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MO PAU
1. Ly do Iwa chon dé tai

O nhiém khong khi, O nhiém khong khi do cac hop chat hiru co doc hai dang
tré thanh van dé nghiém trong, de doa strc khoe cong ddng va gy ra nhiing ton that
kinh té 16n. Trong s6 d6, ba nhom chat dang quan ngai gdm hydrocarbon thom da
vong (PAHs), polybrominated diphenyl ethers (PBDEs) va phthalate. Cac hop chit
nay chu yéu sinh ra tir qué trinh d6t chay khong hoan toan nhién liéu hitu co (ddi véi
PAHs), chat chéng chay cong nghiép (PBDEs), va chit hoa déo trong nhua
(phthalate), sau d6 phat tdn vao moi treong khong khi dudi dang hoi hoac hat min.

PAHs 1a nhém hop chét c6 ciu trac vong thom véi hon 100 chat khac nhau.
Trong d6, Benzo[a]pyrene (BaP) 1a dai dién tiéu biéu, dugc T chirc Y t& Thé gidi
(WHO) va Co quan Nghién ctru Ung thu Quéc té (IARC) xép vao Nhom 1 — chit gay
ung thu cho ngudi. WHO khuyén nghi gi6i han nong d6 trung binh nim ctua BaP
trong khong khi khong vuot qua 1 ng/m®. Theo EPA, hé s rui ro gdy ung thu phdi
ctia BaP 13 8,7 x 1075 ng/m?, tirc 12 nguy co tang 87 ca ung thu phoi trén 1 tridu ngudi
néu phoi nhiém 1 ng/m*® subt doi. Mot s6 PAHs khac nhu chrysene,
benzo[b]fluoranthene ciing c6 LDso qua dudng udng dao dong tir 200 dén 1000 mg/kg
& chudt, cho théy muc ddc tinh cao.

PBDEs 1a nhom chit chdng chay thuong duoc sir dung trong san pham dién
tir, 46 noi that va vat liéu xay dung. Mot s6 dong phan nhu BDE-47, BDE-99 di bi
cAm & EU do kha ning tich lily sinh hoc va doc tinh sinh san. PBDEs duoc xép vao
Nhom 2A hoic 2B bi IARC — ¢6 thé gay ung thu cho ngudi. Chung gay réi loan ndi
tiét, dac biét anh huong dén phat trién than kinh ¢ thai nhi va tré nho. Theo EPA, gia
tri RfD (lidu tham chiéu) cho BDE-47 1a 100 ng/kg/ngay, tirc chi can liéu thap kéo
dai da co nguy co gay hai.

Phthalate, gdm nhiéu chat trong dé di(2-ethylhexyl) phthalate (DEHP), dibutyl
phthalate (DBP) va diisononyl phthalate (DINP) 14 cac chat pho bién, 1a chat hoa déo
phd bién trong nhya PVC. DEHP dugc IARC xép vao Nhém 2B — c6 kha ning gay

ung thu & ngudi, ddng thoi 1a chat gy rdi loan ndi tiét di duoc chimg minh anh hudng
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dén chirc nang sinh san va ndi tiét nam gidi. Gia tri RfD cia DEHP 1a 20 pg/kg/ngay
(EPA), con DBP 1a 100 pg/kg/ngay. Mot sb nghién ciru dich t& cho thiy phthalate
lién quan dén hen suy@n, di Gmg, ddy thi sém va rdi loan phat trién than kinh & tré em.

Tai Viét Nam, cac nghién ctru vé mirc do va su phan bd cac hop chét nay trong
khong khi vAn con han ché, cht yéu tap trung vao pha hat va chua c6 nghién ciru toan
dién theo khong gian rong va chiu cao. Trong khi d6, phuong phap 14y mau thu dong
st dung bot polyurethane (PUF) dé duoc sir dung rong réi tai nhiéu quéc gia nho tinh
linh hoat, chi phi thap va khong phu thudc vao ngudn dién, cho phép giam sat nhiéu
diém cung lic.

Béi canh 6 nhiém khong khi tai Ha N6i — voi nhiéu dot 6 nhiém nghiém trong
va ty 1¢ mic bénh ho hap ngay cang gia ting — phan anh rd tinh cap bach ctia van dé.
Dit liu thyc té cho thay 167 hop chat hitu co da dugc phat hién trong khong khi khu
vuc phia Bic, trong d6 Ha Noi 1a noi co né)ng d0 cao nhat. Thiét hai kinh té do bénh
1y ho hip tai Ha Noi va TP.HCM udc tinh 1an luot 13 66,83 triéu USD va 70,96 triéu
USD mdi nam. Céc chi sb bénh ho hép 0 nguoi dan thanh thi, dac biét la tré em, cling
cao hon rd rét so véi khu vue nong thon.

Xuat phat tir thyc tién d6, nghién ctru sinh thuc hién dé tai “Nghién ciru danh
gid sw phdn bo ciia mét s6 nhém chit 6 nhiém PAHs, PBDEs va phthalate trong
khéng khi xung quanh tgi Ha Ngi” nham cung cip dit liéu dinh luong va danh gia
rtii ro, phuc vu cong tac quan 1y chat lugng khong khi va bao vé strc khoe cong dong
trong bdi canh Viét Nam dang d6i miat v6i nhirng thach thic 16n vé méi truong do thi.

2. Muc tiéu nghién ciru ciia dé tai

Muc tiéu 1: Nghién ciru danh gia quy trinh phan tich cac nhém chat 6 nhiém
PAHs, PBDEs va phthalate trong mau khong khi xung quanh trén thiét bi GC-MS.

- Danh gia quy trinh phan tich cic nhém chit PAHs, PBDEs va phthalate trén
thiét bi sic ky khi ghép ndi khdi phd (GC-MS).

- Xay dung quy trinh thu mau khong khi va chudn bj mau dé phan tich chinh
xé4c cac nhom chat 6 nhiém PAHs, PBDEs va phthalate.
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Muc tiéu 2: Quan tric danh gia sy phan bd cta cic nhom chat 6 nhim PAHs,
PBDEs va phthalate trong khong khi xung quanh tai khu vuc ni d6 Ha Noi.

- Phan tich va quan tric su phin b theo khong gian rong cac chat nghién ctru

trong khong khi xung quanh tai mot s6 khu vuc noi d6 Ha Noi.

- Phan tich va quan tric su phan bd theo do cao cac chat nghién ctru trong khong

khi xung quanh tai Ha Noi.
Muc tiéu 3: Danh gia ngudn phat tan va rui ro phoi nhiém cta cc chat nghién
cuu vao moi truong.

- Danh gia ngudn phat tan cac nhom chat PAHs, PBDEs va phthalate vao moi

truong khong khi xung quanh.

- Paénh gia rai ro 6 nhiém cac nhom chit PAHs, PBDEs va phthalate qua con

duong hit thé khong khi va hp thu qua da.
3. DPéi twong va pham vi nghién ciru

* Poi twong nghién ciru: Hai muoi bdn hop chat PAHs, 7 hop chdt PBDEs va 10

hop chét phthalate duoc phan tich trong cac mau khong khi xung quanh thu tai khu

vuc Ha Noi. Chi tiét cac hop chét nghién ciru duoc chi ra & Bang 2.1.

* Pham vi nghién ciru: Trong nghién ctru nay, mau khong khi xung quanh dugc
thu thap tai 10 dia diém xung quanh Ha No6i gom: khu vuc trung tim tai cac diém
trong quan Ba DPinh, Hai Ba Trung; khu vuc quan méi nhu Long Bién, Hoang Mai,
Thanh Xuan, Bong Anh, Bic va Nam Tt Liém. Cac mau duge léy theo khu dan cu
va khu vyc canh dudng giao thong dé danh gia phan bé PAHs, PBDEs va phthalate
theo khong gian rong. Danh gia phan bd PAHs, PBDEs va phthalate theo chiéu cao
duoc 14y tai ting 1 va céc tang theo do cao cia tda nha chung cu The Pride 13 vi tri
canh truc duong giao thong 16n di vao trung tim cua Ha Noi. Chi tiét vi tri nhu trong
Bang 2.2.

4.Y nghia khoa hoc va thuec tién cia dé tai nghién ciu
- Nghién ciru da hoan thién phuong phap xac dinh cac nhom chat PAHs, PBDEs
va phthalate trong khong khi xung quanh. Phuong phép c6 do chinh xac cao,

16



d6 thu hoi, do lap lai tt va gidi han phat hién thip phu hop dé dinh luong cac
nhom chat PAHs, PBDEs va phthalate trong khong khi xung quanh.

Nghién ctru da xac dinh hién trang phan bd cac nhom chit PAHs, PBDEs va
phthalate trong khong khi xung quanh tai mét sé khu vuc Ha Noi theo mua,
khong gian va do cao. Cac két qua nghién ciru 1a co s& khoa hoc quan trong
cung cép bo dit liéu nén vé mirc d6 6 nhiém cua cac nhom chat PAHs, PBDEs
va phthalate trong khong khi xung quanh va gép phan gitip co quan quan 1y
trong viéc ban hanh céc tiéu chuan/quy chuin nham kiém soat chit luong moi
truong khong khi.

Nghién ctru da uéc luong lidu luong phoi nhiém do cac hoéa chat PAHs,
PBDEs va phthalate phan bd trong khong khi qua con dwdng hit thd ddi véi
nhom lra tudi nguoi 16n va tré em. Nghién ctru cung cép két qua méi giap
nang cao hiéu biét ciia cong dong vé riii ro phoi nhidm va anh huéng ddi véi sirc

khoe do PAHs, PBDEs va phthalate trong méi trudng khong khi xung quanh.

5. Nhirng dong gop méi ciia luan an

Pi xdy dung thanh coéng phuong phap phan tich cic nhom chit PAHs,
PBDEs va phthalate trong khong khi xung quanh st dung phuong phéap
GC/MS két hop véi ki thuat thu mau khi thu dong (phéan tich PAHs va PBDEs)
va k¥ thuat thu mau khi chi dong (phthalate).

Di danh gia duoc sy phan bé PAHs, PBDEs va phthalate trong mau khong khi
xung quanh & Ha Noi theo mua va khu vuc. Trong d6 két qua cho thiy PAHS,
PBDE:s va phthalate ¢ khu vuc giao théng cao gap gan 2 dén 6 1an ¢ khu vuc dan
cur ca 2 mua va mua kho cao hon xap xi 1,5 1an so v6i mua mua.

D3 danh gia dugc muc d6 rui ro phoi nhiém PAHs, PBDEs va phthalate qua
con dudng hit thd khong khi va hap thu qua da. Qua d6 goép phan nang cao
hiéu biét ctia cong dong va gitp co quan quan 1y hoan thién cac chinh sach nhim

bdo v€ moi truong hudng dén muc tiéu phat trién kinh té - xa hdi bén ving.
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CHUONG 1. TONG QUAN
1.1. Téng quan vé PAHs, PBDEs va phthalate trong méi truong khong khi
1.1.1. Tong quan vé polycyclic aromatic hydrocarbon
a) Cdu triic, phan logi, cach goi tén PAH:s:

PAHs 1a nhiing hop chat hydrocarbon thom da vong duoc cau tao tir mot s6
nhan benzene nbi truc tiép v6i nhau, trong phan tir chira nguyén t6 carbon va hydro.
Theo céu tao PAHs duoc chia 1am hai nhém: PAHs phan tir luong thap ciu trac co
hai hodc ba vong (naphthalene, acenaphthene, acenaphthylene, fluorene,
phenanthrene, va anthracene), PAHs phan tir luong cao c¢6 bon, nim hodc sau vong
trong cdu trac  (fluoranthene, pyrene, benzo(a)anthracene, chrysene,
benzo(b)flouranthene, benzo(k)fluoranthene, benzo(a)pyrene va

dibenzo(a,h)anthracene). Hinh 1.1 thé hién cong thirc cau tao clia mot s PAH:s.

naphthalen acenaphthylen acenaphthen fluoren
anthracen fluoranthen pyren benzo anthracen
benzo (b) fluoranthen benzo (k) fluoranthen benzo(a) pyren dibenzo(a,h)anthracen
phenanthren chrysen benzo(g,h,i)perylen indeno(1,2,3,¢,d)pyren

Hinh 1.1. Coéng thuc cdu tao cia mot s hop chdt PAHs
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C6 hang trim hop chat PAHs riéng 1& duoc phat thai vao méi trudng khong
khi trong qué trinh chay khong hoan toan hodc nhiét phan cc chit hiru co. Khoang
90% PAHs phat thai do hoat dong cua con nguoi 1a tir hoat dong cong nghiép, giao
thong, cac thiét bi dun niu trong gia dinh va qua trinh d6t chay nhién liéu hoa thach.
Trong s6 nhitng PAHs phat sinh tir phuong tién giao thong, c6 nhiéu PAHs 1a cac
chét gy ung thu, dot bién gen ddi v6i con ngudi theo quy dinh cua Co quan qudc té
nghién clru vé bénh ung thu va Cuc Bao vé Moi truong (Bidleman, 1988; Meek,
Chan va cs, 1994). Tuy vao tinh chat vat 1y va hoa hoc cua ting chat ma PAHs c6
thé ton tai trong khong khi & pha khi hodc hap phu trén cac hat bui. Nhitng PAHs c6
khéi lwong phén tir thap (cau triic phan tir it hon 4 vong benzene) duoc tim thay nhiéu
& pha khi, trong khi d6 cac PAHs c6 khdi lugng phan tir cao (cau triac phan tir nhiéu
hon 4 vong benzene) 14 cac chit c¢6 kha ning gay ung thu, dot bién gen cao da sd hap
phu trén cac hat bui. Pang chi ¥ nhét trong nhom nay 13 benzo(a)pyrene (CaoHi2).
b) Tinh chat vit Iy ciia PAHS:

Cac PAHs nguyén chét 1a chit ran khong mau, mau trflng, hodc vang nhat &
nhi¢t d§ phong va c6 mui thom, tuy nhién mui thom khac nhau tiy thudc tirng doan
mach ciia vong thom. Tinh chat thom nay chiu dnh hudéng ctia sd va vi tri cac vong
thom ma c6 cu tao giéng vong benzene. Ngoai ra, PAHs c6 nhiét d0 soi, nhiét do
néng chay cao, co ap suat hoi thip, giam dan theo khdi luong phén tir ting. Ngoai
trir naphthalene, cic PAHs rat it tan trong nudc, do tan giam theo khéi lwong phan
tir ting, nhung tan tt trong dung moi hiru co than dau. Céac phan tir PAHs c6 kha
ning hap thu quang pho trong ving tir ngoai rat 16n & nhiéu dai hap thy khac nhau
va moi vong chi hip thy trong mot dai budc séng duy nhat. Pac diém nay thudong
duoc tng dung dé dinh tinh PAHs. Hau hét cac phan tir PAHs déu c6 dic tinh phat
huynh quang va tinh ban din. Thong thuong PAHs hip thu yéu tia hdng ngoai c6
budc soéng nam trong khoang 7-14 pm. Mot sb tinh chit vat 1y cua cac hop chat nhém

PAHs dugc cho trong Bang PL 11.1 trong phu luc 11.
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¢) Tinh chdt héa hoc ciia PAHs:

Cac hop chit PAHs c6 tinh chat tuong ddi tro vé hoa hoc. Do dugce cu tao tir
cac vong benzene nén PAHs c6 tinh chit ctia hydrocarbon thom: ching c6 thé tham
gia phan tng thé, phan Gmg cong va phan tng oxy héa. Ngoai ra, chung bi phan huy
quang hoc trong khong khi, tao thanh nhiéu san pham oxi hoa, bao gdm quinon va
endoperoxide. Nhiéu hop chit quinon di dugc tim thiy trong bui khi d6 thi va duoc
(Chen va cs, 1997; Manzetti, 2013) anh sang mat troi xay ra cham. Pay 1a mot phan
ung phan huy quan trong trong qua trinh phan huy PAHs. Nhitng phan ing nay gay
ra boi oxygen don nguyén tir (O), gbe hydroxyl (OH), ozone va nhitng chét twong ti
trong moi trudong. Hai tic nhan chinh trong méi trudng khong khi d6 thi 1a gbc OH:
va ozone, ngugc lai oxygen dang nguyén tir chiém vu thé hon trong phan huy hoa
hoc PAHs trong nudc. Nhitng phan mg nay sinh ra hgp chat oxy hoa phat tan ra khi
quyén va hap thu trén cac hat bui. Nhiéu hop chét quinone bao gdm ca BaP-1,6; BaP-
3,6; BaP-6; BaP-12 dione da duogc tim théy trong bui khong khi khu vyc d6 thi va
duoc xem 1 san pham ciia qua trinh quang phan.

Nhiéu hop chit PAHs bi phan hiy, chuyén héa trong nuéc do anh huéng cta
anh sang, nhiing oxygen don nguyén tir cling dong vai tro quan trong trong nhiing
phan tng nay. San pham ctia phan ing ozone héa trong dung dich nuéc ciing ¢ thé
duogc dac biét quan tdm do viéc st dung ozone lam sach nudc thai. Thoi gian tiép
xic ngan ciing di loai bo mot phan dang ké PAHs hién dién trong nude. Do sy tham
gia clia phan (mg quang hoa, can thiét phai bio quan mau tranh anh sang chiéu truc
tiép vao mau, cac phan Gmg hinh thanh dan xuat vi NOx tao thanh PAHs dan xuét
nitrogen s& gay nguy hiém nhiéu hon PAHs ban dau.

Céc nghién ciru chi ra sy tao thanh PAHs 1a do sy ddt chay khong hoan toan
(trong diéu kién thiéu oxy) cac loai nhién liéu c6 chira cac bon (gd, mun cua) trong
cong nghé hun khoi thue pham (Zhang va cs, 2009). PAHs sinh ra trong qua trinh dt
thiéu oxy s& theo khoi va duoc hap phu trén bé mat san pham. Co ché: Su phan huy
ctia cac hop chat hiru co d& bay hoi trong khoi dudi diéu kién nhiét phan da tao ra cac

gbc methylene va hydrogen. Cac gbc methylene tham gia phan tng trung hop tao
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thanh ethylene va sau d6 cac gdc ethylene tiép tuc phan tng dong trung hop, dong
vong va khtr hydrogen dé tao thanh cac hop chat PAHs (hinh 1.2). Gia thuyét nay
duoc chimg minh théng qua sy nhiét phan cua cac hop chit trung gian a,b,c,d va e dé
tao thanh hop chit B(a)P (Wang va cs., 2014). Cac qua trinh hinh thanh, chuyén hoa,
tham gia phan tng ciia PAHs trong khong khi dugc mo ta thong qua cac Hinh 1.2-

(-0 0000
|

3,4-Benzopyrene

Hinh 1.2. So dé co ché tao thanh benzo(a)pyrenee
Céc hop chat PAHs khac cling c6 thé dugc hinh thanh do su dudi mach, su két
hop trén cac gbe cta phan tir naphthalene va cudi cung 1a sy dong vong va su khir

hydrogene.
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fluoranthene

e

phenanthrene

Hinh 1.3. So dé sw hinh thanh cdac hop chdt PAHs c6 nhiéu vong thom tir

naphthalene

a L]
HCt—CH, H,C——CH
00 e — o
Acenaphthenen
HC=—=CH HC——CHOH
DO (X ™
Acenaphthenen
c
HC—CH, H,C—CH,

OH
DO (L T
Acenaphthenen :

Hinh 1.4. So dé co ché phan vng ciia cdc PAHs trong pha khi véi goc OH
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Hinh 1.5. So do phan iing ciia naphtalene véi cac goc trong khi quyén vao ban
ngay va ban dém

H._ _ONO, 0
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san pham trung gian C;  san phdm trung gian C,

N02 02
ke kg

san pham san pham
san pham

Hinh 1.6. So dé phan iing ciia cdc hop chdt PAHs véi NO:
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Hinh 1.7. So @6 co ché phan vmg ciia cdc chdt véi goc PAH-OH
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Hinh 1.8. So dé sw hinh thanh cdc dong phdn naphthoquinone
1.1.2.Téng quan vé polybrominated diphenyl ethers (PBDEs)
a) Cdu triic, phan logi, cdch goi tén polybrominated diphenyl ethers (PBDEs:
Polybrominated diphenyl ethers (PBDEs) 1a cac hop chit brom hitu co, gém
209 chat c6 cong thirc phén tir tong quat C12H 10(mn)Bran+n)O va cong thirc ciu tao

tong quat nhu hinh 1.9 (Law va cs., 2014):

2 o 2'
37 3
Brm4/\ | 6 6 | /} Bry
5 5

Hinh 1.9. Céng thirc cdu tao tong quat ciia cic PBDEs
Céc hop chat PBDEs thuong duogc chia lam 10 nhom, tuong tng véi s6 nguyén
tr brom trong phan tir tir 1 dén 10. Ngoai ra, cac hop chat PBDEs con dugc chia
tuong d6i thanh 2 nhom, nhém c6 sb nguyén tir brom thap (tir 1 dén 5) va nhém co
s6 nguyén tir brom cao (6 dén 10). S6 chét (hay con goi la dong phan) PBDEs twong

g v6i mdi nhom duge dwa ra trong Bang PL 11.2 trong phu luc 11.
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Nam 1980, Ballschmiter va Zell (Ballschmiter va cs, 1980) da dé xuat hé théng
ki hiéu cho cac hop chat polychlorinated biphenyls (PCBs) theo thir tw tir PCB 1 dén
PCB 209; cach dat tén ki hi¢u cho cac hop chit PBDEs hoan toan twong tu nhu cac
hop chit PCBs. Bang PL11.3 trong phu luc 11. dua ra cong thirc, tén goi va ki hiéu
ctia mot s6 hop chat PBDEs.

b) Tinh chdt vt li va tinh chat héa hoc ciia PBDEs:

Céc hop chat PBDEs c6 khdi lwgng phén tir twong ddi 16n nén trong didu kién
thudng ching 13 cac cht 16ng c6 d6 nhét cao hodc dang bot. Nhiét d6 nong chay cua
cac hop chat PBDEs phu thudc vao phén tir khdi, ching c6 nhiét 6 soi cao (trén 300
°C). Hé s phan bd cua cac PBDEs giita n-octanol/nude (logKow) cao (khoang tir 5
dén 9) ching to chiing c6 ai luc manh ddi véi pha hitu co va kém tan trong nude. Hé
s6 logKow tang theo s6 nguyén tir brém trong phén tir nén cac chat c6 sb nguyén tir
brom cang cao thi do tan trong nudc cang kém. Ap sudt bay hoi va hang sb dinh luat
Henry cua cac hop chat PBDEs nhin chung thip nén trong diéu kién thudng cac hop
chat nay kho bay hoi, 4p suat bay hoi giam khi s6 nguyén tir brém ting (WHO, 1996;
Atsdr, 2017). Céc tinh chat vat li co ban ctia mot s6 hop chat PBDEs dugc dua ra trong
bang PL11.4 trong phu luc 11.

