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TOM TAT

Pdnh gid 6 nhiém méi truong la van dé can quan tam ciia cdc quoc gia trén thé gidi, dic
biét la cdc quoc gia dang phdt trién, trong dé c6 Viét Nam. Théng thuong, cdc nguon 6 nhiém
trong khéng khi do 3 nguon chinh: qud trinh san xudt ciia cdc nha mady, xi nghiép; cdc nguon é
nhiém sir dung héa chdt trong san xudt néng nghiép; cdc nguon é nhiém tir phirong tién giao
théng. Nghién ciru nay sir dung réu Barbula, xem nhw cdc tram quan tréc sinh hoc. Réu Barbula la
thuee vit bdc thap, ré gia, chiing hit cac chat dinh dudng théng qua lé va than. Réu Barbula cé kha
nang hcfp thu kim logi trong khong khi rat l6m, moc ty nhién tai cac vung ¢ thanh phé Pa Lat. Vi tri
lcfy mau réu tai thanh phé Da Lat la nhitng vi tri co phuong tién xe c¢ di lai nhiéu, va Vi tri san
xudt néng nghiép trong diém. Bang phwong phdp huynh quang tia X phan xa toan phan (TXRF),
két qua da phan tich dwoc 21 nguyén té vét c6 trong cdc mau réu, véi ham heong ciia mét so kim
logi doc nang rat thcfp.

Tir khéa: 6 nhiém khong khi; réu Barbula; TXRF; nguyén t6 vét

1.  Toéng quan

Viét Nam 1a nu6c dang phat trién, khong tranh khoi trinh trang 6 nhiém kim loai
trong khong khi do cac nha may, xi nghiép, phuong tién xe cd. Theo mot nghién ctru vé
moi truong do cac trudng dai hoc ctia Mi thuc hién va cong bd tai Dién dan Kinh té thé
gidi & Davos, Viét Nam nim trong s 10 quéc gia co6 khong khi 6 nhidm nhat thé gi6i
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(WHO, Database, 2011; Vietnam Investment Review, 2018). WHO da khuyén cao Viét
Nam can ting cudng tuyén truyén vé cac nguy co ddi véi stirc khoe do 6 nhiém khéng khi
gdy ra, xdy dung chinh sach hiéu qua va kiém soat chit ché tinh hinh 6 nhiém khéng khi tai
cac thanh phd. Tir ndm 2014 dén nay, Viét Nam di tham gia vao dé an diéu tra 6 nhiém
moi trudng qua lang dong kim loai trong khong khi véi cac nude chau Au nhdm phat trién
huéng nghién ctru vé 6 nhidm khoéng khi trén chi thi cta cay réu, budc dau di co cac cong
trinh cong bd lién quan dén 6 nhiém méi truong khong khi bang ki thuat réu Barbula
(Nguyen, et al., 2009; Doan et al., 2018; Le et al., 2020).

C6 nhiéu phuong phap dé danh gia ham luwong 6 nhiém kim loai trong khong khi,
mot trong nhitng phuong phap ¢6 dién va dién hinh 1a dat cac tram quan tric thu thap mau
bui khi tai cac ving 6 nhiém. Tuy nhién, phuong phap nay kha ton kém vi phai st dung
nhiéu phin loc, bao tri tram quan tric... Ngdy nay, viéc ding réu dé danh gia 6 nhiém cac
nguyén to kim loai nang trong khong khi dd va dang duoc trién khai rdt manh trén thé gidi,
dic biét & cac nude chau Au. Uu diém cua cay réu la phan bd & vung do am cao, rat tién
loi trong viéc chon mau; ddng thoi khi phan tich cho két qua c6 do chinh x4ac cao. Nhitng
dic trung va vu diém cua viée dung réu dé kiém soat 6 nhiém kim loai ning trong khong
khi la:

 Cay réu thuong sinh trudng trén than cac ciy, va ¢ nhitng noi 4m wdt. Réu c6 bo ré
gia nén né khong hap thu cic chat dinh dudng tir dat. Cac chit dinh dudng chi dugc hap
thu tir nuéc mua, khong khi. Cac chat gay 6 nhiém bam vao bé mit cdy réu va duoc vi sinh
vat trén d6 chuyén hoa thanh chat dinh dudng cho cay;

+ Réu khoéng c6 16p biéu bi nhu nhitng thuc vat bic cao nén kha ning hap thu céac
nguyén t6 kim loai rat cao;

+ Réu c6 kha niang chéng chiu 6 nhiém tét. Piéu nay c6 nghia nd c6 thé tich tu cac
nguyén t6 kim loai ning v6i ham luong rit cao;

e Réu co ti sb dién tich bé mat/khdi luong rat 16n nén kha nang h?ip thu kim loai tir
khong khi cao.

