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Abstract: Air pollution has become a pressing global concern due to its multifaceted impacts on the
economy, society, and the environment. This study provides an in-depth investigation into the
physicochemical pollution levels of Total Suspended Particulate (TSP) in inner-city and suburban
areas of Hanoi, during both the dry and rainy seasons. TSP samples were collected using a high-
volume air sampler. The morphology and particle size distribution of the TSP samples were analyzed
using Field Emission Scanning Electron Microscopy, Scanning Electron Microscopy (SEM)
combined with ImageJ software. The TSP samples were subsequently analyzed for major elements
using the Particle Induced X-ray Emission (PIXE) method with a dedicated setup on a Pelletron
5SDH-2 accelerator system. The results show that TSP concentrations in the urban area (79.7 - 165.5
ug/m3) were higher than in the suburban area (52.2 - 162.2 png/md), and their concentrations in the
dry season (60.8 - 165.5 pg/m?®) were higher and exhibited greater fluctuation than in the rainy season
(52.0 - 124.8 pg/m?). Coarse particles (PMao) constituted the majority (>85%) of the TSP. The
concentrations of 17 major elements detected in the TSP samples via PIXE were arranged in the following
order:Si>Ca>S>Al>Na>K>Cl>Fe>Mg>2Zn>P>Ti>Mn>Pb>Cr>Cu>Ni.
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Nghién ctru dac trung cua bui lo ling trong khong khi
Thanh pho Ha N1 bang phuong phéap két hop
k¥ thuat phén tich SEM va PIXE
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Nhan ngay 08 thang 8 ndm 2025
Chinh stra ngay 15 thang 9 nam 2025; Chap nhin dang ngay 30 thang 9 nam 2025

Tém tit: O nhiém khong khi (ON KK) tro thanh vén dé dang lo ngai trén quy mé toan cau bai cac
tac dong téng hop den kinh té, x3 hoi va méi trudng. Nghién ctru nay tim hiéu sdu hon mirc do 6
nhiém hoa-1y cta tong bui lo Iteng (TSP) & khu vuc dai dién ndi d6 va ngoai 6, trong ca mua kho va
mia mua cta thanh phd Ha Noi. Mau bui TSP duoc thu thap bang thiét bi lay miu thé tich 1én (TE-
5170X, Tisch Environment, Inc.). Hinh thai, phan bd cip hat ciia cac mau TSP dugc phan tich bang
kinh hién vi dién tir quét phat xa truong (S-4800, Hitachi, Tokyo, Nhat Ban), kinh hién vi dién tir
quét (SEM) két hop voi phan mém Imagel. Cac mau bui TSP sau d6 dugc phan tich cac nguyén to
chinh bang phuong phép phan tich tia X kich thich béi chim hat tich dién (Particle Induced X-Ray
Emission, PIXE) boi thiét bi dic dung trén hé may gia toc Pelletron SSDH-2. Két qua cho thdy nong
d6 TSP ¢ khu vue d6 thi (79,7 - 165,5 ug/m3) cao hon khu vuc ngoai 6 (52,2 - 162,2 ug/me) va nong
d6 cta TSP trong mua kho (60,8 - 165,5 ug/m3) cao hon va dao dong 16n hon trong muia mua (52 -
124,8 ug/m?3). Cap hat bui thd PMio chiém phan 16n (>85%) trong TSP. Nong do cua 17 nguyén t6
chinh ¢6 trong trong méu byi TSP phan tich dugc bang phuong phap PIXE va dugc sap xép theo
thir tyr giam dan vé ndng do: Si>Ca>S>Al>Na>K>CI>Fe>Mg>Zn>P>Ti>Mn>Pb>Cr>Cu>Ni.

Tir khéa: SEM, PIXE, O nhidm bui, tdng bui lo limg (TSP), PMyo, Ha Noi.
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1. Mé dau

ONKK dugc xem la van dé& 6 nhiém moi
truong chinh, gay ton hai 16n dudi cac goc do vé
kinh té, x4 hoi va moi trudng trong ky nguyén t&i
[1, 2]. Ngudn gy ONKK bao gdm céc hoat dong
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tu nhién (phun trao nui ltra, bao cat sa mac, chay
rung ty nhién, bui phén hoa,...) va nhan sinh
(hoat dong giao thong van tai, cong nghi¢p, nong
nghiép, dot sinh khoi, dén sinh,...). ONKK gay
nén nhleu tac dong nhu gay mét my quan, giam
ning suat cdy trong, gdy bién ddi khi hau va rat
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nhiéu cac loai bénh tat lién quan nhu gia tang cac
loai bénh tim mach, ho hap, viém tic nghén phoi
man tinh, hen suyén [1-4].