PBDEs trong cong nghiép thuong ton tai dudi dang cac hdn hop cua nhiu
ddng phan va duoc goi 1a PBDEs thuong mai hay PBDEs ki thuat. Tinh chat vat 1i
cua 3 nhom PBDEs thuong mai la pentaBDEs, octaBDEs va decaBDEs dugc dua ra
trong bang PL11.5 trong phu luc 11 (Atsdr, 2017).

Mic du lién két C-Br trong phan tir PBDEs yéu hon lién két C—Cl nhung cac
hop chit nay van dugce coi 1a bén vitng trong mdi trudng tuong tu nhu cac hop chit
chlor hiru co khéac nhu dioxin, furan hay PCBs. PBDEs khong c6 phan Uimg véi acid
manh (ké ca acid manh & n@)ng dd cao nhu acid sulfuric dac) va kiém manh (nhu
KOH). Tinh chat hoa hoc cua cac PBDEs phu thudc vao sé nguyén tir brom trong
phan tir, vi du nhu tdc dd phan tng thity phan v6i sodium methoxide cta cac PBDEs

tang theo s6 nguyén tir brom thé. PBDEs c6 phan tng voi cac tac nhan oxy hoa dé
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tao thanh dan xuét hydroxyl. Phan tir cic PBDEs c6 s6 brém cao bi tia UV dé brom
hoa thanh céc phan tir PBDEs c6 mirc brom thé thap hon.

O nhiét @6 900 °C, PBDEs c¢6 thé tao thanh cac polybrominated dibenzo-p-
dioxin hodc polybrominated dibenzofuran (PBDD/Fs), mirc @ hinh thanh cac chat
PBDD/Fs phu thudc vao cac diéu kién nhiét phan. Vi du, khi nhiét phan BDE 209 &
nhiét d6 400 dén 700 °C c6 thé hinh thanh 2,3,7,8-PBDF & ham lugng ¢& ppm (Atsdr,
2017). Mot s6 nghién ctru khac cho thay sy hinh thanh cic chdt PCDD/Fs trong qué
trinh phan hity nhiét PBDEs 1a rat phuc tap, phu thudc vao loai PBDEs, ban chét cua
nén polymer, diéu kién phan hay (ham lugng oxy, nhi¢t d, sy c6 mat cta xtc tac
nhu SboOs, loai thiét bi sir dung, ...). Lugng PCDD/Fs hinh thanh nhiéu nhit &
khoang nhiét d¢ tir 400 dén 800 °C, tuy nhién ti 1& cac san phim c6 nguyén tir brom
thé & cac vi tri 2,3,7,8 rat thap (Law vd cs., 2014). Co ché hinh thanh PBDD/Fs tir
DecaBDE duoc Bieniek va cs. (1989) dé xuat nhu hinh 1.10 (Bieniek va cs, 1989):
¢) Ung dung ciia chdt chong chdy PBDEs:

Chét chdng chay brom 1a cac hop chit brém hiru co c6 tac dung tc ché hoa
hoc ddi voi qua trinh dbt chay va c6 xu hudng giam tinh dé chay cua cac san pham
¢ chira chung. Cac chéat chdng chay hoa hoc rat da dang va chiém wu thé, chiém
khoang 19,7% thi truong. Chang duoc Gmg dung hiéu qua trong cac san pham dién
tr, dét may, nhya, xay dung va dd noi that.

Céac hop chat PBDEs dugc coi 1a mdt nhém quan trong trong cac hop chat
chdng chay, chung dugc san xuat voi san lugng 16n va duge sir dung rong rai trong
nhiéu san pham hang ngdy, gitip cho céc thiét bi vat dung khong d& dang bi chay hoic
bi chay chdm hon trong héa hoan. Tuy nhién, nhitng nim gan day, cac nghién ctiru da
cho rang cac hop chat PBDEs la chat giy 6 nhidém dang ké trong moi truong song
trong nha va gay nén nhimg anh huéng tiéu cuc dén sirc khoe con nguoi.

PBDEs c6 10 nguyén tir Br gan v6i phén tir diphenyl ether, trong luong phan
ttr cao va do bén nhiét cao. Ho PBDE bao gém 209 chit déng phan, cic san pham

thwong mai thuong 13 hdn hop ctia mét sé cac chit ddng phan nay.
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Hinh 1.10.So @6 co ché hinh thanh cic PBDD/Fs tir decaBDE

Ung dung chinh cuia PBDEs la trong nhwa polymer styrene, polyolefin
polyester, nylon va hang dét may. Cac hop chat nay thuong co mit trong thanh phan
ctia cac chat phu gia va dugc tron véi cac chét tao déo, tao bot tuy nhién khong co su
hinh thanh cac lién két hoa hoc, chinh vi viy ma cac chat chdng chay nay c6 kha ning
khuéch tan ra khoi san pham va xam nhap vao moéi truong khong khi qua cac hat bui
va sol khi, gay anh hudng dén strc khoe con ngudi.

OctaBDE thuong mai (Octabrom) 12 mot hdn hop k¥ thuét cua cac ddng phan
PBDE khéc nhau c6 trung binh 7,2 dén 7,7 nguyén tir Br cho mdi phan tir ctia diphenyl
ether. Cac dong phan chiém uu thé trong octaBDE thuwong mai 13 nhitng chét cua
heptaBDE va octaBDE. Thuit ngit octaBDE don thuan dé cap dén cac dong phén cua
octabromodiphenyl ether (PBDE 194-205) va BDE-203 (2,2°,3,4,4°,5,5°,6-
octabromodiphenyl ether).
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1.1.3. Tong quan vé phthalate (diester ciia acid phthalic)
a) Tinh chat Iy, héa ciia phthalate (diester ciia acid phthalic):

Sy ton tai va phan bd cta mot chat déu phu thudc vao tinh chét 1y, hoa cua
chung. Phthalate 1a cac chit c6 thé & thé 16ng khan hodc rin, trong sudt hodc gan nhu
khong c6 mau va rat kho nhan biét mui vi. N6 tan trong nhimng loai dung méi hiru co
thong thuong nhu xang, dau, methanol, acetonitrile, hexane, chit béo nhung kém tan
trong nudc. Phthalate khong tac dung véi cac mudi nitrate, kiém, acid hay nhirng chit
oxy héa manh. Khi bi nhiét phan huy cac phthalate nay c6 khi mui hoi chat.

Phthalate khéc nhau nhiéu vé tinh chat hoa hoc do d6 dai chudi khac nhau ciia ching
nén su phan b ctia chuing trong cac méi trudng ciing khac nhau. Trong luong phan tir dao
dong tir khoang 194 dén 550 g/mol, d6 hoa tan trong nude va hé sd phan tan octanol-
nudce ting theo trong lwong phan tir, dé bi hoa tan trong nude ngot hon 1a nuéc min
(Guo va cs., 2011). Tinh chat vét Iy, hoa hoc cua mot s6 phthalate trong nghién ctru

dugce thé hién & bang PL11.6 trong phu luc 11.

b) Ung dung phthalate:

Nhiing ung dung cia phthalate trong cong nghiép, y té hay san phdm chim
soc ca nhan dang gop phan cho sy ton tai va phan b cta phthalate trong méi trudng
khéng khi ngay cang nhiéu. O dau cong nghiép phat trién, bénh vién hay d6 thi 16n
thi nhu cau st dung cac dung cu co chira phthalate ngdy cang nhiéu. Trong cong
nghiép va y té phthalate duoc sit dung nhu 1a chit phu gia dé phdi trén vao nhya
plastic dé xu 1y hiéu qua vat liéu. Mdi nam trén thé gidi da san xuét hon 3,5 triéu tin
phthalate. Ching dugc ding dé 1am mém plastic nhdm 1am cho chiing déo hon hoic
bén hon, d6i khi chung dugc dung dé 1am giam nhiét d6 ndng chay cua plastic nham
hd tro quy trinh duc. Phthalate dugc str dung trong nhiéu san pham khac nhau, chang
han nhu san phém 16t san vinyl, keo dinh, chét téy, dau boi tron, plastic trén 6to, quﬁn
40 plastic (40 mua), va cac san pham cham soc c4 nhan (xa phong, dau goi, thude xit
toc va son mong tay). Phthalate dugc sir dung rong rii trong cac plastic ching han
nhu polyvinyl chloride (PVC), duoc dung dé ché tao cac san phim ching han nhu

phim va tdm bao bi plastic, 6ng nude, 6 choi bom phdng, hop dung bao quan méu,
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dng day y té va mot sb dd choi tré em. Chung c6 thé duoc sir dung trong in lua, muc
truyén nhiét va muc plastisol. Ching dugc thém vao cac vat liéu dé lam tang do bong,
d6 min, 40 bam bé mat va gilr mui lau hon. Ngoai ra, phthalate dugc ing dung trong
y t& nhu chat 1am déo, 16p phu giup duoc phdm viing chéc, san xuit tai nhua dyung
mau, day truyén nude va hoa chit, 6ng thong tiéu, 6ng suc da day, ... va dugc néu
chi tiét & bang PL11.7 trong phu luc 11.

Phthalate ¢ nhiéu trong san pham chim séc c4 nhan nhu: dau gdi dau, san
pham ngin md hdi va khir mui, kem chdng ning, bot cao rdu, san pham trang diém
c6 mau sdc (trang diém mit, mong, son mdi), dét may, do dung ca nhan va duoc
pham/ché pham, cong nghiép son, .... Tac gia Guo va Kannan (Guo va cs, 2013) da
khao sat vé phthalate trong cac san pham chidm soc ca nhan tai Hoa Ky va anh huéng
clia nd tdi con ngudi khi tiép xtc. Tac gia nghién ciru 9 phthalate dugc xac dinh trong
20 san phdm chim soc tré em dugc thu thap tir thanh phd Albany, bang New York.
Trén co s& s luong va tan sudt st dung cua cac PCPs va ndng dd trung binh do duoc
ctia cac chét phén tich, lugng hap thu dung qua da dugc tinh 12 0,37 pg/kg-bw/ngay
(bw-khdi lugng co thé) d6i véi phthalate.

Tac gia Koniecki va cs. (Koniecki va cs., 2011) di xac dinh nong do phthalate
trong my phadm va san phim cham séc ca nhan tai Canada. Cac miu dugc chiét voi
dung moi khac nhau, sau d6 dinh luong bang GC-MS. Két qua nghién ctru vé muc
d6 phoi nhiém ti da hang ngay cho nguoi nit truong thanh 1a 78 mg/kg-bw/ngay doi
v6i DEP; 1a 0,82 mg/kg-bw/ngay ddi véi DEHP; 1a 0,36 mg/kg-bw/ngay ddi véi
DNBP va 0,03 mg/kg-bw/ngay dbi véi DMP). Ddi véi tré mau gido va tré so sinh ¢6
lidu tiép xuc DEP hang ngay tuong tng 1a 20 mg/kg-bw/ngay va 42 mg/kg-bw/ngay.

¢) Chuyén héa phthalate trong méi truong:
- Thuy phén: Phthalate c6 khdi lugng phén tir thap (vi du: DEP) s& chuyén hoa thanh cac

monoester thiy phan cia ching bang cach thily phan mot nhom ester (so dd Hinh 1.11).
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Phthalate diester Phthalate monoester
Hinh 1.11. So do sw chuyén héa DEP thanh monoester
Nguoc lai, nhitng phthalate c6 khéi lwgng phan tir 16n, dau tién s& dugc chuyén
hoa thanh cac monoester thuy phan twong rng cta chung, sau do, s€ oxy hoéa mach
alkyl thanh cac chat chuyén héa oxy hoa, lam ting tinh thAm nuéc cua chung
(Measurements va cs, 2009).

- Qua trinh oxy hoa hoic hydroxyl héa: Tiép theo cac phthalate monoester cé thé s&

bi bién d6i boi cac qua trinh oxy hoa hodc hydroxyl hoa nhu sau (Hinh 1.12):
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Hinh 1.12.So d@6 sw chuyén héa ciia phthalate monoester
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- Chuyén hoa sinh hoc: Cac phthalate c6 thé dugc chuyén hoa sinh hoc nhu sau (Hinh

0] [0}
H
COOH M . -
©i su hydroxyl hoa 0 su oxi hoa 0
— ——
o O
~
‘COOR T ﬁ
(0] (0]
OH 0
(0]

OH
COOH

-« O

COOH

WOH oH
W
o 0 o -

COOH

!
0 o e

OH 0 ; OH

o oH
~r 0

[
OH o o

Hinh 1.13. So do sw chuyén héa sinh hoc ciia phthalate
- Chuyén hoa trong co thé con ngudi: Dac biét véi DEHP trong co thé con ngudi s& duogc
chuyén hoa nhu sau (Hinh 1.14-16):
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Di (2- ethyl -5-hexyl) phthalate (DEHP) Mono (2- ethyl -5-hexyl) phthalate (MEHP)

Hinh 1.14. So do sw chuyén héa ciia DEHP trong co thé nguoi
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Mono (2-ethyl-5-carboxypentyl) phthalate(MECPP)

Hinh 1.15. So do sw chuyén héa MEHP thanh monoester phthalate
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Hinh 1.16.So do sw chuyén héa phthalate théng qua qud trinh thiyy phdn
Tém lgi: Cac hop chét hiru co PAHs, PBDEs va phthalate hau hét 1 nhimng chat hinh

thanh khong mong muén trong mdi truong. Trong mdi truong cac hop chit PAHs,
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PBDE:s va phthalate ngoai bi phan huy, bé mach hay két hop boi nhiét, 4nh sang thi
duéi tac dung cua vi sinh va cac gbc oxy hoa hay hoi nude ma ching ciing phan tng
bé hay cit mach dé tao ra hop chét c6 lién két, cAu triic mai.

1.2. Téng quan vé sw phian b6 PAHs, PBDEs va phthalate trong méi truong khi
1.2.1. Sw phén bé ciia PAHs trong méi trwong khi

a) Nguon goc phat sinh PAHs trong méi truong:

Qua trinh hinh thanh cac hop chit PAHs trong méi truong c¢6 nhiéu nguyén
nhan, tuy nhién PAHs duoc phat thai tir hai ngudn chinh: ngudn ty nhién va do hoat
dong cua con nguoi
- Ngudn ty nhién:

PAHs c6 thé dugc phat thai tir cac qué trinh ty nhién nhu chay rimg, nai lira
phun trao (Meek, Chan and Bartlett, 1994). Tai nhiéu noi, chdy rimg va nui ltra phun
13 hai ngudn phat thai chinh PAHs vao mdi trudng. Tai Canada, mdi nim chay rimg
phat thai khoang 200 tin PAHs va nui lera phun phét thai khoang 1,2-1,4 tin
benzo(a)pyrene.

Trong dau thd ham luong trung binh cia PAHs 14 2,8%. Nhiing vu tran dau
va hoat dong khai thac ché bién dau mé 1a ngudn chu yéu phét sinh PAHs trong moi
truong nudc.

Qua trinh ddt chay cac chat hitu co tao ra PAHs va phat tan vao mdi trudng
qua bui thai hodc can du. PAHs con co thé duoc hinh thanh ty nhién bé“mg nhiéu hinh
thirc: nhi¢t phan céc chit hitu co & nhiét do cao, su trAm tich cac chat hitu co & nhiét
do va ap suat thép dé hinh thanh nhién liéu, va tir qué trinh téng hop sinh hoc truc
tiép tir vi khuan va thuc vat.

PAHs c6 thé dugc tong hop tir sinh vat. Nhidu hop chat dang nay tuong tu
nhu PAHs vi chiing c6 chira nhimg nhém thé oxygen, nitrogen, hodc luu huynh.

Theo cac cong trinh cong bd, tong lugng PAHs sinh ra do phiéu sinh thuc vat
bién 1én dén 2.700 tan/ndm.

- Ngudn gbc nhan tao:

Céc hoat dong cta con ngudi 1a nguyén nhan chu yéu gdy phat thai PAHs vao
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trong khong khi. Ngudn nay gdm céac dang chinh sau:

Qua trinh san xuét cong nghiép: phat thai tir qua trinh nay 1a khong dang ké.
Chi mét sd it PAHs duge san xuit vi muc dich thuong mai bao gém: naphthalene,
acenaphthene, fluorene, anthracene, ... Cac PAHs nay duoc dung dé san xuét thude
nhudm, chit mau, cac chat hoat dong bé mit va thudc da, thube trir sau,... Trong do,
san phdm cong nghiép quan trong nhét 13 naphthalene. N6 duoc sir dung truc tiép
1am chit chdng gian, ndm, con tring, mdi mot trong ti quan 4o. Cac san phdm PAHs
trén ¢ thé duoc ché bién tir than, nhua than da. Naphthalene c6 thé duoc phan tach
tlr qua trinh nhiét phan can dau, olefin...

Qua trinh san xuat va st dung cac san pham cta than da va ddu mo: Qua trinh
hoa long hoac khi hoa than da, tinh ché dau, nhua than d4, nhua rai duong tir cac loai
nhién liéu hoa thach co thé sinh ra mot luong 16n PAHs.

Qua trinh chay khong hoan toan bao gém viéc st dung nhién liéu than da,
than td ong, ... dé dun ndu va phuc vu cac muc dich cua cac ho gia dinh; cac nguén
cong nghiép va giao thong,... Trong d6, cac qué trinh cong nghiép bao gdm: san
xuét dién d6t than, dau, cac 10 d6t rac thai, san xuat nhom, sit, thép. Nguodn giao
thong st dung nhién liéu xing, dau, dong co diesel ciing dong gop mot phan 16n
vao su phat thai PAHs vao khong khi. Luong PAHs dugc phat thai vao khong khi
tir cac dang ngudn nay cé sy dao dong 16n va phu thudc vao mot sé yéu té nhu
loai nhién liu, diéu ki¢n dot.

Qua trinh san xuit nong nghiép: Su bay hoi cac loai hoa chit bao vé thuc vt
sir dung trong néng nghiép 1a ngudn chinh phat thai PAHs vao méi truong. Ngoai ra
con do qué trinh rang séy nguyén liéu, ddt rom ra, than cay ho dau... Tai Trung Quéc,
lugng PAHs phat sinh tir d6t rom ra w6c tinh 110 - 126 tAn/ndm va tir dt than cay
ho dau phat thai tir 13- 26 tdn/nam. Luong PAHs phat thai vao khong khi tir hoat
dong nong nghi€p dao dong rat 16n, phu thudc vao mot ) yéu t5 nhu loai nhién liéu,
diéu kién d6t va cac bién phap kiém soat dugc tmg dung.

Tai Bic Kinh (Trung Quéc), khi thai giao thong, ddc biét 1a khoi phat sinh tir

phuong tién st dung dong co diesel va khoi tir bép 1o dbt than trong ho gia dinh 1a
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nhirng ngudn dong gop chinh vao ndng do PAHs & qudc gia nay. Con & Mexico, cac
két qua khao sat cho thay khoi thai tir giao thong va tir 16 dét gd, dét rac 1a cac ngudn
quan trong phat sinh PAHs. Tai Viét Nam két qua nghién ctru vé hé sé phat thai
PAHs cua mét s6 chat dot thuong dugc sir dung cho thay hé sb phat thai PAHs cua
muin cua > gd > than t6 ong > than d4 > than hoa.

b) Sw phat tan PAHs trong moi truong:

Héu hét cac PAHs c6 mit trong méi trudng dwge hinh thanh tir cac qua trinh
ddt chay khong hoan toan cac hop chét hitu co & nhiét do cao, cac hoat dong sinh
hoat va cong nghiép. PAHs khong ton tai riéng 1¢ trong mdi trudng khong khi ma
duogc hép thu trén cac hat bui lo limg c¢6 kich thude trung binh 16n hon 10 pm. Trong
moi truong nude, PAHs phat tin qua qua trinh tong hop sinh hoc, tran hodc ro ri
nhién liéu, xa nudc thai sinh hoat va cong nghiép, trong do tran dau 12 nguyén nhan
chu yéu dan dén 6 nhiém PAHs trong méi trudng nude....

