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Tom tit

Nghién ctru nay danh gia bién dong theo mua, dac diém hinh thai va
ngudn gbc van chuyén cia bui min PM2.5 tai mot diém quan tric
thudc khu vuc ngoai thanh Ha Noi trong giai doan mua kho va mua
mua nam 2025. Mau PM2.5 dugc thu bang thiét bi ldy mau bui thé
tich 16n (Tisch Environment, Inc.), sau d6 phan tich hinh thai hat
bang kinh hién vi dién tir quét (SEM) va dénh gia ngudn van chuyén
bang m6 hinh quy dao ngwoc HYSPLIT. Két qua quan tric cho thdy
néng d6 PM2.5 trung binh mua kho dat 104,68 + 64,83 pg/m?, vuot
dang ké gi¢i han QCVN 05:2023/BTNMT, trong khi mua mua duy
tri & muc thip hon 1 46,41 + 20,02 pg/m?. Phan tich hinh thai hoc
cho théy trong mua kho, cac hat kich thuge 0,1 - 1,0 pm chiém ty 1&
cao nhat (80,7%) chu yéu ton tai dudi dang két tu chudi va cum dic
trung cho ngudn phat thai dbt chay. Nguogc lai, miia mua cho thay vai
trd quan trong ciia qué trinh ling dong uét trong viéce loai bo cac hat
siéu min (<0,1 pum) khoi khi quyén. Két qua moé hinh HYSPLIT
khéng dinh 6 nhiém mua kho chiu tac dong manh béi sy tich tu bui
tir cac khéi khi luc dia di chuyén duong dai trén dit lién tir phia Bic,
trong khi gi6 mua Tay Nam/Dong Nam mang theo khdi khi bién sach
gitip pha lodng 6 nhiém trong mua mua. Nghién ctru cung cip co s&
khoa hoc thuc nghiém vé mdi lién hé chat ché giita diéu kién khi
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Hién nay, bui PMas (voi duong kinh < 2,5 pum)
dugc coi la mot trong sau chit giy 6 nhidém
khong khi phd bién nhat (United States
Environmental Protection Agency, 2020). Bui
PMa s khong chi gay 6 nhiém khéng khi toan
cau quan trong ma chung con gy nén nhing tac
dong dang ké dbi voi stc khoe con nguoi
(Engel-Cox va cong su, 2013). Do ching co
kich thudc rat nho nén cic hat min c6 thé xam
nhap sau vao co thé con ngudi thong qua hé ho
hap dén tim va vao mau giy anh huong nghiém
trong dén strc khoe con ngudi (Bui va cong su,
2022). Ngudn phét sinh ciing nhu dic trung vat
Iy ctia bui PMas bao gdm kich thudc va hinh
thai hat hién nay dang dwoc day manh nghién
clru nham xéac dinh rd vai trd va muc do anh
huong ctia ching dbi véi moi trudng va sirc
khoe con ngudi. Tir cac két qua thu dugc trong
thoi gian gan day cho thay tac dong cua céc sol
khi phu thudc chdt ché vao hinh thai phan bd,
kich thudc hat co thé thidy xu huéng chung 1a
khi kich thudc cac hat min cang nho thi sy tac

tugng, dac diém vi m6 cua hat va mie do 6 nhiém khong khi d6 thi.

Hinh thai hat; HYSPLIT, PM2.5; SEM.

dong cua chung ddi véi stc khoe con ngudi
cang 16n (Jiang va cong sy, 2018; Linh va cong
su, 2023). Trong nghién clru cia Arhami va
cong sy (2010) da chi ra kich thude hat dong vai
tro quan trong tbe do léng dong cua céac hat va
sol khi hit vao cac vung khéac nhau cua h¢ ho
hap con nguoi. Theo bao cao T chic Y té thé
gi¢i (WHO, 2025) 6 nhiém khong khi lién quan
dén PM,s va cac yéu to khac gy ra khoang 7
triéu ca tr vong sém mdi nam trén thé gioi.