ONKK tai cac thanh phd 16n ¢ Viét Nam
dang c6 chiéu huéng ngay cang dién bién xau.
Trong sO cac d6 thi, Ha Noi dugc xem 1a khu vic
6 nhiém thugc nhom dau cua thé gidi [5, 6]. Khi
dé cap dén van d& ONKK thong s6 vé bui van
dugc quan tdm nhét. Bui trong khong khi duoc
biét dén vai cac thuat ngit khac nhau, bao gom
tong bui lo ling (Total suspended particulate -
TSP), cac hat bui ¢6 duong kinh khi dong hoc
nho hon hoic bang 10 pm (PMio), cac hat bui c6
duong kinh khi dong hoc nhé hon hodc béng 2,5
um (hay con goi la bui min - PM2s) va cac hat
bui c6 kich thuéc nho hon, siéu min (ultrafine
particles - PMo1). Tuy nhién, cac nghién ctru
xem xét chii yéu vé ndng do/ham luong cua
chung trong mdi truong & muirc nao (thuong dugc
thé hién bang don vi um/m°, hoac mg/m?,...). Bé
danh gia mot cach day du hon vé tic dong cua
chung, ndng do cac chat 6 nhiém co trong bui can
dugc nghién ctru thém dé nhan dinh vé doc tinh
cua bui trong moi truong ¢ cac khu vuc, tai cac
thoi diém khéac nhau 1a hét strc can thiét. Nong
d6 cac chit trong bui dugc phan tich bang nhidu
phuong phap, k¥ thuat khac nhau, bao gom céc
phwong phap nhu phd phat xa nguyén tir plasma
cam ung (Coupled Plasma Atomic Emission
Spectroscopy, ICP-AES), khdi phd plasma cam
ung (Coupled Plasma Mass Spectrometry, ICP-
MS), phan tich tia X kich thich boi chum hat tich
dién (Particle Induced X-Ray Emission, PIXE),
phan tich tin xa dan hdi proton (Proton Elastic
Scattering Analysis - PESA), sic ky ion (lon
Chromatography, IC), phan tich kich hoat
neutron (Instrumental Neutron Activation
Analysis, INAA), ky thuat tan xa Alpha (Forward
Alpha Scattering Techniques, FAST), phuong
phap tim tich hop laser (Laser Integrated Plate
Method, LIPM). Céac phuong phép phan tich néu
trén déu c6 wu diém va han ché riéng, tuy thudc
vao ban chat thanh phan hat can _phén tich co6
trong mau bui [7- 10]. ba co nhiéu cong trinh
nghién ctru so sanh vé uu diém cua PIXE so véi
cac phuong phap khac. Két qua cho thay diém
n6i bat ctia phuong phap PIXE ma cac phuong

phép khac khéng c6 dugc do PIXE la phuong
phap phan tich tién tién, hién dai, khong pha hay
mau co ban ban dau [7-12]. Tir diu nhitng nim
1970, cac nha khoa hoc da sir dung phuong phép
PIXE dé phan tich thanh phﬁn hoéa hoc cua hat
bui [7]. Cac nha khoa hoc nhan thiy PIXE c6 thé
phan tich dong thoi nhiéu nguyén t voi khoang
dién tich nguyén t6 Z rong cung d6 nhay phan
tich cao, ¢& ppm va thoi gian phan tich ngin
[9, 12], c6 thé danh gia t6t hon tac dong ciia kim
loai ning dén moi truong va ste khoe con ngudi
[10]. Ngay nay, véi wu diém vuot troi, phuong
phép PIXE dugc ung dung rong rii trong nhiéu
linh vuc nhu khoa hoc mdi trudng, y hoc, thuc
pham, khao c6 hoc [9, 11].

