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ABSTRACT

Objectives: To build a model of factors contributing to personal exposure to PM2.5. Included
factors were background characteristics, location, transportation, activities, ventilation status,
air quality.

Methods: A longitudinal follow-up study conducted on 36 volunteers in Ho Chi Minh City.
They wore PM2.5 measuring devices for 2 consecutive days and completed corresponding
Time-activity diaries (TAD).

Results: The median PM2.5 concentration level was 14 pg/m?. The Bayesian Model Average
(BMA) determined the contribution of factors including 8 variables: Age, weekend, humidity,
rain, outdoor location, smell of smoke, smell of dust, eating in a restaurant had the lowest BIC
of -436.4, explaining 29.6% of the variation in personal PM2.5 exposured. Smoke-smelling
environments contributed the highest at 17%. The following factors were the age, rain, outdoor
location, and weekends which contributed about 2-4%. The factors of humidity, dusty environment
and eating in a cafeteria/restaurant contribute less than 1%.

Conclusion: It is necessary to control smoke from restaurants and eateries to reduce personal
exposure to PM2.5 in Ho Chi Minh City.
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TOM TAT
Muc tiéu: Nghlen cltru nham xay dyng mo6 hinh céc yeu t6 dong gop vao phoi nhiém bui PM2.5

¢4 nhan bao g6m bién s6 thudc cac nhom yéu t6: Pac diém nén, dia diém, phuong tién di chuyén,
hoat dong, tinh trang thong khi, chét lwong khong khi.

Phlro’ng phap nghién ciru: Mot nghién ctru theo ddi doc thye hién trén 36 ngudi sinh song va
lam viéc tai TP.HCM, deo thiét bi do bui PM2.5 trong 2 ngay lién tiép va hoan thanh nhat ky
hoat dong tuong ung.

Két qua: Két qua cho thay nong do bui PM2.5 trung vila 14 pg/m’. M6 hinh BMA (Bayesian
Model Average) xac dinh mic do dong gop clia cac yéu td gdm 8 bién sb: Tudi, cudi tuan, do am,
mua, dia diém ngoai troi, 6 mui khoi, c6 mui bui, an trong quén an/nha hang ¢6 BIC thip nhit
la -436,4, giai thich duoc 29,6% sy khac biét trong phO’l nhlern bui PM2.5 ca nhan. Moi truong
c6 mui khoi dong gdp cao nhat voi 17%. Tlep den la cac yeu t6 tudi, mua, dia diém ngoai troi,
cubi tuan dong gop khoang 2-4%. Cac yéu t6 d6 4m, moi truong cbé mui byi va an trong quan
an/nha hang dong gdop dudi 1%.

Két luan: Can kiém soat khoi tir cac nha hang, quan an nhdm giam phoi nhiém PM2.5 c4 nhan
tai TP.HCM.

Tir khéa: Bui PM2.5, phoi nhidm c4 nhén, yéu t6 dong gop, mé hinh tién doan.

1. PAT VAN DPE

Theo T6 chic Y te thé gioi, vé Chat luong Khong khi,
c6 hon 90% dan s6 trén thé gi6i tiép xuc véi ndng do
bui PM2.5 trung binh hang nam vuot qua tiéu chuan
(2019) [1]. Bui PM2.5 dong gop 7% vao tinh trang 6
nh1em khong khi, 1a nguyén nhén cao nhét cua tir vong
va mat di s6 ndm song khoe manh ¢ cac nhom tudi [2].

Tai Viét Nam, 6 nhiém khong khi li€n quan dén 52.567
ca tlr vong ndm 2019 [3]. So ca tir vong do tat ca nguyén
nhén ting 45 ngudi khi ndng d6 PM2.5 tang 1én 1 pg/m3;
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tor vong do ung thu ph01 tang 56 ca, do ung thu hé ho
hap 13 64 ca khi ting mdi 10 pg/m® PM2.5 [4].

