Tap chi Khoa hoc Cong nghé Xay dung, PHXDHN, 2026, 20 (1V): 69-81

KIEM SOAT CHAT LUONG KHONG KHI TRONG NHA GIAI POAN
DAU VAN HANH: KINH NGHIEM QUOC TE VA KHUYEN NGHI
CHO VIET NAM

Nguyén Thanh Trung™”*
“Khoa Ky thudt Mai truong, Truong Pai hoc Xdy dung Ha Noi,
$6 55 duong Gidi Phong, phuong Bach Mai, Ha Néi, Viét Nam

Nhdn ngay 16/01/2026, Sita xong 02/02/2026, Chdp nhdn ding 24/02/2026

Tém tat

Chét lugng khong khi trong nha (IAQ) trong giai doan van hanh ban d4u clia toa nha (012 thang) thudng dat mifc 6 nhiém
cao nhét do phat thai tir vat liéu hoan thién, dd ndi thit, hoat dong vé sinh va van hanh thit. Muc tiéu chinh cda bai bio nay
1a tdng quan céc tai liéu qudc t& ti ndm 2017-2025 vé IAQ trong céc tda nha mdi va dugc cai tao, tap trung vao hgp chit
hitu co dé bay hoi (TVOC), formaldehyde (HCHO) va bui (PM), dong thdi do kiém chiing trong nim vin phong méi & Viét
Nam. Bang chiing t8ng hop cho thiy TVOC va HCHO déu vugt qua ngudng tham chiéu gip nhiéu 1in trong nhitng thang
dau va PM ting manh trong qué trinh hoan thién noi thit. Két qua nghién ctiu cho thiy dé dat dudc IAQ can thuc hién cic
bién phdp, bao gdm: (1) kiém sodt phét thai tai ngudn (vat liéu phat thai thp, thi cong sach va quén ly tién do); (2) ting
cuong thong gié trude khi st dung va céc chién luge thong gié thong minh; (3) loc/lam sach khong khi; (4) kiém sodt nhiét
dd va do 4m dé han ché phat thai va su phat trién ciia nAm méc; va (5) gidm sat lién tuc va tich hgp vao hé théng quan ly toa
nha (BMS). Dua trén cdc nghién ciiu va dénh gia thuc tién can trién khai gidi phap co ban theo huéng tich hgp nham bio
dam IAQ dat mic chip nhin dudgc, qua dé tao 1ap moi trudng séng va lam viéc trong lanh, an toan va cé Igi cho siic khoe
ngudi st dung.

Tir khod: chit lugng khong khi trong nha; giai doan du van hanh; xa khi trudc khi dua vao sit dung; thong gié trude khi sit
dung; HCHO; TVOC.

INDOOR AIR QUALITY MANAGEMENT IN THE EARLY OCCUPANCY PHASE: INTERNATIONAL
EXPERIENCE AND RECOMMENDATIONS FOR VIETNAM
Abstract

Indoor air quality (IAQ) during the early building operation phase (0—12 months) often exhibits the highest pollution levels
due to emissions from finishing materials and furnishings, as well as cleaning and commissioning activities. This study
conducts a systematic literature review of international studies published between 2017 and 2025 on IAQ in new and
renovated buildings, with a focus on total volatile organic compounds (TVOC), formaldehyde (HCHO), and particulate
matter (PM), and to validate the findings through field measurements in five newly completed office spaces in Vietnam. The
synthesized evidence indicates that TVOC and HCHO commonly exceed reference thresholds by substantial margins in the
first months after completion, and PM—particularly during interior finishing—can increase sharply. The review suggests
that achieving acceptable IAQ requires an integrated package of measures: (1) source control (low-emission materials,
clean construction practices, and schedule management); (2) pre-occupancy flush-out and appropriate ventilation strategies,
including smart control where applicable; (3) air cleaning and filtration; (4) temperature and humidity control to limit
emissions and prevent mold growth; and (5) continuous monitoring integrated into building management systems (BMS).
Based on research and practical assessments, this study shows the need to implement a comprehensive, integrated solution
package to ensure acceptable IAQ levels, thereby creating a healthy, safe, and beneficial living and working environment
for users.

Keywords: indoor air quality; post-construction phase; early occupancy; pre-occupancy flush-out; pre-use ventilation; HCHO;
TVOC.
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1. Dit van dé
Chét lugng khong khi trong nha (Indoor Air Quality - IAQ) da dugc T6 chiic Y t& Thé gisi (WHO)
x4c dinh 12 mot trong nhiing yéu t6 mdi trudng quan trong nhit 4nh hudng dén stc khde con ngudi
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trong thé ky 21 [1]. V6i thuc t& con ngudi danh 80-90% thdi gian sdng trong cic khong gian kin, chit
luong khong khi trong nha c6 tac dong tryc tiép va lau dai dén sic khoe, ning suit lam viéc va chit
lugng cudc séng [1-3]. Trén toan cau, 6 nhiém khong khi trong nha dugc udc tinh gy ra khoang 3,8
triéu ca tif vong sém moi nim, chii yéu do cic bénh vé dudng ho hép, tim mach va ung thu [1, 4]. Tai
cic qubc gia phat trién, vin dé niy ngay cang trd nén nghiém trong do xu hudng xiy dung céc tda
nha kin gi6 dé tiét kiém ning luong, din dén giam ty 1é thong gi6 tu nhién va tich tu cac chit 6 nhiém
trong nha [5].

Tai khu vuc chau A - Thdi Binh Duong, rii ro IAQ trd nén cp bach trong bbi canh d6 thi héa
nhanh, mit d6 xdy dung cao va mic do 6 nhiém khong khi ngoai trdi gia ting. Bing chiing thuc
nghiém cho thiy ty 1& vudt ngudng & giai doan dau rét 16n; chang han khio sat tai cic cin hd méi ghi
nhén 83,6% trudng hop formaldehyde vugt tiéu chudn, véi ndng do trung binh 0,238 mg/m? (cao gip
2,4 14n gidi han cho phép) [6]. Trén cd s& cac bang chiing vé triéu chiing lién quan toa nha va rii ro
phoi nhiém héa chét trong nha (dic biét phat thi cao tir vat lidu xay dung mdi), nhiéu qubc gia trong
khu vuc di sém hoan thién co ché quén tri IAQ, tip trung vao kiém sodt phat thai vat liéu va yéu cau
kiém tra IAQ trudc ban giao va theo doi sau st dung [7, 8]. Song song do, cac chuong trinh chiing
nhén cong trinh xanh ciing tich hop chiit ché tiéu chi IAQ, nhin manh lua chon vat liéu phat thai thap,
kiém tra IAQ trudc ban giao va gidm sat lién tuc sau khi dua vao st dung [9, 10].