Trong nghién ctru ndy, cic mau bui TSP
duogc thu thép tai hai khu vyc dai dién (ngi dé va
ngoai 0) trong mua khi hau dac trung dai dién
(mila mwa va mua khé) thanh phé Ha Noi dé
danh gia toan dién hon vé ham luong cta cic
nguyén t6 c6 trong bui khong khi. Mau bui TSP
duoc danh gia vé phan bd cap hat va hinh thai
bang phwong phap chup anh kinh hién vi dién tir
quet (Scanning Electron Microscope - SEM) va
phan mém xu Iy hinh anh Imagel. Nong d6 cac
nguyén t6 trong mau bui TSP dugc phéan tich
bang phuong phap PIXE dé budc dau nhan dinh
nguoén gay ra 6 nhiém bui trong khong khi, 1am
gia tang muc d6 6 nhiém va doc tinh ctia chiung
d6i véi strc khoe cong dong. Nghién ciru nay gioi
thiéu v6i cac nha khoa hoc méi truong vé su két
hop cac phuong phap mdi, hién dai, doc dao
nham ng dung va phat trién dinh hudng nghién
ctru vé thanh phan, tinh chét 1y - hoa cia bui
khong khi va cac chu dé ¢ lién quan.

2. Phuong phap quan tric va phan tich miu
tong bui lo lItrng TSP trong khdng khi

2.1. Quan trdc mdu tong bui lo ling TSP trong
khéng khi

Mau bui min TSP dugc quan tric tai 2 dia
diém 1a khuon vién Truong Pai hoc Cong nghé,
Pai hoc Qudc gia Ha Noi (144 Xuan Thuy, Cau
Giéy, Ha No6i) va Hoc vién Nong nghiép Viét
Nam (xa Gia Lam, thanh phd Ha N6i), trong tmg
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dai dién khu vuc d6 thi va ngoai 6 thanh phé Ha
Noi (Hinh 1). Cac mau TSP dugc phan b theo
thoi gian trong diéu kién thoi tiét khu vuc ¢6 hai
mua rd rét 1a mia mua (tir thang 5 dén thang 11)
va mua kho (tir thang 12 dén thang 4 nim sau).
Mau bui TSP dugc thu bang thiét bj 14y mau thé
tich 16n (high volume air sampler - HVAS, Tisch
Model TE-5170X, Tisch Environment, Inc.).
Tdc d6 dong hit dugc thiét 1ap va duy tri 6n dinh
& mirc 240 L/phit. Gidy loc bat mau lam bang
vat liéu Quartz, duong kinh 102 mm. Thiét bi
HVAS dit trén néc nha mai bang, xung quanh
khong cé vat chén, do cao 12 - 15 m so v&i mat
dat. Thoi gian thu mau duoc cai dat ty dong, bat

ot [ Clie s 4 e n™mme

43

dau tir khoang 6h00 sang dén 5h50 ngay hom
sau. Cac mau dugc ly lién tyuc tao thanh mau bui
TSP theo ngay. Quan ly ky hiéu mau bui TSP
bao gdm: dia diém ndi d6 (U - urban), ngoai 6
(S - suburban), mua mua (W), mua khé (D) va
sO thtr tw mau. Nhu vay nghién ciru s€ bao gdm
méu bui TSP dugc lay tai khu vyce d6 thi trong
mua khé (UD), khu vuc d6 thi trong mua mua
(UW), khu vyc ngoai 6 trong mua kho (SD), khu
vire ngoai 6 trong mua mua (SW). Ky hiéu mau
UD - 1 duoc hiéu 1a mau bui TSP duoc lay tai
Trudong Pai hoc Cong nghé, vao mua kho, ngay
ldy mau thir 1 trong chu ky 1dy miu.
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Hinh 1. Ban dd vi tri 1dy mau bui TSP tai Ha Noi, Viét Nam

2.2. Phuong phadp can trong luong va phan tich
hinh thai bui lo ling TSP

Gidy 1y mau bui dugc sy kho & nhiét do
110 °C. Sau khi thu mau, gidy ldy mau co chira
mau bui dugc bao quan trong hop dung petri
thuy tinh chuyén dung, chuyén vé phong thi
nghiém va sy ¢ nhiét do 110 °C trudce khi can
trong lugng bang thiét bi cAn Mettler Toledo
XS205, ¢ thang doc két qua 10 mg, & nhiét do
phong thi nghiém 25 °C. Quy trinh phéan tich
dugc thyc hién theo tiéu chudn k¥ thuat bai Co

quan bao vé moéi truong My (U.S. EPA) 10-3.5

[13]. Két qua nong do bui duoc tinh bing cong

thirc sau:

My—M,
1%

C =

Trong do:

C: ndng do buyi (ug/m®);

M1: khéi luong gidy loc trude khi ldy mau (ug);

M2: khdi lugng [gidy loc + bui TSP] sau khi
lay mau (pg);

V: tong thé tich dong khi lay mau trong sudt
thoi gian lay mau (m°).