Hién nay, hoat dong quan tric chat lugng khong
khi tyr dong tai Viét Nam chi yéu duoc trién khai
tai cac d6 thi 1on nhu Ha Noi va Thanh phé HO
Chi Minh. Trong nhimg ndm gan day, cac két qua
theo ddi chi s chat luong khong khi (AQI) tai Ha
No6i cho thdy tinh trang 6 nhiém ngay cang
nghiém trong, v&i nhidu thoi diém thanh phd duoc
ghi nhan nam trong nhém céc khu vuc 6 nhiém
nhit thé gid1; hién tugng nay xuét hién véi tan
sudt ngdy cang cao va tip trung chu yéu trong
mua kho. Ha Noi 13 d6 thi c6 mat do dan sé dung
thtr hai trén ca nudc, noi dién ra lién tuc cac hoat
dong giao thong, xay dung va sinh hoat dan sinh,
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lam gia tang ap luc 6 nhlem khong khi. Méc du da
c¢6 nhiéu nghién ctru vé bui min PM; s tai Ha Noi,
phan 16n cac cong trinh hién nay chu yéu tap trung
vao dac tinh hoa hoc cua bui (Cohen va cong su,
2010; Dat va cong su, 2024; Thuy, 2023), trong
khi cac nghién ctru chuyén sau vé dic tinh vat 1y,
bao gdm hinh thai va phan bd kich thudc hat
nhitng yéu t6 quyét dinh mtrc d6 xam nhap va tac
dong dén stic khoe con ngudi van con han ché.
Trude thue té do, nghién ciru nay dugc thuc
hién nham danh gia sy bién thién theo mua cua
ndng do khéi lwong PM, s trong mua mua (RS)
va mua kho (DS) tai ngoai thanh Thanh phd Ha
Noi. Bén canh vi¢c phan tich né)ng do, hinh thai
va kich thudc hat PMy s nghién ciru da két hop
mod hinh quy dao tich hop Lagrangian don hat
lai (HYSPLIT) duoc 4p dung nham xac dinh cac
ngudn phat thai tiém ning va danh gia anh
hudng ciia qua trinh van chuyén khi quyén dén
khu vyc nghién ctru.
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Vit liéu va phwong phap nghién ciru
Quy trinh ldy mdu bui PM. s

Khu vyc nghién ctru duogc bd tri tai Hoc vién
Noéng nghiép Viét Nam nam & khu vuc ngoai
thanh thanh phd Ha Noi (Kinh d6: 21,0085; Vi
do: 105,8436) (Hinh 1). Mau PMzs dugc thu
theo chu ky 24 gio bang thiét bi 14y miu luu
lugng 16n TE-1000DBLX (Tisch Environment,
Inc.) voi luu lugng 200 L/phut, st dung gidy loc
thach anh duong kinh 102 mm, tr 06:00 sang
dén 6:00 sang ngay hom sau trong d6 thoi gian
thay mau 13 30 phut. Thiét bj iy mau duoc dat
¢ do cao khoang 15 m so v&i mat dat va cach
tuyén giao thong gan nhat khoang 100 m nham
han ché anh hudng truc tiép cua phat thai cuc
bd. Sau khi ldy mau, gidy loc duoc thu hoi, bao
quan trong diéu kién kin khi va & nhiét d6 ~ 4 °C
nham han ché céc bién ddi vat 1y - hda hoc.
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Hinh 1. Vi tri 1dy miu bui PMas

Qué trinh 14y mau dién ra trong hai dot: mua
mua tir ngay 04 - 14/4/2025 va mua kho tir ngay
09 - 19/12/2025. Toan bd mau sau do dugc
chuyén dén Phong phén tich dioxin, Phan vién
Hoéa - Moi truong (nay 1a Phong Quan tric va
Phan tich Dioxin, Vién Hod hoc va Maéi truong
Nhiét d6i), Trung tdm Nhiét déi Viét - Nga dé
tién hanh xac dinh nong d6 khéi lugng PM 5.