Cong trinh nghién ctru dau tién vé str dung cay réu trong danh gia moi trudng duoc
thue hién tir thap nién 70 cta thé ki XX (Ruhling, & Tyler, 1969). Budc dau, nhom tac gia
nay da nghién ctru sy hip thu cac kim loai qua chi thi trén cdy réu. Tiép theo, cic cong
trinh nghién ctru vé 6 nhiém kim loai qua h?ip thu trén cay réu duogc thuc hién trén cac ho
réu khac nhau (Gerdol et al., 2002; Salo, Paturi, & Makinen, 2016). Cac nghién ctru nay
chu yéu tap trung ¢ vung Pong Au, Tay Au, va mot sd nghién ctru & chau A. Két qua cho
thdy, cac ho réu thuong dung trong nghién ctru 1a ho Tortula muralis. S6 cac kim loai tim
thiy trong mau réu 1én dén 36 nguyén to tir Natri dén Uran, diéu nay thé hién hiéu qua cua
phuong phéap nghién ctu.

Thanh phd Pa Lat thudc tinh LAm Pong, nam tir 11°48'36” dén 12°01'07" vi d6 Bic
va 108°19'23" dén 108°36'27" d6 kinh Pong, phia Bic giap huyén Lac Duong, phia Pong

1049


https://vi.wikipedia.org/wiki/L%E1%BA%A1c_D%C6%B0%C6%A1ng,_L%C3%A2m_%C4%90%E1%BB%93ng

Tap chi Khoa hoc Trwdng BPHSP TPHCM Tdp 17, 86 6 (2020): 1048-1056

va Pong Nam giap huyén Pon Duong, phia Tay giap huyén Ldm Ha, phia Tay Nam giap
huyén Purc Trong (Tran et al., 2008).

Do chiu anh hudong cua khi hdu nhiét doi gié6 mua bién thién theo do cao, nén khi hau
ba Lat duoc chia lam 2 mua riéng biét 1a mua mua va mua kho. Mua mua thuong bt dau
tir thang 5 kéo dai dén thang 11, mua kho tir thang 12 dén thang 4 nim sau. Pa Lat ¢ khi
hau 6n doi ngay trong vung khi hau nhiét d6i va nam khéng xa cac trung tam db thi 16n va
ving dong bang dong dan. Véi diéu kién dja Ii nhu vy, Pa Lat duoc xem 1a mot trong
nhirng thanh phé ctia nudc ta c6 didu kién khi hau thuén loi dé cay réu phat trién 6n dinh.

Phuong phap TXRF la phuong phap hién dai trong phan tich dinh tinh, dinh luong
cac nguyén to vét trong mau, 1a phuong phap di duogc cong bd tir nhimg nim 1990
(Wobrauschek, Streli, Kregsamer, Ladisich, & Rieder, 1996). So v6i phuong phap huynh
quang tia X (XRF) thi phuong phap TXRF cho d6 chinh xé4c cao (dén ~ppb), dai phan tich
rong, da nguyén t, sai sb thap. Vi miu mong, nén c6 thé boé qua hién twong hap thu va
kich thich th& cip bén trong miu, quan hé giita cudng do tia X dic trung va khéi luong
nguyén té duoc xac dinh boi:

li = Si xm; 1)
trong do, Ii (cps) 1a cuong do tia X dic trung cta nguyén td, twong tmg voi toc do dém
dinh phd; Si (cps/ng/mA) 1a do nhay hé théng cta nguyén t6 i; mi (ng) 1a khdi luong
nguyén to.