Ddi v6i cac 10 d6t chét thai, PAHs va céc chat doc hai thuong chira trong bui
khi thai va tro thai sau qua trinh d6t chay.
¢) Su ton tai ciia PAH trong méi truong:

Sau khi dugc thai vao khong khi, PAHs c6 thé ton tai & hai pha: hip phu trén
cac hat bui va ¢ dang khi (hoi) (Bidleman va cs, 1986; Masclet va cs., 1988) — PAHs
nhiéu vong kém bay hoi hon, lai cht yéu ton tai trén pha bui (Blanchard va cs., 2014).
Chiing dugc phét tan, lan truyén di rit xa va cudi cung ling xudng soéng, ho, bién va
dat dai vv... Trong khong khi, phan chu yéu cia PAHs 14 ¢ trang thai hap phu trén
cac hat bui lo ling c6 duong kinh dudi 10 um va 2.5 um. Céc hat bui nhé nay dé di
vao h¢ ho hip ciia con ngudi va lang dong trong phdi. San pham cila phan ing quang
hoa cac PAHs, hodc cua phan ing gitta PAHs v6i cac chat 6 nhidm khac trong khong
khi, thuong c6 doc tinh cao hon cac PAHs. Do vay, qua su lan truyén cua cac PAHs,
mirc d6 va pham vi nguy hiém cua ching véi con ngudi sé ting 1én (Nghiém Trung
Diing, 2005).

Mic du PAHs nam & ca hai pha, song cac cong trinh nghién ctru vé PAHs trong

khéng khi cha yéu tip trung vao PAHs trén pha bui. Ly do chinh ciia vin dé nay 1a &
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chd, viéc 14y mau PAHs trén pha khi (hoi) rat khé khin (Wang va cs., 2014) va, nhu
trinh bay & trén, phan 16n PAHs trong khong khi nim trén pha bui.

Néng do PAHs phu thudc vao nhiéu yéu t6 khac nhau nhu nhiét do, lugng mua,
luong tuyét roi, 4nh sang ... O cac ving d thi, ndng d6 PAHs trong khong khi cao
hon nhiing ving xa x6i héo lanh do chung gan véi cac khu cong nghiép, va do mat
do giao thong dong duc hon, ...

1.2.2. Sw phén bé ciia PBDEs trong méi trwong khi

PBDEs la cac chat khong cé sin trong ty nhién, chung c6 mit trong cac ddi
tuong moi truong 1a do cic hoat dong san xudt, sir dung va thai bo san phim chira
PBDEs. Tir nghién ctru dau tién tai Thuy Dién trong nhiing nim 1979 — 1981 cho
théy su tdn tai PBDEs trong mdt s6 mau moi truong, cho dén nay, sy ton tal va xu
hudng phan b6 ctia PBDEs trong cac doi twong moi trudong nhu bui, khong khi, nuéde
tw nhién, nude thai, bun thai, dat, tram tich, cay tréng, sinh vat da duoc cac nha khoa
hoc chirng minh béng mot s6 luong rat 16m cac cong trinh nghién ctru dugc thuc hién
tai nhiéu qudc gia trong vai thap ki qua (Law va cs., 2014). PBDEs da duoc phat hién
trong cac mau sinh phém nguoi nhu mau mau, sita me, toc. PBDEs xam nhap va tich
lity trong co thé ngudi chi yéu theo 3 con duong 1 khong khi, byi va theo chudi thirc
dn. Ham lugng PBDEs trong khong khi, bui va sinh vat trong chudi thirc An 1a nhitng
thong tin quan trong dé danh gia rui ro cua cac chit nay ddi véi stre khoe con ngudi
(Besis va cs, 2012).

Dbi voi méi truong nudce, cho dén nay cac sb liéu vé ham lugng PBDEs trong
nudc ty nhién rat han ché, diéu nay c6 thé duoc giai thich boi ddc tinh phan b va
tich lity rat kém cua cac PBDEs trong nuéc nén ddy khong phai 1a méi truong duoc
quan tAm nghién ctru nhiéu. Trong nudc thai, bun thai va bun sinh hoc 14y tir cac tram
xtt i nuée cong nghiép tai Trung Qudc, Han Quéc va Y, DecaBDE van la dong phan
chinh dugc phat hién. Tai Chicago, My, tr nam 1975 dén 2008, ham luong
pentaBDEs trong nudc thai d6 thi ¢ xu hudng tang, dén nhitng nam 2000 thi chiing
lai do pentaBDEs thuong mai bi cAm san xuét tai nudc nay tir nam 2004; trong khi

d6 ham lugng decaBDE trong bun sinh hoc ting véi tc d6 trong dbi nhanh tir ndm
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1995 dén 2008, trung binh ct 5 ndm lai ting gip ddi do viéc sir dung rong rai cac san
pham decaBDEs thuong mai (Law va cs., 2014).

D61 v6i méi truong tram tich, su tich liy chi yéu decaBDE trén pham vi toan
cau kéo theo nhitng méi lo ngai vé sy hinh thanh cac san pham dé brom hoa. Tai Thai
H6, Trung Quéc, lugng decaBDE tich liiy trong trAm tich duoc kiém ké udc tinh 1én
dén 26,3 tan; tai cac hd khac ciing tich lily nhitng luong dang ké decaBDE nhung
chua ¢6 cac sb liéu kiém ké cu thé. DecaBDE cling chiém ti 1& ndi troi so véi cac
PBDEs khéac trong tram tich tai Canada, Pai Loan, Han Qudc, Indonesia, cira song
Clyde tai Anh, cira song Scheldt tai Phap, bién Bering trén Thai Binh Duong va bién
Chukchi trén Bic Bang Duong. Dudi tdc dong cua mot sb loai dong vat thuy sinh
nhu polychaete, cac PBDEs nam trong 10p trdm tich sdu dén 50 cm so véi bé mat
cling c6 thé di dong va quay trd lai moi trudng, hién twong nay dan dén nguy co hinh
thanh cac san phiam dé brom héa doc hon ngay ca voi decaBDE da bi vui 1ap.

DPéi v6i moi truong sinh vat, PBDEs la cac chét co tinh ki nudc va va dau m&
nén c6 kha nang tich tu sinh hoc cao, nhét 1a trong moé md& cua cac loai dong vat. Tai
My, trong mo m& ciia loai doi ndu an con tring da phat hién thdy PBDEs véi ham
lugng tong nam trong khoang 118-8290 pg/kg trong luong md; cac ddong phan chinh
12 BDE 99 (41%) va BDE 47 (39%). Tai Anh va xtr Wales, tong ham luong cta 26
PBDE:s trong gan cia loai rai ca ndm trong khoang 92—-19900 pg/kg trong luong md;
ddng phan BDE 47 chiém dén 78%, tiép d6 1a cac BDE 153 va BDE 100. Tai song
Gila, Arizona, My, ham lugng tong ciia 50 PBDESs trong cé 1én dén 12,7 mg/kg trong
lugng khé, 1a mirc ham lugng cao nhét phat hién duoc tai My. Khac véi xu hudng
DecaBDE chiém uu thé trong céc d6i twong méi trudng da trinh bay & trén, trong co
thé sinh vat lai c6 kha ning tich lily manh ddi v6i cac ddng phan c6 sb nguyén brom
1a 4 hoac 5 (Law va cs, 2014).

PBDEs trong mdi trudng khong khi va bui. PBDEs duogc coi 1a cac hop chat
hitu co ban bay hoi (SVOCs) nén ching twong ddi d& phat tan vao méi truong khong
khi. PBDEs trong khong khi ¢6 thé phan b6 trén 2 pha 1a pha khi va pha hat, tinh chat

nay 1a yéu t6 c6 anh hudéng quyét dinh dén kha ning di dong va phuong thirc ton tai
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trong khi quyén cua ching. Sy phan bd giita 2 pha khi — hat cia PBDEs phu thudc
vao nhiét d6 khi quyén va cac tinh chét li — hoa ciia chung nhu ap suét bay hoi, hé s6
phan b Kow. Cac PBDEs c6 sb Br thip dwogc cho 1a ¢6 4i lyc manh hon ddi véi pha
khi, trong khi cac PBDEs c6 s6 Br cao, trong khodng nhiét do nhét dinh lai phan bd
t6t hon trong pha hat; c6 nghién ciru da chi ra rang trong pha khi ton tai chii yéu BDE
28 (dén 96-98% tong PBDEs) con BDE 209 chi phat hién dugc trong pha hat (Besis
va cs, 2012).

Céc chét doc trong moi truong khong khi d& dang xam nhép vao co thé con
ngudi qua dudng hd hap nén cac nghién ctru vé sy ton tai va nong do PBDEs trong
moi trudng niy da dugc thuc hién tai nhidu qudc gia trén thé gidi trong gan 2 thap
nién trd lai day. Cac nghién ctru dugc chia thanh hai huéng la moi truong khong khi
trong nha va ngoai trdi, sau d6 tap trung vao ting nhom ddi twong véi cac dic diém
cu thé vé khu vuc khao sat. D6i véi moi truong khong khi ngoai troi cac khu vuc
nghién ctiru dugc dugc phan loai thanh: nong thon, dé thi, ving xa x6i héo lanh, khu
cong nghiép, khu vuc c6 hoat dong luu trir va tai ché rac thai dién tir. Dbi vi moi
truong khong khi trong nha, cac nhom ddi tugng dugc quan tim la: khong khi trong
nha ¢, tai noi lam vi¢c va trong 6t6 (Besis va cs, 2012).

Ham lugng PBDEs trong méi trudng khong khi ngoai troi cho thdy mirc do 6
nhiém PBDEs tai khu cong nghiép cao hon so véi cac do thi, va thdp nhit tai ving
nong thon; tai cac qudc gia chadu My va chau A cao hon so v6i chau Au va Australia;
cac dong phan chii yéu phat hién dugc 13 BDE 47, BDE 99 (pha khi) va BDE 209
(pha hat). Trong mot mau khi 1iy tai Quang Pong, Trung Qubc ham luong tong cla
15 dong phan PBDEs l1én dén 1450 pg/m?; trong khi d6, ham luong tong 28 dong
phan PBDEs trong 2 mau khi léy tai cAc do thi cua Australia rat thép, la1,7vaé6,8
pg/m? (Besis va cs, 2012).

Déi v6i khong khi trong nha, nhin chung mirc d6 6 nhiém PBDEs cao nhit tai
noi 1am viéc (bao gdm vin phong, cira hang ban d6 dién tir, cira hang thuc pham,
xuong tap két vat liéu nhua tai ché,. ..); ham lugng PBDEs thép hon trong mau khi

léy tai cac nha &, can hg; trong 6t6 ham luong PBDEs tuong ddi cao. Cac mau khi
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trong nha & 1y tai My va Trung Qudc c6 ham luong cao, véi gia tri trung vi va khoang
ham luong twong tng 1a 760 (210-3980) va 628,3 (125-2880) pg/m?; tai mot s6 qudc
gia khac nhu Hy Lap, Kuwait, Nhat Ban, Australia cic nghién ctru twong ty cho thay
ham luong PBDEs rat thép. Tai noi lam viéc, ham lugng téng PBDEs rat cao d3 duogc
phat hién trong mau khi 1dy tai van phong & My, Anh, Hy Lap vdi cac mau cao nhat
c6 ham lugng 1an lugt 1a 17200, 15500, 10900 pg/m3. Trong 6t0, cac nghién ciru tai
Thuy Dién, Hy Lap, Anh cho thdy ham lugng PBDEs c6 trung vi va khoang ham
lugng twong tng 1a 510 (250-2800), 201 (0,4-2640) va 41 (11-8180) pg/m?. Cac
ddng phan PBDEs chinh phat hién dugc bao gdm BDE 47, BDE 99, BDE 209 (Besis
va cs, 2012).

Mot s6 lugng 16n nghién ciru vé sy ton tai cia PBDEs trong miu byi 1ay trong
nha &, noi 1am viéc va trong 6t6 da dugc thuc hién tai nhidu qudc gia trén thé gidi.
Ham luong PBDEs rét cao trong cac mau bui cho thay day 1a méi truong tich liy
manh cic PBDESs, cic nghién ctru trén ddi twong ndy con cé y nghia quan trong dé
danh gia rai ro ddi véi stc khoe con ngudi thong qua lugng bui dua vao co thé. Mot
nghién cuu tai Anh da phat hién dugc mdt mau bui trong 0t6 c6 ham lugng PBDEs
tong 1én dén 2600000 ng/g; tai My, Thuy Dién, B6 Dao Nha nhiéu miu ciing phat
hién dugc PBDEs c6 ham lugng cao trén 20000 ng/g. Mt mau bui trong nha & tai
Anh phat hién dugc PBDEs v6i ham Iugng 520000 ng/g; cac nudc khac nhu My,
Thuy Pién, Trung Qudc, Australia ciing c6 ham lugng PBDEs trong bui nha twong
dbi cao; trong khi d6 ham luong nay tai Thai Lan, Bi, Kuwait chi thap dudi 100 ng/g.
Tai noi lam viéc, ham lugng cao ciia PBDEs trong bui dugc phat hién tai mot xudng
tai ché rac thai dién tir & Trung Qudc co trung vi 30700 (6300-82200) va khu tap két
rac thai dién tir & Thai Lan c6 trung vi 28000 (320-290000) ng/g. BDE 209 13 dong
phan chi yéu phat hién dugc trong cac mau bui véi ti 18 phan trim so voi lwgng PBDEs
téng nam trong khoang tir 30 &n 100% (Besis va cs, 2012).

1.2.3. Sw phin bé ciia phthalate trong méi trwong khi
Céc phthalate khong c6 lién két cong héa tri dé tong hop thanh chudi polymer

nén né co6 thé dé dang phoi nhiém ra méi truong dic biét ¢ nhiét do cao (Gorezyca
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va cs, 1997) tir cic san pham trong qué trinh st dung va chon lap. Sau d6 né di vao
moi truong (Finizio va cs, 1997).

- Trong san xuat cong nghiép: San xuit son, nhya vinyl, cao su, cac do choi tré em.

- Céc thiét bi y té (ong 1.V c6 thé chira 20-40% DEHP theo khdi lugng).

- DEHP va céac phthalate khac dugc tim théy & hau hét cadc mau sita, kem, bo,
phd mai & Anh, Na-uy va Tay Ban Nha.

Trong moi trudng phthalate trong nhiéu ddi twong mau khac nhau (dat, nuéc,
khéng khi, thuc pham,...). Mot sé nghién ctru trude dd bao cdo vé phuong phap xéac
dinh va mirc 46 phan bd phd bién cua phthalate trong cac méi truong khac nhau. Nhin
chung, phthalate do duoc trong cac méi trudng & mirc ndong do twong ddi cao.

Pei va cs. (Pérez-Feds va cs, 2010) da khao sat ndng do, dic diém va nguy co
gdy ung thu cia phthalate trong pha hoi va pha hat trong khong khi trong nha ctua 10
can ho & Hang Chau, Trung Qudc. Két qua 1a trong cing cin hd, mutc do 6 nhidm cua
phthalate trong cac phong rat khac nhau. Nong d6 cua phthalate trong phong khach
12 cao nhét 17400 ng/m?, tiép theo v6i 11400 ng/m? trong phong nghién ciru va thap
nhat 9740 ng/m® trong phong ngu. Tac gia Salaudeen va cs. (Salaudeen va cs, 2018)
da x4c dinh nong do cia siu phthalate gom: dimethyl phthalate (DMP), dietyl
phthalate (DEP), di-n-butyl phthalate (DBP), benzyl butyl phthalate (BBP), di-(2-
ethyl)hexyl phthalate (DEHP) va di-n-octyl phthalate (DOP) trong nudc thai tir cac
nha may xu 1y nudc thai (WWTP) tai Khu d6 thi Amathole, BDong Cape, Nam Phi.
Sau phthalate da dugc phat hién trong tat ca cic mau nudc thai, trong d6, DBP ¢
ham lugng nhiéu nhat, tiép dén 1a DEHP. Nong do ciia DBP trung binh 14 4,9 mg/L
dén 8,88 mg/L. Nong do trung binh cua phthalate trong cac nha may nudc thai cao
hon phthalate ¢ thugng ngudn va ha ngudn cua diém xa thai. Trong bun, ndng do
DEHP va DBP pho bién trong khoang 130 mg/g va 1090 mg/g trong luong kho.

Tém Igi: M&i hop chit PAHs, PBDEs va phthalate déu c6 tinh chit va cau tao
riéng, qué trinh hinh thanh theo ngudn gdc tw nhién hay nhan tao thi déu c6 anh huéng

dén su ton tai va phan bo ctia ching trong moi truong. Ngoai ra, cac tinh chat vat li
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hay héa hoc déu chi ra kha ning hoa tan, bay hoi, hap phu ciing s& din dén kha ning
phan b, phat tan ciia chung vao mai truong.

Hoat dong san xuit va ing dung cia ching trong doi song din dén viéc thai
bo, phat tan ra moi trudng theo cach khac nhau. Tir san phdm phu trong cic nguyén
liéu dua vao cac san phém dan dung, sau khi san phém dan dung dugc loai bo thi
chung ciing phat tan vao méi truong theo nhidu cach khac nhau. Cac hop chat trén
déu 1a chat doc hai vi vay ching can dugc quan Iy mot cha dong tir ngudn phat sinh
va cac qua trinh c6 kha ning phat thai ra moi truong nhu chay, su ¢d tran dau, ..

Cic chit PAHs, PBDEs va phthalate chwa dwgc nghién ciru dy dii trong khong khi
1.3. Tong quan vé phwong phap xic dinh PAHs, PBDEs va phthalate trong
khong khi

1.3.1. Tong quan vé cdc phwong phdp ldy mau khong khi xung quanh dé phan tich
PAHs, PBDEs va phthalate

PAHs, PBDEs va phthalate ton tai trong khong khi & pha khi va pha hat. Dé
lay mau PAHs, PBDEs va phthalate thuong c¢6 2 cach. Lay truc tiép mot mau khong
khi tir khong khi xung quanh bang cach hat khong khi v6i luu lwong tdi da 225 L/phut
(13,5 m*/gi®). Trudce tién mau di qua mot cai loc byi min sau d6 di qua bay hoi co
chtra bot polyuretan (PUF) hodc nhya polymer styrene/divinylbenzene (XAD-2).
Thoi gian 14y mAu co thé thay dbi tiy thudc vao nhu cAu gidm sat va gi6i han phat
hién duoc yéu cau. Tong thé tich ctia khong khi 14y mau khong dugc vuot qua 350
m® ngoai trir PAH d3 dugc danh ddu deuterium hodc cac chat chuan phu hop khéc
duge thém vao chat hép phu PUF hoac XAD-2 lam chuan ndi trude khi léy mau dé
xé4c nhan hiéu suat lyu giir. Kha ning cta phuong tién lay mau giir lai PAHs, PBDEs
va phthalate d4 biét dugc thém vao bay hip phu trong mot dung dich thém chuén khi
khéng khi duoc hut qua bo 14y méu trong cac didu kién thong thudng trong mot
khoang thoi gian bang hoic 16n hon khoang thoi gian duoc yéu ciu v6i muc dich sir
dung dinh trudec.

PAHs, PBDEs va phthalate c6 dai rong ap suat hoi rong. Cac PAHs, PBDEs

va phthalate ndy ¢ ap suét hoi 16n hon s& c6 trong khong khi xung quanh, dugc phan
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bd tir pha khi dén pha hat. Phwong phap nay cho phép thu dugc ca hai pha. Tuy nhién,
c6 thé bi mat PAHs, PBDEs va phthalate pha hat & c4i loc trong qua trinh 14y mau do
qua trinh giai hap va bay hoi. Trong nhirng thang mua he, dic biét trong thoi tiét Am,
su bay hoi tir cai loc ¢ thé 1én dén 90 % ddi voi PAH c6 ap suat hoi 16n hon 10 kPa
(Kohoutek, Holoubek and Klanova, 2006; Aragén, Marcé and Borrull, 2012; WHO,
2017; Anh va cs, 2019) Véi nhiét do khong khi xung quanh béng 30°C hoac 16n hon,
khoang 20 % benzo[a]pyrene va perylene (4p suat hoi = 7 x 107'° kPa) duoc tim thay
trong bay hoi (IARC, 2013). Do vAy, phan tich riéng r& cai loc s& khong phan anh
ndng do cua PAHs, PBDEs va phthalate ban dau lién két v6i cac hat, ma s& cung cép
mot phép do chinh xac két qua phan tich chat hip phu cua pha khi. Do vay, phuong
phép nay yéu cau cai loc va chat hap phu cing duoc chiét dé do dugc chinh xéc tong
noéng d6 PAHs, PBDEs va phthalate trong khong khi.

