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To6m tat: Nghich nhiét 13 hién tugng nhi¢t do khong khi ¢ tang d6i luu tang theo chiéu cao
va thuong xay ra trong diéu kién khi quyen 6n dinh. Sy nghich nhiét han ché sy phén tan va
gop phan 1am ting nong do cta cac chat 6 nhlem khong khi. Nghién ctru ndy nham tim hiéu
didc diém va anh hudng cua nghich nhiét dén ndng do bui min PM2s dua vao dit lidu tham
khong va dir liéu quan trac nong do PMas tai thanh phd H6 Chi Minh giai doan nim 2019—
2020. Két qua nghién ctru cho thiy khi quyén c6 xu huéng 6n dinh hon va cudng do cua
nghich nhiét ciing cao hon vao budi sang ctia mua kho va budi tdi cia muia mua. Cudng do
nghich nhiét 16n c6 thé 1am han ché su x4o tron va phan tan ctia bui min PM3s, tir d6 lam
gia ting nong d6 PM2s tai 16p khi quyén gan mit dat. Két qua nghién ctru ciing cho thay co
su gia ting ndng do PMzs vao nhiing ngay xay ra nghich nhiét do sy phan tan cia PMazs
trong khong khi suy giam, tir d6 lam ting nong d6 ciia PMa2s. Nguoc lai, vao nhimg ngay
khong xay ra nghich nhiét, nong d PMa s trong khong khi c6 xu huéng giam vi kha nang
phan tan cua PMz s dugc cai thién.

Tir khéa: Nghich nhiét; On dinh khi quyén; PM2s; Bui min.

1. Pit van dé

O nhiém khong khi ¢ thé anh hudong xau dén stc khoe con nguoi [1]. Phoi nhiém voi
PM2s (bui ¢ kich thuéc hat nho hon 2,5 um) cé thé lam ting nguy co nhiém c4c bénh vé
dudng ho hap vi PM2s ¢6 thé di sau vao hé ho hap ctia con nguoi, vi dy phe nang [2]. Nong
do cua PMzs trong moi truong khong khi co thé b tac dong bai nhiéu yéu té khi tuong, bao
gdm vén tdc gio, lugng mua, nhiét ¢ khong khi, va hién tugng nghich nhiét cua khi quyén.

Nghich nhiét 1a hién tuong nhiét do khong khi ¢ tang dm lru tang theo chiéu cao cua
tang khi quyén [3] va thuong xdy ra trong diéu kién khi quyén on dinh. Sy nghich nhiét co
thé duoc phan loai thanh nghich nhiét mat dat (radiation inversion) va nghich nhiét ling chim
(subsidence inversion). Hién tugng nghich nhiét mat dat, con duge goi la nghich nhiét bé
mit, xay ra chu yéu vao ban dém [4] khi nhiét do tai mit dat thip hon nhiét d6 tai 16p khong
khi phia trén. Hién tuong nghich nhiét ling chim hinh thanh khi c¢6 sy lang chim cia khi
khong khi. Sau dé, khbi khi nay bi nén lai va c6 nhiét do cao hon 16p khong khi bén dudi do
sy gia tang ap suat khi quyén [3]. Hién tuong nghich nhiét han ché sy phén tan cia cac chat
6 nhiém khong khi, tir d6 lam tang murc d6 6 nhiém khéng khi [5]- Két qua mot s nghién
ctru trude day da cho thay nong do 6 nhiém PMas c6 lién quan dén hién twong nghich nhiét
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[6-11]. Chang han nhu ndng d6 ctia mot s6 chat 6 nhiém khong khi, bao gﬁ)m CO, NO2, SO,
va bui min PMzs, gia tang khi xay ra hién tuong nghich nhiét tai thanh phd Ha Nai [6].