1)
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2.3. Phuong phap phan tich hinh thai bui lo
ling TSP

Su phan bd cép do hat c6 trong mau bui TSP
duoc xac dinh bang phuong phéap st dung hé
kinh hién vi dién tir quét SEM. SEM 13 mét loai
kinh hién vi dién tir c6 thé tao ra anh v6i do phan
giai cao clia bé mat mau vat bang cach sir dung
mot chim dién tir hep quét trén bé mat mau.
Hinh thai ctia cac mau TSP dugc phan tich bang
kinh hién vi dién tir quét phat xa trudng (S-4800,
Hitachi, Tokyo, Nhat Ban) tai Trung tdm Nhiét
d6i Viét - Nga. Kinh hién vi dién tir quét (SEM)
két hop voi phan mém ImageJ da cung cip thong
tin vé hinh thai bé mat va phan bé kich thudc ca

3 _‘E,“( W | _Proton
STAY N/ | ﬁ B
& ;\._!--?-'
May gia toc Detector
(Pelletron 5SDH-2) (Si(ti))

TSP trong moi truong. Ky thudt nay da duoc
st dung thanh cong, ddm bao d¢ tin cdy vé khoa
hoc [14].

2.4. Phuong phdp phdn tich phat xa tia X kich
thich boi chum hat

Thanh phéan vat chit (cac nguyén td) trong
cac mau bui TSP duoc phan tich bang phuong
phép PIXE. Cac phép do dugc thuc hién tai
budng phan tich RC43 duoc lip dat trén duong
chum tia 45° bén trai trén hé may gia toc
Pelletron 5SDH-2 thudc Truong Pai hoc Khoa
hoc Tu nhién, Pai hoc Quéc gia Ha No6i. So dd
phan tich dugc thé hién trén Hinh 2.

Bia mau

May tinh

[Tién khuéch dai] —>’ Khuéch dai]—»

Phan tich
da kénh

Hinh 2. So d6 phan tich PIXE sir dung detector truong cuén SDD trén hé may gia toc Pelletron SSDH-2.

Phan tich duoc thyuc hién bang hai phép do:
phép do ning luong thap dé xac dinh ma tran
mau va phép do ning lugng cao dé xac dinh cac
nguyén té vét. Ca hai phép do déu sir dung chum
proton vé&i nang lugng lan luot 1a 830 keV va
2615 keV. Chum proton dugc st dung cé kich
thudc 0,5 *0,5 cm?® dé dam bao toan bd chim tia
t6i déu tuong tac voi mau do. Mot bo dém dong
dugc ndi véi bia dé do chinh xac dong ctia chum
proton. Dién tich tich Iity trén mbi mau 1a 10-30 uC
va thoi gian do khoang 15-30 phat. Tam hip thu
Mylar dugc dit giita detector va mau do dé lam

giam tia X mém va nhiéu dugc sinh ra. Detector
truong cudn SDD (Silicon Drift Detector) duoc
dit & goc 32,8° dé ghi nhén tia X sinh ra. Phin
mém RC43 két ndi v6i h¢ dién tir va bo dém
dong dé ghi nhan pho tia X va tong dong proton
chiéu vao mau. Phan mém GUPIXWIN version
2.2.3 duoc st dung dé phan tich phd tia X. Gia
tri ham luong duoc tinh bang ppm (mg/kg). Gidi
han phat hién tir khoang 1,7 dén 512 ppm tuy
thudc va nguyén té [4, 9]. Cac thong s6 co ban
dugc sir dung trong phuong phap PIXE dugc thé
hién tom tit qua Bang 1.
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Béng 1. Tom tit thong sd co ban dugc sir dung trong phép phan tich PIXE trén hé may gia téc Pelletron 5SDH-2