C6 2 phuong phap ldy mau PAHs, PBDEs va phthalate chinh d6 1a 1y miu
tryc tiép bang bom hut chu dong va 1y miu bang phuong phap thu dong
a) Phuwong phap ldy mdu chii déng:

Hé thdng thu mau gém mot bay chat hap phu (2). Hé thong nay bao gom 1 dau
thu mau (1), 1 ng chira vat liéu hdp phy (2), hé thng tach ¢ hat (3) chi sir dung khi
chi iy mau hat bui theo kich thuéc, mang loc bui (4) (Hinh 1.17). Cac hé thong
sensor, bom hat dé diéu chinh tbc d6 hit mau phu hop véi muc dich 14y mau timg
nhom chit. C6 thé dung bat ky mot hé théng bom 1y mau khong khi nao c¢6 kha ning
cung cap luu lugng dong khi khong doi t6i 16,67 L/phat (1 m3/gio) di qua hé thong
lay mau. Bom nay duoc trang bi mot thiét bi kiém soat luu luong dong phu hop, va
mot dong hd chan khong dé do sy giam ap cua hé thong ldy mau hodc thiét bj giam
sat dong phu hop khac, déng hd do dit khoang thoi gian, 6ng xa dé xa khong khi ra
xa it nhat 3 m tinh tir bd 14y mau. Lbi vao cta bo 1ay mau co thé hudng 1én trén hodc
xubng dudi. Néu hudng 1én trén, can phai co bd phan che mua va bui. Hé théng bom

mau thé tich 16m.
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Chu dan:
(1) Pau vao khong khi mau
(2) Ong chura vt lidu hap phu

/ (3) Bo tach ¢& hat
(4) Cum gia do cai loc

.=D (5) Cam bién nhiét d6 cai loc bui

(6) Hé théng diéu chinh luu
lwong dong khi

(7) Cam bién nhiét do, do am, ap
suat moi truong

(8) Man hinh hién thi
(9) Phim diéu khién
(10) Ngudn

(11) Péu ra dit liéu

(12) V6 hop

(13) Bom hut khong khi
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Hinh 1.17. M6 hinh vé modun ldy mdu

b) Phuwong phdp ldy mau thy dong:

Lay méu khong khi thu dong (PAS) (Kohoutek va cs, 2006; Harner vd cs 2006;
Harner va cs 2013) hoat dong ma khong can su hd tro cua mot may bom va c6 kha
nang mot tich lity, hap thu luu giit cao cho mot s6 chat phan tich. Sy hap phu cac cac
hop chét hitu co bén vitng kho phan huy 1én dia PUF hay cac vat liéu khac. Nguyén
1y hoat dong cta bd 14y mau khong khi thu dong. Cach don gian nhit dé mé ta nguyén
1y hoat dong cua bd léy mau khong khi thu dong 1a su tich tu cla cac chét trén vat
lidu xop ddng nhat ma chit d6 xam nhép hoic bi hip thu vao.

Do nhay thap ddi voi nhitng thay d6i ngau nhién trong thoi gian ngan cia nong

d6 cac chat 6 nhidém 1a mot diéu co ban dic trung cua bd lay mau thu dong. Bo lay
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mau thy dong cung cap thong tin vé 6 nhiém dai han ctia méi trudong duge nghién ciru
(vi du khong khi).

Khong khi chay tu do xung quanh bd loc, mang loc hoac méi trudong khac
(chét hip phy), chat 6 nhiém trong giai doan 14y mau khong khi thy dong. C6 thé st
dung bot polyurethane (PUF) dé 1dy méu chat 6 nhiém hitu co khé phéan hiy (POPs:
PAHs, PBDEs va phthalate).

Bat thép khong gi
Phia trén

khi tudn hoan

Bat thép khéng gi
Phia dudi

Hinh 1.18. B$ ldy mdu thu dong sir dung PUF

Méi quan h¢ gitra luong POPs dugc thu gilr trén bo loc PUF va néng do cua
chiing trong khong khi van chua duoc mé ta dﬁy du vé mit toan hoc. Vi vay, cac Kkét
qua duoc tinh toan theo hé sb thuc nghiém (vi du: dya trén ldy mau song song gitta
chu dong va thu dong). Liy mau khong khi thu dong 1a mot cach sang loc ré tién dé
so sanh 6 nhiém trén cac dia diém khac nhau hodc dé xac minh thong tin thu dugc
bdi hoat dong 1ay mau chi dong.

Tat ca cac bo phan ciia bo ldy mau duogc lam tir thép khong gi va ching khong
yéu cau dic biét. Can loai bo bui ban va 1am sach bé mat bé“mg ethanol, dac biét 1a

bén trong trong qua trinh thay bo loc. Khi chuan bi cho ké hoach 1y mau ching can
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lam sach trong phong thi nghiém trudc khi ldp dit bo loc méi (Hinh 1.18). Trong
truong hop nay, sit dung nudc may dé 1am sach va hexane dé loai bo vét ban tot hon
tlr bé mat ctia bd léy mau.

- Mang hdp phu: Mang hip phu lam bang bot polyurethane (PUF) mau tring,
khong mau vdi ty trong 0,030 g/cm? (loai N 3038; nha san xuat Gumotex Breclav,
Cong hoa Séc) duoc sir dung 1am chat hap thu cho thu dong 14y mau POPs. Mang hip
phu c6 dang hinh tron, day 15 mm va duong kinh 150 mm.

Tat ca mang hap phu duoc 1am sach trude khi dua vao bo 1ay mau khong khi
thu dong (chiét 8 gior trong acetone, va 8 gio trong dichloromethane). Mang hap phu
duoc 1am kho sau khi chiét xuit va duge thanh thép khong gi da dugc lam sach (dai
15 mm) dit ¢ giita ctia chung dé c¢b dinh cac mang hap phu vao truc cia bo 1dy mau.

Mang hip phu duge dong géi trong hai 16p 14 nhom sau khi lam sach. Ngay
lam sach va chit ky cua nguoi chuén bi duoc viét béng bat danh dau cb dinh trén
mang hap phu di dong goi. Puoc gin nhin mang hip phu duoc dit vao thi
polyethylene c6 khoa (khoa zip). Mang hap phu sach dugc bao quan trong tii dong &
nhiét 46 —18°C 1én dén ba thang.

Bo ldy mau khong khi thy dong chi duoc treo thang dimg véi bat 16n hon &
trén. BO 1ay mau dat cach mat dat 1,5 - 2,0 m trong ving thd cta ngudi, trir truong
hop dac biét thiét ké léy mau (vi du quan sat mit cit doc cta cac chit 6 nhiém) hodc
yéu cau ctia khach hang. Ching toi sir dung cac cau tric bang kim loai, cac nhanh
thap hon cua nhitng cay di phat trién ddy du, v.v. M vi tri dia hinh khong c¢6 chudng
ngai vat dang ké dé ludng khong khi ty do xung quanh bg ldy mau 1a téi vu.

Phuong phap khuéch tan thy dong bang dia PUF dya trén nguyén 1y khuéch
tan tu nhién cta cac hop chit hitu co ban bay hoi (SVOCs) trong khong khi. Hiéu
suét thu miu va kha ning dai dién ciia mau phu thudc manh vao nhiéu yéu t6 moi
truong va van hanh, cu thé nhu sau:

& Tbc do gi6 (dong khi tai diém liy mau)

La yéu td quan trong nhat anh huéng dén toc do thu mau (sampling rate — Ry).

Néu tdc do gio qua thap, 16p khuéch tan tinh trén bé mit PUF day 1én — giam
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tdc d6 hap phu.

Theo Harner va cong su (2006, 2013), tbc do gio ti thiéu nén dat > 0,5 m/s,
tuong duong véi vi tri 1y mau thong thoang, khong bi che chin hoan toan.

Vi tri trong nha hodc gin tudng kin c6 thé 1am giam luong chit thu dwgc dén
30-60%.

€ Nhiét d0 moi truong

Anh huéng truc tiép dén ap suit hoi va hé s6 phan bd khong khi-PUF cua céac
hop chat. O nhiét do cao, kha nang hip phu giam do cac hop chét dé bay hoi hon, dan
dén giam hiéu suat thu mau. Can ghi lai nhiét d6 trung binh trong sudt thoi gian phoi
dé hiéu chinh té¢ d6 thu mau theo phurong trinh Arrhenius hodc mé hinh kinh nghiém
(Harner va cong su, 2013).

¢ Do am khong khi

Do am cao c6 thé 1am am bé mat PUF, gay giam kha nang hap phu cia cac
hop chét ky nudc (nhu PAHs, PBDEs). Ngoai ra, hoi nudc c6 thé cudn theo bui min
hodc hat am — anh huong dén hiéu suat chiét tach va do sach nén sau nay. Vi vay,
PUF can dugc lam kho trudc khi sir dung va bao vé bang mai che tiéu chuan (GAPS
shelter) dé tranh mua, suong.

¢ Thoi gian phoi mau (Exposure duration)

Thoi gian phoi cang dai thi lvgng chat thu dugc cang 16n, nhung c6 nguy co:

Bio hoa PUF (dic biét v6i hop chit dé bay hoi). Suy giam hodc tai phat thai
khi nong d6 moéi trudng giam. Thoi gian phoi khuyén nghi:

46 tuan: theo Harner va cong su 2013 cho PAHs va PBDEs.

8 tudn: co thé gay giam do chinh xac khi diéu kién khi hau bién dong manh.

£ Bao quan va xir Iy mau sau khi 1ay

Sau khi thu héi, PUF phai duoc bao quan trong diéu kién kin khi, tranh tiép
xuc anh sang va khong khi méi truong.

Céch chuén:

Dit timg PUF trong lo thily tinh sach ¢6 nap nhom 16t teflon,

Niém kin bang bing parafilm,
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Bao quan lanh & 4°C (ngén han) hodc —20°C (dai han) cho dén khi chiét.

Qua trinh van chuyén can tranh nhiém chéo va giam t6i da thoi gian tiép xuc
khong khi.

¢ Cac yéu t6 khac can kiém soat

Anh sang mat troi: tia UV co thé phan hiy mot sb hop chét (PAHs nheg) —
dung mai che chéng UV.

D9 cao va hudng gio tai diém léy mau: nén dat & do cao 1,5-2 m va cach tuong
>1m.

Nhiém nén: can c6 mau tring hién truong (field blank) di kém.

Tom lai, Phwong phap PUF-PAS 1a cong cy hiéu qua dé giam sat dai han céac
hop chét hiru co ban bay hoi trong khong khi, nhung can kiém soat nghiém ngit diéu
kién moi trudng va bao quan mau.

1.3.2. Tong quan vé cic phwong phdp chiét, lam sach va phan tich PAHs, PBDEs
va phthalate trong mdu khong khi xung quanh

1.3.2.1. Chiét tach mdu

a) Chiét tach mdu theo phwong phdp chiét Soxhlet (PAHs va PBDES):

Theo huéng din ciia Bo Khoa hoc va Cong nghé (2016), sau khi ldy mot thé
tich khong khi c6 dinh, ca loc bui va hop hap phu (chira PUF hoidc XAD-2) dugc chiét
Xuét bﬁng bo chiét Soxhlet. Mang loc bui va chét hép phu PUF duoc cudn lai va dat
vao dng nho (thimble), sau d6 dat vao thiét bi chiét Soxhlet, thém 10 gam NaxSO4 va
chat chuan ddéng hanh (vi du dibromobiphenyl, decafluorobiphenyl hoic
PAHs/PBDEs danh ddu dong vi) vao éng chiét dé danh gia do thu hoi. Dung moi
chiét dugc lya chon tuy theo loai chét hép phu: véi PUF, str dung n-hexane chira 10%
diethyl ether, hodc thay thé bang toluene hay cyclohexane; voi XAD-2, c6 thé dung
n-hexane/diethyl ether, dichloromethane hoic cic dung moi thay thé néu dugc xac
nhan hiéu qua. Lugng dung méi can tir 300-600 mL, tiiy theo thé tich thiét bi va viéc
c6 loai bo chét hap phu khoi hop hay khong. Qua trinh chiét dién ra tir 14 dén 24 gid
(thuong qua dém), v6i tée d6 hoi luu khoang 4 vong/gid.

Sau khi chiét, dich chiét duoc 1am kho qua cot chira natri sulfat khan (néu can,
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tuy diéu kién 4m), rdi lam gidu bang thiét bi ¢6 Kuderna-Danish dén con khoang 5
mL & nhiét d6 60-65°C. C6 thé dung may c¢6 quay chan khong néu dam bao khong
mat chét phan tich. Tiép theo, dich chiét duoc co tiép dén thé tich <1 mL dudi dong
khi nito nhe & 30-40°C (néu dung dichloromethane, khong vuot qua 30°C).

b) Chiét tach mau theo phwong phdp chiét lic:

Chét phan tich (phthalate) trong pha hat thu giir trén mang loc thach anh, trudc
khi tién hanh chiét chat phan tich, 300 ng chat chuan ddng hanh d4-phthalate duoc
thém vao mau. Sau d6 chiét lic v6i 5 mL hdn hop dichloromethane (DMC) va n-
hexane (ti 16 3:2 vé thé tich) trong 5 phut. Qua trinh chiét dugc lp lai thém hai lan.
Toan bd phan dich chiét dugc chuyén sang dng nghiém nho 15 mL va dich chiét sau
d6 duoc 1am bay hoi dung moi bang dong khi nito dén thé tich chinh xac 1 mL dé
tién hanh phan tich sac ky.

Chét (phthalate) trong pha hoi thu giit trén hai éng polyurethane foam (PUF):
Thém chit dong hanh (d4-phthalate) vao 2 dng PUF. Tién hanh chiét 1an mot voi 100
mL hdn hgp DCM va n-hexane (ti 1¢ 3:2 vé thé tich) va 1an 2 v6i 80 mL hdn hop
dung méi trén. Mbi lan chiét, mau déu dugc lac trén may Orbital Shaker-SSM1 véi
tdc d6 250 vong/phut trong 20 phat. Toan bd dich chiét dugc cd quay chan khong dén
khoang 10 mL, rdi chuyén sang lo thily tinh (15 mL) va lam bay hoi dung méi bang
khi nitrogen dén thé tich chinh xac 1 mL. Cudi cing, chuyén dich d3 c6 dic sang lo
1,5 mL (GC vial) d¢ tién hanh phan tich trén thiét bi GC-MS.
1.3.2.2. Lam sach dich chiét

- Chuén bj cot chiét 1am sach: Chiét silica gel, loai 60 trong binh chiét Soxhlet
v6i dichloromethane trong 6 gior (toc do tbi thiéu, 3 vong/gid) va sau d6 hoat hoa
bang nung ndng trong binh chura thuy tinh c6 boc 14 nhém trong 16 gidr & 150°C.

Nhdi mot mau nhé bong thuy tinh vao day cua cot sic ky thuy tinh c6 dung
tich 15 mL dén 25 mL (vi du duong kinh trong 11,5 mm x dai 160 mm) va 10 g silica
gel hoat tinh vao c0t c6 pentane. X4 cgt nhe dé chét nhoi léng dam bao chat luong
cot. Cudi cing, thém 1 g sodium sulfate khan 1én trén silica gel. Trudc khi sir dung,

rua giai cot voi 40 mL pentane va loai bd dich rura giai.
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- Rira giai cot chiét 1am sach: Trong khi pha NaySOs 1én dinh cot, chuyén 1
mL dich chiét mau trong n-hexane vao cot, va rua bﬁng 2 mL n-hexane dé hoan thanh
viéc chuyén. Rira giai qua cot. Ngay trude khi 16p natri sulfate tiép xtic véi khong
khi, thém 25 mL pentane va tiép tuc rira giai. Co thé d6 bo dung dich rira giai pentane.
* Thém ndi chuan dbi ching

Dé sur dung cach tiép can nay, nguodi phan tich phai lya chon mét hoac nhiéu
chuén ndi d6i ching c6 dic tinh sic ky twong tw voi cac hop chat can phan tich. Ngudi
phan tich phai chirng minh rang phép do chuan ndi dbi ching khong anh huéng dén
phuong phap hodc can tré nén miu. Dung dich gbc ciia chuan nodi dugc detori hoa
phu hop thuong ¢6 ndng d6 50 ng/uL. Ching duoc thém vao dich chiét mau dé dat
duoc néng do tuong tu voi né)ng do du kién cua céac chét trong mau duogc phan tich
(viduy 20 pL dung dich géc cho vao 1 mL dich chiét mau dé dat duoc néng do 1 ng/uL
tuong tng v6i ndong d6 khong khi 3 ng/m3 néu 325 m? khong khi duoc 14y mau). Thé
tich mau cubi cung sau khi thém chuin ndi duoc diéu chinh vé 1,0 mL (PAHs) va 0,1
mL (PBDEs). Can thém chuin ndi ngay sau khi lam sach mau (néu c6 thé) va trude
khi bao quan trong ta lanh dé chd phén tich.
1.3.2.3. Phwong phdp phdn tich trén thiét bi GC/MS:

Thiét bi phan tich: GCMS 8890/5977B cua Agilent thuc hién trén MS ion hoa
tac dong electron 70 eV dugc van hanh theo ché d6 giam sat ion lya chon (SIM). Tuy
nhién, c6 thé dung cac loai may do khéi phd khac (vi du bay ion), kiéu ion hoa (vi du
ion hoa hoa hoc ion am), va kiéu giam sat ion (vi du quét toan bo) néu ngudi sir dung
ching minh vé céc tinh ning 1a twong duong nhau. Nén ding cot sic ky GC mao
quan c6 kich thudc tir 30 m dén 50 m x 0,25 mm, dugc boc bang s¢i phenyl
metylsilicon 5 % (d¢ day mang 0,25 pm) hodc tuong duong.

- Hiéu chuén thiét bi: Chit chuin dugc chuin bi & it nhit 5 muc néng do cho
ting cac chit quan tim. Viéc nay duoc hoan tit bang cach thém thé tich phu hop mot
hodc nhiéu chuian géc vao binh dinh mirc. Cudng do ion tdi thiéu duoc chép nhén tuy
thudc vao thiét bi. Tuy nhién, khong duoc bao cao két qué dinh lugng dudi murc chuin

thip nhat. Mtrc chuan thap nhit can phai du 16n va trén ngudng cia thiét bj dé do
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chum nam trong khoang 20 % d6 1éch chuan twong d6i cuia cac phan tich 1ap hodc tot
hon. Thong thuong, ti s6 tin hiéu/nhidu véi ngudng bang 3:1 duge chip nhan ddi véi
nhén dang hop chét. Bi véi viée dinh luong, ti sb tin hiéu /nhiu can phai it nhat
bang 7:1.

Ting chudn hiéu chuan can phai chira chuan noi phu hop di deuterium héa &
mirc ndng d6 quy dinh.

Phan tich tirng dung dich chudn (1 pL dén 3 pL) va v& dd thi gitta ti sé dién
tich ctia ion so cip cua chat phan tich va twong tmg chuin ndi so voi ndng do ddi véi
ting hop chit va chuan ndi. Hé sé phan hdi (R¢) dbi v6i tirng chit phan tich dugc tinh
todn sir dung cong thirc sau:

_ Agx Pig
Ajs X Pg

Ry (1.1)

Trong do:

A 12 dién tich pic ctia ion so cip dbi voi chit phén tich duoc do;

Ais 1a dién tich pic cua ion so cép ddi voi chuan noi;

P5 13 ndng d6 khoi lugng cua chat phan tich duoc do, tinh bang nanogram trén

microlitter;

Pi:: 12 ndng d6 khdi lwong cua chuén noi, tinh bang nanogram trén microlitter.

Ton co ban thuong duwgce chon lam ion so cip dé dinh lugng chuin. Néu ghi
nhan duge ¢ can trd, stir dung hai ion tiép theo c6 cudng do cao lam ion thu cdp. Cac
chuén nay ciing c6 thé dung 1am chuén thoi gian lru. Chudn ndi duge bd sung vao tat
ca cac chudn hiéu chuin va tit ca céac dich chiét mau dugc phan tich bﬁng GC-MS.

Néu Ry 1a khong d6i trén toan bo khoang 1am viée (< 20 % RSD), Ry thi gia
thiét khong thay ddi va trung binh. C6 thé dung R¢ dé tinh toan. Cach khac, co thé
dung két qua dé v& dudng chuén cua cic ti sé tin hiéu thu hdi As/Ais, voi Ry.

Kiém dinh duong chuan 1am viéc Ry trong timg ngay lam viéc bang phép do
mot hodc nhiu chudn hiéu chudn. Néu tin hiéu phan hoi dbi véi bat ky théng sd nao
sai khac so véi tin hiéu du kién 16n hon + 20 %, thi 1ap lai phép thur st dung mot
chuan hiéu chudn méi. Cach khéc, chuin bi mot duong chuin méi. Thoi gian luu

tvong ddi voi mdi hop chét trong timg 1an hiéu chuan phai thich hop trong khoang
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0,03 don vi thoi gian luu tuong dbi.

- Thyuc hién phan tich: Pua dich chiét mau ra khoi binh bao quan lanh (néu
pht hop) va dé 4m dén nhiét do phong. Khi thiét 1ap dwgec GC va MS phu hop, bom
1 pL dén 3 pL ting dich chiét mau va ghi tin hiéu phan hdi MS. Lya chon téi thiéu
hai ion trén mot hop chéat dé giam sat. Khuyén nghi thoi gian lwu it nhat 100 ms trén
peak duoc.