Phwong phap phén tich SEM

Hinh thai hoc va sy phan bd kich thude cta cac
hat bui PMa 5 dugc danh gia thong qua ky thuat
kinh hién vi dién tir quét (SEM). Viéc phén tich
duoc tién hanh trén hé kinh hién vi dién tir quét
phat xa truong FE - SEM (S-4800, Hitachi,
Tokyo, Nhat Ban). Ky thuat SEM cho phép
quan sat chi tiét cau trac bé mat va hinh dang
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hat bé“mg cach sir dung chum dién tr hdi tu quét
tryc tiép 1én mau v6i do phan giai cao. Dbi véi
mdi mau, nhiéu anh SEM duoc chup tai cac
truong anh doc 14p nhim dam bao tinh dai dién
ctia mau. Cac hat thu dugc trén anh SEM sau d6
duogc xir Iy bang phan mém ImageJ dé xac dinh
phan bb kich thudc hat, ddc diém hinh thai cua
cac hat PMa s trong khong khi xung quanh. Su
phdi hop gitra SEM va ImageJ hién dugc st
dung phd bién trong nghién ctru aerosol khi
quyén va da dugc x4c nhan vé do tin cay khoa
hoc (Linh va cdng su, 2023).

Mo hinh HYSPLIT

Nhiam xac dinh cac ngudn phat thai chu yéu
dong gop vao néng d6 hat min tai khu vuc
Thanh phé Ha Noi, phan tich quy dao ngugc
ciia khoi khi da duoc thyc hién tai diém tiép
nhan béng mé hinh NOAA - HYSPLIT, trién
khai trong méi truong R thong qua goi SplitR.
M6 hinh st dung bg dir liu khi tugng GDAS
(Global Data Assimilation System) do NOAA
cung cap, voi o phan giai khong gian 1° x 1°
va d phén giai thoi gian 6 gio. Day la b6 dur
liéu dong hoa khi twong toan cau dugc sur
dung rong rai trong cac nghién clru truy Vet
quy dao khong khi va danh gia sy lan truyén
chat 6 nhiém trong khi quyén. Cac quy dao
nguoc 72 gid dugc tinh todn tai d¢ cao 100 m
so voi mat dit nham phan anh dic trung di
chuyén cuia cac khdi khi anh huong dén khu
vuc nghién curu. DPé danh gia cac khu vuc
ngudn tiém nang anh huong dén nong do hat
min quan tric duoc, phuong phap quy dao co
trong sd nong do (Concentration Weighted
Trajectory - CWT) da duogc ap dung va tinh
toan nhu trong c()ng thuc (1):

In(C;;) = ln(Ck)Tl j (1)

Trong do, gid tri CWT thé hién néng do trung
binh logarit cia chit 6 nhidm gin véi timg 6
ludi khong gian. Cu thé, voi i va j 1a chi sé cua
6 ludi, k 1a chi sé quy dao, n 1a téng sé quy
dao, Ci 1a ndong d6 PMas do dugc tai thoi
diém quy dao k dén diém tiép nhan, va Ty la
thoi gian luu tra cta quy dao k trong 6 luoi (i,
j). Gia tri Cjj cang 16n cho thay khu vyc tuong

g c6 kha nang dong gop cao hon vao ndng do
PM, s tai diém nghién ctru khi cac khéi khong
khi di qua. Phan tich CWT duoc thuc hién bang
goi Openair trong phan mém R.

Két qua

Két qua quan tric ndng d6 bui min PMys dugc
tong hop trong Bang 1 cho thay sy khac biét &
rét giita hai mua, trong d6 ndng d6 trong mua
kho cao hon déng ké so v6i mia mua. Pay la
dic diém da dwoc ghi nhan phd bién trong dién
bién chat lugng khong khi tai Ha Noi trong
nhiéu nim gan day. Gia tri trung binh PMa s do
duoc trong mua mua va mua kho lan luot 1a
46,41 + 20,02 pg/m?® va 104,68 + 64,83 pg/m?.
So sanh v6i ngudng khuyén cio trung binh ngay
cia T6 chirc Y t& Thé gidi (WHO, 15 pg/m?)
cho thdy toan bd cac ngay ldy miu déu vuot qua
gia tri nay (WHO, n.d.). Khi d6i chiéu v6i Quy
chuan k¥ thuat qudc gia vé chat lugng khong
khi xung quanh (QCVN 05:2023/BTNMT),
phan 16n cac ngay quan trac trong mua kho cé
néng 46 PMas cao hon gidi han cho phép (50
ng/m?). Ngoai trir ngdy 1y mau thir 5 ghi nhan
gia tri 21,8 pg/m® thap hon quy chuan thi cac
ngay con lai déu vuot chuan. Theo nhat ky quan
trac, ngay nay (13/12/2025) c6 mua, din dén su
suy giam manh néng do PM, s thip hon khoang
10 1an so v&i ngay lién trude. Nguoc lai, trong
mua mua chi c6 bon ngdy ldy mau ghi nhan
néng d6 PMas vuot qué giéi han cia QCVN
05:2023/BTNMT. Xu thé bién thién theo mua
cua néng do bui min PMa2 s tai khu vuc Thanh
phé Ha Noi, cling nhu tai cac do thi thudc vung
khi hau nhiét déi, cho thay su twong dong rd
rét vi cac két qua di dugce cong bd trong cac
nghién cuu truéc day cua Huy va cong su
(2018), Thuy (2023) va Ma va cong su (2019).
Cu thé, nong d6 PMa s trong mua mua thuong
thap hon so v&i mua kho, didu nay co thé duoc
giai thich bai d6 am khi quyén cao hon va sy
gia ting cla qua trinh ling dong uét, qua do
lam tang hi¢u qua loai boé cac hat bui min khoi
khi quyén (Hien va cong su, 2022a; Linh va
cong su, 2023).
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Béng 1. Nong d bui min PM:s trén cac miu di thu dwge (Pon vi: pg/m?)

