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Tém tat: O nhiém khong khi la mot van d@é nghiém trong doi véi cac do thi hién nay nhat la do
thi 16m nhw Tp. Ho Chi Minh véi dén sé trén 10 triéu nguoi. Cdc nguon phdt thai é nhiém khong khi
khéng chi dén tir hoat ddng cong nghiép va con tir hoat dong giao thong. Viéc theo doi dién bién tinh
hinh chat leong khéng khi la mét vin dé cdp béach va can thiét. Nghién civu da tién hanh xdy dung
quy trinh dy bdo PM 2.5 bang viéc két hop cic mé hinh CMAQ, SMOKE, WRF. Qud trinh dy béo
két hop phwong phép dong bé véi dir liéu vé tinh MODIS dé ndng cao do chinh xdc cia dw bdo. Két
qua hiéu chinh va kiém dinh cia phirong trinh dat R=0.8 cho thdy quy trinh dé xuat dat hiéu quad
yéu cau de ra, dam bao theo doi va duw bao dwoc tinh hinh chat lwong khong khi voi do chinh xac

cao.

Tir khoa: O nhiém khéng khi, Bui PM 2.5, mé hinh CMAQ.

Ban Bién tap nhan bai: 20/09/2018 Ngay phan bién xong: 12/11/2018 Ngay dang bai: 25/12/2018

1. Pit van dé

Theo chi s6 hiéu suat moéi trudng (Environ-
mental Performance Index) dugc cong bd nim
2016 duoc thuc hién b1 Bai Hoc Yale xép hang
cac qudc gia vé cac van dé moi truong, Viét Nam
chi dat s6 diém 54,75/100 vé chat luong khong
khi v6i xép hang 170 trong sb 180 qudc gia.
Cung véi su phét trién rat nhanh cta Tp. HO Chi
Minh trong hon 35 ndm qua thi mat trai ctia n6
chinh 14 sy 6 nhiém méi trudng séng. Mic du vai
niam gan day thi y thirc nguoi dan da thay doi,
¢6 quan tim voi dén van dé bao vé méi truong
nhung hanh dong cu thé van con rat thiu...diéu
nay khién tinh trang 6 nhiém mai truong & Tp.
Hd Chi Minh hién nay & murc d6 bao dong.

Trong db thi, 6 nhiém byi PM 2.5 1a mot van
dé quan trong d6i véi stc khoe con ngudi, dic
biét 1a nguoi gia va tré em. Mot s6 nghién ciru ca
Pope da chi ra khi phoi nhiém PM 2.5 véi mic
d6 cao s& lam tang nguy co mic cac bénh vé ung
thu phdi va tim [8].
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Minh, ndng d6 trung binh PM 2.5 ¢ 6 ngay vuot
qua quy chuan qubc gia (50 pg/m?) va 78 ngay
cao hon so v6i tiéu chuan cia WHO (25 pg/md).
So voi ciing ky nam 2016, chat luong khong khi
& Tp.H6 Chi Minh c6 xu huéng kém di.Chi sd
AQI trung binh trong quy 1 nam 2017 1a 100.8
cao hon so v6i quy 1 nam 2016 13 91.2 va ndng
d6 PM 2.5 trung binh dat 35.8 pg/m? trong quy
1-2017 trong khi do ¢ giai doan 2016 1a 30.72
ng/m?.

Hién nay thong tin chat luong khong khi
duoc cung cip dudi 2 dang.

Thong tin quan tric tir cac tram quan tric tu
dong/ban tu dong (Vi du: Cong thong tin quan
traic moi truong, Tram quan tric dai sit quan
My¥...). S6 liéu s& mang gia tri ddc trung cho mot
diém va lién tyc theo thoi gian. Tuy nhién cac
diém quan tric nay rat it va thuong khong lién tuc.
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Hinh 1. Cong cu theo doi chat lwong khéng khi
tai Lanh swr quan My [11]
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Thong tin dy bao chat luong khong khi dudi
dang ban d6 cua vién khoa hoc khi tugng thuy
van va bién doi khi hau. Thong tin dién ta duoc
su phan bd theo khong gian cho toan Viét Nam.