Trong phén tich SIM, nhin dang chét phan tich duoc dwa trén thoi gian luu va
ti s6 ion dic trung. Khong c6 phd khdi lwong dé so sanh. Néu dung ion thir cip dé
giam sat, giéi han phat hién cua phuong phép sé giam dang ké do tinh da dang twong
ddi cua céac ion nay thép ddi véi cac chét. Do vay, su cO mat cua cap ion so cép vOi
thoi gian hodc chi s6 luu twong d6i (lién quan véi chuan nodi d detori hoa trong tng)
c6 thé 1a cach tiép can thyc té hon dé nhan dang khi can gidi han phat hién thap. Khi
ti s6 (r) cua thoi gian luu (tR) cia chat phan tich chua biét (u) cung ti sd cta chuin
ndi twong tng 1 (khi r = tR, u/tR,]) dwgc dung dé nhin dang chit phan tich, ti sé thoi
gian Iuu rs cta sic ¢ mau phai 16n hon 0,4 % so véi ti s6 thoi gian luu (rc) tir sic d6
ctia chuan hiéu chuan. Gia tri r phai 16n hon 2 hoac nho hon 0,5. Chi s6 thoi gian luu
ctia chat phan tich trong mau va chuan tuong ng phai nam trong khoang + 2%.

Ty 1¢ tinh da dang cia cac ion dic trung chinh cta chat phéan tich va chuan
hiéu chudn twong tng phai nam trong khoang + 30 %. Néu tin hiéu phan hdi ddi véi
bat ky ion dinh lugng nao vuot qua khoang gi tri ciia duong chuan ban dau ciia hé
théng GC/MS, thi phai pha loang dich chiét. Thém dung dich chuin ndi vao dich
chiét da pha loang dé duy tri ndng do theo yéu cau (vi du 1 ng/uL dén 10 ng/uL) cta
tung chuan noi trong dich chiét. Phan tich lai dich chiét da pha loang.

Néu chat phan tich da dugc nhan dang, dinh luong chét phan tich s€ dua trén
tinh da dang tich hop tir viéc giam sat ion dac tinh so cép. Hoan tit viéc dinh lugng
bang k¥ thut chuin ndi. Chudn ndi da dung co6 thoi gian lwu gan gidng nhit voi chit
phan tich d& cho. Peak 16n nhat cua ion dic tinh dic trung cho chit phan tich phai
trung, nam trong khoang + 0,03 don vi thoi gian luu twong d6i, véi thoi gian luu toi

da cua chuan noi da thiét ke.
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C6 thé xay ra nhiém ban khi mau c6 chira ndng d6 cac cht thip duoc phan
tich ngay sau mau c6 chira ndng do cac chat hodc dung dich chuin cac chit cao. Phai
st dung dung moi trang dé kiém ching 1a khong c6 nhidm ban.

- Tinh toan két qua phan tich: Nong do khdi lugng cua ting chit phan tich

duoc nhan dang trong dich chiét mau (ng/uL) dugc tinh nhu sau:

Ay X Pig

Cpan = Ays X Ry (1.2)

Trong do6:

Ax 1a dién tich peak cua ion dac trung ddi véi chit phan tich duoc do;

Axs 12 dién tich peak cua ion dac trung ddi véi chuén noi;

Ry13 hé sb tin hiéu phan hoi.

Pis: 1a ndng d6 khéi lwong ciia chuan ndi, tinh bang nanogram trén microlitter.

CAu tao hé thong sic ky khi ghép khdi phd (Hinh 1.19) bao gdm cac bd phan:
nguén cung cép khi, 10 cdt, by phan tiém mau, cot phan tich, dau do, bd phan ghi

nhan tin hiéu va bd phan in dit liéu phan tich; trong d6, dau do 1a dau do khéi pho.
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Hinh 1.19. Cdu tao ciia hé thong GC/MS

Nguyén 1y hoat dong cua sic ky khi: Trong qué trinh khi mang dem miu qua
cot sdc ky, cac hdn hop ciia cac hop chat trong pha dong xay ra s& tuong tac voi pha
tinh. M&i hop chét trong hdn hop trong tac voi pha tinh mét luc twong tac khac nhau.
Nhirng twong tic yéu nhat sé ra khoi cot nhanh nhét, nhiing twong tac manh nhat s&
thoét ra khoi cot sau ciing. Bang cach thay ddi cac dic diém ctia pha dong va pha tinh,

s& tach ra duogc cac hon hop khac nhau ctia cac chat hda hoc. C6 thé cai tién qua trinh
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phan tach bang cach thay doi nhiét do cia pha tinh hodc 4p suat pha dong. Sau khi di
qua cot sdc ky khi, cac chat tiép tuc di qua pha khdi phd. Cac phén tir phai di qua mot
ludng electrons va bj chia thanh nhitng manh nhé hon mang dién tich dwong (ions).
Céc ion duong nay di chuyén t6i bd loc tir truong dién tir. Bo loc nay chi cho phép

céc han c6 khéi lugng nam trong mot gidi han nhat dinh di qua.

Tém lai cac phuong phap xac dinh PAHs, PBDEs va phthalate 1a chua hoan
thién. Trong nghién ctru nay ching t61i lya chon PAS cho PAHs, PBDEs va phuong
phap chii dong cho phthalate. Ca 3 nhom chéat dugc phan tich bang k¥ thuat sic ky
khi khoi phd GCMS.

1.4. Téng quan vé dinh gid méi twong quan va xdc dinh nguon phdt thdi ciia PAHs,

PBDE: s va phthalate trong khong khi

Viéc xac dinh nguén phat thai cua cac hop chat hiru co doc hai nhu
hydrocarbon thom da vong (PAHs), polybrominated diphenyl ethers (PBDEs), va
phthalate trong khong khi c6 ¥ nghia then chét trong viéc xay dung cac chinh sach
kiém soat 6 nhiém hiéu qua. Nhitng hop chét nay xuat hién phd bién trong méi truong
khong khi, dic biét & khu vuc d6 thi, do tac dong cua nhiéu nguén phat sinh nhu giao
thong, cong nghiép, dét sinh khdi va s dung vat liéu tiéu dung. Dé truy vét ngudn
phat thai va xac dinh co ché phat tan, viéc danh gia mi tuong quan giira cac chat, két
hop véi phuong phap dinh ngudn dya trén ti sé dong phan, phan tich da bién va mé
hinh hoa thong ké 1 nhiing cong cu dugc ap dung rong rai trong cac nghién ctru moi
truong khong khi trén thé gidi.

a) PAHs

Dbi v6i PAHS, cac ti s6 dong phan nhu BaA/(BaA+Chr), Flu/(Flu+Pyr), hay
IcdP/(IcdP+BghiP) d3 duogc sir dung phd bién nhim phan biét gitra ngudn phat thai
tir giao thong (ddc biét 1a nhién liéu hoa thach) va ngudn sinh khéi. Vi du, gia tri
Flu/(Flu+Pyr) > 0.5 thuong chi ra ngudn ddt sinh khéi, trong khi gia tri thip hon goi
¥ ngudn tir xang dau. Ngoai ra, phwong phap phan tich thanh phan chinh (PCA), phan
tich nhéan t6 (FA), va mo hinh PMF (Positive Matrix Factorization) ciing da dugc ap
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dung dé xac dinh dong gdp tuong d6i ciia cac ngudn phat thai. Nhiéu nghién ctiru cho
thdy, & khu vuc d6 thi chau A nhu Bic Kinh, Jakarta hay Ha Noi, giao thong va dbt
nhién liéu gia dinh 13 hai ngudn chinh phat thai PAHs vao khong khi (Elzein va cs,
2020). Cac nghién ctru d3 str dung phén tich twong quan va cac chi s dong phan dé
xéc dinh ngudn phat thai cia PAHs trong khong khi. Vi du, mét nghién ctru tai Thai
Lan cho thiy nong d6 PAHs trong khong khi ting cao trong mua khéi mu, véi ngudn
phat thai chinh tir dot sinh khéi, giao thong va ddt than. Phan tich PCA va céac chi sb
ddng phan nhu Flu/(Flu+Pyr) va IcdP/(IcdP+BghiP) duoc st dung dé phan biét cac

ngudn nay.
b) PBDEs

PBDEs, chu yéu la tu nguén vat liéu tiéu dung nhu nhya, thiét bi dién tr va
vat li€u cach nhiét, thuong dugc xac dinh nguén thong qua phan tich mau bui két hop
v6i xac dinh con dudng phat thai vao khi quyén. Ti 18 giita cac ddng phan nhu BDE-
47, BDE-99 va BDE-209 c6 thé phan 4nh loai san phim thuong mai ban dau (Penta-
, Octa- hay Deca-BDE) tir d6 truy vét duoc ngudn phat sinh. Cac nghién ciru tai
Canada, My va chau Au da ching minh rang sy phan b6 khong gian ctia PBDEs trong
khong khi c6 mbi tuong quan manh véi mac d§ do thi hoa va mat d§ dan cu (Li va
cs, 2016). Trong diéu kién méi truong nhiét d6i am nhu Viét Nam, kha ning bay hoi
va phat thai ctia PBDEs tir thiét bi va rac thai dién tir c6 thé cao hon do nhiét do ting
cao quanh nam. Trong moi truong giao thong cong cong tai Hang Chau, Trung Qudc,
cac nghién ctru da xac dinh PBDEs chu yéu phat sinh tir vat li¢u ndi that nhu vo day
dién, nhya PVC va cao su. Phan tich PCA cho thdy BDE-209 1a ¢ong phan chiém wu

thé, phan anh ngudn phat thai tir vat liéu cach nhiét va thiét bi dién tur.
c) Phthalate

Phthalate dugc st dung rong rai nhu chit hoa déo trong nhya PVC va nhiéu
san pham tiéu dung, do d6, ngudn phat thai chinh ctia nhom chét nay 1a tir vat liéu
xay dung, dd ndi that, va chat thai ran sinh hoat. Dya trén ty 1¢ gitra cac phthalate nhu

DiBP/DBP hay DEHP/DnOP, c6 thé phan nao danh gia dugc ngudn gbc tir cong
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nghiép nhe, thiét bj nhua gia dung hay rac thai dién tir. Cac nghién ctru tai Han Qudc,
Nhat Ban va Thai Lan chi ra rang mirc do phthalate trong khong khi c6 thé ting cao
trong moi truong kin hodc tai cac khu vuc c6 hoat dong tai ché nhua quy md nhd
(Elzein va cs, 2019). Phan tich PCA két hop mé hinh PMF ciing duoc tng dung dé
phan biét gitra ngudn phat thai trong nha va ngoai troi, cho thiy dong gop dang keé

cua hoat dong trong nha trong téng luong phthalate phat tan ra moi trudng khi.

Méi twong quan giira cac nhom hop chét ciing cung cap thém thong tin dinh
tinh vé ngudn phat thai chung. Vi duy, twong quan cao giita PAHs va PBDEs trong
khong khi co thé phan anh ngu(‘A)n ddt rac thai dién tir hodc nhua. Trong khi do, mbi
lién hé giira phthalate va cac PAHs nhe nhu naphthalene c6 thé cho thdy ngudn phat
tur vat liéu tiéu dung hoac khi thai sinh hoat. Phan tich mbi twong quan va cum (cluster
analysis) 1a cong cu hitu ich dé boc tach cac nhom ngudn phét thai khac nhau dya
trén hanh vi phat tan twong dong giita cac hop chat. Nghién ctru tai Thuong Hai da
phan tich 16 hop chat phthalate trong PM2,s cho thdy DBP va DIBP chiém uu thé va
c6 twong quan manh véi nhau (r = 0,876). Nong d6 phthalate cao hon dugc ghi nhan
tai cac khu vuc dong dan cu va gan khu cong nghiép, v6i anh hudng rd rét tir diéu
kién nhiét do va d¢ am.

Tai mién Bac Viét Nam, nghién ciru da danh gia phan bd pha khi-hat va ngudn
phat thai cua phthalate va siloxane trong cac moi trudng vi mo nhu nha &, van phong
va xe hoi. Két qua cho thy cac hop chat c6 trong lugng phan tir thap nhu DMP va
DEP chu yéu ton tai & pha khi, trong khi DEHP va DnOP tip trung ¢ pha hat, phan

anh ngudn phat thai tir san pham tiéu dung va my pham.

Téng hop cac phuong phap phan tich ti sé ddng phan, mé hinh hoa théng ké
va phan tich mi twong quan di gop phan xéac dinh rd hon ngudn gdc va co ché phat
tan cac chat 6 nhiém hiru co trong khong khi. Viéc g dung nhiing phuwong phép nay
trong diéu kién Viét Nam, dic biét tai Ha Noi — noi ¢6 mat do dan cu cao va nhiéu
ngudn phat sinh tiém tang — 13 can thiét dé dua ra cac khuyén nghi chinh sach phu

hop, gbp phan kiém soat 6 nhiém khong khi mot cach hiéu qua va bén viing.
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1.5. Tong quan déanh gid phoi nhiém va rii ro sirc khée ciia PAHs, PBDEs vi
phthalate trong khong khi

a) PAHs (Polycyclic Aromatic Hydrocarbons)

Phoi nhiém qua hit thé: PAHs 13 nhém hop chat hitu co ban bay hoi, hinh
thanh chu yéu tir qua trinh d6t chay khong hoan toan céac vat lidu hitu co nhu than d4,
dau mo, gd va nhién liéu dong co. Trong khong khi, PAHs ton tai dudi dang pha khi
va bam trén cac hat bui min (PM2.5, PM10), tao diéu kién dé dang xam nhap vao hé
hé hap cta con ngudi. Mot nghién ctru tai Trung Qudc cho thiy phoi nhiém qua hit
thd 12 con duong chinh din dén rui ro ung thu phdi do PAHs, dic biét la
benzo[a]pyrene (BaP) M6t nghién ctru tai Trung Qudc cho thdy phoi nhiém qua hit
thd 1a con duong chinh din dén rii ro ung thu phdi do PAHs, dic biét 1a
benzo[a]pyrene (BaP)” (Wang va cs, 2012) dugc cong b trén tap chi Environmental
Science & Technology. Nghién ctru nay di danh gié rui ro ung thu phdi do phoi nhidm
qua hit th cac hop chit PAHs, bao gdm benzo[a]pyrene (BaP), tai khu vuc xir 1y rac
thai dién tir va khu vuc d6 thi & mién Nam Trung Qudc. Két qua cho thay phoi nhiém
qua hit thé 1a con duong chinh dan dén rui ro ung thu phéi do PAHs, dac biét 1a BaP.
Cu thé, s6 ca ung thu phéi vugt mic do phoi nhiém PAHs qua hit the dao dong tir
15,1 dén 1.198 ca trén mot triéu nguoi trong khu vuc xtr 1y rac thai dién tir va tir 9,3
dén 737 ca trén mot triéu nguoi trong khu vuc d6 thi. Ngoai ra, mdt nghién ctru khac
ctia Zhang va cs (2009) da str dung md hinh khi quyén dé uwéc tinh nong d6 PAHs
trong khong khi va danh gia rai ro ung thu phéi do phoi nhiém qua hit tho tai Trung
Quéc. Két qua cho thiy ty 1é mic ung thu phdi do phoi nhiém PAHs qua hit tho 1a
khoang 1,6% trong tong sb ca ung thu phdi tai Trung Qudc (Zhang va cs, 2009).

Nhitng nghién ciru ndy nhan manh tim quan trong ctia viéc kiém soat 6 nhiém
khong khi va giam thiéu phoi nhiém PAHs, dic biét 1a qua duong ho hap, dé bao vé
strc khoe cong dong

Phoi nhiém qua da: PAHs ¢ thé bam vao bui va bé mat da, dic biét & nhiing

nguoi 1am viée trong moi trudng cong nghiép hodc sdng gan cac ngudn phat thai. Mot
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s6 nghién ctru tai Trung Qudc di chi ra rang phoi nhidm qua da véi cac hop chét
hydrocarbon thom da vong (PAHs) c6 thé chiém ty 1é dang ké trong tong phoi nhiém
va, trong mot sd trudng hop, chi sb rui ro ung thu sudt doi (ILCR) qua da c6 thé cao

hon so véi phoi nhiém qua hit thd.

Vi du, mét nghién ctru tai thanh phd Hohhot cho thy ring phoi nhiém qua da
1a con duodng chinh dan dén rui ro ung thu do PAHs, déc biét trong bdi canh 6 nhiém
khong khi nghiém trong. Nghién ctru nay sir dung mé hinh ILCR két hop v6i phan
tich ngudn phat thai, cho thay ring ILCR qua da vuot ngudng riti ro cao (1 x 107%) &
hau hét cac nhom dan sb, ngoai trir tré em nam. Cac ngudn phat thai chinh bao gom

@bt than, khi thai cong nghiép va giao thong (Ji va cs, 2025).

Ngoai ra, mot nghién clru tai thanh phd Harbin da danh gia ILCR d6i véi ba
con dudng phoi nhidém: hit thé, dn udng va tiép xtc qua da. Két qua cho thiy ILCR
qua da va dn udng cao hon nhiéu so v6i qua hit thd, dic biét trong moi trudng bui
duong phd va dat. ILCR qua hit thé chi & mac 107° dén 10", trong khi ILCR qua da

va an ubng cao hon tir 4 dén 5 1an (Li va cs, 2023).

Mot nghién ctru khéc tai cac thanh phé Bic Kinh, Trinh Chau va Tan Huong
d4 st dung mo hinh ICRP va hé sb thim thiu da dé danh gia ILCR tir PAHs trong
khéng khi. Két qua cho thiy tai Tan Huong, ILCR qua da twrong dwong hodc cao hon

so v&i qua hit tho, dac biét ¢ tré em va nguoi 1on (Cao va cs, 2020).

Nhirng phat hién nay nhin manh tim quan trong ctia viéc xem xét phoi nhiém
qua da trong danh gia rii ro sitc khoe do PAHs, dic biét trong cac khu vuc 6 nhiém
khong khi nghiém trong. Viéc giam thiéu tiép xic qua da, chang han nhu thong qua
v¢ sinh cd nhan va s dung thiét bi bao ho, co thé 1a bién phdp hi€u qua dé gidm rui
ro strc khoe lién quan dén PAHs.

Riii ro sirc khée: Nhiéu hop chit PAHs d3 dugc chirng minh c6 ddc tinh cao,
dic biét 1a benzo[a]pyrene (BaP), mot chit duoc T chirc Y té Thé gidi (WHO) va
Co quan Nghién ctru Ung thu Qudc té (IARC) xép vao nhom 1 — chét giy ung thu

cho ngudi. Phoi nhiém 1au dai véi PAHs qua dudng ho hip c6 thé lam ting nguy co
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mic ung thu phdi, ung thu vi, cac bénh vé tim mach, suy giam chirc ning phdi va
hen suyén, dic biét & cac nhom dan $6 nhay cam nhu tré em, nguodi gia va phu nir
mang thai, r6i loan ndi tiét va anh huéng phat trién than kinh ¢ tré nhé (Fromme va
¢s, 2014). Phoi nhidm véi PAHs qua ho hap 1a con dudng chinh dan dén rui ro ung
thu ph6i. Mot nghién ctru tai Trung Qudc cho thiy gia tri Incremental Lifetime Cancer
Risk (ILCR) do hit phai PAHs vuot mirc an toan, dac biét tai cac khu vuc do6 thi cé
mat d6 giao thong cao (Duan va cs, 2014). Ngoai ra, phoi nhiém qua da ciing déng
vai trd quan trong. Mot nghién ctru tai tinh Ha Bic (Trung Qudc) chi ra rang ILCR
qua da c6 thé 16n hon so véi hit thd & nhitng khu vuc ¢6 mutc 6 nhiém cao (Chen va
cs, 2016). Phoi nhiém lau dai véi PAHs dugc ching minh ¢ thé gay ton thuong
ADN, dan dén cac bénh ung thu nhu ung thu phéi, ung thu v va ung thu bang quang
(WHO, 2016). Céac nghién ciru dich t& hoc tai Chau Au va chau A ciing chi ra mbi
lién hé gitra PAHs va ting nguy co ung thu v, ung thu phdi va suy giam chuc ning

hé6 hap (Bostrém va cs, 2002; Gamboa-Loira va cs, 2022).

Cac nghién ctu dich té hoc ciing chi ra mdi lién hé gitra PAHs va cac bénh
khéng ung thu nhu giam chic ning phdi, hen suyén, viém phé quan man tinh, va
bénh tim mach (Nwaozuzu va cs, 2021). Pac biét, tré em va phu nir mang thai la

nhém nhay cam hon do kha nang hép thu cao va hé mién dich chua hoan thién.
b) PBDEs (polybrominated diphenyl ethers)

Phoi nhiém qua hit thé: PBDEs 1a nhom chat chéng chay thuong duoc st
dung trong nhuya, dd dién tir, vat liéu xay dung, dét may va cac san phém gia dung.
Chuing c6 kha ning bay hoi hodc bi mai mon tir bé mit san pham, phat tan vao khong
khi, noi chiing c6 thé hap phu vao bui hodc ton tai & pha khi trong nha ciing nhu ngoai
trdi. Mot nghién ciru toan cau cho thy phoi nhiém qua hit thé va tiép xtic qua da déu
dong gop dang ké vao tong phoi nhiém PBDEs, véi ty 1 dong gop phu thudc vao loai
hop chat va diéu kién moi truong.

Mic du néng d6 PBDEs trong khong khi ngoai troi thuong thap hon PAH:s,

chiing c6 khd niing tich tu sinh hoc va gy phoi nhiém man tinh. Mot nghién ciru &
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Hang Chéu (Trung Qudc) cho thiy muc phoi nhiém PBDEs qua hit thé trong giao
thong cong cong cao hon so v6i khu dan cu, véi BDE-209 1a dong phan chiém uu thé
(Jin va cs, 2022). Phoi nhidm qua hit thd dwgc danh gia 1a dang ké trong cac méi

truong kin nhu van phong, 16p hoc va xe buyt.