Mua mua Mua khé
Ngay 1 18,77 104,68
Ngay 2 21,27 124,00
Ngay 3 84,23 217,08
Ngay 4 55,00 212,68
Ngay 5 67,62 21,80
Ngay 6 50,42 50,56
Ngay 7 49,73 71,04
Ngay 8 34,38 93,52
Ngay 9 37,31 61,24
Ngay 10 45,35 90,20
Gia tri trung binh 46,41 £ 20,02 104,68 + 64,83

Thao luan
Phan bé, hinh thdi va kich thwéc hat

Hinh 2 (a - d) thé hién anh SEM ciia bui PMas
thu duoc tai khu vuc nghién ctru, trong d6 Hinh
2a va 2b dai dién cho mua kho (DS), con Hinh 2¢
va 2d dai dién cho mua mua (RS). Cac hat vat
chat phan bd twong dbi dong déu trén bé mit
gidy loc va xen k& véi cau tric soi clia gidy loc
(Hinh 2a va 2c). O d6 phong dai cao hon (Hinh
2b va 2d), cac hat min c6 kich thudc khi dong
hoc nho hon 1,0 pm chiém uu thé, phu hop véi
két qua phan bd kich thudc hat dugc xac dinh
bang phan mém ImageJ nhu thé hién trong Hinh 2f,

Trong mua kho, phan doan hat 0,1 - 1,0 um
chiém ty 1& cao nhat trong tong s6 PM..s (chiém
80,7%) tiép dén 1a cac hat trong khoang tir 1-2,5
um (chiém 10,4%) va cudi cing la cac hat siéu
min c6 duong kinh <0,1 um (chiém 8,9%). Cau
trac phan bd nay phan anh sy chi phdi 16 rét ciia
cac hat min kich thudc nho, vén 1a khoang kich
thudc ddc trung cta aerosol phét sinh truc tiép
tir cac qué trinh dbt chay khong hoan toan va
cac hat da trai qua qua trinh két tu va ting
truong trong diéu kién khi quyén on dinh, luong
mua thip va khi ning khuéch tan kém
(Bessagnet va cong su, 2022; Mansurov, 2005).
Két qua nay phu hop chit ché véi phan tich hinh
thai bang SEM, trong d6 cac hat c6 hinh dang
bat dinh, két tu dang chudi va cum xuét hién
phd bién trong mua kho. Cac nghién ctru SEM -
EDS truéc day cho théy cac hat dang cum

thuong tén tai dudi dang cac tap hop gdm nhiéu
hat so cap c6 kich thudc Nano (< 0,1 pm) va cac
hat co kich thude 0,1 - 1,0 um la chu yéu. Két
qué nghién ctru ciing twong dong véi cac quan sat
tai Bac Kinh, noi ghi nhan kiéu hinh thai va phan
b kich thudc dic trung cua cac hat aerosol phat
sinh tir hoat dong giao thong cting qua trinh dot
chay khong hoan toan nhién li¢u héa thach va
sinh khdi (Shi va cong sy, 2015). Do do, ty 1&
phan trim cao nhit & cac hat co ‘duong kinh tir
0,1 - 1,0 pm trong mua khé c6 thé goi y su dong
gop dang ké cua cac ngudn phat thai so cap tai
khu vuc nghién clru, bao gobm hoat dong giao
thong, dot sinh khoi va cic hoat dong dan sinh.
Tuy nhién, vi¢c xac dinh chinh xac nguén phat
thai can dugc hd trg thém bang cac phan tich
thanh phan hoa hoc va chi thi ngudn chuyén sau
d6i vi PMys tai khu vuc nghién ciru.