Trong s cac chat gy 0 nhiém khong khi néu trén, PMzs (bui min ¢6 duong kinh nho
hon 2,5 um) 1a chat 6 nhiém dwoc quan tric thuong xuyén hon vi cac hoa chét c6 hai cho strc
khoe con nguoi (vi du: kim loai, ion va hop chat hitu co nhu hydrocacbon thom da vong) co
thé duoc hap thu va hap phu vao PMzs [l] Ngoai ra, vi PMzs c6 kich thude nho nén chat 6
nhidm nay c6 thé xam nhdp séu vao hé thong hé hap cta con nguoi thong qua hoat dong hit
tho va gy ra mot so bénh nhur bénh phdi, hen suyén va suy ho hip cap tinh. Vi vay, can phai
tim hiéu vé cac yeu t6 ¢6 thé anh huong dén mirc 6 6 nhiém PM5, bao nguodn thai, va tai
luong phat thai, diéu kién khi tuong dé c6 thé han ché su 6 nhiém PMas.

Thanh phé H6 Chi Minh c6 khi hau nhiét d6i gié mua véi hai mua 5 rét, bao gdm mua
khd kéo dai tir thang 12 dén thang 4 nim sau va mua mua tir thang 5 dén thang 11. Tai thanh
phé HO Chi Minh, cac chit 6 nhiém khong khi (vi du nhu PMzs, PMio (bui ¢6 kich thuéc hat
nho hon 10 pm), SO2, NOx va CO) chu yéu dugc phat khi tr hoat dong giao thong, hoat dong
cong nghi¢p, cong truong xay dung, va ndu nudng hd gia dinh [12-14]. Hau hét cac nghién
ctru trude day vé o nhiém PM;s tai thanh phd Ho Chi Minh chii yéu tap trung vao danh gia
dién bién nong do PMas theo thot gian, danh gia sy anh hudng ciia mét s6 yeu t6 khi tuong
(vi du: nhiét do khong khi, van tde gi0, lugng mua) dén nong do PMzs, va tinh toan kiém ké
cac ngudn phat thai PMz2s. Bén canh dé, sy 6n dinh cta khi quyén va hién twong nghich nhiét
ciing c6 thé gop phan 1am gia ting ndng do PMas trong méi trudng khong khi [6-11]. Tuy
nhién, théng tin vé su nghich nhiét va mdi lién hé gitra hién twong nay véi sy 6 nhiém khong
khi tai thanh phé Ho Chi Minh vén con kha han ché. Chinh vi vy, nghién ciru nay budc dau
tim hiéu ddc diém cua hién tuong nghich nhiét va méi twong quan giita hién tugng nay va
nong do PMas trong mua kh6 va mua mua tai thanh phé H6 Chi Minh. Két qua cua nghién

clru ¢6 thé 1a co sé dé dé xudt cac giai phap han ché sy 6 nhidém cta PMas tai thanh phd HO
Chi Minh.

2. Phwong phap nghién ciru va co sé dir liéu

2.1. Phuwong phdp thu thap dir ligu

DPé xac dinh sy nghich nhiét tai thanh phé HO Chi Minh, dit liéu tham khéng
(atmospheric sounding), bao gom dit lidu vé diéu kién khi tuong tai cac d6 cao khi quyén tir
10 m dén 2,000 m dugc thu thip thong qua trang thong tin Wyoming Weather thuoc Pai hoc
Wyoming (My). Vi tri dét tram quan trac 1a san bay qudc té Tan Son Nhat, ma s6 va tén cua
tram 1an luot 1a 48900 va VVTS (Hinh 1). Kinh d6 va vi d cua tram 1a 106°39°36”E va
10°48°36”N, d¢ cao cua tram la 10 m so v&i myc nude bién. Dir lidu tham khong dugce thu
thap tai 2 mc thoi gian mdi ngay: 00Z (7 gio sang gio dia phuong) va 127 (7 gio toi gio dia
phuong). Dir li¢u thu thap bao gom gia tri cua cac thong s6 nhu nhi¢t d6 khong khi, toc do
gio, hudng gio, ap suat khong khi duoc quan tric tai do cao khi quyén tir 10 m dén 2,000 m
tinh tir mat dat. Nghién ctru nay su dung dir liéu quan trac trong thoi gian tir 1/1/2019 dén
31/12/2020, vi vay, co tong cong 1,460 bo dir lieu tham khong da duoc thu thap va phan tich.