Viét Nam dang budc vao giai doan ting trudng kinh t& nhanh ciing véi tbe d6 do thi héa cao. Tuy
nhién, chit lugng khong khi trong nha (IAQ), dic biét & giai doan dau van hanh, vin chua dugc quan
tAm tuong xiing v6i quy mo phat trién. V& mit phap 1y va k¥ thuat, Viét Nam da ban hanh TCVN
13521:2022 lién quan dén chét ludgng khong khi trong nha, tao co s tham chiéu quan trong cho danh
gia va quan 1y IAQ. Hién nay, tai liéu huéng din ky thuat thiét k&, thi cong va van hanh céng trinh
bdo dam chét lugng khong khi trong nha theo TCVN 13521:2022 da dé cip 6 mic so bd dén céic
bién phap thong gi6 va loc khong khi sau khi hoan thién xay dung [11]. Du vay, van thiéu huéng dan
chuyén biét cho IAQ trong giai doan diu van hanh, dong thdi chua hinh thanh quy trinh kiém dinh
TAQ truéc ban giao mang tinh thdng nhit, phd cip va cé thé dp dung rong rii. Trén thuc té, nhiéu
cong trinh dude dua vao st dung gan nhu ngay sau khi hoan thanh, khong c6 dii thdi gian 1Am sach
va 6n dinh truc khi dén ngudi stt dung. Hé qua 1a trong nhiing thang dau dén sinh hoat va lam viéc,
ngudi lao dong thong thudng cé cac biéu hién dién hinh nhu mui khé chiu, kich ting mat, mii, hong,
dau dau va mét moi, day 1a nhiing triéu chiing phut hdp véi bdi canh phoi nhiém ting cao tir vat lidu
hoan thién, noi thit va hoat dong vé sinh hoan thién trudc khi ban giao. Mot thuc té khac 12 thi trudng
vat liéu xdy dung va noi thit tai Viét Nam rit da dang nhung con thiéu co ché kiém sodt chit ché vé
phiét thai VOC va HCHO theo vong ddi sin phdm, c6 thé cac hop chit nay thudng & miic cao tai cic
cong trinh st dung gd cong nghiép va son, keo khong dat chuan. Cluing véi d6 12 sy hién dién ctia hang
nhap khau khong r6 ngudn gdc, hang gia, hang nhéi va thong tin ky thuat khong minh bach lam suy
giam hiéu luc kiém soat IAQ ngay tif giai doan thiét k&, mua sam, thi cong, ddng thai khién viéc tuan
thi cdc gid tri tham chiéu tré nén khoé khin khi chuyén sang van hanh thuc té.

Tt c4c khoang tréng vé quan ly IAQ, can nhin manh giai doan diu vin hanh 13 giai doan 6 nhiém
khong khi nhiéu nhét, nhiéu nghién citu cho thiy téc d6 phat thai VOC va HCHO tir vat liéu xay dung,
son, keo ddn va ndi that dat dinh trong 1-3 thang dau, cao gip 5-10 1an so véi giai doan 6n dinh sau
1 nim [12-15]. Giai doan nay 1a thdi diém ngudi sit dung 1an dau va lién tuc tiép xiic véi moi trudng
trong nha v6i nong do chit 6 nhiém cao, c6 thé giy ra céc tic dong sic khoe cip tinh nhu kich tng
dudng ho hip, dau dau, mét mai [1, 8]. Pong thdi, giai doan nay 1a thdi diém quan trong d€ 4p dung
cac bién phép can thiép hiéu qua bang cic giai phap thong gi6 ting cudng trudc khi dua vao st dung
dé giam dang k& ndng do chét 6 nhiém va rit ngan thdi gian dat miic an toan theo tiéu chuan [12, 14].
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Tuy nhién, trong thuc tién tai Viét Nam, nhan thiic ctia cc bén lién quan vé rii ro IAQ & giai doan
dau van hanh con han ché. Thém vao d6, thiéu ngudn nhan luc dugc dao tao vé danh gia va quan ly
IAQ, cling v6i chua phit trién cta thi trudng dich vu tu vin IAQ chuyén nghiép, di tao ra nhiing rao
cén 16n trong viéc chuin héa quy trinh va nhan rong céac bién phap kiém sodt hiéu qua.

Trong bdi cdnh d6, bai bdo 4p dung phuong phdp tdng quan tai liéu, ngudn dif liéu chinh 12 céac
nghién citu khoa hoc cong bd trén tap chi qudc té uy tin giai doan 2017-2025, tip trung vao bang
chiing thuc nghiém, cdc tdng quan hé thdng vé IAQ & giai doan dau van hanh va khao sét thuc dia cho
ndm van phong mdi tai Viét Nam.

2. Pic trung cic chit 6 nhiém khéng khi trong nha giai doan dau van hanh
2.1. Ddc trung giai doan ddu vdn hanh

Giai doan dau van hanh 1a khoang thdi gian bat dau tit khi hoan thanh xiy dung va ban giao cong
trinh, kéo dai dén khi ndng do6 cic chit 6 nhiém trong khong khi gidm xudng mic 6n dinh va dat tiéu
chudn an toan. Thdi gian nay thudng dao dong tir 6 dén 12 thang, tuy thudc vao loai vat liéu st dung,
diéu kién khi hau, va cic bién phdp can thiép dudc dp dung [12-14].

Giai doan nay c6 thé dugc chia thanh ba pha nho: Pha hoan thién (0-1 thdng): Giai doan ngay sau
khi hoan thanh thi céng chinh, dang trong qua trinh hoan thién noi thit, 1ap dit thiét bi va don dep.
Day 1a pha c6 ndng do bui PM2.5 va PM10 cao nhét do hoat dong thi cong [6, 16]; Pha “gidi phéng”
(off-gassing) cao diém (1-3 thang): Giai doan téc do phat thdi VOC va formaldehyde tir vat liéu méi
dat dinh. Nong do6 TVOC c6 thé cao gip 5-10 lan so véi giai doan 6n dinh [13, 14]; Pha suy giam
(3-12 thang): Giai doan ndong d6 cdc chit 6 nhiém giam dan theo ham s6 mii, tién din dén mic 6n
dinh [12, 14].