Trong mua mua, két qua phan bd kich thudc
(Hinh 2f) mic du kich thudc cac hat van chu
yéu 1a cic hat co kich thudc tir 0,1 - 1,0 pm
(chiém 48,7%), va c6 thé thiy ty 1& cac hat < 0,1
um (chiém 3,8%) giam rd rét so véi mua kho.
Su suy giam ro rét cia cac hat co kich thudc
nho hon cho thiy vai trd chi phdi ciia qua trinh
ling dong u6t vao mua mwa. Dudi diéu kién
luong mua 16n va do am cao, cac hat siéu min
d& bi loai bé khoi khi quyén, dan dén su suy
giam dang ké ty 1& nay trong tong PM,s. Co ché
loai bo phu thuge kich thude hat nay da dugc
ghi nhan nhit quéan trong nhleu nghién ctru quan
trac va mo phong khi quyén, khiang dinh mua 1a
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mdt trong nhiing con duong chinh lam giam
ndng do aerosol kich thudc nho trong khi quyén
(Andronache va cong su, 2006). Cac nghién ctru
gan day vé mdi lién hé giira diéu kién khi tuong
trong mua mua va qua trinh rua tréi cac hat min
va siéu min di chi ra rang, trong moi trudng do
thi va can do thi, mua dong vai tro 1a mot trong
nhimg co ché loai bo sol khi kich thudc nho
quan trong nhit. Két qua nay ciing phu hop voi
cac nghién ciru cua Niu va cong sy (2023) va dr
Blanco-Alegre va cong su (2021), khang dinh
vai tro quyét dinh cua qua trinh ling dong w6t
trong vi¢c loai bd cac hat si€éu min va cac hat co
c4u tric phan nhanh phirc tap khoi khi quyén tai
cac khu vie ¢6 cuong do mua 16n. Qua do, cho
thdy ty 1é thp cua cac hat sidu min quan tric
duoc trong mua mua tai khu vuc nghién ctu la

n x2.00k SE{M)

IMS-NKL 5.0kV 6.7mm x50.0k SE(M)

hoan toan phu hop voi xu thé theo mua. Nhin
chung, trong ca hai mua, cac hat bui min c6 kich
thudc nho hon 1,0 pm chiém ty 1¢ dang ké trong
phan bd kich thude hat, cho théy chét lugng
khong khi tai Thanh phd Ha Noi co kha ning
chiu anh huéng manh tir cdc ngudn phat thai
ngoai pham vi dia phuong. Do cac hat co6 kich
thuéc nhd thuong cod thoi gian luu trong khi
quyén dai va d& bi van chuyén trén khoang cach
xa, lam gia tdng vai trd cua qua trinh van
chuyén ving va lién ving (Hien va cong su,
2022). Do do, viéc ap dung mo hinh HYSPLIT
1a can thiét nham phan tich quy dao khdi khi,
qua d6 danh gia mirc d6 dong godp tiém ning cta
cac ngudn phat thai tir bén ngoai khu vuc nghién
ctru d6i véi ndng dd PMa.s quan tric duoc.

B 0.1-1.0pm

B 25 pm

Hinh 2. Phan bé hinh thai va kich thuéc hat (Trong dé: a,b, DS la miia khé va c,d, RS la miia miea, f'la 1y 1é phan
tram theo khodng kich thwdc hat)

Két qua phén tich mé hinh HYSPLIT

Phéan tich CWT to m6 hinh HYSPLIT cho hai
giai doan dac trung tai thanh phé Ha noi 1a mua
mua va mua khd dugc minh hoa trong Hinh 3.
Cac vung co6 mau do dam tuong Ung voi cac
nguon dong gop chinh lién quan dén nong do
PMas ¢6 gia tri cao nhit va tiém ning nhat, 1an
luot c6 nong do 1a 84,24 pg/m?® va 217,08 pg/m?
tuong g vé1 mua mua va mua kho.