2.  Vatliéu va phwong phap
2.1. Vatliéu

Mau réu Barbula bat dau thu thap tir thang 5/2019 dén thang 9/2019 tai thanh phd Da
Lat. Vi tri léy mau réu tai thanh phé ba Lat duoc trinh bay ¢ Hinh 1. Tién hanh léy réu
theo 5 vi tri (tr 1-5). Cac vi tri 1, 2, 3, 4 1a nhiing vi tri phuong ti¢n giao thong di lai nhiéu
nhat ¢ thanh phd Pa Lat, vi tri 5 duoc xem 13 viing ndng nghiép 16n cua Thanh phé.

—]
{ DT722]
Vuran Hoa 5
4 balLat
Nha Th& Domain {-"Z | qL27C |
De Marie ° 5
[DT725 | L) [ QL20| % Chua Linh Phudc
Nha Tha conga Tp. Pa Lat =l
3
1 2
Thién vién Tric ¢ =<
g - ¢ Khu Du Lich
lam Da Lat ¥ Thac Datanla
: =
Pudng Ham Diéu Khac | qL20]
Q@ 2
Khu Du Lich Thac Prenn &/

Hinh 1. Cdc vi tri ldy mdu réu
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M3u réu sau khi thu thap dugc cit bé phan ré, giit lai phan than va 1a. Hinh 2 1a hinh

anh réu Barbula qua xt li cat bo phan ré.

Hinh 2. Trdi: mdu réu Barbula thu hdi tai Thanh phé Pa Lat. Phdi: mdau réu nghién thé
Phén thin va 14 dugc rira sach bang nudc cét, say kho & nhiét d6 60 °C, cho vao tdi
nhwa bao quan nhiam tranh can nhiéu cic chit tir moi trudng bén ngoai. Sau d6, miu duoc
nghién bang cbi chay ma nio, tiép theo ddng nhit mau bang hé pha mau vi séng. Phuong
phap ddéng nhat mau nhu sau: 14y 0,2 gram réu da duoc nghién va qua b ray loc (~ 1 mm)
cho vao 10 mL dung dich HNO3 (14N) Hon hop nay dugc dit trong hé pha mau vi song
Mars6 nhu Hinh 3. Do dong déu ciia méu sau khi st dung may pha mau nho hon 5 pm.

iy

Hlnh 3.b. Binh du’ng mau dat trén gid xoay

Hinh 3.a. Mdy phd mdu vi séng MARS6
Sau 30 phat pha mau, d& mau ngudi ty dong bén trong may pha miu khoang 1 gid

tiép theo nho dung dich chuin ndi Galium (1ppm) vao trong miu; sau do, dong nhit mau
lan nita bang may lic tw dong khoang 5 phat. Hinh 4 13 may lic méu ty dong va cac mau
dugc nho 1én tinh thé mang mau (loai tinh thé thach anh), sau cing, mau duoc sdy & nhiét

d6 30°C cho dén khi kho mau

Hinh 4.b. Nh6 mau trén tinh thé thach anh va sdy madu

Hinh 4.a. May ldc méu tw déng
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C6 thé tom tt quy trinh tao mau réu trong phan tich bang phuong phap TXRF nhu Hinh 5:

Chon dia X li phan 18, Nghién Pha miu bang| | Thém dung Nho miu
diém ldy mau [-» sy khova |—» mau bang [» may pha mdu{» dichchudn [#» Iéntinh thé
réu Barbula béo quan than cbi chay Vi song ndi mang mau

va la ma ndo say kho mau

Hinh 5. Quy trinh tao mdu réu trong phan tich TXRF

2.2. Phwong phdp phan tich

Hé TXRF loai S2 PICOFOX™ (Brucker, 2018) cua Truong Pai hoc Da Lat 1a hé
thng phan tich ban ty dong, phan tich dinh tinh va dinh lugng nhiéu nguyén td, ngudng
phat hién dén ppb (ng/kg), phan tich dai rong cac nguyén td, tir nhom dén Uranium. Cau
tao cua hé gdm: dng phat tia X (bia Molipden) lam viéc & diéu kién dién ap 50kV, dong
dién 1000 pA; bo loc don nang la tinh thé da 16p lam béng kim loai déng; detector thu
nhan tia X 13 detector ban dan loai SDD. Hinh 6 trinh bay nguyén i phan xa toan phan cua
hé TXRF.
|

Hinh 6. So' d6 nguyén |i phan xa toan phan ciia hé TXRF va hinh dang hé TXRF S2 Picofox™

bé giam thiéu phén buc xa tia X nang lugng lién tuc (buc xa ham), h¢ phé ké
TXRF thuong dugc trang bi bo loc don ning dé cit phan ning luong nay. Hinh 7 mé ta
phé lién tuc trude va sau khi qua bo loc.