Thong sé Pon vi ] Phép do ) ] Phép do
nang lugng thap nang lugng cao
Nang lugong chum proton keV 830 2615
Tdng dién tich tai mau Q uc 10 30
Cuong d6 chum tia nA 10 12
Kich thudc chum tia tai mau (beam spot) |  cm? 0,5x0,5 0,5x0,5
Do day tim loc Mylar um 12 100

3. Két qua va thao ludn

3.1. Nong dg, cdu triic hinh thdi, phdn bé cdp hat
cua bui lo lung TSP trong khong khi thanh pho
Ha Noi

Nong d6 bui TSP trong thoi gian 1y mau tai
khu vyc d6 thi va ngoai 6 thanh phé Ha No6i duoc
thé hién trong Hinh 3. Theo két qua quan tric,
ndéng d6 TSP (Mean + SD) & UD, SD, UW, SW
lan luot 1a: 105,5 + 32,4 pg/m®, 102,8 + 39,5
ug/m?, 107,5 + 17,1 ug/m®, 80,1 + 18,1 pg/me.
Trong cic mau thu thap duoc, két qua phan tich
cho théy néng do bui TSP & thanh phé Ha Noi
khong vuot gia tri giGi han tdi da cac thong s6 co
ban trong khong khi xung quanh (QCVN
05:2013/BTNMT = 200 pg/m®). Nong d6 TSP &
khu vyc d6 thi (79,7 - 165,5 ng/m?) cao hon khu
vic ngoai 6 (52,2 - 162,2 pg/m®) va nong do cua
chiing trong mua khé (60,8 - 165,5 ug/m®) cao
hon va dao dong 16n hon trong mua mua (52 -
124,8 pg/m®). Trong mua mua, ndong d6 TSP &
ngoai 6 co biéu hién thip hon dang ké so vai
ving ndi d6. Tuy nhién xu thé nay 1a khong rd
rét vao mua kho.

Hién nay khong cé nhidu nghién ctu tap
trung vao d6i twong TSP, ma chi yéu tap trung
vao cac loai bui ¢o kich thudc hat nhé hon nhu
PMio, PM25s, PM1o hodc PMgi. Cac tram quan
trac chat luong khong khi quéc gia ciing tap
trung quan tric bui PMyo, PM2s. Do vay khong
¢6 nhidu két qua nghién ctru dugc thuc hién
trong giai doan gan day & trong nudc dé so sanh,
danh gia. Nong do trung binh ngay cia TSP do
dugc tai thanh phd Ha Noi trong nghién ctru nay
cao hon nhiéu so véi n6ng do TSP do duoc tai
thanh phé H6 Chi Minh nam 2019 & ca mua kho

(58,2 * 15,9 pug/m®) va mua mua (55,0 £ 23,5
ug/m®) [15]. Tuong tu né ciing cao hon so véi
nong d6 TSP & thanh phd Bién Hoa, tinh Dong
Nai vao mua kho va mua mua nam 2023 tuorng
Umg 1a 974 + 11,4 ug/m va 71,5 + 10,3 pg/m

[16]. So voi mot sé qubc gia xung quanh, két qua
nghién ctru ndy cao hon ¢ Thai Lan (58,3 + 7,8
pg/m?), ndm 2019 [17]. Tuy vay nong d6 TSP o
Ha Ni van thap hon nhiéu so véi noéng do TSP
tai 47 diém do khac nhau & thanh phd Delhi cta
An D6 vao nam 2019, da duoc cong bd bai
Jangirh va cong su (2022) [18].

180
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140

120 4

100 «

80

60

a0

a0 T ; T

up sD uw

25%-75%
A% ~0%5%
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:

SW

Néng dd TSP (ug/m?)

Hinh 3. Phan bd ndng d6 TSP tai khu vuc Ha Noi.

Két qua phan tich hinh thai hat bui va phan
bb cip hat bang ky thuat SEM dugc thé hién
trong Hinh 4. Mat d6 hat tdp trung kha 16n gay
tré ngai cho viéc phan tich phan bd cap hat. Tuy
nhién, phuong phap SEM két hop v6i phin mém
Imagel da duoc chung t6i bao cdo thanh cong
qua céc cong trinh nghién ciru cua Linh va cong
su (2023). V6i cac mau bui TSP thu duoc, két
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qua cho thdy hat bui PMyo chiém ty 1& 16n
(>85%). Dang chu y 13 ty 16 bui min PM2s & khu
vie d6 thi (UD = 63,6%, UW = 35,9%) c6 xu
hudng cao hon & khu vue ngoai 6 (SD = 23,2%,
SW = 18,9 %). Xu thé twong ty v6i bui siéu min
PMo.1 6 khu vire d thi (UD = 13,4%, SD = 4,1%)
l6n hon khu vyc ngoai 6 (SD = 2,16%, SW =