Do su thiéu thong tin chat luong khong khi
nén can thiét c6 mot cong cu co thé cung cip
thong tin du bao chét lugng khong khi vé chi s6
PM 2.5 chi tiét theo thoi gian va khong gian cho
khu vuc Tp. H6 Chi Minh cho ngudi dan va céc
co quan ban nganh dé c6 thé canh bao vé hién
trang chat luong khong khi va thuc hién nhimng
bién phap bao vé stic khoe. Nghién ctru tién hanh
dua ra quy trinh dy béo trén co sé xay dung hé
théng du bao ndng dd PM 2.5 biang mé hinh
quang hoa CMAQ 5.2 két hop v6i mé hinh dy
béo thoi tiét WRF 3.9, va mé hinh tinh toan phat
thai SMOKE 4.5.

2. Phuong phap nghién ctru va sé lidu sir
dung

2.1. Phwong phap nghién ciru

Hé théng mo hinh Chét lugng Khong khi
Cong dong Pa quy mdé (CMAQ) duoc phat trién
boi Trung tim Hé théng Mo hinh hoa va Phan
tich Cong dong (CMAS) ctia Pai hoc Béc Car-
olina tai d6i Chapel [5]. CMAQ la mot du an ma
ngudn mé duoc diéu hanh boi Co quan Khoa
hoc M6 hinh héa Khi quyén cua U.S.EPA. Pay
12 mot loai md hinh CLKK tong thé dugc thiét ké
dé tiép can v6i nhidu van dé lién quan dén
CLKK, bao gém ozone tﬁng dbi luu, cac loai bui
min, cac chat doc, su léng dong acid va sy suy
giam tam nhin. Sy phat trién cia mo hinh
CMAQ la su két hop cua cac kién thirc khoa hoc
chuyén mén va kha niang tmg dung dé cho phép
mo hinh nay duoc st dung trong cong dong.
CMAQ duogc phat trién dudi dang mt mo hinh
da quy mo dé co thé tang kha nang ing dung mo
hinh cho nhiéu khu vuc khac nhau. Kich thuéc
vung tinh toan va do phan giai 6 ludi cia mo
hinh CMAQ duoc sip xép thanh mot sé mirc d6
nhat dinh theo khong gian va thoi gian. Véi sur
linh hoat vé thoi gian ctia mé hinh nay, qua trinh
mo phong co thé duoc thuc hién dé danh gia dai
han (hang nam cho dén nhiéu nam) hay ngin han
(vai tudn dén vai thang) [5].
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Hé théng m6 hinh CMAQ sé tién hanh mo
phong nhiéu qua trinh vat 1y va hoa hoc duoc
danh gia 13 quan trong cho su hiéu biét vé sy
phan phéi va bién d6i cac chat khi trong khi
quyén [5]. Hé thong mo6 hinh CMAQ s& chira ba
thanh phan m6 hinh héa chinh:

- Hé théng m6 hinh khi twong mo ta trang théi
va sy chuyén dong cua khi quyén.

- Cac md hinh phat thai m ta cac ngudn thai
tu nhién va nhan tao dua chat gay 6 nhiém vao
bau khi quyén [5].

- Hé théng mo hinh véan chuyén hoa chat mo
ta sy van chuyén va bién do6i ctacac chat giy 6
nhiém trong bau khi quyén.

Co ché phan tng cia mé hinh quang hoa

Co ché quang hoa la thanh phan quan trong
nhét cia mot mo hinh quang hoa, cic chat hoa hoc
lién quan trong co ché quang héa nay duoc chia
thanh hai loai 1a cac chét v6 co va hitu co [7]:

- Céc chét v6 co: NOy, O, HO,, SO,

- Cac chét hitru co: chii yéu 1a VOCs.

