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Tém tat: Thiét bji cdm bién chi phi thép (LCS) ngdy cang duoc st dung réng réi trong quan trdc chét lwong
méi truong khéng khi, tuy nhién, d6 chinh xdc va dé én dinh cda thiét bj LCS la vén dé cén duoc ddnh gid,
ddc biét trong cdc diéu kién khi hGu, thoi tiét khdc nhau. Nghién ctru nay thir nghiém 5 thiét bj LCS (GBiot-
FHO) quan trdc bui PM, , trong vong 1 ném (7/2024 - 6/2025) trong diéu kién cta Thanh phé (TP) Ha Néi.
K&t qud kiém tra song song cho thdy tuwong quan giita 5 LCS rdt cao (R*= 0,97-0,98) va sai sé nhé (RMSE=
0,68-3,21 ug/m?3). Két qué chudn héa sé liéu do clia 5 LCS theo sé liéu do ctia 3 tram chudn (FEM) cta Trung
tdm quan trdc méi trurong mién Bdc (NCEM) chi ra réng 5 LCS ¢6 dé twong quan khd tét (R?=0,59-0,74) vdi
cdc tram FEM- NCEM; dé nhay cua LCS ddt gan tram FEM-Bdch Khoa dat cao nhét (slope = 0,92). Trong
giai doan quan trdc, 5 LCS dwoc Idp dét tai 5 diém phdn bé rdi rdc trén dia ban TP. Ha Néi. S6 liéu quan tréc
cta 5 LCS trong vong 1 ndm (7/2024-6/2025) sau khi chuén héa theo tram chuén (FEM- NCEM) duoc s&
dung dé dénh gid 6 nhiém bui PM, , tai TP. Ha Ni. Két qud quan trdc cua 5 LCS déu ghi nhén duoc cdc dot 6
nhiém PM, . tai TP. Ha NGi trong thai gian nghién ciru (ddc biét vao mia déng- xudn) va bién trinh ngay déu
turong dong vdi két qud quan trdc cia FEM- NCEM (twong quan Pearson (r) = 0,82-0,85). Nhu vdy, thiét bj
LCS (GBiot-FHO) nay cé thé duoc trng dung trong quan trdc bui PM, . trong diéu kién khi héu, thoi tiét cua TP,
Ha NG, tuy nhién cén thuc hién budc kiém tra hoat déng cda thiét bi, chuén héa sé liéu dinh ky. Viéc dénh
gid, hiéu chudn, chudn hda thiét bj LCS sé md rdng tiém ndng trng dung phdt trién mang Iwdi quan trdc chdt
Iwvong khéng khi, déc biét tai nhitng noi nguén lwc con han ché.

Tir khéa: LCS, ddnh gid vén hanh, quan tric PM, , 6 nhiém khéng khi, TP. Ha NGi.

1. D3t van dé theo tirng khu vire va thoi gian trong ndm, phan

Bui min (PM) duoc xem la mot trong nhirng
nguodn 6 nhiém phd bién nhat trong moi truong
dd thi va dong thoi cling la tdc nhan c6 mirc do
anh hudng nghiém trong nhat déi véi sirc khée
cdng déng. Hién nay, bui min duwoc danh gia la
yéu t& mdi trwong dan dén ty I& tlr vong sém
cao nhat [1], [2]. Udc tinh trén toan thé gidi
mdi ndm cé khoang 6,7 triéu truong hop tir
vong sém lién quan dén phoi nhiém bui PM,.s
va ozone (0s) [1]. DU nbng d& PM,.s bién thién
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I&n dan s6 toan cau (khodng 91%) van dang séng
trong moi trudng cé mirc PM,.s vuot nguong
khuyén cdo cta T6 chirc Y t& Thé gidi [2].

Tai Viét Nam, Chinh pha d3 ban hanh Quy
chuan ky thuat qudc gia vé chat lugng khong
khi (QCVN 05:2023), quy dinh gidi han néng d6
cac chat 6 nhiém va phuong phap do doi véi bui
PMio va PM,.s [3]. Nham theo ddi cac thong s
quan trong vé sirc khée, ndng d6 PM dang duoc
quan trac théng qua mang lwdi tram quéc gia do
Cuc M@i trurng va cac tram cap tinh do S& Nong
nghiép va Méi truong (NN&MT) quan ly. Nhitng
tram nay si dung hé théng thiét bi dat chuan
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(FRM/FEM) nhu mdy do hap thu beta (BAM), vi
can dao dong TEOM, hay hé théng l1dy miu - can
trong luvgng [4].