Pic diém chinh cla giai doan nay c6 cac dic trung nhu sau: Thit nhat 1a ndng d6 chit 6 nhiém
cao va bién dong 16n, chit 6 nhiém trong giai doan nay thudng cao hon 2-10 Ian so véi giai doan 6n
dinh va c6 su bién dong 16n theo thdi gian, nhiét do, do 4m va ty 1é thong gi6 [13, 14, 17]. Thi hai 1a
nguodn phat thai rit da dang, bao gdm vat liéu xay dung (bé tong, vita, gach, tAm tran, san), vat liéu
hoan thién (son, keo dan, chit chéng thAm), vat liéu ndi thét (g6 cong nghiép, vai boc, tham, vit liéu
cach nhiét), va thiét bi viin phong méi [3, 16]. Thit ba Ia tbc d6 phat thai bi 4nh hudng manh bdi diéu
kién moi trudng. Nhiét do va do 4m cao lam ting dang ké téc do phat thai VOC va formaldehyde.
Céc nghién ctiu cho thiy toc do phat thai c6 thé ting ghp doi khi nhiét do ting tir 23 °C 1én 30 °C
[12, 14]. Thi tu 1a tdc ddng manh tGi stic khde ngudi sit dung, giai doan nay ¢ nguy c¢G cao gap cac
triéu chiing cta “bénh nha kin” (SBS) [8]. Nhu viy, giai doan nay tang cudng cac bién phap nhu xa
khi va thong gi6 sé riit ngin thdi gian dat miic an toan méi trudng rit cao [12, 14].

2.2. Cdc chdt 6 nhiém chinh trong giai doan ddu vén hanh
a. Bui min (PM2.5) va PM10

Bui min PM2.5 va PM10 la cdc hat ran hoic 16ng 10 liing trong khong khi. Trong giai doan dau
van hanh, ngudn chinh ctia bui min bao gdm: Hoat dong hoan thién ndi that (cat, mai, khoan); Bui xay
dung con st lai sau qud trinh don dep; Xam nhap tif bén ngoai qua hé thong thong gi6; Hoat dong clia
ngudi sit dung va thiét bi vin phong [1, 18, 19]. Nghién citu tai chau A cho thdy ndng do PM10 trong
giai doan hoan thién noi thit c6 thé dat 564,72 ug/m?, cao gip nhidu lan tiéu chuin WHO (45 pg/m’
cho PM10, 15 pg/ m? cho PM2.5) [20]. Tai cdc viin phong da hoan thanh, ndng do6 PM2.5 thudng dao
dong 10-30 pg/m>, van cao hon tiéu chuin WHO [19]. Tré em va ngudi c6 bénh 1y v& ho hip dic biét
nhay cam vdéi bui min.
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b. Formaldehyde (HCHO)

Formaldehyde 13 mot hdp chét hitu co dé bay hoi ¢6 mui hic, dudgc WHO phan loai 1a chit gay
ung thu nhém 1. Ngudn chinh trong cong trinh xay dung bao gom: G6 cong nghiép (MDF, plywood,
particleboard) st dung keo urea-formaldehyde; Son, vecni, keo dan; Vai boc ndi thit, tham; Mot s6
vat lidu cach nhiét [12-15, 17, 21]. Nghién ctiu tai Trung Qudc cho thiy 83,6% cin ho méi c6 ndng do
formaldehyde vudt tiéu chudn WHO (0,1 mg/m?), v6i ndng dd trung binh 0,238 mg/m? [6]. Tai Théi
Lan, nghién ctu tai cic vin phong méi phét hién ndng do formaldehyde dao dong 0,02-0,15 mg/m°,
v6i 40% mau vuot tiéu chuin [21].

Téc dd phat thai formaldehyde tir vat lidu giam theo ham s6 mii theo thdi gian, nhung qua trinh
nay c6 thé kéo dai nhiéu nim. C4c nghién ciiu cho thiy ndng do formaldehyde giam 50-70% sau 6
thang, nhung van c6 thé vugt tiéu chuin sau 1 nam [13, 14, 17].

c. Téng hop cac hdp chit hitu co dé bay hoi (TVOC)

TVOC la téng ndng do cla tit ca cac hgp chit hitu co dé bay hai trong khong khi, bao gdm hang
tram chit khac nhau. Nhiéu nghién cifu da chiing minh rang ndng do VOC trong khong khi trong nha
thudng cao hon nhiéu 1an so véi ngodi trdi, do nhidu ngudn phat thai khac nhau [20, 22]. Cac VOC
phd bién trong cong trinh xay dung bao gébm: Hydrocarbons thom (benzene, toluene, ethylbenzene,
xylene-BTEX); Aldehydes (formaldehyde, acetaldehyde); Terpenes (limonene, a@-pinene); Esters, ke-
tones, alcohols [3, 14, 16, 23]. Du 4n OFFICAIR tai chau Au ghi nhan ndng d6 TVOC trong céc vin
phong méi dao dong rong, véi mot sb trudng hop dat 1955 pg/m?, vuct xa tiéu chudn WHO va tiéu
chudn tam thoi ciia Nhét Ban (400 pg/m?®) [3, 8]. Nghién ctiu tai Han Qubc cho thiy ndng dd TVOC
trong nha méi xay dung véi vt liéu than thi€én mdi trudng dao dong 200-400 u,g/m3 trong 3 thang
dau [13].

Toc d6 phat thai TVOC dat dinh trong 1-4 tudn dau sau khi hoan thanh, sau d6 giam nhanh trong
3 thang dau va tiép tuc gidm cham hon trong 6-12 thang tiép theo [13, 14, 16, 24, 25].

d. Céc chét 6 nhiém khdc

Carbon dioxide (CO,) trong khong khi trong nha chii yéu dén tit ho hip ctia con ngudi. Mic du
khong phai 1 chét 6 nhiém tir vat liéu xay dung, CO, 1a chi sb quan trong danh gid hiéu qua thong gié.
Nong do CO; cao (>1000 ppm) cho thdy thong gi6 khong dii, dan dén tich tu cdc chit 6 nhiém khdic
[15, 26]. Nghién ctu tai Ireland cho thy ndng d6 CO, trong cic vin phong va trudng hoc thudng
xuyén vudt 2000 ppm, dic biét trong cac khong gian thong gié tu nhién [26]. Tiéu chuin ASHRAE
khuyén nghi nong do CO, trong nha khong vudt qua 1100 ppm, tuong ting véi miic khong cao hon
khoang 700 ppm so vé6i nong do CO; ngodi troi (xap xi 400 ppm).