Trong mua kho, dudi tac dong bi chi phdi 15 rét
cua gi6 mua Dong Bic, cac khdi khi tap trung
chu yéu trén cac ving dt lién tir huéng Bac va

Poéng Bic di chuyén véi toc do thip qua cic
ving ngudn phat thai cong nghiép trong diém &
phia Nam Trung Qudc va cac nha may nhiét dién
than doc hanh lang kinh t& Dong Bic Viét Nam.
Do hanh trinh di chuyén dai trén dat lién, cac
khdi khi nay lién tyc tich tu bui va cac tién chat 6
nhiém trude khi tiép can diém thu nhan, dan dén
nong do CWT nén rat cao (> 200 pg/nr’). Co ché
van chuyén tim xa tir cac ngudn phia Bic nay da
dugc ching minh 14 nguyén nhan chinh gay ra
cac dot 6 nhiém cép tinh tai Ha NQi trong cac
nghién cuu trudc day (Cohen va cong su, 2010;
Hai & Oanh, 2013).
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Nguoc lai, trong muia mua, sy thay thé cua gio
mua Déng Béc bang gié mua Ty Nam va Dong
Nam d3 lam thay d6i hoan toan ban chét khi
dong hoc cta 6 nhiém. Cac quy dao khi trong
giai doan nay chu yéu 1a khdi khi bién xuat phat
tir Bién Pong. Pic trung cua cac khdi khi nay 1a
d6 sach cao, d6 4m 16n va hanh trinh di chuyén
chu yéu trén mat bién, gitp han ché t6i da viéc
tiép nhan cic chat 6 nhiém tir ngudn nhan tao
(Hai & Oanh, 2013). Khi cac khéi khi nay di vao

dat lién, ching hoat dong nhu dong khi pha
loang (dilution flow) va két hop vé6i lwong mua
16n 1am ting qua trinh ling dong udt, gitp rira
troi cac hat min khoi cot khi quyén, tr d6 lam
giam dang ké ndéng do PMas va dan toi gia tri
CWT mua mua thap hon nhiéu lan so véi mua
kho (< 60 pg/m’), mot xu huéng da duge bao
c4o trong nhiéu phan tich khi twong van chuyen
PMy5 cho khu vyc Ha No§i va Dong Nam A
(Hien va cong su, 2001, 2002).

pg/m?

60

50

F 40

30

r 20

pg/m?

Mua mua
ot E/
- r~%i\ =
- i
Mua kho
|
i g .
o <

140

120

- 100

r 80

- 60

- 40

20

Hinh 3. Phan bd trong $6 néng d6 CWT cua bui PM; s vao miia mua va mua kho

Két luin
Nghién ctru 1a co so dit ligu vé dic tinh vat ly
ciia bui va co ché 6 nhiém bui min PM> s tai khu
vuc ngoai thanh Ha Noi, véi két qua quan tric
cho thdy muc d6 6 nhiém mua kho & mirc béo
dong (trung binh 104,68 + 64,83 pg/m?), cao
gap hon 2,2 1an so v6i miia mua (46,41 + 20,02
pg/m’) va thuong xuyén vugt ngudng QCVN
05:2023/BTNMT. Piém moi ndi bat ctia nghién
ctru 1a viéc ching minh mdi lién két chat ché
gitra dac diém hinh thai vi mé va dong luc hoc
khi quyén: phan tich SEM da chi ra sy chiém
uu thé tuyét dbi (80,7%) cac hat c6 kich thudc
0,1 - 1,0 pm trong mua kho chi dau dic trung

clia cac nguon ddt chay so cdp va hinh thai cta
chiing tap trung dudi dang chudi va cum thudng
dugc ghi nhan trong céac aerosol lién quan dén
qua trinh d6t chay so cap. Trong khi mo hinh
HYSPLIT cho thay sy tich liily va phat thai tam
xa tir cac khoi khi luc dia di chuyén duong dai
tor phia Bic. Nguoc lai, chét luong khong khi
mua mua dugc cai thién o rét nhd co ché tac
dong kép cac khdi khong khi sach tir bién va
hiéu qua rira tréi su tich liy cta co ché ling
dong udt dbi voi cac hat siéu min (< 0,1 pm)
trong khi quyén. Két qua nghién ctru nhdn manh
vai tr0 quan trong cua diéu kién khi tuong va
van chuyén lién ving trong su bién dong theo
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mua cta 6 nhiém PMas tai Ha Noi. Tuy nhién,
nghién ctru hién tai chua két hop cac phan tich
thanh phﬁn héa hoc chuyén sau, do do viéc xac
dinh chinh x4c ngudn phat thai PMy s van can dugc
tiép tuc 1am rd trong cic nghién ctu tiép theo.