Pé tim hiéu su anh huong cua hién twong nghich nhiét dén sy 6 nhiém PMas, dit liéu vé
néng do PM2 5 tai thanh phé Ho Chi Minh duoc thu thap tor mang ludi quan tric cht lugong
khdng khi AirNow. Tram quan tric ndy duoc dat tai Lanh sy quan M§ thanh phd Ho Chi
Minh (vi do: 10°46°58,76 N, kinh d¢: 106°42°2,05”E) (Hinh 1). Bui min PM25 dugc quan
trac bang thiét bi giam sat suy giam beta (beta attenuation monitors) [15]. Nghién ctru nay su
dung dir liéu quan tric PM, 5 trong giai doan 1/1/2019-31/12/2020. Dé dam bao chét lugng
cua dir ligu, cac gia tri khuyet va gia tri bat thuong ctua nong d6 PM2s duoc loai bo. Ngoai
ra, dit liéu vé lugng mua dugce thu thap tir tram khi tuong Mac Binh Chi (vi d6: 10°47°3,72”N,
kinh do: 106°42°1,04”E), cach vi tri quan tric PM25 khoang 100 m.
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Hinh 1. Vi tri tram quan tric PMas thuoc mang ludi AirNow va vi tri cac tram quan tric khi tuong
tai thanh phé H6 Chi Minh.

2.2. Phuong phdp xdc dinh sy nghich nhiét
Su nghich nhiét duogc xac dinh dya theo phuong phap nhu sau [16]:

0=T (% )W(cp,air My 1)

v6i 0 (K) 1a thé nang gradient nhiét d9, T (K) 1a nhiét d tai ap suat khong khi p (hPa).
Po 13 ap suét tiéu chudn (1,000 hPa). R 13 hang s6 khi Iy tuéng (8.3145 J/mol/K). Cp.air 13 nhiét
dung riéng cuia khong khi (1006 J/kg/K). Mair 1a khéi luong khong khi (0,028964 kg/mol).

Do 6n dinh khi quyén dugce xac dinh dya vao ty so gitta 00 (K) va 0z (m) [17]. Trong do
z (m) 1a cac d6 cao khi quyén duoc xem xét, bao gom tr 10 m dén 3,000 m. 60 1a sy khac
biét thé nang gradient nhiét d6 gita hai d6 cao khi quyén khéc nhau. Tuong tu, oz 1 khac
biét d6 cao giita hai tang khi quyén xem xét. Néu gia tri 06/6z dwong hodc thé ning gradient
nhiét d6 0 ty 1& thuan véi sy dd cao cua khi quyén z thi khi quyén on dinh va c6 su nghich
nhi¢t. Nguoc lai, néu gia tri 00/0z am thi khi quyén khong on dinh va khong c6 su nghich
nhiét. Néu thé ning gradient nhiét do 6 khong thay doi theo do cao khi quyén (60 = 0) thi khi
quyén ¢ diéu kién trung hoa [18]. Cudng do ciia sy nghich nhiét ciing dwoc tinh toan dé tim
hiéu dic diém cua hién tugng niy tai thanh phd H6 Chi Minh. Cudng do nghich nhiét 1a su
thay d6i nhiét do khi quyén trong 100 m dau tién so v6i mat dat [19] va dugc biéu thi bang
°C/100m.

2.3. Phuong phap xu ly dir ligu

Nghién ctru nay s dung ngdn ngit 1ap trinh Python, thu vién numpy [20], pandas [21],
va scipy dé xur ly va phan tich dit liéu tham khong va dir liéu nong d6 PMzs. Phan mém
OriginPro 2020 (OriginLab, US) duoc st dung dé truc quan hoa két qua phan tich. Bé danh
gia sy anh huong cua nghich nhiét va cac didu kién khi tuong dén nong d6 PM,s, phan tich
tuong quan Spearman duoc sit dung va phan tich bang phan mém Origin.