Carbon monoxide (CO): Ngudn chinh tir d6t chay khong hoan toan, thiét bi sudi, va xAm nhap tir
bai d6 xe [27]. Nong dd CO trong vin phong thudng thip (< 5 ppm) nhung c6 thé ting cao trong cic
tdoa nha c6 bii d6 xe ngam két ndi truc tiép.

Nitrogen oxides (NOx): Nguon tit d6t chdy va xadm nhép tif giao thong bén ngoai. Nong do NOx
trong vin phong thudng thip hon ngoai trdi nhung c6 thé ting cao trong cic tdoa nha gan dudng giao
thong dong diic.

2.3. Nguén goc phdt thdi chinh
a. Vit liéu xay dung

Bé tong va vita: Bé tong va vita méi c6 thé phat thai cac VOC tif phu gia héa hoc, dic biét 1a cac
chét 1am cham dong, chét ting do déo. Ngoai ra, qua trinh déng ran clia bé tong gidi phong do 4m
cao, 1am ting do 4m tuong dbi trong khong gian, gidn tiép thic ddy phat thdi VOC tif céc vat liéu khic
[16].
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Gach, da 6p 14t: Keo dan gach 1a ngudn phat thai VOC dang ké, dic biét 1a cac loai keo gbc dung
moi. Keo dan gbe nude c6 phat thai thap hon nhung van chita mot s6 VOC [16, 23].

b. Vit liéu hoan thién

Son va vecni: Son 1a mot trong nhitng ngudn phat thai VOC 16n nhét trong giai doan dau. Son gbc
dung mdi (solvent-based) c6 ham lugng VOC rit cao (300-600 g/L), trong khi son gbc nude (water-
based) c¢6 ham lugng VOC thap hon (50-150 g/L) nhung van dang ké. Toc do phat thai VOC tit son
dat dinh trong 24-72 gi dau sau khi son, sau d6 gidm nhanh trong 1-2 tuan [12, 16, 23].

Keo dan va chit tram: Céc loai keo dan (adhesives) va chit tram (sealants) sit dung trong xay dung
thudng chita ham ludgng VOC cao. Keo dan gd, keo dan tham, keo dan gach, va silicon déu 12 ngudn
phat thai dang k€ [16, 23].

Chit chéng thAm: Céc san phdm chdng thAm thudng chia dung mdi hitu co va c6 thé phat thai
VOC trong thdi gian dai.

c. Vit liéu ndi that

GO cong nghiép: GO cong nghiép (MDF, plywood, particleboard, chipboard) sit dung keo urea-
formaldehyde 13 nguodn phat thai formaldehyde chinh va lau dai nhit trong cong trinh. Toéc do phat
thai formaldehyde tir gd cong nghiép phu thudc vao: Loai keo st dung (urea-formaldehyde > phenol-
formaldehyde > melamine-formaldehyde); Ty 1¢ keo/gd; Phuong phap xii Iy bé mit (veneer, laminate,
son); Thoi gian luu kho sau san xuit; Nhiét d6 va do Am moi trudng [12-15].

Vai boc va tham: Vai boc ghé, rém ciia, va tham c6 thé phat thai VOC tir sgi téng hap, chét xir 1y
chdng chdy, chéng 4m, va keo ddn. ThAm méi 1a ngudn phat thai ding k€ clia 4-phenylcyclohexene
(4-PC), chit gy mui dic trung ctia thim méi [16].

D0 noi thit: Ban, ghé, ti 1am tt g6 cong nghiép két hop vdi son, vecni, va keo dan 12 ngudn phat
thai phiic hop ctia formaldehyde va TVOC. Nghién ctiu cho thdy phuong phdp xi ly bé miit c6 anh
hudng 16n dén téc do phat thai: dd noi thit ¢ bé mit phi kin (laminate, veneer day) phat thai thip
hon déng k€ so v6i bé mit chi son hodc dé tran [15].

d. Thiét bi va san pham tiéu diing

Thiét bi vin phong: Mdy in, mdy photocopy phét thai ozone, VOC, va bui min trong qud trinh
hoat dong. Mdy tinh va thiét bi dién t& méi c6 thé phat thai VOC tif nhua va mach dién [3].

San phdm tay riia va cham séc: San pham tdy rifa, nudc hoa, san phdm chidm séc ¢4 nhan 1a ngudn
phat thai VOC tit hoat dong cia ngudi su dung [3].

2.4. Tdc dong siic khde va nghién ciiu dich té hoc
a. Tac dong clp tinh

Sick Building Syndrome (SBS): diy 1a “Bénh nha kin” tap hgp céc triéu chiing stic khde ma ngudi
st dung gip phai khi & trong tda nha, va céc triéu chiing nay giam hoic bién mét khi roi khoi toa nha.
Cic tridu chiing chinh bao gdm: Kich ting mét, miii, hong, dau dau, mét méi, budn ngi, khé tap trung,
kich ting da, khé thd, nguc tifc. Nghién cifu tai Nhat Ban cho thiy nguy co SBS ting gip 2,94 lan
khi ndng d6 TVOC vugt 400 pg/m?, nguy cd con cao hon khi ¢6 mui khé chiu ngay ca khi TVOC <
400 ug/m?, cho thiy vai trd ctia cic VOC c¢6 ngudng mui thip [8].

Kich ting dudng ho hap: Formaldehyde giy kich ting niém mac mat, miii, hong & ndng do thp
(> 0,1 mg/m?). Cdc triéu chiing bao gdm: Cam gidc cay, rat mit, chay nudc mii, nghet mii, ho, dau
hong, khé thé 6 ngudi nhay cam [1, 21].

Tic dong dén ning suit lam viéc: Nghién ctu cho thiy chét lugng khong khi trong nha kém
c6 tac dong tiéu cuc dang ké dén ning suit 1am viéc: Gidm 5-15% ning suét nhan thic (cognitive
performance); Ting 20-50% ty 1& nghi 6m; Gidm 10-25% tdc do xi ly thong tin; Tang 15-30% ty 1&
10i trong cong viée [5].
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b. Tac dong man tinh

Ung thu: Formaldehyde dugc WHO/IARC phan loai 14 chit gay ung thu nhém 1. Nghién citu dich
té hoc cho thiy nguy co ung thu vom hong ting 1,4-2,0 1an & ngudi tiép xiic dai han v6i formaldehyde
ndng do cao (> 0,5 mg/m?) [1]. Benzene, mot thanh phan ciia TVOC, la chit giy ung thu mau da
dugc chitng minh. Bui min c6 thé xdm nhap sau vao phdi va thim chi vio mdu, giy ra cic bénh vé
dudng ho hap, tim mach, va ung thu phdi [1, 28].