Co ché quang hoa dugc st dung trong mo
hinh CMAQ 1a co ché carbon bond dugc phat
trién dugc sir dung trong cac nghién ciru vé méd
hinh khi quyén & EPA. Co ché hién dugc nay
duoc tich hgp cho CMAQ goi 1a CB05 va dugc
phat trién vao nam 2005. CB05 1a mot co ché rat
gon cua hoa hoc oxy héa trong khi quyén, nd
cung cip mot nén tang cho nhitng nghién ciru vé
mo hinh hoa trén méy tinh nhu nghién ctru vé
ozone, cac hat bui (PM), tam nhin, qua trinh 1éng
dong acid va chét doc trong khong khi. Nhiing
diém méi trong CBO5 so véi co ché CB4 bao
gbém [10]:

+ Cap nhat nhitng hang sb téc d6 phan tng
duya trén nhitng danh gia gan day (2004-2005)
cua [UPAC va NASA.

+ Mot bo phan img mo rong cua chat vo co
duoc thiép 1ap cho d6 thi vai diéu kién trong tang
ddi luu.

+ Nhitng phan ng tai tao NOx dé dai dién
cho chu trinh NOx trong nhiéu ngay.

+ Lam r6 hda hoc hiru co ctia methane va
ethane.

+ Lam rd gdc oxy héa methylperosy, methyl
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hydroperoxide va formic acid.

+ Thu gon higher organic peroxides, organic
acids va peracids.

+ Thém géc internal olefin (R-HC=CH-R)
hay goi la IOLE.

+Thém co ché Iya chon c6 phan tng clorine.

+ Thém co ché mé rong véi cac phan ing vé
doc trong khong khi.

+ Mo rong co ché hoa hoc chlorine

Co ché héa hoc CBO5 bao gom 51 chét va
156 phan ung [9]. Co ché CBO05 dugc kiém
chung lai tur dir liéu smog chamber cua dai hoc
Universities of North Carolina va California tai
Riverside.

Trong d6 co so toan hoc cua CMAQ duoc
dién ta bang phuong trinh lién tuc cua cac chat
trong cac toa do téng quat.
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Trong do6 i la néng d0 cac loai theo don vi mat
do (vi du, kg m?), Js 1a Jacobian doc ctia toa d6 dia
hinh ¢6 anh huong, m 1a yéu t6 quy mé ban dd,
V' va s 1a cac thanh phan gié nam ngang va doc
trong toa do tong quat, Qi 1a thuat ngi ngudn hodc
chim.

Hinh 2 trinh bay so do tong quat cua hé thong
md hinh du bao CLKK. Dit lidu diéu kién bién va
ban dau duoc iy tir m6 hinh Mozart &én han dy
bao 721, dir liéu khi tugng tir mé hinh dy bao thoi
tiét WRF. Cac dir lidu giao thong va cong nghiép
thong qua thu vién ngudn thai SMOKE tinh toan
ngudn thai trude khi dua vaio CMAQ . Ngoai ra
dé tai sur dung dir liéu quan tric tai cac tram do va
tir vé tinh MODIS dé dong hoa s6 liéu nham nang
cao két qua mo phong.
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CLKK Mozart Dit liéu MODIS
ngay hién tai + 72h Aqua/Terra +
Y | OBS CLKK
Diéu kign
bién, ban dau 5 o
I ! Pong bd
Dit liéu khi A A
trome WRF CMAQ i Két qua mo6
phong
SMOKE
A
Dir liéu phat thai
GT +CN

Hinh 2. So do6 khoi hé thong mé hinh dy bdo
CLKK

Phuong phap danh gia sai s6 ctia mo hinh
CMAQ.

Sai s6 cua cac mo hinh CLKK (CMAQ) sé&
duoc danh gia thong qua ba chi tiéu thong ké
sau:

sai s hé thong trung binh chuin hoa
(MNBE),

sai sd tuyét dbi trung binh chuan hoa
(MNGE),

sai sO gid tri cuc dai khong theo cap (UPA) .