Do d&c thu la cac thiét bi tiéu chuan cd kich
thudc 1én, chi phi dau tu cao (thudng trén
20.000 USD), can ngudn dién 6n dinh va yéu cau
bao tri, hiéu chuan dinh ky b&i nhan su chuyén
mon, viéc mé rong mang lwdi tram quan trac tu
dong, lién tuc tai Viét Nam van gdp nhiéu han
ché va sé lugng tram dén nay con khd khiém
tén [4].

Nhirng ndm gan day, bén canh hé théng tram
chudn qudc gia (FEM), céc thiét bi cdm bién chi
phi thap (LCS) duoc trién khai & nhiéu noi nham
cung cdp dit liéu chat luvgng khéng khi véi do
phl khéng gian va thoi gian chi tiét hon. Riéng
tai Ha Noi d3 cé 3 tram quan trac tiéu chuén
(FEM) va hon 30 diém s dung LCS do S& Tai
nguyén va Moi treaong (TN&MT) trudc day (nay
la S& NN&MT) quan ly [5].

Cac cam bién chi phi thap (LCS) c6 wu thé vé
chi phi, thuéng tir vai tram dén vai nghin USD,
dé 1ap dit va yéu cau ha tang tdi thiéu [6], [7].
Nho vay, ching dugc trién khai rong rai trong
céng dong va trd thanh ngudn dit liéu bd tro
cho hé théng quan trac chinh thirc, gitp ting
mat dé diém do bui PM trong khu virc d6 thi [8-
10]. Tuy nhién, dé dit liéu LCS c6 dd tin cay cao,
viéc danh gia va kiém sodt chat lwvong do dac
van |a yéu cau then chét.

Viéc hiéu chuan, chuan hda so liéu do cla
cam bién chi phi thadp LCS theo thiét bj chuin
FEM |a bat budc va thuong phai duoc thuc
hién ngoai hién trwong [7], [11], [12]. DU trong
phong thi nghiém, LCS c6 thé dat twong quan
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cao vdi thiét bj chuan (R? > 0,85), nhung khi dat
trong diéu kién mdi trudng thuc té, hiéu suat
cla chung thuong dao dong manh véi R? chi tir
0,36 dén 0,92 [13-17]. Nguyén nhan chinh dén
tr su thay déi vé didu kién khi tvgng nhu nhiét
dd, d6 dm, cung vdi su khac biét vé ngudn phat
thai va dic tinh vat ly - héa hoc cta hat bui [11].

Tuy LCS d3 duwoc nghién ciru & nhiéu qudc
gia, cac nghién clru thyc nghiém vé hiéu suét
LCS do PM,.5 trong diéu kién thuc dia tai Viét
Nam van con han ché. Vé&i khi hau néng am dic
trwng, nhiét dd mua hé phé bién tir 25-35°C, do
am khoang 80% [18], cung mtrc d6 6 nhiém bui
déng bdo dong & cac d6 thilén do giao théng va
cong nghiép [19], [20], viéc danh gid hoat dong
cla LCS trong diéu kién moi trudng Viét Nam [a
vO cung can thiét dé phuc vu chuin hoda va ing
dung dit liéu chinh xac hon.

Bai bdo nay dwoc thue hién nham [am rd hon
hiéu qua do néng d6 PM,.s clia thiét bj LCS, danh
gid mirc do chinh xac va d6 én dinh cla LCS khi
van hanh dudi diéu kién thuc dia dién hinh cla
Viét Nam. Bén canh dé, nghién clru cling xem
xét ddnh gid chat lvong 6 nhiém khéng khi do
bui min PM, . tai khu vire TP. Ha Noi.

2. Bai twong va phuong phap nghién ciru

2.1. Béi two'ng nghién ciu

Da&i tuong nghién cru 13 hé théng cdm bién
chi phi thap (LCS), cu thé |a cac cam bién do bui
PM,.s, dugc trién khai ngoai thuc dia trén dia
ban TP. H3 N&i dé danh gia hiéu qua do, kiém tra
murc dd chinh xac va dé 6n dinh khi hoat dong
trong diéu kién khi hdu mua hé néng 4m va mua
déng kho lanh cha TP. Ha Noi.
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Hinh 1. So' d6 hé théng thiét bj LCS quan trdc chdt lwong khéng khi
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Loai thiét bi LCS trong nghién cru nay mang
nhan hiéu GBiot-FHO do cong ty Green Blue
Corp san xuat tai Nhat Ban. Lwu y ring LCS
(Gbiot-FHO) duwoc trang bi kém theo thiét bi do
khi tuvong (Hinh 1). Ngoai ra, hé théng thiét bj
LCS nay con duwoc trang bi bd dinh tuyén két noi
wifi d& truyén sd liéu thoi gian thuc (realtime)
true tuyén vé may chl. D€ dé phong trudng hop
bi mat dién, hé théng quan trac LCS duoc trang
bi thém UPS.