......

b dviu " Iq’%

1. Phé tia X ding dé kich thich bia mdu, 2. Phé tia X tir ong phat tia X di qua bé loc;
3. Phé tia X phdt ra tir dng phdt tia X 4. Ong phat tia X; 5. B¢ loc don ning luwong;
6. Chum tia X don ndng qua cira sé hep, 7. Detector; 8. Vi tri ddt vdt mang mau.
Hinh 7. Phé tia X phdt ra tir may phat tia X trudc va sau bo loc (bia Mo)
Thong thuong, cac hé TXRF cit buc xa ham bang cac tinh thé co do rong khe hep
(khoang cach cac nit mang tinh thé) phu hop voi bude séng tia X dic trung cta vat lidu
lam cathode ctia may phat. Viéc chon lya vat li€u tuan theo dinh luat Bragg:
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2dsinG = ki (2)
v6i d 1a khoang céch giita cac nguyén tir tinh thé nhidu xa, 0 14 goc nhiéu xa, k 1a bac nhidu
xa, A 1a budc song cua tia X.

Hé TXRF loai S2 PICOFOX™ vat liéu 1am cathode 1a Mo, ning luong tia X dic
trung can quan tim la ning luong 16p K (17,5 keV), vat liéu nhidu xa dwoc chon co
d = 2,88 nm (kim loai déng), goc nhiéu xa bac nhét 1a 0,7°, diéu nay rat dé dang dé cit cac
ning lugng trén va dudi mic 17,5 keV (ning lugng dng phat tia X loai Molipden).

Kha ning phan tich cia hé TXRF phu thugc nhiéu vao ning lugng cua dng phat tia
X, ddng thoi phu thuéc vao nguyén té trong mau. Theo Erick va cong su (Erick el al.,
2013), véi hé TXRF S2 PICOFOX spectrometer, cac nguyén t6 cd thé phan tich bang ning
lugng tia X phat ra & 16p K gdm: Al, Si, P, Se, Cl, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni,
Cu, Zn, Ga, Ge, As, Se, Br, Rb, Sr, Y, Es, Fm, Md, No, Lr; phan tich theo nang lugng I6p
L gom: Ru, Rh, Pd, Ag, Cd, In, Sn, Sh, Te, I, Cs, Ba, Hf, Ta, W, Re, Os, Ir, Pt, Au, Hg, TI,
Pb, Bi, Po, At, Fr, Ra, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Th, Dy, Ho, Er, Tm, Yb, Lu, Ac,
Th, Pa, U; nhitng nguyén t con lai gdm: Na, Mg, Ar, Kr, Xe, Rn, Np, Pu, Am, Cm, EK,
Cf, H, He, Li, Be, B, C, N, O, F, Ne, Zr, Nb, Mo, Tc khong thé do dac hoic ngudng phat
hién rat cao.

3. Két qua va thao luin

Bing phuong phéap phan tich TXRF trén hé¢ S2 PICOFOX™ tai nam vi tri 1dy méu,
két qua thu phd dwoc chi ra & Hinh 8. Bang 1 trinh bay két qua phén tich ciia cac nguyén td
kim loai ¢6 trong mau réu Babula tai thanh phd Da Lat. Két qua phan tich di tim ra 24
nguyén t6 vét, bao gém: Na, Mg, Al, P, Ar, K, Ca, Sc, Cr, Mn, Fe, Cu, Zn, As, Rb, Sr, Cd,
Sh, Ba, La, Th, Yb, Pb, Th.