&0
] (UD)
50 4 .
4 g : o
a0 4
£
.§ 30 -
3 9
-y
204
104
05 0 0 1}
\J L L] \J
2610 1020 2030 3040 4050

Kich thudc hat (um)

Ty 1§ hat (%)
=

2510 1020 2030 30:40  40.50

Kich thugc hat (um)

T9 14 hat (%)
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1,3%). Bui siéu min PMg1 c6 xu huéng cao hon
trong mua khé (UD = 13,4%, SD = 2,16%) so
v6i mia mua (UW = 4,1%, SW = 1,3%). Diéu
nay cho thay chat lwong khong khi thanh phd Ha
Noi 6 thé bi anh hudng 16n tir ngudn phat thai
bén ngoai dia phuong, khi ma cac hat bui kich
thudc nho c6 kha nang lam truyén di xa [3, 14].

2510 1020 20030
Kich thudre hat (um)

3040 4050

1.0 1268 28510 1020 20030 040 080

Kich thwéc hat (um)

Hinh 4. Ty 1& phan b cap hat va anh SEM (mdu dai dién) ctia byi TSP tai thanh phd Ha Noi.

3.2. Nong do cdc nguyén té chinh trong bui lo
lung TSP trong khong khi thanh pho Ha Ngi

Su phén bd néng dd theo ban dd nhiét
(heatmap) cua cac nguyén té trong bui TSP &
thanh ph Ha No6i dugc thé hién trong Hinh 5.
Nhin chung nong d6 cic nguyén t6 xut hién
trong mau bui TSP & khu vyc d6 thi cao hon &
khu vuc ngoai 6. N6ng dd trung binh cta cac
nguyén t6 (phén tich bang phuong phap PIXE)
trong cac mau bui TSP duogc sap xép theo thur tu:

Si>Ca>S>Al>Na>K>Cl>Fe>Mg>Zn>P>Ti>M

n>Pb>Cr>Cu>Ni. Trat tu ndy twong dong véi
nghién ctru ¢6 trudc vé ndng do cac nguyén to
trong bui khi quyén duogc céng bd bai Papp va
cong su (2020). Két qua nghién ctru nay cho thy
xut hién 3 nhom (clusters), bao gdbm nhoém céc
nguyén td c6 nong d6 & muc cao (Si, Ca, S),
trung binh (Na, Mg, Al, K, Fe va CI) va nhém c6
mirc thdp bao gdm cac nguyén t6 con lai (Zn, P,
Ti, Mn, Pb, Cr, Cu, Ni).
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1.000 : Thang chia néng d nguyén td trong méu (ppm)

SW-5
SW-4
SW-3
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UW-5
UW-4
UW-3
UW-2
UW-1
SD-5
SD-4
SD-3
SD-2
SD-1
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UD-4
UD-3
UD-2
UD-1

Na Mg Al Si P S Cl

K Ca Ti C Mn Fe Ni Cu Zn PO

Hinh 2. Nong d¢ cac nguyén tb chinh trong byi TSP Thanh phd Ha Noi.

Nhu vy cic nguyén t phd bién nhit trong
cac mau bui TSP, bao gdm cac nguyén té & nhoém
c6 miic cao va trung binh, 13 cac nguyén té phd
bién nhét trong vo trai dét, trir S va Cl. Két qua
nay rat tuong dong véi két qua ma Quyet va cong
su (2021) da phat hién trong bui duoc bit dinh
trén céc tli cdy réu Sphagnum girgensohnii.
Diéu d6 ching t6 mat do bui tinh thé trong khong
khi Ha Noi rat cao va loai bui nay la mot trong
nhitng nguén 6 nhiém chinh. Diéu nay dé dang
dugc 1y giai 1a do téc d6 d6 thi hoa ciia Ha Noi
rat nhanh. Theo do6 néng do Si xudt hién cao nhét
trong tt ca cac miu voi sy dao dong trong giai
231.803 - 382.563 ppm. Piéu cha y la gia tri
nong do cao nhat ciia Si (382.563 ppm) va gia tri
noéng d6 thdp nhat cua nd (231.803 ppm) déu
nhan dugc trong mua khé ¢ khu vyc d6 thi.
Thanh phan Si trong cac mau chiém tir 63% -
88% téng ham luong cac nguyén t6 dugc phat
hién. Piéu nay cho thay nong d6 nguyén td trong
bui ¢6 thé phy thudc rat nhleu vao cac didu kién
khéc nhau, mang tinh bat 6n dinh manh gitra khu