Thong tin tai tro: Nghién cvu nay dwoc thuc hién voi su
hé tro kinh phi tir Trung tam Nhiét déi Viét - Nga trong
khuén khé Nhiém vu Khoa hoc va céng nghé cap Trung
tam. Ma s6: MT.D1.19/24.

Tuyén bé vé déng gdp ciia tic gid: Bui Duy Linh: Pé
xudt ¥ twong nghién ciru, xdy dung phiong phdp nghién
cteu, thue hién ldy mau va phdn tich, xir Iy va phan tich sé
liéu, dién gidi két qud, soan thdo ban thdo va chinh sita
ban thdo;, Nguyén Pirc Thing: Thuwc hién ldy mdu va
phan tich, xir Iy va phan tich sé liéu; Hoang Anh Lé: Pé
xudt ¥ twong nghién ciru, xdy dung phirong phdp nghién
citu, dién gidi két quad, soan thdo ban thdo va chinh sira
ban thao; Nguyén Thi Nang: Xir Iy va phdn tich so liéu.

Tuyén bé vé kha nang truy cdp die ligu: Dir liéu ho tro
cho cdc két qua ciia nghién ciru ndy ¢6 thé dwoc cung cap
boi tac gia lién hé theo yéu cau hop Iy.

Tuyén bé vé siv dung Gen Al: Cic cong cu Al tao sinh
khong dwoc sw dung dé tao ra hodc chinh sira ndi dung
khoa hoc ciia ban thio ndy. Trong phan ¢é sir dung cong
cu AI (chi hé tro kiém tra ngit phap/dinh dang), cdc tic
gia da kiém tra toan bé néi dung va hoan toan chiu trach
nhiém doi véi néi dung cudi ciing.

Tuyén b6 xung dpt lpi ich: Cac tic gia khang dinh khong
¢6 bat ky xung dot loi ich nao lién quan dén nghién ciru,
tai tro, hodc xuat ban bai bao nay.
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Abstract

Morphological Analysis, Particle Size Classification, and Long - Range Transport Emissions of Fine Particulate
Matter in the Ambient Air Environment of Suburban Hanoi

This study investigated the seasonal variation, morphological characteristics, and transport pathways of PM»s at a
monitoring site located in the suburban area of Hanoi during the dry and rainy seasons of 2025. PM, s samples were
collected using a high-volume air sampler (Tisch Environment, Inc.), followed by particle morphology characterization
using scanning electron microscopy (SEM) and assessment of air mass transport pathways using the Hybrid Single-
Particle Lagrangian Integrated Trajectory (HYSPLIT) model. The monitoring results showed that the average PM> s
concentration during the dry season reached 104.68 + 64.83 pg/m?, significantly exceeding the limit specified in QCVN
05:2023/BTNMT, whereas lower concentrations were observed during the rainy season (46.41 + 20.02 pg/m?).
Morphological analysis revealed that particles with sizes ranging from 0.1 to 1.0 um accounted for the highest
proportion (80.7%) during the dry season and predominantly existed as chain-like and clustered aggregates, which are
commonly associated with combustion-related emissions. In contrast, the rainy season highlighted the important role of
wet deposition in removing ultrafine particles (< 0.1 pm) from the atmosphere. HYSPLIT results further indicated that
dry - season pollution was strongly influenced by the accumulation and long-range transport of continental air masses
originating from northern regions, whereas the Southwest/Southeast monsoon transported cleaner marine air masses that
contributed to the dilution of air pollution during the rainy season. This study provides experimental scientific evidence
of the close relationship between meteorological conditions, particle microstructure, and urban air pollution levels.

Keywords:
HYSPLIT; Particle morphology, PM;s; SEM.
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