Sai s6 hé thong trung binh chuin hoéa
(MNBE)

1 ZN Cmod(xi,l)_

MNBE = —

C 4
N obs(xl,t)xloo (2)

= Cobs ( Xi,t )

Sai s6 tuyét doi trung binh chuin hoéa

(MNGE)
N |Cm0d ( Xit )_ Cobs( Xit )‘
! Cobs ( Xi,t )
Sai s6 gia tri cuc dai khong theo cip (UPA)

N Cmod( Xi,t )max — CObs ( Xi’t )max x100 (4)
i=1 Cobs( xi,t)

Cmod( Xi,t) - Gia tri mo hinh tai vi tri i & gio tha t

x100 (3

1
MNGE = —
NGE= L

1
UPA = EZ

(O ( Xi,t) : Gia tri quan tric tai vi tri i & gio thir t
Cpoa(X;,) ¢ Gid tri md hinh 16n nhat tai tat ca
cac vi tri quan tric trong toan bd
chudi thoi gian.

max
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Cobs(Xi,t) : Gia tri quan tric 16n nhat tai tat
ca cac vi tri quan tric trong toan
_ bo chudi thoi gian

2.2. 56 liéu sir dung

2.2.1. 86 liéu tir hoat ddng giao théng

S6 liéu luu luong xe dugc thu thap tor Ban
quan Iy Ham Thu Thiém thudc S¢ Giao thong
van tai voi 300 Camera quay lién tuc lién tuc
trong 24 gio trong ngay va 7 ngay trong tuan.
Nhom nghién cuu tién hanh lwa chon 55 vi tri
camera (Hinh 3) dé tién hanh khao sat luu lugng
giao thong dua theo cac tiéu chi: Phan b6 déu trén
céc quan huyén trong thanh phd; C6 chat lugng
hinh anh t6t va gbc quan sat rong; Tranh chon
tring nhiéu camera trén 1 tuyén duong hay ciing
1 truc giao duong. Thot gian thu thap nhitng ban
ghi camera trong thoi gian 18-24/7/2017, thoi
gian 24h/ngay.

Ngoai ra, do hé théng camera tap trung chii
yéu & cac tuyén duong 16n va khu vuc trung tim
Tp.H6 Chi Minh, nhém nghién ciru ciing tién
hanh khao thyc té sat trén mot sé tuyén duong
nam & ngoai vi Thanh phd dé dam bao s licu
phan anh ding hién trang luu thong cua khu vuc
Tp. H6 Chi Minh.

B6 sung dit liéu thdng ké luu lwong 141 tuyén
duong tir dé tai “Thiét 1ap ban do lan truyén 6
nhiém khong khi dbi voi hoat dong giao thong,
san xudt cong nghiép tai Thanh phd Ho Chi
Minh” ~Hd Quéc Bang [3].

max
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Hinh 3. Vi tri cac Camera giao théng ¢ Tp. Ho
Chi Minh
TAP CHI KHI TUQNG THUY VAN

Phuong phép thong ké xe dugc thuc hién
nhu sau: Dém s6 luong cac loai hinh di chuyén:
xe may, xe dap, xe buyt,xe 6 to tr4 -16 chd, xe
0 td > 24 chd, xe tai, xe container va ngudi di
bd. Str dung bang tong hop dé ghi nhan sb
luong céc loai phuong tién. Cong lai sau mdi
15 phut.

Tinh toan phat thai khi nha kinh theo khoang
cach di chuyén [8] dugc md ta trong cong thirc
@: o

E;.=N, EE_ VKT, )

Trong do Eim 1a tai lugng phat thai khi i cua
loai phuong tién m (g); Nim 1a s6 lugng phuong
tién m trén lkm di chuyén (xe); Efim 1a hé sb
phat thai khi i ctia loai phuong tién m (g/km);
VKT. 1 tong chiéu dai di chuyén cia phuong
tién.