Bé&n canh d6, dya trén s6 liéu quan trac PM,
thu thap duoc tlr cac tram LCS va sau khi duwoc
chuan hda, bai bdo cling danh gia 6 nhiém bui
PM,.s tai TP. H3 N&i bao gbm dic diém bién

=

¢

dong theo khong gian va thoi gian, mirc 6 nhiém
so vdi quy chuan.

Pham vi nghién ciru: Danh gia, chuin héa
s6 liéu do cla 5 LCS (Gbiot-FHO) theo cac tram
chuén (FEM) cGa NCEM. Sau d¢, s dung 5 thiét
bi LCS d3 chudn héa dé quan trac, danh gia 6
nhiém PM,  tai 5 diém phan b6 trén dia ban TP.
Ha Noi (Hinh 2 va Bang 1). 5 diém l3p dat LCS
duoc lya chon theo tiéu chi phan bd khéng gian
tuwong déi déu tai 5 quan ndi thanh, dong thoi
I3 khu vyc déng dan cuw va ngudn phat thai 6
nhiém khong khi 16n (giao thong, dan sinh, xay
dung...).
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Hinh 2. Vj tri ldp dgt cdc LCS va cdc tram FEM cla NCEM trén dja ban TP. Ha Néi [Ngudn: Tdc gid tao Idp trén
Google Map]

2.2. Phwo'ng phdp nghién ciru

Nghién clru dwoc thyc hién dua trén phuong
phép thuyc nghiém ngoai thuc dia két hop vdi
phan tich théng ké. Cu thé, nhém nghién ctru
trién khai 18p dat 5 LCS (Gbiot-FHO) va quan
trac tai 5 diém phan bd trén dia ban TP. Ha Noi
(Bang 1).

Nghién ctru thiét ké 3 budce thye hién nhu sau:

Buwdrc 1: Kiém tra song song (parallel-test)
hoat dong cla cac LCS. Budc nay tién hanh
trong khodng 7 ngay, 5 LCS duwgc dat tai cung 1
vi tri dé ti€n hanh chay thlr nham danh gia chirc
nang hoat déng va do twong thich, nhat quan
cla 5 LCS vdi nhau.

Buwdic 2: Chudéin héa s6 liéu do LCS (correction)
theo tram chuan (FEM). Budc nay tién hanh
quan trac thyc dia (field testing) va so sanh LCS

v&i tram chudn FEM cla CEM trong khoang 5
thang. Muc tiéu cla budc ndy nham danh gia
murc dd tuwong quan cta LCS va FEM gan nhat
va chuan hda sé liéu do cla cac LCS theo FEM.

Budc 3: Ddnh gid 6 nhiém PM, , tai khu vurc
nghién ctru. SG liéu quan trdc PM, . bang LCS
tai 5 diém lwa chon trén dia ban cda TP. Ha Noi
trong vong 1 nam sau khi chuin héa s& dugc
sir dung dé danh gid hién trang, dién bién, dac
trwng 6 nhiém PM, .

D{t liéu néng dé bui PM,.s thu dugc tir cac
LCS duworc ghi nhan lién tuc tirng phut va truyén
vé mdy chd, hodc trich xuat tir thé nhd cha thiét
bi. Sau do, s6 liéu nong dé PM, . duoc xtr ly,
chuyén déi thanh néng dé trung binh gi¢r (TBh)
va phéan tich théng ké véi dit liéu tham chiéu cla
03 tram FEM clda NCEM gbébm tram Béch Khoa

TAP CHi KHOA HOC BIEN P81 KHi HAU || =65
S6 38 - Thang 6/2026 ||




(FEM-BK), tram Nhan Chinh (FEM-NC) va tram
Nguyén Van Ctr (FEM-NVC) (Bang 2) nham danh
gid do chinh xac (precision) thdng qua d6 Iéch
chudn (SD), dé léch (bias) théng qua dé déc
(slope) va doan chan (intercept) va hé sb tuong
quan (R?) cla thiét bj LCS. Song song véi do,
nghién cru tién hanh phan tich théng ké chudi
thoi gian dé lam rd dic diém bién déng theo

mua, theo ngay clia néng d6 PM,.s tai Ha Néi,
cling nhu so sanh mirc dd & nhiém so véi céc
quy chuan hién hanh (QCVN 05:2023).