3. Két qua va thao luan

3.1. Pdc diém cua si nghich nhiét

Su nghich nhiét thuong xay ra trong diéu kién khi quyén 6n dinh. Tan suit trung blnh
cta sy on dinh khi quyén trong cac thang dugc thé hién trong hinh 2. Nhin Chung khi quyén
c6 xu hudng 6 6n dinh hon vao budi sang cua mua kho (7 gio sang) va budi tdi ciia mua mua
(7 gio t6i) (Hinh 2). Piéu nay c6 thé do vao mua mua, cac trin mua tai thanh phé HO Chi
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Minh ¢ xu huéng dién ra tir chiéu dén t6i. Bén canh d6, sau khi mua, nhiét d6 cta 16p khdng
khi gan mat dat thap hon nhiét 6 cua cac 16p khong khi phia trén, tir 46 dan dén hién tuong
nghich nhiét va 1am cho khi quyén 6n dinh hon vao budi t6i cia mia muwa. Tuy nhién, su
nghich nhiét nay c6 xu hudéng bién mat vao budi sang khi birc xa mit troi lam nong nhiét do
cua 16p khong khi gin mit dat. Vi vy, tin sudt cia hién twong nghich nhiét vao luc 7 gid
sang ctia mua mua khong cao. Quan sat trong tu vé hién tuong nghich nhiét ciing da duoc
béo céo [22].

(a) 7 gio sang (b) 7 gio t6i
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Hinh 2. Tan suat cta su 6n dinh khi quyén vao Iic 7 gio sang: (a) 7 gio t6i; (b) theo mua; (c) tai
thanh phé H5 Chi Minh.

Khi xét dong thoi ca hai thoi diém 7 gid sang va 7 gio t6i, hinh 2 cling cho thay hién
tuong nghich nhiét c6 xu hudng xay ra thudng xuyén hon va khi quyén c6 thé 6n dinh hon
vao cac thang 1, 2, 11, va 12. Van tdc gi6 cta cac thang nay kha thap (Hinh 3), phan 4nh mot
trong nhiing ddc trung cua diéu kién thoi tiét khi xay ra hién tuong nghich nhiét. Su gia ting
vén tdc gio c6 thé ddn dén su gia ting su x40 tron cia khi quyén va tir d6 1am suy giam hién
tuong nghich nhiét [23]. Ngoai ra, ap suat khong khi trung binh cua cac thang 1, 2, 11, va 12
cling cao hon so véi cac thang con lai (Hinh 3). Khi ap suat khong khi gia ting, khdi khi c6
xu hudng ling xudng 16p khi bén dudi va bi nén lai, 1am cho nhiét d6 ctia khdi khi nay cao
hon va dan dén hién tuong nghich nhiét.

Vé cudng do nghich nhiét, nghich nhiét vao bubi sang (7 gid sang) cua mua kho co
cuong do cao gép 2,3 1an so véi mua mua (mua kho: 1,1 £ 0,5°C/100m, mua mua: 0,5 +
0,2°C/100m). Cudng do nghich nhiét 16n hon trong muia kho c6 thé lam han ché sy x4o tron
va phan tan ctia bui min PMzs, tir d6 1am gia ting ndng 46 PM2s tai 16p khong khi gan mat
dat [23]. Vo lic 7 gio t6i, cuong d6 nghich nhiét vao miia mua cao hon (mua mua: 1,3 +
0,1°C/100m, mua khé: 0,9 + 0,1°C/100m). Nhu da dé cap phia trén, vao mia mua cac trin
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mua ¢ thanh phé H6 Chi Minh ¢ xu hudng kéo dai tir chiéu dén tbi [24]. Cac con mua co
thé khién nhi¢t do ctia 16p khong khi gan mat dat suy gidm va thap hon nhiét do cta cac 16p
khong khi bén trén, tir d6 dan dén hién tugng nghich nhiét manh hon vao budi toi ciia mua
mua.
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Hinh 3. Gi4 tri trung binh cua cac thong sé thoi tiét vao lac 7 gio sang: (a) 7 gio tdi; (b) theo mua;
(c) tai thanh phé H5 Chi Minh.