2.2.2. Phat thai cong nghiép

Qua trinh diéu tra khao sat duoc thuc hién
theo trinh ty cap nhat thong tin tinh hinh hoat
dong cua cac doanh nghiép thong qua cai bao
cdo giam sat moi truong thudc quan ly cua
HEPZA va Chi cyc bao vé méi truong Tp. Hb
Chi Minh. Cac sb liéu thu thap bao gom: ngudn
thai (cac chat bui, Sox, Nox, CO) tir ng khoi
hodc 10 hoi, loai hinh san xuét, kich thudc, chiéu
cao 6ng khoi, toa do 6ng khoi, nhién liéu hoat
dong, thoi gian hoat dong. Cong ty khong c6 s6
liéu do thi nhom nghién ctru tinh toan tai lugng
phat thai cac chit dya trén nhién liéu st dung.

Bang 1. Céc khu céng nghiép ¢ Tp. Ho Chi

Minh [2]
STT KCN STT KCN
KCX  Linh
! Anha ? Trung 1-2
2 Binh Chiéu 10  Tan Binh
3 Binh Tan 11 Tén Tao
4 catrati2 12 o Théi
Hiép
5 bong Nam 13 Tan Thuédn
. . Tay Bic Cu
6 Hiép Phuoc 14 Chi
7 Le — Minh 5 Vb 1oe
Xuan
Tan  Phu
8
trung
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Hinh 4. Vi tri céc ong khéi ngodi khu
cong nghiép

Bén canh céac phat thai tir ng khoi trong khu
cong nghiép, nghién ctru con sir dung thém dir
lidu phat thai 6ng khéi ctia cac co s& nam ngoai
khu cong nghi¢p ( Hinh 4). Pay cling 1a mdt
ngudn phat thai rit quan trong. Nghién ctru sir
dung bo s liéu ké thira tir két qua dé tai “Mo
phong ndng d6 PM 10 tai khu vuc Tp. Hd Chi
Minh va danh gia tac dong tdi stc khoe con
ngudi” cua Tac gia HO Qudc Bing [4]. Trong
nghién ciru nay nhéom tac gia H6 Quédc Bang da
do dac cac sb lidu phat thai ctia cac co sé san
xudt ngoai khu céng nghiép ¢ Tp. H6 Chi Minh,
tir 46 bd sung co so dit liéu ddy du vé ngudn thai
do hoat dong cong nghiép ¢ TP. H5 Chi Minh.

2.3. 86 ligu diéu kién bién va diéu kién ban
ddu ciia CMAQ

Dé xdy dung quy trinh du bao hoan chinh,
nghién ctru da chu trong vi¢c xay dung duogc
diéu kién bién va ban dau vi day la yéu t6 anh
hudng rat 16n dé két qua mo phong. Nghién ciru
da chon loc nhiéu két qua mé hinh chit lugng
khong khi toan cdu va nhan thay két qua tir mo
hinh MOZART cua trung tam nghién ctru khi
quyén National Center for Atmospheric Re-
search (NCAR) - phtl hop v6i yéu cau dit ra voi
d6 chinh xac cao, mé hinh c6 két qua mo phong
v6oi1 R dao dong khoang 0.7-0.9 [1]. M6 hinh
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Mozart d3 két hop véi dir liéu vé tinh MOPITT
va 86 liéu do dac cac tram mat dat nén két kua
mo phong cho gid tri sat voi thuc té.