Trén thé glol cac nghlen clru vé do luong phoi nhiém &
cap do ca nhén con han ché. Phan 16n sir dung dit liéu
tlr tram quan tric dja phuong va udce lugng phoi nh1ern
ca nhan bang cac phuong trinh hoéi quy. Piéu dé tiém
an nhiéu sai léch do dia diém, hoat dong va cac muc do
tiép xtic ctia cac ca nhén 1a khong glong nhau trong mét
khoang thoi gian nhat dinh. Do d9, viéc ing dung céc
thiét bi do ludong bang cam bién d1 dong chi phi thap
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trong cac linh vyc mdi trudng, sinh hoc glup do luong
chinh xac hon vé luong bui phoi nhiém cua ca nhan.

Tai Vi€t Nam, ndéng do bui PM2.5 trung binh la 20,4
ng/m?, gap 4 1an so voi ngudng an toan cua T6 chirc Y
te thé gioi [5]. Thanh pho HO Chi Minh (TP.HCM) ¢c6
ndng do bui PM2.5 trung binh giao dong tir khoang 10
ng/m’ dén 33,9 ug/m3 tai cac quén huyén (tiéu chuan
khuyén c4o an toan sirc khoe ctia T6 chire Y té Thé gidi
la dudi 10 pg/m?) [4].

Nghié€n ctru dugc thye hién tai cong dong vGoi muyc tiéu
do lu’ong nong do bui PM2.5 phoi nhlern canhan va xay
dung mo hinh cac yeu to dong gop nham xac dinh vai
tro cac yéu to dé dé xuat phuong an can thiép phu hop.

2. PHUONG PHAP NGHIEN CUU

2.1. Thiét ké nghién ciru: Thiét ké nghién ciru theo
ddi doc

2.2. Dia diém va thoi gian nghién ciru: Tai Thanh phd
Hd Chi Minh tir 08/2022 dén 10/2023

2.3. P6i twong va phwong phap nghién ctru:

Tiéu chuin lwa chon nguoi tham gia: Chon céc tinh
nguyen vién tudi tir da 18 dén 65 tu01 khong hut thuoc la
va khong o chung v6i ngudi hut thude 14. Cac ddi tuong
sinh song ¢ cac quan huyén khac nhau tai TP.HCM vo6i
da dang do tudi va thanh phan nghé nghiép.

Tiéu chuan loai trie: Nhu'ng truong hop xdy ra nhimng
bién b dac blet khién cho viéc sinh hoat khong thé dién
ra nhu thuong 18 (di xa, thi dau thé thao, thi cir...).

2.4. C& miu, chon miu:

Chon miu c6 chu dich 36 tinh nguyén vién tham gia
nghién ctru. C& mau dya trén co s6 mot nghién clru
tiéu chuan dugc thyc hién dau tién tai Dai Loan nim
2020[6].

2.5. Bién so nghién ctru

Bién s6 két cuc la nong do bui PM2.5 theo don vi la pg/
m?. Céc bién so doc lap bao gom dic diém nén (tu01
gidi tinh, nghé nghlep, loai ngay quan sat); dia diém
(trong nha- dia diém ¢ tran, tudng va cira bao quanh;
ngoai troi- cac dia diém co khong glan mo); phuong
tién (xe dap/xe dap dién, xe may/xe may di¢n, xe hoi,
di bd); tinh trang thong khi (khong dleu hoa, dong kin;
khong dleu hoa, kin 1 phan; khong diéu hoa, mo hoan
toan; c6 diéu hoa, dong kin; c6 diéu hoa, kin 1 phan).

2.6. Cong cu va ky thuat thu thap thong tin

Dir liéu phoi nhlern bui ca nhan dugc thu thap bang rnay
Airbeam3, la thiét bi do bui PM2.5 da duoc danh gia
véi thlet bi do luong ti€u chuén boi nha san xudt [7].

Thiét bi cho phép xuat dir liéu byi PM2.5 theo d phén
giai mdi phat. Cac yéu td dong gop dugc thu thap bang
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Nhat ky hoat dong (Time-activity Diaries - TADs)[6]
gdm cac blen s0: Dia diém, tinh trang thong khi, hoat
dong, chat lugng khong khi.