Bénh ho hip man tinh: Tiép xtic dai han véi PM2.5 va VOC c6 lién quan dén: Hen phé quan (nguy
co ting 1,3-1,8 1an); Bénh phdi tic nghén man tinh-COPD (nguy co ting 1,2-1,5 14n); Viém phé quan
min tinh (nguy co ting 1,4-2,0 1an) [1].

Tic dong dén thai nhi va tré em: Phu nif mang thai tiép xic vé6i formaldehyde va VOC nong do
cao c6 nguy co (sinh non ting 1,3-1,6 1an); Thai nhe cin (nguy co ting 1,2-1,4 1an); Di tit bAm sinh
tang. Tré em tiép xiic v6i IAQ kém c6 nguy co (hen phé quan ting 1,5-2,5 1an); Di ting (nguy co ting
1,3-1,8 1an); Nhiém trung ho hip (nguy co ting 1,2-1,5 lan) [1].

c. Nhém dan sb nhay cdm

Mot s6 nhém déan s6 dic biét nhay cdm v6i 6 nhiém khong khi trong nha: Phu nit mang thai, Tré
em va tré so sinh, Ngudi cao tudi, Ngudi c6 bénh Iy vé ho hip (hen, COPD, viém phdi), Ngudi c6
bénh tim mach, Ngudi suy giam mién dich [1]. DPéi véi cdc nhém nay, tiéu chuin an toan can nghiém
ngit hon va céc bién phap bo vé can dudc ting cudng.

3. Kinh nghiém quéc té va nghién citu tai Viét Nam
3.1. Cdc nghién citu tai mot sé nudc trén thé giéi

Nhiéu qubc gia da trién khai cac nghién ctiu va chuong trinh khio sit vé chit lugng khong khi
trong nha tai nha &, toa nha vin phong va cic khong gian st dung. Cac nghién ctiu nay dic biét nhan
manh giai doan dau dua cong trinh vao sit dung, khi phat thi tir vat liéu hoan thién, do ndi thit va
diéu kién van hanh thong gié c6 thé 1am gia ting ndng do cac chit 6 nhiém (Bang 1).

Bang 1. Déi tugng, chét 6 nhiém va danh gid trong giai doan dau van hanh ctia mot sé nghién ciu trén thé gidi

. P6i tidng Chét 6 nhim o Neuon
Quoc gia nghién ciu nghién ciu Binh gid thaqm
khao
Chau Au 37 toa van phong  Aldehyde TVOC bién thién rt 16n; HCHO [3]
(EU) méi xdy/méi cdi (HCHO, ac- phd bién; yéu t6 chi phbéi manh
tao etaldehyde); 1a vat liéu/ndi thit, nhiét-dm, san
VOC (BTEX, phdm tiéu dung, ngudn ngoai troi.
limonene, a-
pinene...);
TVOC
Bic My Gidm sat ddihan Chi s& IAQ; Hoat dong diu hoa-thong gi6 [5]
nhiéu vin phong c6 xét dén loc mic dinh thuong khong dip ting
khong khi TIAQ t6t giai doan diu; ting thong

gi6 2-3 1an d€ cai thién; thong gi6
két hop loc 1a tot nhit.
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. Péi tugng Chét 6 nhiém o Neuon
Quoc gia nghién ctiu nghién ctu Dinh gid tha9m
khdo
Bic My Toa nha xdy VOC (lién quan Go tu nhién VOC thip hon gb  [29]
bing gb (giai vatliéu gd) cong nghiép; can thong gié du
doan truéc va trude khi dua vao van hanh.
thoi gian dau s
dung)
Trung Qudc Cin ho & cong Formaldehyde; 83,6% can ho c6 HCHO vugt [6]
trinh cong cong TVOC chuin; ndng dd cao nhit trong 3
mdi trang tri, thang dau; thong gi6 va thdi gian
hoan thién x4 khi 1a then chét d€ dat IAQ.
Han Quéc Cin ho méi TVOC; Céc san pham than thién (Eco-  [13]
(giam sat 6 Formaldehyde friendly) van c6 TVOC cao trong
thang), so sinh 3 thang dau; HCHO suy giam
vGi eco va thong nhanh hon; phai ting thong gi6 dé
thuong gidm nong do xubng 40-60% ,dat
dudc IAQ sém hon.
An bo Vian phong méi PM2.5; PM cao do ngoai trdi xdm nhéap;  [30]
cai tao PM10; TVOC; TVOC/HCHO vugt chuan trong 3
Formaldehyde thang dau; cn loc hiéu qua két
hop thong gi6 c6 kiém sodt.
Théi Lan Vin phong Formaldehyde Ngudn chinh: dd g cong nghiép

mdi; tang thong gioé va giam phat
thai tai nguoén dé€ vé mic an toan
(21]

Téng hop tai Bang 1 cho thdy phin 16n cdc nghién ciu tip trung vao giai doan diu van hanh, cac
cong trinh nay déu chi ra hién tuong “dinh phat thai” trong khoang tir 0-3 thang diu sau hoan thién
hoic cai tao, dong thdi khing dinh hiéu qua dang k€ cia viéc ting cudng thong gi6é va/hoic két hop
loc khong khi d€ gidm ndng do chit 6 nhiém. Nhém nghién ciu tip trung vao vat lidu va dd noi thit
1a cia EU va Théi Lan gép phan nhan dién cc ngudn phat thdi chi phbi, mo ta dong hoc suy giam
theo thdi gian, qua d6 cung cip co s& khoa hoc cho lua chon vit liéu, kiém sodt mua sam, lép dat va
hoan thién quy trinh ban giao.

3.2. Khdo sdt, do dac 05 vdan phong mdi triude khi sit dung tai Viét Nam

Viéc do dac chit lugng khong khi tai nim vin phong méi dudc tién hanh vao thang 7 nim 2024.
Sau khi cong trinh hoan thanh va cic hoat dong thi cong 16n két thiic, khong gian dugc d€ &n dinh
khoang mdt thang trudc khi tién hanh khio sat nham thu thap s6 liéu nén. Qua trinh do dudc tién hanh
khi hé théng diéu hoa, thong gi6 khong hoat dong. Cac diém do dudc luya chon tai vi tri dai dién cho
viing lam viéc dién hinh. Mau khong khi dugc ldy bing bom 1y mau SIBATA Minipump MP-W5P
Dry cell, hit qua éng hip phu phuc vu phéan tich HCHO va TVOC; dau 1dy mau dit tai do cao ho hp
(1,2-1,5 m so v&i san). Thai gian liy mau 60 phit. TVOC (quy d6i theo toluene) dudc liy mau chii
dong bang bom hiit qua ng hip phu SKC 226-01, sau d6 phan tich tai phong thi nghiém bang GC/FID
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2010 Shimadzu. Formaldehyde (HCHO) dugc 14y mau bang cung loai bom, hiit qua cartridge silica
gel phti 2,4-dinitrophenylhydrazine va phan tich bing HPLC véi dau do UV. Cic dung dich chuan
(toluene/formaldehyde) va phu kién hiéu chuidn/chuin bi mau (heater, micropipette, diffusion fan)
dudc st dung d€ ddm béo d tin ciy clia quy trinh phan tich.