x1E3 Pulses

80+

60+

1 si Cl Ar [Kl Ca Cr Mn = Ga As Br Mo
404
1 2
u—-ﬁ | ‘ o _/\a) |m f\A_‘_ . L Ll ‘ Ly M L \
5 10 15
-keV -
Cac mau cua phé.' vitri 1, Vitri 2, Vitri 3, Vitri 4, Vitri 5

Hinh 8. Phé TXRF do mdu réu tai cdc vi tri ldy mau tai thanh phé Pa Lat
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Bing 1. Két qua phén tich mét s6 nguyén t6 trong mau réu Barbula
thu thdp tai thanh phé Pa Lat

S . Vitril Vitri 2 Vitri3 Vitrid Vitri5
Nguyén

T & C [ [ C [ 9 C C 9

T (mgkg)  (mg/kg) (mgkg)  (mg/kg) (mg/kg) ~ (mg/kg) (mgkg)  (mg/kg) (mg/kg) ~ (mg/kg)

1 Na 205200 289,55 6,01 218335 250,00 528 216570 21365 349 781,75 225,30 1,78 241345 24485 10,83
2 Mg ND 264,65 69,30 093 128,80 58,85 111 286,70 64,80 1,49 ND

3 Al 1914,55 42,05 1,44 721,70 3225 429 2236,50 33,80 1,02 3407,35 40,90 1,90 1502,05 34,70 1,10
4 P 381,70 850 2,01 116340 11,35 234 556,25 735 301 148945 11,45 453 324,90 7,20 281
5 Ar 2155 1,90 195 15,30 1,60 137 5,00 135 185 4,40 1,50 117 22,75 1,60 138
6 K 220590 9,40 8,66 3849,80 14,20 1044 217170 750 11,96 553860 16,70 2180 231985 9,40 974
7 Ca 6997,35 24,10 652 3864,25 13,80 812 7102,35 19,65 3414 508975 15,10 2653 5277,70 18,10 29,67
8 Sc 14,20 055 843 595 0,40 475 14,40 0,40 21,45 735 0,40 10,66 17,55 045 677
9 cr 5,10 025 492 0,20 0,20 387 0,40 0,15 363 ND 1,75 0,20 331
10 Mn 30,80 035 7,09 30,20 0,30 454 66,15 0,40 585 2745 025 9,59 3745 035 5,30
1 Fe 308845 10,00 345 2024,60 6,50 2,90 1664,55 4,60 1013 209530 5,80 1975 2089,60 675 30,88
12 Cu 845 0,10 4,60 9,50 0,10 6,05 9,80 0,10 516 11,55 0,10 523 14,00 0,15 314
13 Zn 17355 075 6,65 265,45 1,00 462 406,45 1,20 2,36 305,35 1,00 423 303,95 115 5,06
14 As 14,50 0,10 259 1,75 0,05 1,39 1,35 0,05 224 250 0,05 221 10,70 0,10 1,36
15 Rb 13,05 0,10 847 955 0,05 4,94 575 0,05 4,90 10,85 0,05 1,70 15,55 0,10 1841
16 Sr 4335 020 14,46 16,45 0,10 3333 78,45 0,30 67,66 42,90 020 49,13 29,20 0,15 18,44
17 cd 4,60 225 315 945 2,00 546 ND 6,05 1,90 10,84 ND

18 Sb 124,45 2,00 4,00 33,90 135 294 100,50 145 859 32,00 1,25 10,30 78,20 155 19,42
19 Ba 465,20 2,80 77870 274,20 185 50510 251,80 150 65590 42620 215 89820 264,65 1,85 45330
20 La 29,10 075 187,50 20,55 0,60 118,50 13,70 045 145,10 24,50 055 247,09 19,20 0,60 116,50
21 Tb 4087,40 020 892 035 0,15 381 ND ND ND
22 Yb 381,70 0,10 17,54 195 0,10 7,80 2,40 0,05 648 1,90 0,05 9,39 315 0,10 14,12
23 Pb ND 310 0,05 1,50 370 0,05 2,16 580 0,05 197 5,05 0,05 121
24 Th 30,80 0,05 231 0,20 0,05 245 015 0,05 274 0,40 0,05 2,94 2,65 0,05 521

Chu thich: phan s6 liéu in nghiéng 1a két qua phén tich dinh lugng khong tin ciy; ND (None
detected): 1a nguyén t6 khi phén tich dudi ngudng phét hién, khong thu nhan duoc.