Quy trinh tién hanh nghién ctru: Tinh nguyén vién deo
thi€t bi Airbeam3 lién tuc trong 48 gio tham gia nghién
ctru. Dir lidu thoi gian thyc duoc truyén truc tiép tir
thiét bi dén trung tam quan ly dix ligu A1rcast1ng (https://
WWW. habltatmap org/ ) va dugc theo ddi, glam sat lién
tuc boi nghlen ctru vién. Bén canh d6, moi nguoi tham
gia nghién cuu duge yéu cau hoan thanh mdt ban nhat
ky ghi lai cac dic diém vé thoi gian, hoat dong va tinh
trang chat lugng khong khi tai thoi dlem do6 (ctr moi 30
phut dién thong tin vao nhat ky ban gidy hodc biéu mau
truc tuyén).

2.7. Xir Iy va phan tich s6 liéu

S liu duoc thu thap va lam sach trén phan mém Mi-
crosoft Excel 2019, sau d6 dugc phan tich bang phan
mém R 4.1.2.

M6 hinh duoc xdy dung chon vao cac yéu td doc lap
duoc mé hoa dudi dang nhi gid hodc danh dinh. Bién
s6 két cuc la bién s6 dinh luong lién tyc vé nong do bui
PM2.5. Néu chon n bién sé doc 1ap vao md hinh, phép
tinh BMA tim tat ca cic mo hinh kha di (2n md hinh,
chua ké cac md hinh twong tac) valya chonra 5 mo h1nh
t01 uu. M6 hinh t6i uru duoc xac dinh 1a mo hinh it blen
5O nhat nhung cho kha néng giai thich bién cb cao nhat.
Péi véi 5 mod hinh t6i wu, tiéu chuan chung toi chon ra
01 md hinh cubi ciing dwa vao céc chi sb sau:

- Chi s6 BIC (Bayesmn Information Criterion): BIC
cang thap, md hinh cang tdi uu.

- Chi s6 R Ti 1& glal thich cua cac bién sé trong mo
hinh. R? cang cao mo hinh cang ti uu.

Sau khi can nhic cac tiéu chi vé chi s6 md hinh, moi
lién quan vé mat ly thuyet glua cac bién sd, tinh hiru
ich cia md hinh trong viée xay du‘ng céc kién ngh1 can
thlep 1a yéu t6 quyét dinh cho viéc lwa chon mé hinh
cuoi cung. Phuong phép phén tich mic d¢ quan trong
tuong doi (relative 1mp0rtance analysis-RIA) dugce st
dung dé xac dinh ty 1¢ dong gop tuong dbi ctia cac bién
s0 doc 1ap vao phuong sai cua bién so phu thude.

2.8. Pao dirc nghién ciru

Nghién ctru nay duoc phé duyét bai Hoi dong Dao dirc
trong nghién ctru y sinh hoc Pai hoc Y Dugc TP.HCM
s0 321/HDDDb-DHYD ngay 14 thang 3 nam 2023.

3. KET QUA NGHIEN CUU

DU liéu dugc thu thap tr 36 nguoi tham gia. Dir liéu
mat do tinh nguyén vién khong di€n nhat ky hoat dong
TADs 1a 0%. Dir liéu mat do thiét bi Airbeam-3 khong
bao cao la 11%. Tong cdng c6 3.076 quan sat dugc dua
vao phan tich.
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3.1. Pac diém nén

Bang 1. Pic diém nén (n=36)

Dic diém TAn s6 Ty 18 %
Giéi tinh
Nam 11 30,6
Nir 25 69,4
Nhém tudi
Dudi 25 14 38,9
Tur 25-35 17 472
Trén 35 5 13,9
Ngh¢é nghiép
Sinh vién 12 33,3
Nhan vién van phong 11 30,6
Kinh doanh, budén ban tu do 5 13,9
Nghé nghiép khac 8 22,2
Loai ngay quan sat
Ngay thudng 11 64,7
Cubi tudn 6 35,3

gb6m k¥ su co khi, kién tric su, cong an, nhan vién san
bay chiém 22,2%. Dir liéu dugc thu thap vao 11 ngay
thudng va 6 ngay cudi tuan.