Két qua do formaldehyde (HCHO) tai nim vin phong & Ha Noi sau khi hoan thién phan xay dung
cho thiy ndng do rt cao. Cu thé, gia tri HCHO dao dong tit 1080 dén 1880 pg/m>, trong dé cao
nhét tai Vin phong 2 (1880 ug/m?) va thip nhét tai Vin phong 3 (1080 ug/m?). Ngoai ra, tai Vin
phong 1 sau khi hoan thién noi thit, ndng do do dudc 1a 425 ug/m? van cao khi tham chiéu véi TCVN
13521:2022 (Hinh 1). Céc gid tri do dudc déu vuot xa ngudng tham chiéu thudng dudc st dung trong
d4nh gia IAQ, kha niing ton tai nguon phat thai manh tir vat liéu xay dung hoic ndi thit. Tuy nhién, sb
liéu thu dugc 12 phép do don 1€ tai mot thai diém, do d6 chua phan 4nh diy di phoi nhiém trung binh
theo thdi gian va chua di co sé dé két luan theo cdc quy dinh. Du vy, két qua van 1a tin hiéu sang loc
quan trong, cho thiy nguy co phat thdi manh tir vat liéu hoan thién va noi that, dong thdi gdi y nhu
cau 4p dung cdc bién phap kiém sodt tai ngudn, thong gié ting cudng trude khi st dung va ké hoach
giam sat theo thdi gian dé x4c nhan xu huéng suy giam va danh gia rii ro phoi nhiém thuc té.

(g 1610 1690
i:‘f 1500
o 1080 1100
5 1000
Q
s
<
?o 500 425
=
z
0
VP1 VP1 VP2 VP3 VP4 VPS5
Hoan thién phén xay dung Hoan thién ndi that

Hinh 1. Két qua do HCHO ctia 05 viin phong mdi tai Ha Noi

Tir téng hop tir cdc nghién ciu qubc té va sd lidu do thuc té clia nim cong trinh tai Viét Nam cho
thiy can thiét ki€ém soat IAQ trong giai doan dau van hanh tif viéc ki€ém sodt nguodn thai thong qua lua
chon vt liéu, dén viéc 4p dung thong gi6 ting cudng trudc khi dua vao st dung dong thdi kiém soat
nhiét-4m va diéu chinh van hanh theo s6 liéu thu dugc d€ 1am co sé dé xuit gidi phap ki€ém soat IAQ
dbi v6i tiing loai cong trinh.

4. Mot s6 dé xuit nhim kiém soat chit lugng khong khi trong giai doan du vin hanh cong
trinh ¢ Viét Nam

4.1. Gidi phdp kiém sodt phdt thdi tai nguon

- Lya chon vit liéu xanh va chitng nhan: Kiém so4t tai ngudn bat dau tir Iva chon vat liéu ndi thit
phat thai thip theo cdc tiéu chi dinh luong va c6 chiing nhan. Véi vat liéu hoan thién, uu tién son gbc
nuéc, keo dan va chit tram gbc nudc, tranh san pham chita dung méi va cac hop chit nhu toluene,
xylene hoic cic thanh phan lién quan formaldehyde. Véi san va dd gb cong nghiép, yéu cau phat thai
formaldehyde thip, dong thoi wu tién bé mit phi kin (laminate/veneer day) dé giam phat thai. Quy
trinh Iua chon can dudc “chuin héa” theo 3 giai doan: (i) thiét k&, 1ap danh muc vt liéu uu tién theo
TAQ; (ii) d4u thau, dua yéu cau IAQ vao Ho so mdi thau va danh gia phuong 4n; (iii) thi cong, kiém
tra nhan/chiing chi, tir chdi vt liéu khong dat va luu vét ho so vat liéu da lap dat.

- Quy trinh thi c6ng sach (Clean construction process): Thi cong sach nham han ché phat sinh bui,
VOC va 4m, déy la ba tdc nhan lam suy giam IAQ va kéo dai thdi gian 6n dinh sau ban giao. Trudc va
trong thi cong, vat liéu can dudc bao quan kho rdo, kiém tra loai bd vat liéu am/hu hong; cic bé miit
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da hoan thién phai che phii, phan viing va c6 1ap dé tranh tdi nhiém bui. Thong gi6 trong thi cong can
duy tri lién tuc, dic biét sau cac cong viéc phat sinh VOC cao (son, keo), ddng thdi han ché van hanh
hé thong HVAC (Heating, Ventilation, and Air Conditioning) dé trdnh nhiém bin hé théng.

- Quan ly lich trinh thi cong: Quan ly lich trinh 13 yéu t& quyét dinh mifc rii ro IAQ khi ban giao.
Trinh tu thi cdng nén tuan thi nguyén tic phai hoan thanh hang muc “uét” va hang muc phat sinh bui
trudc; cac cong viéc phat sinh VOC cao (son, keo, phii bé miit) thuc hién cang sém cang t6t dé c6 thoi
gian kho va thong gié; sau dé mdi lap san, noi that ¢b dinh, thiét bi; cudi cuing 1 vé sinh hoan thién,
xa khi, 1ap ndi that di dong va do ki€ém IAQ. Can bd tri hoan thién sém hon thsi di€ém ban giao tir
4-6 tuan dé€ di thoi gian cho x4 khi va kiém tra IAQ, dong thdi c6 thoi gian xit Iy néu phat hién vuct
nguong.

4.2. Gidi phdp tdng cuong thong gio

Thong gi6 12 nhém gidi phap quan trong thit hai sau kiém sodat tai ngudn, v6i vai tro loai bd céc
chit 6 nhiém da phat thii vio khong khi va bS sung khong khi sach. Trong giai doan diu van hanh,
can vu tién céc chién lugc thong gié chi dong, lién tuc va cé kiém sodt, ddng thdi can bing gitta hiéu
quéa TAQ va chi phi nang lugng.