Phoi nhiém qua da: PBDEs c6 thé bam vao bui va bé mit da, dic biét &
nhiing nguoi lam viéc trong moi truong cong nghiép hoic sdng gan cac ngudn phat
thai. Mot nghién ctru tai Han Qudc cho thiy phoi nhiém qua da chiém ty 18 16n trong
tong phoi nhiém PBDEs & tré em. Nghién ctru tai My cho thay viéc tiép xtic da véi
bui chtra PBDEs c¢6 thé gop phan khong nhé vao téng lwong phoi nhiém, dic biét &

tré em c6 hanh vi tiép xtic tay-miéng thudng xuyén (Stapleton va cs, 2008).

Riii ro strc khoe: Nghién ctru di chi ra rang PBDEs la chat gay r6i loan noi
tiét, anh huong dén chirc nang tuyén giap, phat trién hé than kinh va sinh san. Cac
nghién ctru dich t& hoc da tim thidy mdi lién hé giita phoi nhiém PBDEs va giam chi
s6 IQ & tré nho, ting nguy co ting dong giam chi y (ADHD) va cac van dé hanh vi
khac (Herbstman va cs, 2010). Mot nghién ctru tai thanh phd Guiyu (Trung Qudc)
cho thdy mirc phoi nhiém BDE-209 trong khong khi vurgt xa ngudng an toan, véi cac
rui ro lién quan dén rdi loan noi tiét, cham phat trién than kinh & tré em va ton thuong
hé thdng sinh san (Yang va cs, 2013). US EPA d4 danh gia mot s6 dong phan PBDEs
c6 kha ning gay ung thu & ngudi.. Mot sb ddng phan nhu BDE-47, BDE-99 va BDE-
209 dugc quan tam didc biét do tinh bén viing trong mdi truong va kha nang tich tu
sinh hoc cao. IARC di phan loai PBDEs vao nhom 3 — khong thé phan loai vé kha
ning gy ung thu cho ngudi do thiéu bang chimg rd rang.

Tac dong stc khoe khong gay ung thu ciia PBDEs bao gém: suy giam chirc
ning tuyén giap, giam chi s6 IQ, rdi loan hanh vi va ting nguy co sinh non (Linares
va cs, 2015). Dt liéu dich t& hoc cling cho théy tré nho co thé hép thu PBDEs qua
tiép xtic voi byi khong khi trong nha nhiéu hon ngudi 16n do dic diém hanh vi (nhu

bo, ngam tay).

c) Phthalate
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Phoi nhiém qua hit thé: Phthalate 1a nhom chit hoa déo duoc st dung phd
bién trong san xudt nhua PVC, vt liéu xay dung, dd choi, my phélm, bao bi thuc
pham va san pham tiéu dung khac. Trong diéu kién st dung va thoi tiét nhiét di nhu
& Viét Nam, cac hop chit phthalate c6 thé bay hoi va phat tan vao khong khi, dic biét
13 cac dang c6 trong lugng phan tir thp nhu diethyl phthalate (DEP), dibutyl phthalate
(DBP) va di(2-ethylhexyl) phthalate (DEHP). Céac nghién ctru dd ghi nhan ndng do
phthalate cao trong khong khi trong nha va noi lam viéc, dac biét la DEHP va DBP,
chu yéu ton tai ¢ pha hat (PM2.5). Mot nghién ctru tai Thuong Hai cho thiy hit tho
1a con duong phoi nhiém chinh, véi ILCR dbi voi DEHP vuot muc che‘ip nhan duoc

theo tiéu chuan cua EPA (Chen va cs, 2014).

Phoi nhiém qua da: Phthalate co thé hap thu qua da tir khong khi trong nha,
dic biét 1a cac hop chat nhu DEP va DnBP. Nghién ctru cho thiy phoi nhidm qua da
c6 thé dong gop dang ké vao tong phoi nhiém phthalate, dic biét khi tiép xtc véi
khong khi trong nha c6 ndng d6 cao. Mot nghién ciru tai Dirc cho thay tiép xuc da
dong gop dang ké vao tong lwong phoi nhidm phthalate, dic biét 14 DEP va DBP
(Fromme va cs, 2013). Tré nho va phu nit mang thai 1a nhém dé bi anh hudng do dic

tinh sinh ly va tan suat tiép xuc cao.

Riii ro sirc khoe: Mot nghién ciru gan day ciia NYU Langone Health da phat
hién ring phoi nhiém véi DEHP c¢6 lién quan dén 356.238 ca tir vong do bénh tim
mach trén toan ciu vao nim 2018, dic biét & nhom tudi 55-64 . DEHP c6 thé gay
viém dong mach tim, tdng nguy co dau tim va dot quy. Ngoai ra, phthalates con dugc
biét dén 1a cac chat gay rdi loan noi tiét, anh huong dén hormone sinh san, chirc ning
sinh tinh va phat trién sinh duc & nam gi¢i. Mot s6 nghién ciru di chi ra phthalate co
thé gy giam testosterone, anh hudng dén phat trién thai nhi va ting nguy co di tat
bam sinh (Swan va cs, 2005). Mot sé hop chat nhu DEHP di dugc xép vao nhém
nghi ngod gay ung thu cho nguodi (IARC nhom 2B). Mot nghién ctu tai Ha Noi
(Vietnam) phét hién ndng 6 DEHP va DBP trong khong khi trong nha cao déng ke,

gay ra rui ro stc khoe 1au dai cho nguoi dan, dac biét 1a phu nit va tré em (Anh va cs,

60



2020). Trén thé gi6i, Fromme va cs (2014) cho thiy gia tri ILCR do DEHP va BBP

c6 thé vuot mirc an toan tai cac khong gian kin (Fromme va cs, 2014).

Céc rui ro sire khoe khong gay ung thu do phthalate bao gom: rdi loan noi tiét,
giam kha ning sinh san, di tat thai nhi, anh huéng téi phat trién hé than kinh & tré nho
(Swan va cs, 2005; Atsdr, 2017). Nghién ctru dich & cling phat hién mbi lién hé giira

phthalate va ting nguy co béo phi, tiéu duong loai 2 va bénh hen suyén.

Dudi day la bang tong hop rui ro khong gay ung thu qua hit thé dbi véi cac
nhom chiat PAHs, PBDEs va phthalate trong khong khi:

Nhém |Hop chit ticu| Rec | Nongdedienhinh o b ard o
chit bidu (ng/m’) trong khong khi dé Quotient) Ghi chu
thi (ng/m?)
Vuot RfC, anh

PAHs || Naphthalene 3,0 5,20 1,73 huéng hé ho hip &
than kinh

Gay r6i loan tuyén

PBDEs BDE-47 0,1 0,15 1,50 giap, giam phat trién
than kinh

Gay 1di 1 o tiét

Phthalate|  DEHP 3.0 4,50 1,50 Ay Tor foan ot e,

anh hudng sinh san

HQ > 1 cho thiy c6 rti ro khong giy ung thu déng ké theo danh gia ciia US EPA

Két ludn tong quan: Cac ddi twong nghién ctiru PAHs, PBDEs va phthalate 1a
rat d4ng quan tim. Chung cé trong moi trudng véi ham luong khac nhau va gy anh
hudng t6i strc khoe con ngudi. Trén thé gidi, dd c6 nhiéu nghién ctru vé sy phan bd
ciia PAHs, PBDEs va phthalate trong mdi truong dat, nude va khong khi. O Viét
Nam, d4 c¢6 mdt s6 nghién ctru vé PAHs, PBDEs va phthalate riéng 1¢é trong moi
truong dét, nudce va khong khi. Tuy nhién, cdc nghién clru méi tip trung tai mdt khu
vuc theo khong gian rong, cac nghién ctru theo chiéu cao chua tim duoc cong bo.

Trong méi trudng khong khi di c6 mot sd cong b vé PAHs, PBDEs va phthalate

61



trong khong khi trong nha, khong khi khu tai ché, khong khi khu vuc giao thong va
trong pha bui.

C6 2 phuong phép lay mau PAHs, PBDEs va phthalate 1a hit cha dong va hép
phu thu dong (PAS). Trong khi PAHs c6 thé phan tich trén may sic ky 10ng thi PBDEs
va phthalate chi yéu phan tich trén méy sac ky khi. PBDEs c6 thé phan tich trén GC-
ECD va GCMS thi phthalate chu yéu chi phan tich trén GC-MS.
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CHUONG 2. PHUONG PHAP NGHIEN CUU VA THUC NGHIEM
2.1. Péi twong va pham vi nghién ctru
2.1.1. Péi twong nghién civu

Hai muoi bén hop chit PAHs, 7 hop chiat PBDEs va 10 hop chit phthalate duoc
phan tich trong cidc mau khong khi xung quanh thu tai khu vire Ha Noi. Thong tin chi
tiét cac hop chat nghién ctru dugc chi ra ¢ Bang 2.1.

Bang 2.1. Cac hop chit PAHs, PBDEs va phthalate trong nghién ctru

Khbi
STT | Ky hi¢u Tén goi Csl?ﬁg;'t‘gc h:;;:llgv
phan twr
(g/mol)
PAHs
1 | Ace Acenaphthene Ci2Hio 154
2 | Acy Acenaphthylene Ci2Hs 152
3 | Ant Anthracene CisHio 178
4 | BaA Benzo(a)anthracene CisHiz 228
5 | BbF Benzo(b)fluoranthene CaoHi2 252
6 | BjF Benzo(j)fluoranthene CaoHi2 252
7 | BKF Benzo(k)fluoranthene CaoHi2 252
8 | BghiP Benzo(g,h,i)perylene CaoHiz 276
9 | BcP Benzo(c)phenanthrene CisHiz 228
10 | BaP Benzo[a]pyrene CaoHi2 252
11 | BeP Benzo[e]pyrene CaoHi2 252
12 | Chr Chrysene CisHiz 228
13 | DahA Dibenzo(a,h)anthracene CxoHis 278
14 | DahP Dibenzo[a,h]pyrene CoaHis 302
15 | DaiP Dibenzo[a,i]pyrene CasHi4 302
16 | DalP Dibenzo[a,l]pyrene Cas4Hi4 302
17 | DaA 7,12-Dimethylbenzo(a)anthracene CaoHis 256
18 | Flt Fluoranthene CisHio 202
19 | Flu Fluorene CizHio 166
20 | IcdP Indeno(1,2,3-cd)pyrene CxHiz 276
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Khoi
STT | Ky higu Tén goi Csl?ﬁgnﬂt‘gc h;i:llgv
phan twr
(g/mol)
21 | McA 3-Methylcholanthrene Co1Hisg 268
22 | Nap Naphthalene CioHs 128
23 | Phe Phenanthrene CisHio 178
24 | Pyr Pyrene CigHio 202
PBDEs
1 |BDE28 | 24,4 -Tribromodiphenyl ether Ci2H7B130 | 406,895
2 | BDE47 | 22" 4 4 -Tetrabromodiphenyl ether C12HeBrsO | 485,79
3 |BDE99 |2,2'4,4" 5-Pentabromodiphenyl ether C12HsBrsO 564,7
4 | BDE 104 | 2,2' 4 4' 6-Pentabromodiphenyl ether C12HsBrsO 564,7
5 | BDE 153 | 2,2'4,4'5,5'-Hexabromodiphenyl ether C12H4Br6O 643.,6
6 | BDE 154 | 2,2'4,4'5,6'-Hexabromodiphenyl ether C12H4BrsO 643,6
7 BDE 183 | 2,2°,3,4,4’,5’,6-Heptabromodiphenyl ether C12H3Br70 722,5
Phthalate
1 | DMP Dimethyl phthalate C10H1004 194,18
2 | DEP Diethyl phthalate C12H1404 222,24
3 | DBP Di-n-butyl phthalate Ci14H1404 278,34
4 | DiBP Di-isobuthyl phthalate C16H2204 278,34
5 | BzBP Benzylbutyl phthalate Ci19H2004 312,37
6 | DnHP Di-n-hexyl phthalate C20H3004 334,45
7 | DnOP Di-n-octyl phthalate C24H3804 390,56
g8 | DPP Dipropyl phthalate C14H15804 250,29
9 | DCHP Dicyclohexyl phthalate C20H2604 330,42
10 | DEHP Di-(2-ethyl)hexyl phthalate C24H3504 390,56

2.1.2. Pham vi nghién curu

Céc ngudn 6 nhidém chinh cta PAHs 14 tir cac hoat dong dbt sinh khéi, nhién
liéu hoa thach, dong co dbt trong, dun nau gia dinh, san xuat nhua duong, héc in va
cac ngudn khac. PBDEs dugc sir dung chii yéu lam chit chong chdy, trong vat liéu

dién, dién tr, dd noi that, vat liéu xay dung, phuong tién giao théng, bao bi vat liéu
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bang nhya. Phthalate duoc st dung lam chat déo hoa c6 trong nhiéu san pham tiéu
dung va cong nghi€p nhu vat liéu nhua, dd gia dung noi that, san phém cham soc ca
nhan, san pham y t& bang nhya. Do d6, dé danh gid mic d6 6 nhiém va ngudn 6
nhidm cua cac nhém chat nay, mau khong khi xung quanh duoc thu thap tai cac dia
diém thudc khu dan cu dong dac va khu vuc canh duong giao thong thudc Ha noi.
Céc dia diém 14y mau bao gdm: khu vyc trung tim tai cac diém trong quan Ba Dinh,
Hai Ba Trung; khu vuc quan mdéi nhu Long Bién, Hoang Mai, Thanh Xuan, Dong
Anh, Bic va Nam Tir Liém. Cac miu duoc léy theo khu dan cu va khu vuc canh
duong giao théng dé danh gia phan bd PAHs, PBDEs va phthalate theo khong gian
rong. Panh gia phan bd PAHs, PBDEs va phthalate theo chiéu cao duoc lay tai tang
1 va cac téng theo do cao cua toa nha chung cu The Pride 1a vi tri canh truc duong
giao thong 16n di vao trung tim ctia Ha Noi. Thong tin cu thé ciia miu khong khi
xung quanh va dia diém thu miu dugc trinh bay trong Bang 2.2.

Bang 2.2. Tong hop thong tin dia diém va thoi gian 1dy mau

Khu Thoi gian lay mdu PAHs va | Thoi gian lay
vue Vi tri lay Toa dé Ky PBDEs mau phthalate
maiu A hi¢u . B Sé
Tw Pén .
ngay
o , R3.1 |16/5/2021- | 06/6/2021 | 21
LoDuc | 3828 Doc | 105°51'27.2" | R3 5 [05/12/2021 |26/12/2021 | 21
(Khu | Tho Lao, Lo E; R33 | 5/82022 |26/82022 | 21 18/8/2022
dancw) | DPuc  |21°0040.8"N | R33 L5
R3.4 | 3/12/2022 |24/12/2022 | 21 04/01/2023
Kim R4.1 | 16/5/2021 | 06/6/2021 | 21
M 105°48'48.6"
i 477/28/19 iy R4.2 |05/12/2021 |26/12/2021 | 21
(Khu KimMa | o0 s 7y | R4.3 | 5/8/2022 | 26/8/2022 | 21 19/8/2022
déin cw) R4.4 | 3/12/2022 |24/12/2022 | 21 05/01/2023
Linh | NhaTién, | |gsosyign R2.1 | 16/5/2021 | 06/6/2021 | 21
Nam | 952Nam | Hgosgosny |R2:2|05/12/2021 |26/12/2021 | 21
(Khu | Du, Linh R2.3 | 5/8/2022 | 26/8/2022 | 21 18/8/2022
dén cu) Nam R2.4 | 3/12/2022 |24/12/2022 | 21 04/01/2023
Long 154258 | | oos iy g R5.1 | 16/5/2021 | 06/6/2021 | 21
Bién Bic Ciu, e R5.2 [05/12/2021 [26/12/2021 | 21
(Khu | Ngoc Thuy, | 5 o) ns qny | R5.3 | 5/8/2022 | 26/8/2022 | 21 19/8/2022
dan cu) | Long Bién R5.4 | 3/12/2022 [24/12/2022 | 21 05/01/2023
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‘ TI.1 | 16/5/2021 | 06/6/2021 | 21
Tang 1, 1 105°45'25.6" | 1175 |05/12/2021 |26/12/2021 | 21
Chung cu E;
The Pride | 20°5818.1"N | TL:3 | 5/8/2022 | 26/8/2022 | 21 16/8/2022
T14 | 3/12/2022 |24/12/2022 | 21 02/01/2023
‘ F8.1 | 16/5/2021 | 06/6/2021 | 21
C{lang 8, 105"4]5'25-6" F8.2 |05/12/2021 |26/12/2021 | 21
ung cu ;
The Pride  |20°58' 8 1"\ | F8:3 | 5/8/2022 | 26/8/2022 | 21 16/8/2022
F8.4 | 3/12/2022 |24/12/2022 | 21 02/01/2023
Ha | Tingl5, F15.1 | 16/5/2021 | 06/6/2021 | 21
Déng Cﬁung.cu 10574525.6% | P15 105/12/2021 |26/12/2021 | 21
(;?:l‘: ThePride | gy LF153 | 5/82022 | 26/82022 | 21
; .
thong) | F15.4 | 3/12/2022 |24/12/2022 | 21
Tang 27, F27.1 | 16/5/2021 | 06/6/2021 | 21
%Illurll)g.zu 105 4525-6 F27.2 |05/12/2021 |26/12/2021 | 21
e Pride 5
Soesgig 1N | F273 | 5/8/2022 | 26/8/2022 | 21 17/8/2022
F27.4 | 3/12/2022 |24/12/2022 | 21 03/01/2023
Ting 37, F37.1 | 16/5/2021 | 06/6/2021 | 21
%Illurlljg'zu 105°45'25.6" | F37.2 |05/12/2021 |26/12/2021 | 21
e Pride E;
Soosgiys vy |F3T3 | 5182022 | 26/8/2022 | 21 17/8/2022
F37.4 | 3/12/2022 |24/12/2022 | 21 03/01/2023
cé T3.1 | 16/5/2021 | 06/6/2021 | 21
Nhue | s | 105°4642.0" | 732 |05/12/2021 |26/12/2021 | 21
(Khu Nhué B 133 | 5/82022 | 26/8/2022 | 21 19/8/2022
giao 21°04'09.7"N
thong) T3.4 | 3/12/2022 |24/12/2022 | 21 05/01/2023
N RI.1 | 16/5/2021 | 05/6/2021 | 21
Te | LKI-QL2,
(| OLK74, | 105°4339"E; | R12_|05/12/2021 |25/12/2021 | 20
Kh BicAn  |21°00'59.3"N | R1.3 | 6/8/2022 | 27/8/2022 | 21 18/8/2022
u ,
dincy) | hdnh R1.4 | 3/12/2022 |24/12/2022 | 21 | 04/01/2023
Nam Al Neuva 21
Tir | e | 105°45'58.7"
Liém E; R7 | 3/12/2022 |24/12/2022 20/8/2022
Nam Tur onAt "
(Khu Lo U 2170212,
din cu)
A Chung cu 21
3‘;“5 Intracom | 105°49'41.1"
riverside, E; R6 | 3/12/2022 |24/12/2022
(Khu | vinh Ngoc, |21°0647.0"N
dén cu) Doéng Anh
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Pong T2.1 | 16/5/2021 | 06/6/2021 | 21

Anh | Nha Vinh, | 105°51'56.1" | T2.2 |05/12/2021 |26/12/2021 | 21

(Khu | Cho Kim, E; 123 | 5/82022 | 26/82022 | 21 20/8/2022
jao | Pong Anh | 21°10'41.1"N

g

thong) T2.4 | 3/12/2022 (24/12/2022 | 21 06/01/2023

Trong d6: R: Mau khi 14y ¢ khu vuc dan cu; T: Mau khi 1dy & khu vuc giao thong;
F: Méu khi 14y theo d6 cao

2.2. Phuwong phap nghién ciru

2.2.1. Phwong phdp téng quan tdi liéu

Luan van st dung phuong phép thu thap, ké thira sd liéu, dir liéu tir cac tai liéu
trong nudc va qudc té lién quan dén hién trang, tinh chét, doc tinh, ngudn gdc phat
sinh, su lan truyén trong méi trudng cia cac hop chit nghién ciru PAHs, PBDEs va
phthalate trong khong khi. Tham khao cac phuong phap ldy mau, chiét tach, phan
tich mau, tong hop sd liéu diéu tra, khao sat va phan tich két qua. Cac mo hinh danh
gia trong quan va xac dinh ngudn phat thai, cac phuong phap danh gia phoi nhiém

va rui ro sttc khoe lién quan dén cac hop cht nghién ctru.
2.2.2. Phwong phap thwc nghiém

- Panh gia quy trinh phan tich PAHs, PBDEs va phthalate bang ki thuit GC-
MS. Qua trinh d4nh gia bao gdm céc ndi dung sau:

+ Khdo sat, xdy dung duong chuan dé dinh lugng PAHs, PBDEs va phthalate
trén thiét bi GC-MS

+ Xac dinh gia tri gidi han phat hién va gidi han dinh luong cua phuwong phéap
(MDL va MQL).