Trong céc tinh nguyén vién tham gia c6 25 nguoi 1a nir
gidi, chiém 69,4%. Nhom tudi tir 25 dén 35 chiém ti 18
cao nhat 1a 47,2%. C6 12 sinh vién (33,3%), 11 nguoi
12 nhan vién van phong (30,6%); mot sb nghé khac

3.2. M hinh cac yéu t6 déng gép vao phoi nhiém PM2.5 c4 nhin
Bang 2. Nong dd bui PM phoi nhiém ca nhan

) Khodéng tir phén vi
Thong so6 TB+PLC GTNN GTLN
25% 50% 75%
PM1.0 15,9£15,1 0 0 13 19 286
PM2.5 17,6£18,7 0 0 14 21 386
PM10 22,6349 0 9,5 14,5 23,5 753,5

Nong d6 bui PM2.5 trung binh ghi nhan duoc 1a 17,6
ng/m® voi do 1éch chuan 18,7. Trung vi ndng do bui

PM2.5 14 14 véi t& phan vi tir 0 dén 21. Khoang gia tri
dao dong tir 0 dén 386.
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Bang 3. M6 hinh cac yéu t6 déng gép vao phoi nhiém bui PM2.5 ¢4 nhan

Pic diém Xic s“é‘(to/’;;‘ét hién | Nohinh1 | Mohinh2 | Mo hinh3
Hé s6: 100 -19,1 -19,6 -19,6
Tubi 100 0,82 0,83 0,81
Khu vuc 0 - - R
Nghé nghiép 0 - - -
Cudi tuan 100 4,48 4,51 4,18
Nhiét do 0 - - -
Do am 94,6 0,24 0,25 0,26
Mua 100 -8,78 -8.,87 -8,79
Pia diém ngoai troi 100 8,30 8,60 12,03
Khoéng gian mé 8,7 - - -
Cong ty 0 - - -
Nha hang 0 - - -
Siéu thi 0 -
C6 mui khoi 100 53,18 52,69 50,56
C6 bui 63,5 9,52 - -
C6 mui khi thai
giao thong 12,7 - - -5,16
Néu an 6,3 - - -
Mua sdm 0 - - -
Lam vi¢c nha 4,5 - - -
An & nha/vin phong 0 - - -
An via hé 0 - - -
An trong quén an/
nha hang 100 13,86 13,97 14,57
S0 bién: 8 7 8
R%: 29,6 29,2 29,4
BIC: -436,4 -435,2 -433,1

Ba m6 hinh xac dinh mtrc d¢ dong gbép cua tat ca cac  c6 mui byi, an trong quan an/nha hang (md hinh 1) ¢
yéu to vao phoi nhiém bui PM2.5 t61 vu nhat da dugc dé  BIC thap nhat 1a -436,4, giai thich duge 29,6% nong do
xuat. M6 hinh dugce lya chon la mo hinh 8 y€u t0: Tudi,  phoi nhi€ém byi PM2.5 ¢4 nhan.

cudi tuan, do am, mua, dia diém ngoai troi, c6 mui khoi,
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Models selected by BMA

Tudi

Khu vure
Nghé nghiép
Cudi tuan
Nhiét dé

D6 &m

Mua

Ngoai troi
Khéng gian mé
Tai cbng ty
Tai nha hang
Tai siéu thi
Mui khéi

Mui bui

MUi khi thai
N&u an

Mua sam
Lam viéc nha
~ Anviahe
An tai nha/vp
An tai quan an/nha
héng

1 2 3 4 567 9 N

Model #
Biéu do 1. Biéu dd mé ta tin suét xuét hién ciia cac yéu té trong méd hinh déng gép chung

Co6 yeu t6 xuét hién trong tat ca cac mo hinh véi hé sb tuong quan dwong: Tubi, cudi tudn, do 4 am dja diém
ngoa1 troi, mui khoi, dn trong quan an/nha hang. C6 1 yeu t6 xuat hién 100% cac mo hinh véi hé so tuong quan
am la mua. Céc yeu to dd am, c6 mui bui xuét hién thuong xuyén. Khong gian mé, mui khi thai, nu an, lam
viéc nha c6 tan s xudt hién thip trong cac mé hinh.

