bd 3§ chinh x40 cao mad edn ob kha ning phan tich rong, (30 ra s hitw ich va
phit hop dé e hign phin tich sy 13ng dong céc nguyén 1§ héa hoc rong mai meimg.
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KET LUAN VA KIEX NGH]

K&t bugn
MNiji duhg nghién ol cha ludn o thire hién teén 03 cbng viée chinh [4:

- Sir dung tia X nang hegng thip dé kich thich sinh tnaémg réy Babular indica,
wng dung wong k¥ 1hude ti réu,

- Kft hep 03 phuong phip phén tich: NAA, TXRF vi ED-XRF nhim ting khi
nding phin tich,

- LUlng dyng phin tich tai 0 ving hnyén, thinh phé cia Linh Lim Ddng, vi ving
sfin bay Long Tharh (tiuh Bong Naj).

Két qug nghign ¢l cho thiy, kich thich sinh triréng bing birc xa tia X ning lugng
thip trén ciy céu Babelar indica i kha quan, v cd thé img dyng mong vide kich thich
sinh irwdng réu trong kY thudt t6i rdu, ding lam chi thi sinh hoc & nhomg khu cdng
nghiép, nod thinh thy vot didu kidn khi hju v bé wing hoi kho of thé sink tnréng réy
1w nhitn — diy dwec xem 13 didra moi oo ndn dn. Bidu ndy mé e heong ing dung
dung réy lam chi thi sith hee rong quan wic mét tnrimg & nhimg not iéo ty chign khd
phit tridn.

Ngoai ra, viée chidy xg dé kich thich sw sinh budng cia réy, thl viée img dyng
chién xa cfing co Liém nang trong viéc nghign ciru s thich nzhi ciia cdc lod chi thi
khdc véi didu kién mdi lwomg te nhign khdc nghiét, lm nd ring &0i oomg thue vit

S1r dyng rong qoan triic.

Hing vidc két hop O3 phiveug phap phin tich thi kha nfug phiu tich nhidy ngnysn
th heom, 34 chind xae cao hom, Dic big, vii sy hd g coa phuumg phip TXRF va ED-
XRF d4 phat hién mdt s nguyén td dbc hai lang dong wong méi tnrimg nhar: Ni, Cn,
Zn, Pb ma phuong phip INAA khing the ghi nhin dwge trong mau réu,

C6 thé ndi, vier iz dung thyc vat, dac bié i nhiing ciy bdn dia lam chi thi sinh
hoe trang tedn tedic indi trudng vt khd quan va tién iod, dic hidt dank cho nhing nudc
dang phat trién nhwr Viét Nam. Viéc img dutg réu 1ém chi thi trong quoan i mbi
trrdmg cd the trién khai trén dién ring. (ttdn kém, vh dé thae hisn,
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Klén nghij

Tny nhi€n, qua wirh kich thich sinh trrémg cia én ciing cho thily. npodi sy ank
hardmyz ting truomg bot bire xa tie X nfing heong thap, (b yéu & khl hju tai viing treo
k2u cling tdc ding it manh 1én su sink tredmg coa réy trong tik réu, Dién hinh B qua
k1 qui nghign ciu o 05 ving 1 Lim Déng vi ving sin bry Long Thanh thi nhitng
visng khi hdn mét nha Tp, Ba Lot va huyén Lac Ducng thi réa tong 0 2 phil tridn
manh hon 5o véi nhimg viog khic. Biéy nay lam cho vide xie dinh su lang dong cic
nguvén t5 wong khong ki chira duge day ¢ vod kK thudo nii réw, Nbw vy, cic nghién
ciru tiép theo of the thue hién qua tinh phan swong hojic tae am &€ kich thich phé)
trién ritw, ahdm khic phue sir khas nghidt cia khi hau tai ahing kho viee cén quan tedc,

O nghign ciu nay, khi phén tich bing k¥ thuit TXRE vd ED-XRF cho thiy su
tuong ding mong vige xac dinh cdc npuyén o wong miu tfu, shuup phuong phip
TXRF ¢t 99 nhay vé d& chinh xac cav hom. Do viiy, chi ¢in két hop phuong phép
NAA va TXRF i dit, vi cé thé khing cin dimg phrong phap ED-XRF.

£30ng thiri, ¢6 thé 1rién khai kich thich sinh wwéug & cde il thire vie gid rs, ding
fam quan tric moi trdmy nhir dia v, nfiin. Nbi viy 5 lam ting ddi bogng qoan w&e 48
dip img thich nght cho timg viimg mién khi hiy,



128

CAC BAt BAO, CONG TRINH KROA AQC

Cac bai Lidn, cdng trink 43 cing b8 ding A8 bde v huin in

1}

)

3}

4}

)

f1)

T}
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Son. M., Khicm, L., S5ang, N.. Ticn, I1., #and Thang, H., (2021}, Determination
of elements due ke almasphernc deposiiior om Babalar frdica mosy e Dalut,
Vietnam wsing NAA aid TXRF techargues. Sains Malaysiana, 02, 30N6), 1311-
1547, hitpsfdolorg! 1017 5T sm- 202 1 - 30063

Thi Minh Sang, N., Nguven, 3. A_, and Hong Khiem. L. (20213, Comperrizon
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toxic  elemenis. Science and Technology Development foumal, 2402
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