+ X4c dinh d6 ding (thong qua do thu hdi) va do lip lai cua phuwong phép bang
cach phan tich mau thuc té va mau thuc té thém chuén.

- Thu thap mau va phén tich ham luong ciia cac nhém chat PAHs, PBDEs va

phthalate trong khong khi xung quanh theo khu vuc phan bd, theo mua va theo do

cao tai Ha Noi.
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+ Liy miu theo mua va theo khong gian (theo chiéu rong va chiéu cao) dé

phan tich PAHs, PBDEs va phthalate trong khong khi xung quanh Ha Noi.

+ Phan tich ham lugng PAHs, PBDEs va phthalate trong mau khong khi xung
quanh tai Ha Noi bang phuong phap da thim dinh.

2.2.3. Phwong phdp tinh todn va xiv ly so liéu

Trong luan 4n nay, dinh lugng cac chit phan tich bang phan mém chuyén dung
ctia hang Agilent, x{r 1y s6 lidu bang cach sir dung phén tich théng ké sir dung Phan
mém théng ké Minitab 18® (Minitab LLC., State College, PA, USA) va Microsoft
Excel (Microsoft Office 365). Phan mém théng ké SPSS ctia IBM (phién ban 23,
IBM, Hoa Ky) va phan tich thanh phan chinh (PCA) ciing dugc str dung dé phan tich
thong ké.

2.2.4. Phwong phap chuyén gia

Cac két qua duoc dugc tong hop, bao cdo tai hoi thao chuyén mon. Céac gdp ¥

duoc trao ddi, téng hop va chinh stra dé hoan thién bao céo.
2.3. Thuc nghi¢m

2.3.1. Hod chdt, dung cu va thiét bj
2.3.1.1. Héa chit

-Cac dung moi: dichloromethane 99%, n-hexane 99%, acetone 99%, decane
99%, tinh khiét phan tich GC grade, ctia hang Merck KGaA (Darmstadt, Germany).

- Céc mubi: NaCl tinh thé 99% tinh khiét phan tich, Merck KGaA (Darmstadt,
Germany). Na;SO4 khan tinh khiét phan tich (Sanchun Chemical Co., Gyeonggi-Do,
Korea). Na2SO4 dugc 1am kho bang cach nung & < 400 °C trong 4 gio, dé nguodi trong
binh hit 4m va bao quéan trong chai thay tinh c6 lap teflon.

2-Fluorobiphenyl 0,2 mg/mL cta Accustandard, My. Bao quan ¢ nhiét 46 2 -
8 °C, trong lo thuy tinh t6i mau. Han str dung theo nha san xuat.

Than hoat tinh kinh c& 20-40 mesh, Sigma-Aldrich, M¥.
a) Cdc héa chdt phan tich PAH:s:
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- Dung dich chuan PAHs: Chuin gc PAHs 1a chuan Method 8270B-PAH Mix
(M-8270-13-ASL) cua hing Accustandard c6 thé tich 2.0 mg/mL trong dung méi
Dichloromethane:benzene (50:50). Chudn nay dugc pha lodng 10 lan bang dung méi
dichloromethane:benzene (50:50) dé bao quan va sir dung. Chuén 1am viéc cia PAHs
duoc pha nong do 10 mg/L trong n-hexane dé sir dung, dugc bao quan 1 thang.

Dung dich chuian dong hanh gbc: Chuin gbc (ASM-182) cua hing
Accustandard c6 thé tich 13 1 mL pha trong dichloromethane:carbon disulfide (4:1)
c6 nong do nhu sau: Acenaphthene-d10: 4 mg/mL, chrysene-d12: 4 mg/mL, 1,4-
dichlorobenzene-d4: 4 mg/mL, naphthalene-d8: 4 mg/mL, perylene-d12: 4 mg/mL,
phenanthrene-410: 4 mg/mL. Dung dich nay dugc pha lodng 10 1an bang dung dich
dichloromethane:carbon disulfide (4:1) dé bao quan (1 nim) va sir dung.

Dung dich chuan dong hanh lam viéc: Pha dung dich c6 ndng d6 25 pg/mL
trong n-hexane dé str dung, duoc bao quan trong 1 thang.

- Dung dich ndi chuén ciia PAHs: Str dung dung dich chuan dong hanh Method
8270 — Internal Standard (M-625-09) ciia hang Accustandard c6 thé tich 1a 1 mL pha
trong Dichloromethane:Methanol (80:20) c6 ndng d6 nhu sau: p-Terphenyl-d14: 500
pug/mL. Dung dich chudn ndy dugc pha lodng 10 1ian bang dung dich
dichloromethane:methanol (80:20) dé bao quan (1 nim) va st dung.

Dung dich n6i chuin 1am viéc: Pha dung dung dich ndi chuin c6 néng do nhu
sau: p-Terphenyl-d14: 10 pg/mL, trong dich moéi n-hexane, dugc bado quan trong 1
thang.

b) Cdc héa chit phan tich PBDEs:

- Chuan gbc PBDEs: 1a chuan PBDEs-mix 1 (DRE-A50000443TO) cua hing
LGC c6 thé tich 100 mL v6i nong d6 1 5 pg/mL trong dung mdi Toluene. Chuan nay
duoc st dung ludén va bao quan trong 1 nam

- Chét chuan déng hanh cia PBDEs: st dung hop chat 2,2'3,4.4'5'6-
Heptabromodiphenyl Ether 13C12, 5 pg/mL, hang LGC Standard, Anh.

- Chat ndi chuan 2,4.4"-Tribromodiphenyl Ether 13C12, 5 pg/mL, hing LGC
Standard, Anh.
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¢) Cdc héa chat phén tich Phthalate

- Chuan gdc hdn hop phthalate gdm: Dimethyl phthalate (DMP), diethyl
phthalate (DEP), dipropyl phthalate (DPP), diisobutyl phthalate (DiBP), benzyl butyl
phthalate (BzBP), di-n-hexyl phthalate (DnHP), di(2-ethylhexyl) phthalate (DEHP),
di-n-octyl phthalate (DnOP), dicyclohexyl phthalate (DCHP) va di-n-butyl phthalate
(DBP) véi d6 tinh khiét >98% ctia hing Sigma-Aldrich (MO, Hoa ky).

- Bay chit dong hanh deuteri (d,~-DMP, ds-DEP, d,~-DPP, d,-DiBP, ds-DnHP,
ds-BzBP, va d-DEHP) voi d6 tinh khiét >99%, ctia hing Dr. Ehrenstorfer (Duc),
duoc st dung lam chat dong hanh.

- Chat chuan noi chuan gdc: Benzyl benzoate 100 pg/mL cua Accustandard, M.

- Chét chuan ddng hanh gdc: 2-Fluorobiphenyl 100 pg/mL ctia Accustandard, M.

- Cach pha dung dich chuan chuan va chit dong hanh:

Dung dich chuén phthalate nong do 1000 pg/mL: pha 10 mg chit chuin gbc
voi 10 mL n-hexane, thu dugc dung dich phthalate chuén c6 néng d0 chinh xac tinh
theo do tinh khiét. Tir dung dich chuan nay, tién hanh pha loing bang n-hexane theo
cac ty 1é khac nhau dé thu dugc cac dung dich phthalate chudn c6 ndng do nhé hon
dung trong nghién ctru.

Dung dich chat d6ng hanh va noi chuan c6 nong d6 10 pg/mL: hat 1 mL chat
ddng hanh, ndi chuin phthalate gdc roi pha thanh 10 mL sir dung dung méi n-hexane.
Céc dung dich dugc ghi rd nhan mac va bao quan ¢ -5°C trong tu lanh.

2.3.1.2. Thiét bi va dung cu
- Hé thdng sac ky khi (GC7890B) két ndi voi detector khbi pho (MS-5977B)
cua hang Agilent Technologies, Hoa ky;
- Cot mao quan BD-5MS (30 m x 0,25 mm i.d. x 0,25 pm);
- Cot mao quan HP-5MS (30 m x 0,25 mm i.d. x 0,25 um);
- Bom tiém Hamilton 10 uL vach chia 0,2 uL; 100 pL vach chia 1 pL;
- Hé chiét Soxhlet, Berh, Duc;
- Heé théng cat quay chan khong Buchi R-210, Marshall Scientific, Thuy Sy
- May lic Orbital Shaker-SSM1;
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- Can phan tich (d6 chinh xac 0,01mg);
- BO théi khi nitrogen;
- Cac dung cu thuy tinh thong thuong va dung cu, vat liéu phu tro khac;
- May bom hut tbe do thép (LP-7, A.P. Buck Inc, Orlando, FL, Hoa ky);
- Ong polyurethane foam (ORBO-1000 PUF c6 duodng kinh trong 2,2 cm va
chiéu dai 7,6 cm cua hing Supelco (Bellefonte, PA, Hoa ky);
- Dia xdp polyurethane (PUF) [14,0 cm (duwdng kinh) x 1,35 cm (day)] cua Tisch
Environmental, Cleves, OH, Hoa Ky.
- Ong thuy tinh (ctia hing ACE glass, dudng kinh trong 2.2 cm va chiéu dai 25 cm);
- Mang loc thach anh ctia haing Whatman, kich thuéc 16 2,2 pm va duong kinh
ngoai 32 mm);
- Hop chira mang loc bang teflon (hang Supelco, PUF filter cartridge assembly).
2.3.2. Nghién ciru phwong phdp ldy mau khong khi xung quanh
2.3.2.1. Phurong phdp ldy mau khéng khi xung quanh dé phan tich PAHs va PBDEs
PAHs va PBDEs trong khong khi dugc 14y theo phuong phap hap phu thu
dong (PAS) trén dia x6p polyurethane (PUF) [14,0 cm (dudng kinh) x 1,35 cm (day)].
Trude khi 14y mau, dia PUF duogc lam sach bang cach siéu 4m véi axeton trong 30
phut va sau d6 sdy kho & 60°C trong tu sdy trong 4 gio. Pia PUF duoc dua vao thiét
bi PAS va treo ¢ vi tri cach tuong khoang 1,5 m. Nam muoi tim mau khong khi xung
quanh duoc thu thap tir 16 vi tri (trong d6 14 vi tri 1dy 4 mau/vi tri gdm: 2 mau mua
kho va 2 mau mua mua; riéng 2 vi tri chi léy dugc 1 dot mua kho) trong khu vuc ndi
thanh Ha Noi tir thang 5 ndm 2021 dén thang 12 ndm 2022 (Bang 2.2). Cac mau duoc
thu thdp trong khodng thoi gian 21 ngay. Sau khi thu thap, PUF dugc boc trong 14
nhém, giit trong hop d4 va chuyén dén phong thi nghiém. Mau dugc phan tich ngay
hoac bao quan ¢ -20°C trong tu dong khong qua 15 ngay.
2.3.2.2. Phwong phdp ldy mdu phén tich khéng khi xung quanh dé phan tich phthalate
Mau phthalate trong khong khi dugc chia lam hai pha gom: pha hat va pha hoi.
Céc phthalate trong pha hat duoc thu giit trén mot mang loc bang thach anh, con trong

pha hoi duoc thu giir trén hai 6ng polyurethane foam (PUF).
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Hap TefMon Ong polyurcthane fomm

= ;— - ‘\\'_\

Alang lgc thach anh hing Whatmasn
My bom hat tdée 4 thiap Kich thrde 1: 2.2 pm

Hinh 2.1. Dung cu thu mdu khong khi

Mang loc thach anh ctia hing Whatman, kich thuéc 16 2,2 pm, duong kinh
ngoai 37 mm) dugc 1am sach bang cach chiét lic voi 5 mL hdn hop dichloromethane
va n-hexane (ty 1& 3:2 vé thé tich) va lic trong 5 phit, lap lai 3 1an (Hinh 2.1.). Mang
loc sau khi da chiét bang dung médi duoc siy ¢ 350°C trong 20 gid, sau d6 dé ¢ 100°C
cho dén khi sir dung. Trudc va sau khi thu mau, mang loc thach anh da dugc can (sir
dung cén phan tich, sai s6 0,01 mg) nham xac dinh lugng hat bui thu dugc tir trong
khong khi. Hai dng polyurethane foam (PUF) (dudng kinh trong 2,2 cm va chiéu dai
7,6 cm) dugc 1am sach bang cach chiét lic v6i hdn hop dichloromethane va n-hexane
(ty 18 3:2 vé thé tich), 1an mot st dung 100 mL hdn hop dung méi va 1an hai véi 80
mL, mdi 1an lic & tbc d6 250 vong/phut trong 20 phut.

Hé théng thu miu khong khi duge ghép bai hai dng PUF giit trong mot
dng thuy tinh (dudng kinh trong 2,2 cm; chiéu dai 25 cm) va mang loc thach anh
chira trong mot hop bang Teflon gin & mot dau dng thuy tinh da chira hai 6ng

PUF, dau con lai ciia dng thiy tinh ndi v6i bom hiit mau khong khi. Hé thu mau
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khong khi dat cach san ¢& 1m. Dong khong khi dugc hut qua mang loc thach anh va
hai dng PUF nhd mot bom tde d6 thap véi toc do dong 4 lit/phit, trongkhoang thoi
gian 24 tiéng (qua dém). Mdi miu khong khi (bao gdm ca PUF va mang loc thach

anh) 6 tong thé tich & mdi dia diém 1a 5,76 m? va duogc giit & -18°C.

2.3.3. Phurong phdp xir Iy mau khéng khi xung quanh dé phan tich PAHs, PBDESs vd
phthalate
a) Xur Iy mau dé phan tich PAHs va PBDEs

Mau PAHs va PBDEs trong dia PUF dugc cudn lai va dat vao 6ng nhé
(thimble), sau d6 dit vao thiét bi chiét Soxhlet. Thém 10 gam Na2SO4 vao dng chiét.
Thém 250 ng chét chuan dong hanh (bao gém acenaphthene-d10, phenanthrene-d10,
1,4-Dichlorobenzene-d4, perylene-d12 va 2,2',3,4,4',5' 6-Heptabromodiphenyl Ether
13C12) vao méu. Qua trinh chiét Soxhlet dugc thyc hién bang cach st dung 350 mL
hdn hop acetone:n-hexane (1/1; v/v) trong 16 gid. Dung dich chiét dugc ¢6 dic bang
hé cét quay chan khong dén khoang 5 mL & nhiét d§ 40°C. Budc 1am sach dugc thyc
hién biang cot nhdi chira 10 gam silica gel va than hoat tinh (9/1; w/w). Cac chét phan
tich duoc rira giai bang 60 mL hdn hop n-hexane:DCM (3/1; v/v). Dung dich rira giai
duoc 1am bay hoi dén ~ 3 mL va chuyén vao dng thuy tinh. Thém 100 ng chit noi
chuén va 1 mL decane vao dung dich, sau d6 c6 vé thé tich 1 mL dé phan tich PAHs
va 0,1 mL dé phan tich PBDEs dudi dong khi nito nhe. Dung dich cudi cung dugc
chuyén vao lo (vial) dé phan tich trén may GC-MS.

b) Xir Iy mAu dé phan tich Phthalate:

Chét phan tich trong pha hat thu giit trén mang loc thach anh, trude khi tién
hanh chiét chat phan tich, 300 ng chat chuin déng hanh 2-Fluorobiphenyl dugc thém
vao mau. Mau dugc chiét véi 5 mL hdn hop dichloromethane (DMC) va n-hexane (ti
1¢ 3:2 vé thé tich) trong 5 phut. Qué trinh chiét dugc 13p lai thém hai 1an. Toan bo
phan dich chiét duge chuyén sang éng nghiém nhé 15 mL va dich chiét dugc lam bay
hoi dung méi bang dong khi nito dén thé tich chinh xac 1 mL dé tién hanh phan tich
sic ky.
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Chét trong pha hoi thu giit trén hai dng polyurethane foam (PUF): 300 ng chat
ddng hanh 2-Fluorobiphenyl dugc thém vao 2 dng PUF. Tién hanh chiét 1an mot véi
100 mL hdn hop DCM va n-hexane (ti 1& 3:2 vé& thé tich) va 1an 2 véi 80 mL hdn hop
dung mdi trén. Mdi 1an chiét, mau déu duoc lic trén may Orbital Shaker-SSM1 véi
tdc 6 250 vong/phut trong 20 phat. Toan bd dich chiét dugc cd quay chan khong dén
khoang 10 mL, rdi chuyén sang lo thity tinh (15 mL), thém chat noi chudn va lam bay
hoi dung mdi bang khi nito dén thé tich chinh xac 1 mL. Cudi cung, chuyén dich da
co dac sang lo 1,5 mL dé tién hanh phan tich trén thiét bj GC-MS.

2.3.4. Nghién cwu danh gia quy trinh phdn tich PAHs, PBDEs va phthalate trong
méu khéng khi xung quanh bang ki thudt GC-MS

Quy trinh phan tich PAHs, PBDEs va phthalate trong mau khong khi xung quanh trén
GC-MS duoc danh gia trén co so cac diéu kién phan tich nhu sau:

a) Céac diéu kién phan tich PAHs va PBDEs trén thiét bi GC-MS:

May sic ky khi (GC) Agilent Technologies 8890B két ndi v6i phd khdi 5977C
(MS) di dugc st dung dé phan tich PAHs va PBDEs. Viéc phéan tach 24 PAHs duogc
thuc hién béng cOt mao quan HP-5MS-UI (Agilent, Santa Clara, CA, USA; 5%
diphenyl 95% dimethylpolysiloxane, d6 day mang 30 m x 0,25 mm id x 0,25 pm).
Diéu kién phan tich sic ky twong tu nhu diéu kién duge mo ta trude d6 (Thang va cs,
2020; Hoang va cs, 2023) vdi mot sb stra d6i nhé. Nhiét do cua céng bom mau va
ngudn ion dugc dit twong Gmg & mirc 300 °C va 230 °C. Khdi phd MS duoc dat ¢
ché d6 SIM (quét cac ion di chon) v6i manh dinh lugng (m/z 1) va manh khing dinh
(m/z 2) (Bang 2.3 va 2.4). Nhiét do 10 cot: ban dau 1a 60 °C (giit 1 phut) sau d6 tang 10
°C/phiit 1én 320 °C va giir thém 5 phat nita dé 1am sach cot. Khi mang 1a helium c6 d6
tinh khiét trén 99,99%, téc do dong 1,0 mL/phat. Thé tich tiém mau 13 1 uL v6i ché do
khong chia dong.

b) Cac diéu kién phan tich phthalate trén GC-MS:

Do céc hop chat nhom phthalate c¢6 nhiét @ soi kha cao nén trong phan khao

sat chuong trinh nhiét d6 da dé & mire thap (45 °C) va mirc cao (80 °C). Chuong trinh

nhiét do cua buéng cOt dugc thay ddi va khao sat véi cac chuong trinh nhiét d§ nhu sau:
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Véi nhiét d9 injector: 250 °C

- Chuong trinh 1: d nhiét d6 ban dau cua cot tir 45 °C, giit trong 2 phut. Sau
do, tang dén 210 °C véi téc d6 15 °C/phit, rdi ting dén 270 °C véi tdc do 8 °C/phat va
tiép tuc tang dén 310 °C véi tde do 30 °C/phit. Cubdi cung gitt ¢ 310 °C trong 25 phut.

- Chuong trinh 2: dé nhiét do ban dau cta cot tir 80 °C, gilr 1 pht. Sau do tdng
dén 180 °C véi toc do 12 °C/phat, gitt 1phut. Tiép tuc ting 1én 230 °C véi téc do 6
°C/phut va tang 1én 270 °C véi tbe do 8 °C/phut, giit 2 phut. Sau cung 1 ting 1én 300
°C v6i toe do 30 °C/phut, giir 12 phat.