3. Két qua nghién ctru

Két qua sau khi chay mo phong trong 3 ngay
12-14/7/2017. Gia tri mo phong sé duoc hi¢u
chinh dua trén két qua quan tric tai vi tri duong
Nguyén Vin Ctr trén thyc té. Sau khi hiéu chinh,
két qua md phong duoc danh gia theo 3 chi s6
théng ké nhu bang 2. Két qua mo phong thoa
man c6 2 chi sé thoa mén diéu kién 1a MNGE va
UPA. Két qua m6 phong hiéu chinh dién ta diing
xu thé dao dong ndong d6 PM 2.5 trong 3 ngay
v6i R=0.84. L
Bang 2. Két qua danh gia sai so vé PM 2.5 cua

mé hinh tai vi tri dwong Nguyén Vin Cir

Chi s6 thong ké Giatri  Gia trj chuin
MNBE 27.23% +15 %
MNGE 27.22% <35%
UPA -18.23% +20%

Hinh 5 cho thay két qua mo6 phong dién ta
dung xu huéng 1én xudng tuy nhién c6 nhing
thoi diém dao dong qua 16n giit cac gio. Gid tri
PM 2.5 16n nhat mo phong dat 30-34 pg/m3 va
thap nhét 1 5-10 pg/m?3. Xu hudng nay phu hop
v6i hién trang chung cta thanh phé H6 Chi Minh
hién nay.

. &
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Hinh 5. So sanh giita mé phéng va quan trdc tai
. mull""""""'"'""""""'"'""""'}""""“'::'.. B
wu \
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Nguyén Van Cir tir ngay 12-13-14/7/2017
”MH
||| ; w
o
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Hinh 6. Két qud dir bdo PM 2.5 vao thoi diém
19h ngay 15/7/2017

TAP CHi KHI TUQNG THUY VAN
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Hinh 6 cho thdy két qua m6 phong PM. s vao
thoi diém 19h ngay 15/7/2017. Nong d6 phan bb
tap trung & hudng dong bic thanh phd va khu
vuc thugc Tp. Bién Hoa, Pong Nai voi ndng do
dao dong tir 47-57 ug/m?, khu vuc c6 PMzs cao
nhat 14 gan trung tim thanh phd véi nong doc
cuc dai dat 80 pug/m?® cao hon so vai quy chuin
Viét Nam la 50 pg/m?. PM. s tap trung nhiéu nhat
trong khoang 38-47 pug/m’.

4. Két luan

Trong 6 nhidm khong khi, chi sé6 PM 2.5 1a

mot chi s6 quan trong do tac dong rat 16n téi sirc
khoe conngudi. Vi két qua chay kiém dinh va
hiéu chinh da ching t6 md hinh CMAQ két hop
v6i qué trinh dong bo hoa dir liéu vé tinh s& 1a
cong cu tot cho van dé du bao chét luong khong
khi PM 2.5 cho khu vuc Thanh Phé Ho Chi
Minh. Hé thdng tiép tuc phat trién du bao cho
nhiéu chat khac nhau. Két qua du bao cho thay
vao gio cao diém PM2.5 cao ¢ khu vuc trung
tam TP. HO Chi Minh, day 1a thoi diém c6 mat
do6 giao thong dong nhit & trung tim thanh phd.
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STUDY CALCULATION AND FORECAST PM 2.5
FOR HO CHI MINH CITY

Nguyen Ky Phung', Nguyen Quang Long’, Nguyen Van Tin’, Le Thi Phung*
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*University of Science - HCMC
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*Ho Chi Minh University of Natural Resources and Environment

Abstract: Air pollution has been an important issue for urban areas, especially in large cities like
Ho Chi Minh City, which has a population of more than 10 million people, and sources of emission
are not only from industrial parks but most of them come from traffic. Monitoring the quality of air
quality has become an urgent and necessary issue in Ho Chi Minh City. The study has developed the
PM 2.5 forecasting process using the CMAQ, SMOKE, WRF model. The forecast process combines
the synchronized method with MODIS satellite data to improve forecast accuracy. The calibration
and validation results of the equation are R = (.8, showing that the proposed procedure achieves the
requirement, ensuring the tracking and predictability of the air quality with high accuracy. The trend
of PM2.5 increases in the morning from SAM when the people start working and reach to the peak
value 34 ug/m3 at 9AM in rush hour. The trend of PM 25 is the same in the period of evening but it
go down when it was raining.

Keyword: Emission inventory, CMAQ, PM 2.5.
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