- X4 khi: Thong gi6 ting cudng trudc khi dua cong trinh vao st dung nham thai bd cac chit 6
nhiém phat thai tif vat liéu méi. Quy trinh khuyén nghi bat dau ngay sau hoan thién va vé sinh cong
nghiép, duy tri 24 tuan (t6i thi€u 2 tuan), van hanh 24/7 v6i 100% khong khi ngoai trdi; thé tich trao
ddi khong khi tdi thiéu 0,3 1an/gid khbi tich phong (khuyén nghi 0,5-1,0 1an), gilf nhiét do tir 20-25
°C va do 4m nho hon 60% dé€ han ché nguy co nAim mébc [31-33]. Piéu kién tién quyét 1a hé théng
HVAC hoan thién, cong trinh kin nuGc, ¢6 dién va cé giam sat ddm bao van hanh lién tuc.

- Ting cudng ty 1é thong gié: Trong 0-3 thang dau, khuyén nghi van hanh thong gi6 cao hon miic
tiéu chuin (khoang 2-3 1an), vu tién 100% khong khi ngoai troi va han ché tai tuan hoan dé tranh “tai
phén phbi” VOC/HCHO [32, 33]. Vé ty 1é thong gi6, c6 thé duy tri khoang 1,0-1,5 1an/gid; giai doan
3-12 thang giam xudng miic trung gian (0,7—1,0 1an/gid) va cho phép tdi tuan hoan cé kiém sodt; sau
12 thang van hanh theo tiéu chuin va ti vu ning luong [34]. Vé chién lugc, thong gi6 lién tuc hiéu
qua nhét trong giai doan dau; sau d6 c6 thé chuyén sang gian doan kém thong gié ban dém/cubi tuan
& mic 30-50% va ting cudng trudc gio lam 1-2 gid, tranh tat hoan toan dé khong tich tu 6 nhiém.

- Thong gié tu nhién va co hoc: Thong gié tu nhién c6 vu diém chi phi ning luong thip nhung
khoé kiém soat Iuu lugng, khong loc dugc bui va cdc chit 6 nhiém ngodi trdi va han ché kiém soat
nhiét-4m; do d6 phit hgp hon cho cong trinh thip tang, khu vuc c6 khong khi ngoai trdi tot, hodic giai
doan x4 khi khi chua c6 ngudi. Ngudc lai, thong gi6 cd hoc cho phép ki€m soat chinh xac luu ludng,
tich hop loc va kiém soat nhiét-Am, phit hop v6i nha cao tang va khu vuc 6 nhiém va c6 khi hau néng
4m. Trong diéu kién thich hop can két hop hai hinh thiic, tin dung diéu kién thuin 10i d€ tiét kiém
ning luong nhung van ddm bao TAQ; nén uu tién cd hoc cho vin phong cao ting va cin nhic hén hop
cho cong trinh thip tang.

- Chién lugc thong gié thong minh: Céc chién lugc thong minh gitp tbi uu IAQ va ning lugng
khi cong trinh da qua giai doan phat thai dinh. Thong gié theo CO, phu hgp sau 3-6 thang (khi
VOC/HCHO gigm), yéu cau cam bién CO, chinh xdc va BMS c¢6 kha ning diéu khién. Trong 0-3
thang dau, khong nén gidm thong gi6 theo nhu cau ma can duy tri miic cao dinh muic.

4.3. Gidi phdp loc va lam sach khong khi
Trong giai doan dau van hanh, thong gi6 lam pha lodng va thai bé 6 nhiém, trong khi cic cong

nghé loc déng vai tro loai bd truc tiép ngay trong khong gian sit dung. Can lua chon cong nghé theo
ban chit chit 6 nhiém: dang hat (PM, vi sinh) can loc co hoc hiéu suit cao; hop chat khi (VOC/HCHO,
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mui) cAn hap phu/oxy héa; cic cong nghé tao phan ing (PCO/plasma/ion héa) doi hdi danh gia chiit
ché vé an toan va san pham phu.

- Bo loc HEPA (High-Efficiency Particulate Air): HEPA 1a chudn loc hat hiéu suét cao, dién hinh
loai bd > 99,97% hat c6 kich thudc 0,3 um, nhd co ché chin, va dap, khuéch tan. Vé ting dung, HEPA
c6 thé tich hgp trong hé théng HVAC trung tdm hoic ding dudi dang mdy loc di dong theo phong.
Khi nang cip 1én HEPA, can kiém tra ton thit 4p suit ctia quat, c6 thé 1am ting chi phi van hanh va
yéu cau thiét ké lai. Bao tri (thay loc dinh ky, kiém tra d6 kin) 1a diéu kién bat budc dé duy tri hiéu
qua.

- Loc carbon hoat tinh (Activated Carbon Filter): Carbon hoat tinh hdp phu VOC va mui nho dién
tich bé miit rit 16n va hé 16 rdng vi md. Trong IAQ giai doan dau, carbon hoat tinh déng vai tro then
chdt d€ xit Iy TVOC va mui, va ¢6 thé xi Iy mot phan formaldehyde, dic biét khi ding carbon tim
héa chit chuyén dung. Carbon hoat tinh thudng dudc b tri sau HEPA d€ tranh bui 1am “bit” bé miit
hép phu, 4p dung c trong HVAC 1an mdy loc di dong két hop (HEPA va carbon hoat tinh).

- Quang xtc tac (Photocatalytic Oxidation — PCO): PCO st dung xuc tac (thuong TiO;) dudi
chiéu xa UV d€ tao gbc oxy héa manh, c6 kha ning phan hiy VOC/HCHO thay vi chi hip phu. Uu
diém 12 tiém niing xit 1y khi va tic ché vi sinh, gidm phu thudc thay loc; tuy nhién hiéu quéa phu thudc
rat 16n vao thiét ké (dién tich xic tic, cudng do UV, thdi gian tiép xiic) va ¢ nguy cd tao san phaim
phu (vi du ozone hoic aldehyde thit cAp) néu ki€ém sodt khong tot.

- Plasma va ion héa: Plasma c6 thé phan hiy VOC/khit mui/diét khudn, song mot s6 cAu hinh c6
kha ning phat sinh ozone va san phidm phu khong mong mudn. Ion héa phat ra ion nham lam hat két
tu/lang dong hoic dé loc hon. Khuyén nghi chung Ia chi duing thiét bi c6 chiing nhan khong tao ozone,
khong coi diy 1a gii phap chinh, va nén tich hgp sau khi di c6 nén tang thong gié két hop loc cd hoc
va hip phu khi.