Bang 4. Bio cdo mirc dd quan trong ciia cic yéu té dong gép vao mé hinh phoi nhiém bui PM2.5 chung

Mo hinh chung Hé sb Mirc d quan trong (%)

Tudi (ndm) 0,82 2,66
Cubi tuan 4,48 1,80
Do am (%) 0,24 0,75
Mua -8,78 2,18
Dia diém ngoai troi 8,30 3,66
C6 mui khoi 53,18 17,05
C6 bui 9,52 0,50
An trong quéan An/nha hang 13,86 0,99
H¢ s6: -19,1

R?> mé hinh: 29,6%
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Tiép xtc voi cac ngudn phat thai khoi nhu khéi bép,
khoi thube 14, khoi nhang khoi nhan tao lam tang 53,18
ug/m’ bui PM2.5. An uong tai nha hang hodc quan an
lam tang 13,86 ug/m bui PM2.5 phoi nhlem Dia diém
ngoa1 troi va moi trudong co6 byi lam tang lan luot 8,3 ug/
m3va9,52 8,3 ug/rn bui PM2.5 tiép xtic. Vao ngay cudi
tuan phcn nhlern cd nhan tang 4,48 8,3 ug/m’. Cu tang
1 tudi thi ndng do tiép xuc bui PM2.5 tang 1én 0,82 pg/
m?, Tuong tu vay, clr tang 1% do a 4m lam tang 0,24 pg/
m® bui PM2.5. Mua la yéu t6 lam glam 8,78 pg/m3 bui
PM2.5 trong khong khi. Mo hinh 8 yéu tb nay giai thich
29,6% cho nong d6 phoi nhiém bui PM2.5 c4 nhan.

Phan tich RIA danh gid mirc d6 quan trong cua cac bién
s6 vao mo hinh cho két qua bién sb ¢6 chi s6 cao nhat
1 6 mui khéi v6i 17%. Tudi, thoi tiét mua va dia diém
ngoai troi dong gop khoang 2-4%.

4. BAN LUAN

Nong dd bui PM2.5 phoi nhiém c4 nhan theo két qua
cua chung toi ¢o trung binh 1a 17,6 ug/m3 Ket qua phu
hop v6i dit liéu nam 2019 trong mot cudce diéu tra toan
quoc [8] cho thdy nong dd bui PM2.5 trung binh ndm
thip nhat 14 9 pg/m? va cao nhit 1a 41 pg/m?; nam 2020
1a 8 pg/m’ va 35,8 pg/m*. Xu huong bui PM2.5 cao hon
0 nhitng thanh pho 16n khi c6 sy chénh 1éch 16n gitra
TP. H5 Chi Minh véi cac tinh con lai; cu thé TP. Ho Chi
Minh ghi nhan muc bui PM2.5 trung binh nam la 17,9-
28,5 pg/me. Su khéc biét chu yéu 1a do thoi diém quan
sat. Mat khac, chiung t6i thu thap muc do phoi nh1em
theo ca nhan, do do6 trung vi nong do phO‘l nhlem thap
hon va dit liéu phan bd 1éch hon so véi cac két qua ding
dit liéu tir cac tram quan tric ngoai troi.

Trén thé gidi, viéc Xay dyng mo hinh dong gop 1a da
dang, co the dua trén cac ky thuat khac nhau dé dé xuat
cac yeu t5. M6 hinh BMA cua chung t6i cho thay su
dong gop cua cac 8 yéu td phoi nhiém va giai thich
dugc 29,6% su khac biét trong phoi nhiém bui PM2.5
ca nhan.

Nghién ctru tai An Do nim 2019 xdy dyng mo hinh
riéng bi€t cho nam va nit, trong d6 md hinh danh cho
phu nir bao gom cac hoat dong niu an va vi tri kinh té
x& hdi cua ho gia dinh, trong khi md hinh danh cho nam
gidi bao gom hat thude va nghe nghiép [9]. Nghién ctru
khong yeu cau nguoi tham gia bdo cdo nhat ky hoat
dong ma chi thu thap cac dac diém c4 nhan cung dac
dlern ho gia dinh. Do d6, md hinh cu01 cung chi cho
thiy mirc do dong gop cua cac yeu t6 nén cht chua xac
dinh duoc mirc d6 dong gop tir cc tac nhan truc tiép
khéac. Thém vao do, bui PM2.5 ca nhan duoc do luong
béng cach ngoai suy tor moi truong bang mé hinh h01
quy dat. Do do6 so vei nghlen curu cla chung t6i chwra thé
tuong dong vé cac yéu t6 va ti 18 dong gop.