Theo tiéu chuan danh gia cua nha san xuat (Brucker, 2018), két qua phan tich dinh
luong cac nguyén tb trong mau phan tich bang hé S2 PICOFOX™ c¢6 phwong sai nho hon
10% (%?<10%) thi duoc chip nhan dé danh gia dinh lwong. Két qua ¢ Bang 1 cho thiy,
mot s6 nguyén t6 xudt hién trong mau tuy nhién co sai s6 16n, két qua xac dinh dinh lugng
khong dang tin cdy nhu Sr, Ba, La & tit ca cac diém lay mau, c6 thé do anh hudng can
nhidu cta nhimg nguyén t6 c6 trong mau phat ra tia X gan voi ning lugng phat cua cac
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nguyén t6 nay — ddy ciing 1 han ché cta phuong phap TXRF boi tinh chat phat tia X khi
nguyén tir bi kich thich c6 mirc ning lugng cac vach rat gan, khoang vai eV dén vai keV.

Ciing theo Kkét qua phan tich, mot ) nguyén t6 doc hai nhu Cr, Mn, As, Cd vdi sai sd
dudi 10%. Tuy nhién, két qua cho thay hai nguyén t6 Cr va Cd c6 ham luong rat thap, ngay ca
mot s6 noi khong thé xac dinh do dudi ngudng phat hién. Didu nay cho thdy khong khi & thanh
phd Pa Lat it bi 6 nhidm, an toan. Cac 6 nhiém tir khi thai xe c¢o (biéu hién nhu Pb) ciing rat
thép. Mot sd nguyén t6 c6 ham luong cao nhu Al, Fe, Ca, Zn 1a do chinh mo6i trudng ban dia,
day 13 viing cao nguyén véi cac quing kim loai nhe kha phé bién.

4.  Kétluan

Trong nghién ctru nay, nhém nghién ctru da stir dung réu Barbula lam chi thi sinh hoc
dé danh gia 6 nhiém khong khi tai thanh phd Pa Lat, ddy duoc xem 13 phuong phap nghién
ctru it tén kém, thich hop cho nhimg vung réu phat trién trong diéu kién do am cao, luong
mua trung binh hing nim 16n. Bing phuong phap TXRF, nghién ctru di xac dinh duogc 21
nguyén td vét ¢6 trong cac mau réu voi ham lugng déng tin cdy, bao gdm: Na, Mg, Al, P,
Ar, K, Ca, Sc, Cr, Mn, Fe, Cu, Zn, As, Rb, Cd, Sb, Tb, Yb, Pb, Th.

Két qua phan tich dinh luong cho thay ham luong ciia cic kim loai doc nang réat thap,
thip hon nhiéu 1an so v&i cong trinh nghién ctru tai Thanh phé H6 Chi Minh, Hué va Hoi
An cua Doan va cong su (Doan et al., 2019). Piéu nay cho phép khiang dinh khong khi tai
thanh phd Pa Lat kha trong lanh, it bj anh huéng 6 nhidm so véi cac thanh phd noi trén tai
Viét Nam.

% Tuyén bé vé quyén loi: CAc tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.

% Loi cam on: Nhém tac gig chan thanh cdm on B6 Gido duc va Pao tao da cung cép kinh
phi dé tai sé B2019-DLA-04 dé thuc hién nghién ciu nay.
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ABSTRACT

An assessment of environmental pollution is a concern for all countries in the world,
especially developing countries, including Vietnam. Air pollution are mainly from three sources:
the production process of factories and enterprises; pollution from chemicals in agricultural
production; and pollution from vehicles. This research used Barbula moss, which is considered as
a bio-monitor. Barbula moss is a short plant without true root, so it absorbs nutrients through
leaves and stems. Barbula moss can absorb metals in the air. Barbula moss is very large and
grows naturally in Dalat city. Moss sampling in this study was collected from areas with vehicles
and agricultural production. Using the total reflectance X-ray fluorescence (TXRF) method, 21
trace elements were found in moss samples with a very low concentration of some heavy metals.
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