Théng qua cdc budc do dac, déi sanh va
phan tich, bai bao danh gia hiéu suat do, do 6n
dinh theo thai gian va kha nang &ng dung cla
hé théng LCS trong quan trac chat lvong khong
khi trong diéu kién moi truérng cta TP. Ha Noi.

Bdng 1. Théng tin vj tri 5 diém Idp ddt LCS tai TP. Ha N6i

Dia chi tram LCS

Ki hiéu tram

Toa do

Thiét bi/
Ky thuat do

Vi tri 13p dat

Vién KH Khi twgng Thay
van va Bién ddi khi hau,
ngd 62 duong Nguyén
Chi Thanh, Ha Noéi

LCS_ IMHEN

21°1'16.47"N,
105°48'27.92"E

LCS (GBiot-FHO)
Light Scattering

N&c tda nha 5 tang (cao
20 m), gan truc dudng
Nguyén Chi Thanh va
Huynh Thuc Khang.

Truong Dai hoc Tai
nguyén va Moéi trueong Ha
NoOi, 41A duwdng Phu Dién

LCS_ HUNRE

21°2'47.08"N,
105°45'44.71"E

LCS (GBiot-FHO)
Light Scattering

Néc tda nha 5 tang (cao
20 m), ndm trong khu
dan cu.

Vién KH Mbi truong, Bién
va hai dao, 67 duong
Chién Thang, Ha Pong

LCS_ VEMSI

20°58'55.28"N,
105°47'38.76"E

LCS (GBiot-FHO)
Light Scattering

Néc tda nha 5 tang (cao
20 m), gan truc dudng
Tran Phu- Ha Pong.

Vién KH va Ky thuat Hat
nhan, s6 179 dudng
Hoang Qudc Viét

LCS_ INST

21°2'43.83"N,
105°47'55.26"E

LCS (GBiot-FHO)
Light Scattering

N&c tda nha 4 tang (cao
15 m), ndm canh tuyén
dudng Hoang Quéc Viét

Nga tuv dwong Giai
Phong- Dai C6 Viét, Ha
Noi

LCS_BK

21°0'21.88"N,
105°50'35.26"E

LCS (GBiot-FHO)
Light Scattering

N&c tda nha 5 tang (cao
20 m), gan truc dudng
Giai Phong va Dai C6 Viét

Bdng 2. Théng tin 3 tram tiéu chuén FEM ciia NCEM tai TP. Ha Néi

Duy Tién

Beta attenuation

Dia chi tram FEM Ki hiéu Toa db IhletAb!/ Khoang cacb ve&i ci?c tram LCS
tram Ky thuat do gan nhat
S6 556 duong FEM_NVC | 21°2'56.76"N, | BAM Thermo- Khodang cach gitta FEM_NVC va
Nguyén Van Clr 105°52'59.16"E | 5028i LCS_BK la 6,7 km; Khoang céch
Beta attenuation | gitta FEM_NVC va LCS_IMHEN la
8,5 km
Céng Parabol Pai hoc | FEM_BK |21°0'18.72"N, | BAM Thermo- Khoang céch gitra FEM_BK va
Bach khoa Ha N&i, 105°50'30.48"E | 5028i LCS_BK la 250 m;
duong Giadi Phong Beta attenuation
Cong vién Nhan FEM_NC |21°0'11.16"N, |BAM Thermo- Khoang céch gitra FEM_NC va
Chinh, dwdng Khuat 105°47'40.92"E | 5028i LCS_IMHEN la 2,7 km.

Khoang céch gitra FEM_NC va
LCS_VEMSI 13 2,3 km.
Khoang céch gitra FEM_NC va
LCS_INST I3 4,7 km.

Khoang céch gitra FEM_NC va
LCS_HUNRE |3 5,8 km.
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3. Két qua va thao luin
3.1. Bdnh gia thiét bj LCS

D& danh gid dd 6n dinh va chinh xac cta 5
thiét bj LCS nghién clru (m3 sd LCS. 34, LCS.36,
LCS. 37, LCS. 38, LCS. 40) can thuc hién budc
kiém tra song song va so sanh véi thiét bi chuan

20,00

15,00

MICROGRAM/M3

10,00

5,00

0,00

FEM trudc khi tién hanh quan trac thyc su. 5
LCS nay dwgc dat tai cung 1 vi tri (trén ndc toa
nha 5 ting cta Vién Khoa hoc Khi tuvgng Thay
van va Bién d6i khi hdu nay I3 Vién Khoa hoc,
Khi twgng Thay van, Méi trudng va Bién) va tién
hanh phép do song song trong khoang thoi gian
7 ngay, tir 09/7/2024 dé&n 16/7/2024 (Hinh 3).