3.2. Pdc diém cua nong dé PMas

Nhin chung, ndng d6 trung binh 24 gid ciia PMa5vao nim 2019 dao dong tir 15,1-42,6
ng/me, gia tri trung binh 12 25,5 pg/m®. Gia tri ndng d6 nay cao hon so véi ndong do ctia nim
2020 (17,2-32,7 ],Lg/m trung binh: 23,2 pg/m3) Tuy nhién, khong c6 su khac biét c6 y nghia
thong ké giita nong do trung binh 24 gid ctia PM2s vao nam 2019 va 2020 (Mann-Whitney
t-test, P = 0,442).
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Hinh 4. Ndng db trung binh caa PM, s theo thang (a) va theo mua (b) tai thanh phé HS Chi Minh.
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V& sy thay d6i theo mua, ndng do PMastrong mua khd (nhé nhit — 16n nhét: 17,2-42,6
ug/m trung binh: 25,1 ug/m®) cao hon khoang 2,0 1an so v6i ndng d6 trong mia mua (nhd
nhit — 16n nhat 15,1-36,7 pg/m?®, trung binh: 22,1 pug/m°%). Két qua cua cac nghién clru trude
day vé quan tric PMy5 tai Viét Nam va trén thé gio1 cling cho thay ndéng d6 PMzs cao hon
vao mua khd [14, 22]. Ngoai ra, nguyén nhan ciia ndng d6 PMa s thip vao mua mua la do su
sa lang w6t cia cac hat bui min PMys dudi tac dong cua lwong mua va tan sut mua cao hon
trong mua mua (thang 5 dén thang 11). V& sy thay ddi theo thang, ndng d6 PMzs trong cac
thang 10 den thang 1 cao hon tir 1,4-2,0 14n cao hon so v&i cac thang con lai (Hinh 4). Luong
mua va sd ngdy mua trong khoang thoi gian tir thang 10 dén thang c6 xu hudéng thip hon
(Hinh 3a), do d6 bui min PM2;s it bi sa lang w6t hon va dan dén gia tang sy tich tu PM2strong
khong khi. Ngoai ra, tbc d6 gi6 trong cac thang 10 d&én thang 1 kha thap (1,9-2,5 m/s) (Hinh
5b). Vi vy, su phan tan cia PMas c6 thé bi suy giam dong thoi sy tich tu PM25 trong khong
khi gia ting, dan dén ndng d6 PMys trong khong khi ¢ thanh phd HO Chi Minh trong giai
doan tir thang 10 dén thang 1 c6 xu hudng cao hon.
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Hinh 5. Téng luong mua, s6 ngay mua (&) va van toc gi6 (b) tai thanh phé H5 Chi Minh.

3.3. Méi twong quan giira sy nghich nhiét va nong dé PMzs

Hinh 6 thé hién ndng do trung binh theo thang ciia PM2s vao nhiing ngay c6 va khdng
c¢6 sy nghich nhiét tai thanh phé H6 Chi Minh. Nhin chung, néng do6 trung binh ciia PM2s
gia ting vao nhitng ngdy c6 hién tugng nghich nhiét (mua kho: 27,2 £ 9,1 pg/m®, mua mua:
22,2 £4,9 pg/m®).

50
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Hinh 6. Nong do trung binh theo thang caa PM2 s vao nhiing ngay c6 va khéng c6 nghich nhiét.

Khi xay ra sy nghich nhiét, sy phan tan ciia PMys trong khong khi suy giam [7], dong
thoi su tich tu cia PM2s trong khong khi ngay cang tang [25], tir d6 1am gia ting nong do
cua PM2s trong khong khi. Nguoc lai, vao nhimg ngay khong c6 hién tugng nghich nhiét,
PM25 gia ting su phén tan, vi vdy nong d6 PM25 vao nhiing ngay nay c6 xu hudng thip hon
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(mua kho: 23,0 + 8,9 ug/m®, mua mua: 18,4 + 4,2 ug/m°®). Pidu nay cho thay su nghich nhiét
c6 thé lam gia tang nong do PMzs tai thanh phd HS Chi Minh.

Bén canh do, cuong do va tan sudt cta su nghich nhiét cling ty 1¢ thuan voi néng do
PM2; trong cd mua kh6 va mua mua (Hinh 7). Cac yéu t6 khi twong khac, ching han nhu
lwong mua va van tée gi6 c6 thé co su tuong quan voi PMzs, vi gid cang manh thi su phén
tan PM2 5 trong khong khi cang cao. Ngoai ra, sy sa lang ludt cia PM2s khi mua ciing c6 thé
lam gidm nong do PMzs.
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Hinh 7. Ma tran hé sé tuong quan Spearman giita nong d6 PM25 va cac thdng sé khi twong (NDN:
nghich nhiét; KK: khéng khi).