4.4. Kiém sodt nhiét do va dé dm

Trong giai doan dAu van hanh, kiém soat nhiét do va d6 4m la thanh phan then chét ctia chién lugc
IAQ vi chiing chi phéi truc tiép dong hoc phat thai VOC/HCHO tir vat liéu hoan thién va dd noi thét,
ddng thai lién quan chit ché dén nguy co nAm mdc va tién nghi. Nhiét do va d6 4m cao c6 thé lam
“tdng tdc” phat thai, khién hidu qua thong gi6 va loc bi suy gidm [14, 17]. V6i khi hau néng 4m & Viét
Nam, khuyén nghi van hanh diéu hoa d€ duy tri nhiét d6 khoang 23-25 °C va d6 4m 50-60% trong
giai doan dau st dung [12].

4.5. Gidi phdp gidm sdt lién tuc va tich hop qudn Iy toa nha

Trong giai doan dau van hanh, IAQ chiu tic dong dong thdi tif ngudn phat thai (vat liéu va noi
that), diéu kién thong gi6, loc khi va trang thai nhiét-Am. Vi vy, cach tiép can hiéu qua 12 td chiic giai
phép tich hdp c6 muc tiéu, 16 trinh theo thdi gian va co ché gidm sat, diéu khién dé duy tri hiéu qua
on dinh.

- Gidi phép tich hop: Nguyén tac c6t 16i 1a nhidu 16p kiém soat: ki€ém sodt tai ngudn dé giam tai 6
nhiém; thong gi6 dé€ pha loang va xa khi; loc d€ loai bd bui hoic khi; ki€ém soat nhiét-Am dé han ché
gia tdc phat thdi va nAm moc; gidm sat d€ xdc nhan tuan thd va hiéu chinh van hanh. Trén co s d6 c6
thé do kiém IAQ trudc ban giao va danh gid lai sau 1, 3, 6 thang dé theo ddi xu hudng suy giam.

- Hé théng quan ly toa nha thong minh (Smart BMS): Smart BMS 1a “ha ting diéu hanh” gitp
chuyén cdc gidi phap tif dang khuyén nghi sang van hanh &n dinh. V& chiic ning, BMS thu thap dit
ligu tir cam bién IAQ, luu trii—phan tich va hién thi, dong thdi tu dong diéu khién thong gi6, nhiét 4m
va thiét bi loc theo ngudng hoic theo thuit todn téi wu, gidp phat hién sém sai léch vin hanh va giam
rii ro khiéu nai.
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- Hién thi IAQ cdng khai: Cong khai héa IAQ 1a mot cong cu quén tri quan trong, gidp ting minh
bach, niang cao nhan thiic ngudi st dung va tao dong luc duy tri vin hanh t6t. Noi dung hién thi nén
tap trung vao céc chi sb dé hiéu va ¢ y nghia van hanh (PM2.5, CO,, TVOC, nhiét do, d6 4m), kem
xu huéng theo thdi gian, so sanh vdi tiéu chudn va khuyén nghi hanh dong. Pang chd y, cic nghién
ctiu trong nudc vé thiét ké—xay dung mang udi giam sat bui PM2.5 va PM10 theo thdi gian thuc cho
thiy tinh kha thi ctia viéc thu thap, truyén di liéu lién tuc d€ phuc vu canh bio va truyén thong rii
ro tai Viét Nam [35, 36]. Khi dudc thiét ké hop 1y va dua trén dit liéu tin cdy, hién thi IAQ khong chi
ning cao su tin cdy va hai 1ong ctia ngudi sit dung, ma con hd trg diéu chinh hanh vi theo huéng c6
16i cho chit lugng khong khi trong nha.

5. Két luan

Bai bdo da thuc hién tdng hop c6 hé thdng cac nghién ctiu qudc té vé chit lugng khong khi trong
nha & giai doan diu van hanh cong trinh va dé xuit cac giai phap cho Viét Nam. Két qua cho thiy giai
doan tir 1 dén 3 thang sau hoan thién 1a thai ky ¢6 rii ro IAQ cao nhit, khi ndng d6 TVOC, HCHO va
bui min thudng dat mic dinh. Piéu nay din dén cic hé qua stic khde ding ké, bao gdm ting nguy co
mac hoi ching “bénh nha kin” va suy gidm niing suét lao dong. C4c yéu t6 anh hudng chinh bao gdm:
(i) vat liéu xay dung, hoan thién va noi tht 1a ngudn phat thai quyét dinh; (ii) nhiét do va d6 &m lam
thic diy tbc do phat thai; (iii) thong gi6 1a yéu t6 then chét gitip pha lodng va loai bé chit 6 nhiém;
va (iv) nong do cac chit 6 nhiém c6 xu hudng giam dan theo thdi gian, song téc do giam phu thudc
manh vao diéu kién vin hanh va thong gio.

Vé gidi phap, tdng hdp cic nghién ctiu cho thiy viéc kiém soat tai ngudn thong qua st dung vat
liéu phat thai VOC thép 1a bién phap hiéu qua va bén viing nhit vé mit kinh té; viéc xa khi trong
khoang 2—4 tuan c6 thé giam dang ké ndng d6 ban dau; dong thdi can ting cudng luu lugng thong gié
(t6i thiéu tir 2 dén 3 1an so v6i mifc thong thudng) trong giai doan dau, két hop véi bo loc khong khi
va kiém sodt nhiét-Am d€ dat hiéu qua tbi uu.

Nghién cifu nay déng gép vao linh vuc IAQ tai Viét Nam theo ba khia canh chinh: Thi nhit, cung
clp tdng quan c6 hé thong vé dic trung IAQ giai doan dau van hanh. Thi hai, qua viéc so sanh céc
nghién citu tit chau Au, Bic My, chau A véi khao sat thuc té tai mot s6 vin phong méi & Viét Nam,
bai bdo 1am rd cic yéu t6 then chdt anh hudng dén viéc cai thién IAQ, bao gdm vat liéu phat thai thap,
quy trinh ban giao c¢6 x4 khi va giam sat IAQ trong giai doan van hanh ban dau. Thii ba, nhan dién céc
rao can chinh vé thi trudng vat lidu, ning luc ky thuat, kha ning thi nghiém va khoang trdng phép ly,
tir d6 dua ra co sd dé cac bén lién quan (chii du tu, nha thau, co quan quéan ly) thiic ddy 4p dung céc
bién phap kiém sodt IAQ mot cach nhét quan va kha thi hon tai Viét Nam.
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