151821000306091215182100030609121518210003060912151821000306091215182100030609121518210003060912151821000306

9/7/24 10/7/24 11/7/24 12/7/24
Ngay

e | CS34 e | CS36

13/7/24 14/7/24 15/7/24 16/7/24

LCS37 e | CS38 s LCSA0

Hinh 3. Két qud do néng d¢ TBh PM, , cta 5 thiét bj LCS trong giai doan kiém tra song song (9-16/7/2024)

LCS34

LCS36

LCS37

LCS38

LCS40

LCS34 LCS36

LCS37 LCS38 LCS40

Hinh 4. Méi twong quan gitta 5 LCS trong giai doan kiém tra song song

Két qua kiém tra song song cho thdy sé liéu
do nbéng dé tirng phut PM,. cla 5 LCS c6 clng
bién trinh, khodng gia tri dao déng tir 2-32 pg/
m?. K&t qua do cla 5 LCS c6 méi twong quan rat
cao v&i nhau (R?= 0,97-0,99). Mirc d6 tuong
quan cao nhat |3 gitra LCS36 v&i LCS37 va gilra LCS
38 véi LCS 34, 36, 37. Mirc d6 twong quan thap

nhat quan sat dwoc gitra LCS34 va LCS40. Gid tri
sai sO gilta néng d6 PM,  trung binh gio' cla 5
LCS ciing kha nhd, c6 gid tri RMSE = 0,68 - 3,21
ug/m?3 (Bang 3). Thém vao dé, cac dudng hoi quy
gitta tirng cdp LCS van rat gan diém gdc toa do,
c6 nghia la d6 léch khéng dang k& (Hinh 4). biéu
nay chirng té sai sé gilra cac LCS 1 rat nhé.
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Bdng 3. Hé sé tuong quan va sai s6 giita cdc LCS

RMSE (pg/m?)
R? LCS. 34 LCS. 36 LCS. 37 LCS.38 LCS.40
0 2,57 1,23 0,68 3,21
LCS. 34
1,00
1,57 2,21 1,15
LCS. 36
0,98 1,00
0 0,92 2,21
LCS. 37
0,98 0,99 1,00
0 2,88
LCS.38
0,99 0,99 0,99 1,00
0
LCS.40
0,97 0,98 0,98 0,98 1,00

3.2. Chudin héa sé liéu do LCS

Két qua do noéng do PM,  clia céc LCS duoc
5o sanh vdi két qua do cla thiét bj chuan FEM-
NCEM gan nhéat. Phan tich twong quan vdi thiét
bi chuan FEM duoc thé hién trong Hinh 5-10 va
cdc thdng sd hdi quy trong Bang 4. Hé s6 tuong
quan gitta cac cap LCS va FEM gan nhat dao
déng trong khoang R?= 0,59 - 0,74. LCS- BK va
LCS- INST cho thdy d6 nhay cao twong duong
so v&i FEM (slope = 0,81 - 0,92), trong khi do,
LCS- IMHEN, LCS- VEMSI va LCS- HUNRE cho
thay d6 nhay thap hon (slope = 0,47- 0,63). Do
léch cta 5 LCS kha 1&n so véi FEM (intercept =

13,9-19,2 ug/m3). Do léch cda LCS- BK véi FEM-
Bach Khoa la nho nhat (intercept = 13,9 pug/m?3).
Tuy nhién, so véi FEM gan nhéat thi ¢d 5 LCS cé
dd léch chuan kha cao (SD = 15,3-20,1 pg/m3)
va sai s6 khd I&n (RMSE = 18,7-36,4 pg/m3). Nhw
vay, LCS- BK ddp (rng mot sb tiéu chi chudn hoa
theo Hwéng dan ctia US. EPA (2021) [11] vé d6
nhay (slope) va twong quan (R?) nhung mot sé
tiéu chi khdng dap (ng do su khdc biét vé tiéu
chi khoang cach giira LCS va FEM - khoang cach
>20 m [11]. Trong nghién ctu nay, cac hé sé hoi
quy cla tram Béach Khoa la tét nhat va s& duwoc
st dung dé chuan héa sé liéu do cla 5 LCS.