Nghién ctru Na L. va cong sy nam 2020 dugc thye hién
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tai Trung Quoc trén 33 nguoi truong thanh da ngh1 huu
khong hut thude, sir dung bo cong cu TADs va thiét bi
do bui PM2.5 cam bién chi phi thap, cac thong tin dugc
ghi nhén trong Vong 24 gio.. Két qua cho mo hinh tai
Nam Kinh [10] mua khong can sudi 4m voi R>=88, 6%.
Phuong trinh hoi quy: Bui PM2.5=0,01 + 0 83*(N0ng
do bui PM2.5 ngoai troi) + 0,3*(thoi gian tiép xuc voi
moi tru‘ong khoi thude) + 0 02*(nhlet dd ngoai troi).
Két qua nghién ctru cho thdy mot sé yéu t6 tuorng dong
voi phu(rng trinh cua chung toi. Khong glan ngoai troi,
tiép xuc voi khoi thudc 14 va thoi gian nau dn trong nha
cho thdy c6 dong gop vao phoi nhlern bui PM2.5 ca
nhén tai Tmng Qudc. Ghi nhan mdi tuong quan thudn
v6i tudi cla dm twong nghién cttu. Co thé thay tudi
khong phai la yéu tb tryc tiép quyét dinh ‘muc do phoi
nhiém byi PM2.5. Tuy nhién, trong d¢ tu01 nghién ctru
kha tré cua chung toi, viéc tang do tudi lam tang bui
PM2.5 t1ep xtc thong qua vige tlep xtc, nhleu voi céac
nguon phoi nhiém hon. Tuong ty vy, yeu t6 cudi tudn
la yeu t6 1am ting cac hoat dong phoi nhlem do do6 dong
vai tro gii thich trong mé hinh tong thé.

Ngoai ra, trong nghién ctru cta Li N, nhiét d6 va do am
cling cho moi twong quan thuén trong phuong trinh hoi
quy [10] V6i md hinh cua chung t61, d§ am cung cho
thay vai tro lam tang nong d6 bui PM2.5 tiép xuc. Nhiét
dg da khong dong gop vai tro khi xét thém yéu tb thoi
tiét. Khi thoi tiét mua, cac hat vat chat lo limg trong
khong khi s€ bi cuon troi theo dong chat 1ong lam cho
nong do bui giam xudng dang ké. V& vai trod ctia doa am,
khong c6 co che chinh xé4c nao giai thich cho mbi lién
quan gitra 6 4m va bui min trong khong khi.

Nghién ctru cua ching t6i ¢6 mot sd dlem manh. Pay
la mot trong cac nghlen clru ti€n phong vé viéc do phoi
nhiém bui PM2.5 ca nhén bang thiét bi di dong ca nhan
chi phi thap, cung cap cac dir kién quan trong dé udc
tinh phoi nhiém bui PM2.5 cip dd ca nhan tai Thanh
pho Ho Chi Minh. Nghién ctru khic phuc dugc cac han
ché tir cac nghién ctru truge khi sa dung mirc do bui
PM2.5 cong dong suy dién cho phoi nhiém ca nhén.

Tuy nhién, thlet bi cam bién c4 nhan chi phi thap cho
thay han ché vé tinh 6 on dinh trong viéc truyen di ligu
qua mang di dong. Can mo rong nghién ctru voi quy
mo 16n hon nham dam bdo tinh dai dién cho dan so
TP.HCM. Do han ché nguon luc, nghién ctu chi dugc
thuc hién trén 36 ngudi. M6 hinh dugc phan tich dua
trén gia dinh cac dir lidu doc 1ap tai cac thoi diém ghi
nhan.

5.KET LUAN

Nong do ph01 nhiém bui PM2.5 ¢4 nhan ¢ mitc cao, cac tac
nhén dong gop chinh bao gom khoi tr quan an/ nha hang, &
dia diém ngoai trdi hodc vao cacngay cudi tuan. Canthém cac
nghlen ctru trén quy mo dan sb 16n hon va theo dai dai hon dé
xac dinh mo hinh dai dién hon cho nguoi dan tai TPHCM.
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