vuc d6 thi so v6i ving noéng thén nhu cac didu
kién vé dia hinh, khi tuong, ngu(‘3n thai va cac
hoat dong kinh té - xa hoi khac.

Céc nguyén t6 khoang (Si, Ca, Fe) co ty 16
cao trong bui do két qua hoat dong phuong tién
giao thong duong bo nhdn nhip [4]. Ham luong
cac nguyén t Si, Ca, Al, Fe, K va Mg cao cling
1a chi thi cho cac ngudn thai tir hoat dong xay
dung va nong nghiép [19]. Nong do Pb la thap
nhat, khéng xuét hién (dwéi ngudng phdn tich
hodic khéng c6) & mot s6 miu bui TSP duoc 1dy
vao 3 ngay dau ldy mau ¢ mua mua, ca khu vuc
do thi (UW-1, UW-2, UW-3) va ngoai 6 thanh
phd Ha Noi (SW-1, SW-2, SW-3). Ham luong
Pb thap trong khong khi 1a tin hi¢u dang mimng,
rat c6 thé 1a két qua ma Viét Nam noi chung, Ha
Noi noi riéng trong quyét dinh khong sir dung
xéang pha chi tir 1/11/2001. Thém vao d6 sy tang
nhanh vé ty 1¢ phuong tién sir dung pin dién thay
thé cho cac loai phuong tién st dung xang, dau
ciing 1a yéu t6 thuc day su thuyén giam céc chit
ONKK tir dong co dbt trong.
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4. Két luan

Nghién ctru ndy di thu thap dugc tong sb 20
mau bui TSP & khu vuc dai dién ndi d6 va ngoai o,
trong ca mua kho va miia mua ciia thanh phd Ha
Noi. Mudi bay (17) nguyén t6 trong bui TSP dugc
phén tich thanh cong bang phuong phap PIXE boi
thiét bi ddc dung trén hé may gia toc Pelletron
5SDH-2. Két qua cho thay ndng d6 TSP ¢ UD, SD,
UW, SW lan luot 1a 105,5 + 32,4 pg/m?, 102,8 +
39,5 ug/m?, 107,5+17,1 ug/m®, 80,1 + 18,1 ug/m®.
Nong do TSP & khu vyc ndi do (79,7 - 1655
ug/m®) cao hon khu vuc ngoai 6 (52,2 - 162,2
ug/m®) va ndng do cua chung trong mua khé (60,8
- 165,5 pg/m®) thi cao hon va dao dong 16n hon
trong mua mua (52 - 124,8 pg/m®). Cép hat bui tho
PMio chiém phan 16n (>85%) trong TSP. Su xuat
hién cic nguyén t6 trong mau bui TSP
(Si>Ca>S>AlI>Na>K>CI>Fe>Mg>Zn>P>Ti>Mn
>Pb>Cr>Cu>Ni) cho thiy chat lugng khong khi
ctia thanh phé c6 thé anh huong 16n tir cac ngudn
giao thong, xay dung, hoat dong nong nghiép va
céc ngudn lan truyén tir xa. Cac nghién ctru tiép
theo can chu y nong do cic nguyén td nay trong
cac loai bui kich thudc nhd hon (PMazs, PMy,
PMo.1) boi sur phan bd céc loai bui nay chiém vu
thé trong toan bo bui TSP.

Loi cam on

Nghién ctru nay duoc tai trg bdi Quy Phat
trien Khoa hoc va Coéng nghé Qudc gia
(NAFOSTED) trong dé tai mi s6 105.08-
2023.28. Cac mau bui TSP thudc dé tai
NAFOSTED, cic chi tiéu nguyén té duoc phan
tich bang thiét bi PIXE trén may gia tc Pelletron
5SDH-2 boi nhém tac gia.
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