- y=0.9171x+13.892
200 Yo R*=0.6783

FEM - BACH KHOA (MICROGRAM/M3)

0 20 40 60 80 100 120 140 160 180 200
LCS- BACH KHOA (MICROGRAM/M3)

160 ° o

o
9947~ 0.6246x+ 18.362
?  R*=0.7064

FEM- NHAN CHINH (MICROGRAM/M3}

000 50.00 10000 15000 200,00 250.00
LCS- IMHEN (MICROGRAM/M3)

Hinh 5. Méi tuvong quan giita néng dé PM, , do bdi
LCS-Bdch Khoa va tram FEM- Bdch Khoa
(8/2024-12/2024)
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Hinh 6. Méi tuong quan gitta nbng d6 PM2.5 do bdi
LCS-IMHEN va tram FEM- Nhdn Chinh
(8/2024-12/2024)




200 y=0.5637x+18.153
180 R?=0.7115

FEM- NHAN CHiNH (MICROGRAM/M3)

0 50 100 150 200 250 300
LCS- VEMSI (MICROGRAM/M3)

Hinh 7. Méi tuwong quan gitta néng dé PM, , do bdi
LCS-VEMSI va tram FEM- Nhén Chinh
(8/2024-12/2024)

FEM- NGUYEN VAN CU (MICROGRAM/M3)

0 50 100 150 200 250 300
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Hinh 8. M&i tuong quan giita néng dé PM, . do bdi
LCS-INST va tram FEM- Nguyén Vdn Cir
(8/2024-12/2024)

y =0.4695x+ 19.19
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Hinh 9. Méi twong quan giitta néng dé PM, . do bdi LCS-HUNRE va tram FEM- Nhdn Chinh (8/2024-12/2024)

Bdng 4. Phdn tich héi quy cda 5 LCS vdi thiét bj chuén FEM gén nhét

LCS-BKva | LCS-IMHENva | LCS-VEMSIva LCS- INST va LCS- HUNRE va
FEM- BK (*) FEM- NC FEM- NC FEM- NVC LCS NC
Slope 0,92 0,63 0,56 0,81 0,47
Intercept (ug/m3) 13,9 18,4 18,2 19,1 19,2
R? 0,68 0,71 0,71 0,74 0,59
SD (ug/m3) 17,5 15,3 19,8 19,8 20,1
RMSE (ug/m?3) 18,7 22,2 24,8 26,3 36,4

Ghi chu: (*) 2 tram clng vi tri
3.3. Bdnh gig 6 nhiém PM, _ tai TP. Ha NGi

5 thiét bi LCS dwoc 13p dit tai 5 diém phan
bé trén dia ban TP. Ha Noi va quan tric PM,
trong thoi gian 1 nam (7/2024-6/2025) trong
diéu kién mua khé (tlr thang 10 dén thang 4) vdi
nhiét d6 10-35°C, d6 4m 40-90% va mua mua
(tir thang 5 dén thang 9) véi nhiét d6 20-40°C,
d6 4m 50-98%. S& liéu quan trac PM,  bang LCS

sau khi duwgc chuan hoéa theo tram chuin FEM
s& duoc sir dung dé danh gia dién bién va dic
trung 6 nhiém PM,  trong thoi gian nghién ctru
(Hinh 10). So sanh chudi s6 liéu quan trdc cla
5 LCS va 3 tram FEM cla NCEM trong thoi gian
1 ndm cho thay tuwong quan gitta cac tram rat
cao (hé sd twong quan Pearson (r) = 0,82 - 0,85)
trong ca mba muwa va mua khé (Hinh 11).
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pg/m? Dién bién ndng dp PM, stai cic tram trén dia ban TP. Ha Ngi trong thi gian 7/2024 - 6/2025
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Hinh 11. So sénh két quéd quan trdc néng dé TBh PM, , cia 5 LCS va 3 tram FEM-NCEM trén dia ban TP. Ha NGi
(7/2024-6/2025)

K&t qua quan trac chi ra rang cac thang thoi
diém mua mua (tir thang 5 dén thang 9) néng do
PM,  tai Ha Noi nhin chung khd thap, dat QCVN
05:2023 (Hinh 10 va 11). Tuy nhién, vao thoi
diém mua khé (tir thang 10 dén thang 4 nam
sau) ndng d6 PM,  tai Ha N§i tang |én va gay 6
nhiém nghiém trong, vugt QCVN 05:2023 tlr 2
- 4 [an, dinh diém 6 nhiém PM, roi vao thang
12 va thang 1 (Hinh 10 va 11). Bén canh do, két
qua quan trac ciing chi ra rang nong dé PM,  tai
Ha No6i cé dao dong theo ngay. Tuy nhién, dao
déng trong ngay nay cling thay dé6i theo mua,
bién trinh ngay thé hién rat rd trong mua khd.
Vao mua kho, néng d6 PM, . thuong tang cao