4. Két luan

Nghién ctru nay cho thay khi quyén tai thanh phd H6 Chi Minh c6 xu huéng 6n dinh hon
va cudng do cia su nghich nhiét cling cao hon vao budi sang ctia mua kho (7 gio sang) va
budi t6i clia muia mua (7 gio ti). Tuy nhién, sy on dinh khi quyén nay c6 xu hudng suy giam
vao budi sang khi 16p khong khi gan mit dat dwoc lam nong do tac dong ciia birc xa mat troi.
Ngoai ra, cuong do nghich nhiét 16n c6 thé 1am han ché su x4o tron va phan tan ctia bui min
PM2.5, tir d6 1am gia ting ndng do PM25 trong khong khi.

Bén canh d6, ndng do trung binh ciia PMy5 vao nhiing ngay xay ra hién tuong nghich
nhiét cao hon so voi nhiing ngay khong xay ra hién tugng nay. Sy nghich nhiét lam suy giam
kha nang phan tan va lam gia tang muc tich tu cia PM2 s trong khong khi, tir 46 1am gia tang
nong do ciia PM,, 5 Nguoc lai, vao nhiing ngay khong xay ra nghich nhiét, PM2s gia tang su
phan tan, vi vy ndong d6 PM2s vao nhimng ngay nay c6 xu huong suy giam. Nghién ctru nay
budc dau tap trung vao danh gia sw anh huong cua diéu kién khi quyen ( dén hién tuong nghich
nhiét va tim hiéu mdi twong quan giira hién tuong nghich nhiét va noéng d6 bui min PMas,
Két quéa ciia nghién ciru ndy 13 co s¢ cho cac nghién ciru tiép theo danh gia sy anh hudng caa
cac yéu to khac dén hién twong nghich nhiét (chang han nhu ciu trac do thi), dong thoi tim
hiéu vé sy anh hudéng cia hién tugng nghich nhiét dén néng d6 cac chat 6 nhiém khong khi
khéc tai thanh phé H6 Chi Minh.

DPong gop cua tac gia: Xay dung y tuong nghién coru: N.T.T.N; Lya chon phuong phap
nghién ciru: N.T.M.T.; Xt Iy s6 liéu: P.T.B.; Phan tich s6 liéu: N.T.M.T.; Viét ban thao bai
bao: N.N.T.; Chinh stra bai bao: N.T.T.N.

Loi cam on: Bai bao hoan thanh c6 sy hd trg vé miat dir liéu cua Dai Khi tuong Thuy van
Khu vuc Nam B9, Mang luéi quan tric AirNow, va Tram khi tuong thudc mang ludi
Wyoming Weather. Nghién ctru nay duoc tai trg bai Dai hoc Sai Gon trong khuon khé dé tai
ma sb CSB2021-07.

Loi cam doan: Tép thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru cta tap thé

tac gia, chua duoc cong bd ¢ dau, khong duge sao chép tir nhitng nghién ciru trude day;
khong ¢6 su tranh chap loi ich trong nhom tac gia.
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Characteristics and effect of the temperature inversion on
concentrations of fine particulate matter (PM2.5) in Ho Chi Minh
City
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Abstract: A temperature inversion occurs when the temperature of the air rises with height
and this phenomenon usually happens under stable atmospheric conditions. The temperature
inversion prevents dispersion of air pollutants and thus contributes to an increase in pollutant
concentrations in the atmosphere. The purpose of this study is to better understand the
features and effect of the temperature inversion on the concentration of fine particulate
matter (also called PM2s) in Ho Chi Minh City using data on radiosonde and PM2s
concentrations in the period of 2019-2020. The results demonstrate that the atmosphere is
more stable, and the strength of temperature inversions is greater in the morning (7 a.m.
local time) of the dry season and in the evening (7 p.m. local time) of the rainy season. The
higher intensity of the temperature inversion can discourage the diffusion and dispersion of
PM:s, leading to an increase in the PM2zs concentrations near the ground surface.
Additionally, the research results demonstrated an increase in PM2s concentration on
inversion days, that is, on days with a temperature inversion. In contrast, on non—inversion
days (days without a temperature inversion), PMs concentrations are likely to fall because
of the improved dispersion.

Keywords: Temperature inversion; Atmospheric stability; PM.s; Fine particulate matter.
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