vao thoi diém tir 18 h chiéu dén 7 h sdng hém
sau (Hinh 12), gidm vao thoi gian ban ngay. Vao
mua mua, nong d6 PM, _ thuong tang vao thoi
diém 7 h - 9 h sdng va 18 h - 20 h chiéu (trung
v&i gid cao diém giao thong) (Hinh 13). Ngoai ra,
s8 liéu quan trac con cho thay hinh thé & nhiém
PM, . theo dot trong cac thang mua kho, moi dot
kéo dai tir 3-7 ngay (Hinh 10). C6 thé thay rang 6
nhiém PM, tai TP. Ha N&i chju anh hudng manh
cla cac yéu td khi twong dac trung theo mua
nhu hién tugng nghich nhiét va cdc dot gié mua
Dong Bac trong mua dong - xudn. Didu nay cling
d3 dugc xac nhan bdi cac nghién clru trude day
vé 6 nhidm buyi PM,  tai TP. Ha N6i [21-24].

Bién trinh ndng dé PM, . trong ngay (mua kho)
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Hinh 12. Bién trinh néng dé TBh PM,  trong ngdy
mua khé (2024)

4. K&t luan

Két qua kiém tra song song cho thay 5 thiét
bi LCS (GBiot-FHO) cé d6 twong quan vdi nhau
rat t6t (R*= 0,97 - 0,99), sai s6 giira cac LCS nhd
(RMSE = 0,68 - 3,21 pg/m3). Nhu vay, cic LCS
nay hoat déng 6n dinh va cé tinh nhat quan cao.

Hinh 13. Bién trinh néng dé TBh PM,  trong ngay
mua mua (2025)

Vé két qua chuin héa thiét bj LCS vdi thiét bi
chudn FEM clGa NCEM trong thoi gian 5 thang
(8/2024-12/2024), nhin chung, 5 thiét bj LCS
duwoc 13p dat tai 5 dia diém trén dja ban Ha Noi
déu cé twong quan kha tét véi tram chuidn FEM
gan nhat (R?= 0,59 - 0,74), tuy nhién, do léch
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chudn kha cao (SD = 15,3 - 20,1 pg/m?3) va sai
s6 khda 16n (RMSE = 18,7 - 36,4 pg/m3). LCS-
Bach Khoa cung vi tri véi FEM- Bach Khoa cé do
nhay cao nhat (slope = 0,92), d6 Iéch nhé nhat
(intercept = 13,9 pg/m?3) va hé s tuong quan
kha (R*=0,68). Vi vay, cac hé s6 hdi quy cla tram
Bach Khoa duoc st dung dé chudn hoda sé liéu
quan trac clia cac LCS dé thu duoc két qua chinh
xac hon.

Két qua quan trac bui PM, _ cta 5 LCS trong
vong 1 ndm (7/2024-6/2025) tai 5 diém phan bé
trén dia ban 5 quan ndi thanh cli cia TP. Ha Noi
cb bién trinh twong déng cao vdi nhau va vdi
ca 3 tram chudn FEM ctua NCEM (twong quan
Pearson (r) = 0,82 - 0,85). Nhu vay, két qua cho
thdy dién bién ndng d6 bui PM, , tai khu virc noi
d6 cta TP. Ha N6i kha d6ng nhat. Trong thoi gian
nghién ctru, cd 5 LCS déu ghi nhan dwoc céc dot
6 nhiém khong khi tai TP. Hd N6i. K&t qua quan
trac chi ra rang cac thang mua mua (tir thang 5
dén thang 9) néng do PM,, tai TP. Ha Noi kha
thap, nhin chung dat QCVN 05:2023. Tuy nhién,
vao mua kho (tir thdng 10 dén thang 4 ndm sau)
nong d6 PM, . tai TP. Ha Noi tdng cao va gay 6
nhiém nghiém trong, vuot QCVN 05:2023 tu
2-4 [an, dinh diém 6 nhiém PM, , roi vao thang
12 va thang 1. Bén canh d6, két qua quan trac
ciing chi ra rang néong do PM, ., tai Ha Noi co

bi€n trinh ngay va thay déi theo mua. Vao mua
kho (tlr thang 10 dén thang 4 ndm sau), ndng
doé PM,, thuong ting cao vao thoi diém ban
dém va sang sém, dong thoi 6 nhiém theo dot
(khoadng 3-7 ngay) do anh hudng cla hién tuong
nghich nhiét va cac dot gié mua Dong Bac. Két
qua nay hoan toan phu hop véi két qua cda cac
nghién ctru truwdc day vé & nhiém bui min tai TP.
Ha N&i [21-24].

Nhu vay, thiét bi LCS nay cé kha nang tng
dung cao trong quan trac 6 nhiém bui PM,
trong diéu kién khi hau, thoi tiét cta TP. Ha Noi.
Tuy nhién, can lwu y rang cac thiét bj LCS phai
duoc dinh ky hiéu chuan, chuan hda theo thiét
bi chuan FEM trwdc va trong qua trinh sir dung
dé dam bdo dd chinh xac cta sé liéu. K&t qua
nghién ctu nay cho thay tiém nang s dung
thiét bi LCS trong phat trién mang Iwdi quan
trdc moi trwong khong khi tai Viet Nam véi
chi phi thdp va hiéu qua, dac biét khi két hop
v&i cdc cong nghé nhu loT (Internet van vat),
HAQM (mang quan trac két hop), vé tinh, mé
hinh... trong viéc cung cdp thdng tin canh bdo
6 nhiém, gidm sét lan truyén 6 nhiém. Trong
tuong lai khi cdng nghé LCS phat trién va khoa
hoc dit liéu (hoc may) duwgc &ng dung trong
hiéu chuan, chuin héa LCS s&@ m& rdong (ng
dung LCS cho nhiéu muc dich khac [7], [11].

Ddng gop cla tirng tdc gia trong bai bdo: Xdy dung y twdng nghién ciru: Lé Ngoc Cédu; Dodn Ha Phong;
Ngé Thj Vén Anh; Téng hop tai liéu: H6 Minh Trdng, Nguyén Céng Huy, Virong Nhw Ludn, BS Trurdng Tho, Lé
Védn Quy, Pham Thi Quynh; Phén tich tai liéu, viét ban thdo bai bdo: Doén Ha Phong; Ngé Thi Van Anh; Trdn
Viét Tung; Chinh stra bai bdo: Lé Ngoc Céu, Ngé Thj Vdn Anh.

Loi cdm o'n: Nhdm tdc gid xin chén thanh cém on Trung tdm Nghién ctru 6 nhiém khéng khi Chéu A
(ACAP) dé téng 5 LCS (GBiot-FHO) cho nghién ctru nay. Bong thdi, chung téi ciing xin cdm on Trung tém quan
tréic Méi trrorng mién Béc (NCEM) dd hop tdc va cung cdp sé liéu quan trdc cla cdc tram tiéu chudn tai TP,

Ha Néi.

Lori cam doan: Tap thé tdc gid cam doan bai bdo nay Id céng trinh nghién ctru cda minh, chua tirng céng
bé trurdc d6, khéng sao chép, dao vdn; khéng cé sw tranh chép loi ich trong nhém tdc gid.
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FIELD TESTING OF LOW-COST SENSORS (LCS) FOR MONITORING PM,
POLLUTION IN HANOI CITY’S ENVIRONMENTAL CONDITIONS

WDoan Ha Phong, *'Ngo Thi Van Anh, “Le Ngoc Cau, “Le Van Quy,
WTran Viet Tung, “Pham Thi Quynh, ¥Vu Xuan Hung, ®Ho Minh Trang,
@2Nguyen Cong Huy, ®Vuong Nhu Luan, ?Do Truong Tho
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Abstract: Low-cost sensors (LCS) have been widely deployed in many countries for ambient air quality
monitoring; however, their accuracy and stability require comprehensive evaluation, particularly under
diverse climatic and meteorological conditions. This study tested five LCS units (GBiot-FHO) for PM;.s
monitoring over a one-year period (July 2024-June 2025) under the environmental conditions of Hanoi city.
Co-location test conducted prior to field monitoring showed very strong correlations among the five LCS
units (R? = 0.97 - 0.98) and minimal error (RMSE = 0.68 - 3.21 ug/m?3). The calibration of the LCS data was
performed against reference measurements from three Federal Equivalent Method (FEM) stations operated
by the Northern Center for Environmental Monitoring (NCEM). The LCS exhibited strong correlations with
the FEM stations of NCEM (R? = 0.59 - 0.74), with the highest sensitivity observed at Bach Khoa site (slope
=0.92). During the monitoring period, the LCS devices were installed at five selected sites across Hanoi city.
The corrected LCS measurements were used to assess PM..s pollution in Hanoi city. All five LCSs successfully
captured PM,.s pollution episodes in Hanoi city (especially severely polluted episodes during the winter-
spring season), and the diurnal variations were consistent with those recorded by FEM-NCEM. Overall,
the findings demonstrate that the LCS units (GBiot-FHO) can be applied to PM,.s monitoring under Hanoi’s
meteorological conditions. However, performance evaluation and measurement correction of LCSs are
periodically required. Performance evaluation, calibration, and correction of LCS promote its application in
developing air quality monitoring networks, especially in resource-limited areas.

Keywords: LCS, performance evaluation, PM, . monitoring, air pollution, Hanoi city.
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