Manh phd va thoi gian luu cac chat;

Bang 2.3. Thong tin manh phd khi phin tich PAHs, PBDEs va phthalate

TT PAHs Thoi gian luu Mz1 Mz2
1 Ace 18,43 153 154
2 Acy 17,70 152 151
3 Ant 24,19 178 179
4 BaA 34,23 228 229
5 BbF 38,13 252 253
6 BjF 38,27 252 253
7 BkF 38,33 252 253
8 BghiP 43,36 276 138
9 BcP 33,47 228 227
10 BaP 39,23 252 250
11 BeP 39,08 252 253
12 Chr 34,38 228 229
13 DahA 42,79 278 139
14 DahP 46,48 302 303
15 DaiP 47,87 302 303
16 DalP 48,09 302 151
17 DaA 38,33 256 241
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TT PAHs Thaoi gian luu Mz1 Mz2
18 Flt 28,66 202 203
19 Flu 20,38 166 165
20 IcdP 42,67 276 138
21 McA 40,56 268 266
22 Nap 11,75 128 219
23 Phe 24,03 178 179
24 Pyr 29,48 202 203
Chét ndi chuin va chuin dong hanh
1 Acenaphthene-d10 18,31 162 164
2 1,4-Dichlorobenzene-d4 7,52 150 152
3 Perylene-d12 39,43 264 260
4 Phenanthrene-d10 23,95 189
5 p-Terphenyl-d14 30,48 244 245
TT | PBDEs Thegian | vt | Mz
1 |BDE | 2.4 4'-Tribromodiphenyl ether 11,02 248 246
2 |BDE | 2,2' 44" -Tetrabromodiphenyl ether 12,29 326 486
3 | BDE |2,2'4,4'5-Pentabromodiphenyl 13,23 406 404
4 |BDE |2,2'44' 6-Pentabromodiphenyl 13,48 406 404
5 | BDE |2,2'4,4'5,5'-Hexabromodiphenyl 14,19 484 482
6 | BDE |2,2'4,4'5,6'-Hexabromodiphenyl 14,54 484 482
7 |BDE [2.2°34.4.5".6- : _ 15,72 562 | 564
Chat n6i chuan va chuan dong hanh
1_|IS 2.4.4'-Tribromodiphenvl Ether- '*Ci» 7,70 248 | 246
2 [SS 2,2'.3.4.4'.5".6-Heptabromodiphenyl 15,45 562 564
TT | Phthalate Thetgian | vt | Ma2
1 | DMP | Dimethyl phthalate 5,64 163 77
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TT | PBDEs ThoTgian | vir | Mz
2 | DEP | Diethyl phthalate 6,50 149 177
3 |DBP | Di-n-butyl phthalate 8,02 149 | 150,
4 | DiBP | Di-isobuthyl phthalate 8,49 149 57
5 | BzBP | Benzylbutyl phthalate 10,78 149 | 91,206
6 | DnHP | Di-n-hexyl phthalate 10,66 149 | 43,279
7 | DnOP | Di-n-octyl phthalate 13,75 149 279
8 | DPP | Dipropyl phthalate 9,49 149 150
9 | DCHP | Dicyclohexyl phthalate 12,06 149 167
10 | DEHP | Di-(2-ethyl)hexyl phthalate 12,15 149 167,
Chat noi chuan va chuan dong hanh
1 |1S Benzyl benzoate 7,70 105 91
2 |SS 2-Fluorobiphenyl 15,45 172 171

2.3.4.1. Khao sat khodng tuyén tinh va xdy dung dwong chudn

Chuan bi diy chuan cua cac chat co nong do ciia PAHs, PBDEs va phthalate
tuong trng nhu sau:

- PAHs: 500 ng/mL, 250 ng/mL, 100 ng/mL, 50 ng/mL, 25 ng/mL, 10 ng/mL,
5 ng/mL, 1 ng/mL;

- PBDEs: 500 ng/mL, 250 ng/mL, 100 ng/mL, 50 ng/mL, 25 ng/mL, 10 ng/mL,
5 ng/mL, 1 ng/mL;

- Phthalate: 500 ng/mL, 250 ng/mL, 100 ng/mL, 50 ng/mL, 25 ng/mL, 10
ng/mL, 5 ng/mL, 1 ng/mL.

2.3.4.2. Xdc dinh gioi han phat hién va gioi han dinh luong cua phwong phdp
Trong phén tich sic ky, dé x4c dinh gi6i han phat hién, dinh luong cia thiét bi
va phuong phap (IDL, MLD va IQL, MQL) dugc xac dinh theo EPA 821-R-16-006
(Definition and Procedure for the Determination of the Method Detection Limit,
Revision 2), nghién ctru ndy da xac dinh IDL, IQL cta thiét bi ddi véi cac chi ticu

phan tich trén thiét bi sac ky khi nhu sau:
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Déi v6i IDL: bom cac chit chun véi nong d6 thap lap lai 7 1an (t (1, 0.99)
=3,143), (d6i véi PAHs 1a 0,05 ng/mL; d6i v6i PBDEs tir 0,01 ng/mL; d6i véi
phthalate tir 0,1 ng/mL). Mau duoc bom véi thé tich 1 uL, Tinh d6 1éch chuan SD
cua 7 1an phan tich tir d6 tinh IDL, IQL nhu sau:

IDL =3,143 x SD (2.1
IQL =3,143 X IDL (2.2)

Déi voi gi6i han phat hién va dinh lwong ciia phuong phap thi 1ap lai phan tich
7 1an mAu thuc thém chuin & néng do thép nhét cua duong chuan. Tinh do sai 1éch
chuan SD cua 7 1an phan tich lip lai. Giéi han phat hién va dinh luong ctia phuong
phap duoc xac dinh nhu sau:

MDL = 3,143 x SD (2.3)
MQL = 3,143 x MDL (2.4)

2.3.4.3. Ddnh gid d3 ldp lai va do thu hoi cia phirong phdp
- D¢ thu hoi:

Mau thuc duoc thém chuan véi né)ng dd xéac dinh roi tién hanh phan tich. B§
thu hoi (%) dugc tinh toan dya trén luong (hodc néng do) cua mau thém trir di lugng
(hodc ndéng dd) cé trong sin trong mau ban dau va chia cho luong (hodc ndng do)
thém vao. Két qua xac dinh do thu hoi déu dugce so sanh véi cac quy dinh cua cac to
chtrc quéc té chiang han Hoi ddng chau Au (EU) va Hiép hoi cac nha héa phan tich
chinh thire (Association of Official Analytical Chemists: AOAC). Cac tiéu chudn cua
hoi dong chau Au va theo tiéu chuan cia AOAC duoc chira & Bang PL 12.1 va Bang
PL 12.2.

- D¢ lap lai: DO lap lai cia céc két qua dugc do dudi diéu kién: cung phuong phéap,
cung vat liéu thr nghiém, cung phong thi nghiém, cung nguoi thuce hién trong khoang
thoi gian ngén va tién hanh tinh cac gia tri thong ké nhu:

+ Do 1éch chuéan (Standard Deviation — SD).

+ Do léch chuan twong ddi (Relative Standard Deviation — RSD) hay hé s

bién thién (Coefficient of variation — CV).
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SD= Z(’% —’2)2 (2.5)

RSD% =CV% = gx 100 (2.6)
X

Trong d6: SD: d9 1éch chuan; n: s6 1an thi nghiém; x;: Gi tri tinh duoc ctia
lan thir nghiém th “ 1 ”; X: Gid tri trung binh cia cac lan thu nghiém; RSD%: B§
léch chuén tuong dbi; CV%: Hé s bién thién.

Sau khi tinh toan céc gié tri théng ké, c6 thé tham khéo tiéu chuan cia AOAC
vé do lap lai tdi da chip nhan ddi v6i cac ndng do khac nhau (Bang PL 12.3).

d) Dam bao chét luong va kiém soét chit luong:

DPam bao chét luong va kiém soat chét luong (QA/QC) dugce thyc hién bang
cach thuc hién mau tring trong phong thi nghiém, mau tring va thu hdi cac tiéu chuin
thay thé. MAu tring trong phong thi nghiém va mau tring dugc chuin bi va phén tich
theo cach twong tu nhu mau ban ddu. PAHs, PBDEs va phthalate khong dugc phat
hién trong tit ca cdc mau trang (ngoai trir naphtalene dugc phat hién tir mirc khong
phat hién dén 25 ng/mau). Pudng chudn 1 tuyén tinh trén pham vi ndng d6 1-500
ng/mL (véi mtc chuén ndi 1a 100 ng/mL) d6i véi timg chat. Gidi han phat hién cua
phuong phap (MDL) duoc xac dinh & diém thap nhit trong dudng chuin véi ty 18 tin
hiéu mAu trén tin hiéu nhidu nén 1a 3 (S/N = 3), dwa trén thé tich khong khi trung binh
duoc thu thap (~70 m? v6i PAHs), (~5,76 m® v6i phthalate) va (~150 m® véi PBDESs),
va thé tich dung dich ¢6 dic cudi cung (1 mL cho PAHs va phthalate va 0,1 mL dbi
v6i PBDES). Gi6i han dinh luong ciia phuong phap MQL ~ 3 * MDL. D6 thu hdi cia
cac chat chuan dong hanh dugc kiém soat trong mau trang va mau thuc.

2.3.5. Tinh todn nong do va xir Iy so liéu

Theo cac nghién ctru trude day, ndong d6 PAHs, PBDEs va phthalate trong
khoéng khi duge bao céo 1a lwong PAHs, PBDEs va phthalate (ng/mau) duoc hap thu
boi dng PUF (Cheng va cs, 2013) hodc nong do (ng /m*) PAHs, PBDEs va phthalate
trong khong khi dwa trén lugng hop chit duoc hap thy bai PUF chia cho tong thé tich
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khéng khi. O dé, tong thé tich khong khi duoc xac dinh dua trén khoang thoi gian
treo may 1dy mau khong khi thy dong/chi déng nhan véi téc 6 dong khi di qua PUF
(s6 liéu PUF-PAS duoc hiéu chinh biang may ldy mau khong khi thé tich 16n): 3,5
m?/ngay (Choi va cs, 2012; Quoc Anh va cs, 2019; Hoang va cs, 2023), 4 m3/ngay
(Tuduri va cs, 2006) hodc 5 m3/ngay (Harner va cs, 2013). Trong nghién ctru nay,
ndng do6 PAHs, PBDEs dugc bao cdo trong cac mau khong khi xung quanh duoc tinh
toan dya trén thoi gian 14y mau (Bang 2.2) va tde d6 1dy mau 3,5 m3/ngay di dugc
bao cdo bdi Anh va cong su (Quoc Anh va cs, 2019; Hoang va cs, 2023).

Trong luan an nay, viéc xu ly sb liéu duoc thuc hién béng mém théng ké
Minitab 18® (Minitab LLC., State College, PA, USA) va Microsoft Excel (Microsoft
Office 365). Mirc y nghia thong ké duoc dit & p <0,05. Gia tri bang mot nira MQL
duoc str dung trong phan tich thong ké dbi véi cac ndng d6 dudi MQL. Phin mém
théng ké SPSS ciia IBM (phién ban 23, Tap doan IBM, Hoa Ky) va phan tich thanh
phan chinh (PCA) ciing duoc st dung dé phan tich thong ké, bao gém viéc xac dinh
cac ngudn phat thai tiém ning ctia cac nhoém chat PAHs, PBDEs va phthalate (Thang
va cs, 2019; Anh va cs, 2020; Hoang va cs, 2023).

2.3.6. Phdn tich xdc dinh PAHs, PBDEs va phthalate trong mau khéng khi xung
quanh thu thdp dwoc tai Ha Noi

Nong do chét phan tich (Cgo — ppb) dua theo dudng chuan ty 1¢ dién tich
mau/dién tich ndi chuén va néng d6 chat chuan. Tinh toan ham luong chét phan tich
trong mau khi: T ndng do trong dung dich mau (Cgo — ppb), thé tich dung dich miu
cubi cing trude khi phén tich trén GC-MS (Vam — mL) va thé tich mau khi da 14y dé
phan tich (Vi — m?) ta c6 cong thire tinh ham luong cac chét trong khong khi (Ci —
ng/m?) nhu sau:

Ck = (Cdo X Vam) / Vi (ng/m?) 2.7)

2.3.7. Nghién civu danh gid moi twong quan va xdc dinh nguon phat thdi ciia PAHs,
PBDEs va phthalate trong khong khi xung quanh thu thdp tai Ha Noi

Hién nay, cac phuong phap dugc sir dung phd bién dé danh gia mdi twong

quan va dy doan ngudn gdc phat thai cia PAHs, PBDEs va phthalate tai khu vire quan
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tric gdm: 1) Phuong phap phan tich thanh phan chinh (Principal components analysis
- PCA); 2) phuong phép ti 1& cia mét sé6 ddong phan PAHs; 3) Phuong phap tinh do
tudi ciia PAHs va 4) Ung dung mé hinh ngudn tiép nhén, sy dich chuyén cua cac khdi
khéng khi trong khi quyén dé dyu doan khéi khong khi dem chat 6 nhiém tir dau dén
vi tri quan trac. Trong khudn kho ctia nghién ctru ndy, phuong phéap phéan tich PCA
va phén tich ty 16 ddng phan cua PAHs sé& dugc ap dung.

2.3.8. Panh gia riii ro phoi nhiém PAHs, PBDEs va phthalate trong khong khi xung

quanh qua cac con duwong phoi nhiém

2.3.8.1. Uéc tinh lwong phoi nhiém hang ngay théng qua cdc con dwong phoi nhiém

Trong nghién ctru ndy, liéu phoi nhiém PAHs, PBDEs va phthalate qua dudng
ho hép duogc udce tinh cho nguodi 16n va tré em dua trén néng do PAHs, PBDEs va
phthalate do duoc trong khong khi, téc do hit phai va trong luong co thé bang cach
su dung cong thuce (2.8).

Chir R
EED = -&7 (2.8)
Bw

Trong d6 EED 14 liéu phoi nhiém wéc tinh (ng[pg)/kg-bw/d). Cair 12 néng do
do duoc cua PAHs, PBDEs va phthalate trong khong khi (ng[pg]/m?). R 1a tc do hit
vao: 10,1 m*/ngay ddi véi ngudi 16n va 6 m3/ngay d6i véi tré em (US EPA, 2011).
Bw 1a trong luong co thé: 60 kg ddi voi nguoi 1on va 15 kg d6i voi tré em (Tran va
¢s, 2017; WHO, 2018; Anh va cs, 2020).

Phoi nhiém qua da

CxSAxAFxABS X EF x ED x CSF

ILCRgermal = BW x AT

(2.9)

Trong do:
« C: Nong d6 PAHs trong khong khi (chuyén dbi vé BaP-equivalent, ng/m* hay
mg/m?)
« SA: Dién tich da tiép xuc (cm?/ngay)
« AF: H¢ s6 bam dinh trén da (mg/cm?/ngay)
« ABS: H¢ sb hap thu qua da (khong thir nguyén, thuong 0,13 dbi voi PAHSs)

« EF: Tan suét tiép xtic (ngay/nim)
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« ED: Thoi gian phoi nhiém (nam)

« BW: Trong luong co thé (kg)

« AT: Thoi gian trung binh cho rui ro ung thu = 70 nam x 365 ngay = 25.550 ngay

« CSF: Hé s6 giy ung thu qua da ciia BaP (mg/kg/ngay) ' (gia tri chuin USEPA:
khoang 3,85 (mg/kg/ngay)™)

2.3.8.2. Pdnh gid rii ro khéng gdy ung thie va gdy ung thw suét doi
bé tinh doc tinh, dua vao hé sb doc twong duong (TEF) cua tung chat dé tinh
tong doc tinh thong qua ndng do twong dwong (B[a]Peq). Thong thuong B[a]Peq
duogc sir dung 1am chi sé cho toan bo kha nang giy ung thu cia PAH va ude tinh mirc
phoi nhiém nguy co d6i v6i PAH theo T chire Y té Thé gigi (WHO). Gia tri B[a]Peq
duoc tinh bang cach nhan ting ndng d6 PAH véi TEF cia né (Nisbet and LaGoy,
1992) theo phuong trinh sau (2.10):
>B [a]PquO .001(Nap+Acy+tAcet+FlutAnt+Flt+Pyr+Phe+Chr)+0.01(IcdP+BghiP)
+0.1(BaA+BkF+BbF)+BaP+DahA

(2.10)

Dé xac dinh nguy co ung thu vugt muc trong subt cudc doi (LECR) dbi véi
cac chét gdy ung thu tiép xuc véi PAH qua dudng ho hdp, ECR dugc tinh bang cach
nhan gié tri ciia B[a]Peq (ng/m?) v6i hé sb rai ro URB[a]P cia WHO (URBJ[a]P = 8,7
x 107).

ECR ZZB[a]Peq x URpp,p (2.11)

URB[a]P (hé s rui ro) 1a s6 nguoi c6 nguy co phat trién ung thu do hit phai ¢
ndng do twong duwong B[a]P 1a 1 ng/m? trong sudt cudc doi 70 nam.

D3 c6 nhiéu nghién ctru cong bd vé& mirc do rui ro phoi nhiém PAHs, PBDEs
va phthalate qua con duong hit thd khong khi. Cong thirc wéc lugng mirc do phoi
nhiém ctia PAHs, PBDEs va phthalate qua con duong hit thé khong khi dugc wdc

lugng dua theo cong thirc (2.12) nhu sau:

_C.f
~24.M
Trong d6: DI (daily intakes): mutc do phoi nhiém trung binh (ng/kg-bw/gi®)

DI (2.12)
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C: tong nong d6 phthalate tim thiy trong mau khong khi (ng/m?)
f: tbc d6 hit the khong khi trung binh (m3/24 gid)
M: khéi lwgng co thé (kg)

Theo Viét Nam bach khoa tri thue (2014), trong luong trung binh (bw) cua
ngudi Viét Nam dugc ap dung nhu sau: tré so sinh (6-12 thang): 8 kg, tré mau giao
(1-5 tudi): 15 kg, nhi ddng (6-11 tudi): 25 kg, thiéu nién (12-18 tudi): 48 kg va ngudi
truong thanh (> 19 tudi): 66 kg. Tdc d6 hit thé trung binh d6i voi tré so sinh 13 4,5
m?/ngay, mau gido 1a 7,0 m3/ngay, nhi dong 1a 10 m*/ngay, thiéu nién va ngudi truéng

thanh 1a 13,5 m3/ngay.
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CHUONG 3. KET QUA VA THAO LUAN
3.1. Két qua chuéin héa quy trinh phén tich PAHs, PBDEs va phthalate trong
mAu khong khi xung quanh bing ki thuat GC-MS
3.1.1. Khodng tuyén tinh va xdy dung dwong chudn
Bom hdn hop céc chét chuan co ndng dd tir cao dén thap vao thiét bj GC/MS.
Lap mdi twong quan gitta ndng do chat va tin hiéu thu duoc dé c6 phuong trinh dudng
chuén. Trong phuong phap nay, khoang ndéng do tuyén tinh cua cac PAHs, PBDEs
va phthalate dugc xac dinh tir giéi han dinh luong dén diém néng do 16m nhét cua
duong chudn va khoang do tir 1 ng/mL dén 500 ng/mL. Phuong trinh dudng chuin
ctia nhém chat PAHs, PBDEs va phthalate dugc biéu dién ¢ Bang 3.1 dudi day.
Bang 3.1. Phwong trinh dwong chuin ciia nhém chit PAHs, PBDEs va

phthalate

Nhém chit | Phwong trinh duwdng chuin Hé sb twong quan

PAHSs
Nap y = 155,59x + 1958,6 R?=0,9998
Acy y =86,314x + 122,77 R?=0,9996
Ace y =129x - 192,78 R?=0,9996
Flu y =102,94x - 13,049 R%=0,9990
Phe y=112,01x + 5585,1 R?=0,9987
Ant y =73,815x + 101,25 R?=0,9991
Flt y = 89,134x + 756,69 R?=0,9983
Pyr y =94,969x - 240,76 R%=10,9954
BaA y =67,43x - 829,19 R%=10,9982
Chr y =40,03x - 535,24 R?=0,9954
BbF y =92,805x - 2094,3 R?=10,9974
BkF y =107,54x - 2005,2 R2=10,9976
BaP y =107,89x - 2204,7 R%=0,9964
IcdP y=107,4x - 1919,7 R2=10,9979
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Nhém chit | Phwong trinh duwdng chuin Hé sb twong quan
DahA y =17,084x - 251,97 R%=0,9985
BghiP y =43,513x - 559,97 R?=10,9989

PBDEs
BDE 28 y =47,588x + 63,788 R?=0,9995
BDE 47 y =29,703x + 114,01 R?=0,9944
BDE 99 y = 12,854x - 33,007 R?=0,9984
BDE 104 y =11,384x - 31,645 R?=0,9971
BDE 153 y =5,7169x - 28,089 R?=10,9939
BDE 154 y =4,0296x - 24,965 R%=0,9954
BDE 183 y =28,765x - 77,763 R?=10,995

Phthalate
DMP y =254,62x - 766,04 R2=0,9942
DEP y = 208,53x - 498,08 R?=0,9939
DPP y =168,18x - 422,83 R?=0,9993
DiBP y =200,62x - 266,99 R%=0,9955
DBP y =210,76x + 198,85 R?=0,9970
DnHP y =100,88x - 67,433 R?=10,9979
BzBP y =51,935x - 39,927 >=0,9980
DCHP y = 84,89x - 60,669 R2=10,9984
DEHP y =56,278x +3052,6 R?=0,9961
DnOP y =50,579x - 31,285 R*=0,9986

Tir bang trén ta co thé thay tit ca cic phuong trinh dudng chuin cua cac
phthalate déu c6 hé s6 hdi quy tuyén tinh (R?) 16n hon 0,999. Tir d6, c6 thé thay may
c6 do nhay va dg lap lai tdt va dat diéu kién dé phan tich cling nhu tinh toan két qua.
3.1.2. Gioi han phat hién va dinh lwong cua phwong phap

Dé xac dinh gi6i han phat hién va dinh luong cia phuong phap, dung dich

thém chuén vao nén mau khong khi xung quanh véi nong do (d6i voi PAHs 1a 0,05
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ng/mL; d6i voi PBDEs tir 0,01 ng/mL; d6i voi phthalate tir 0,1 ng/mL) cua cc chit
duoc bom vao thiét bi trén diéu kién sic ky da lya chon & trén: v6i thé tich bom 1 pL,
v6i ché dd bom khong chia dong. Gi6i han phat hién va dinh luong ciia phuong phap
duoc xac dinh nhu trong bang 3.2.

Bang 3.2. Gia tri MDL, MQL cia PAHs, PBDEs va phthalate

Chit MDL (ng/m?) MQL (ng/m?)
PAHs
Nap 0,066 0,198
Acy 0,051 0,153
Ace 0,009 0,027
Flu 0,048 0,144
Phe 0,014 0,042
Ant 0,038 0,114
Flt 0,033 0,099
Pyr 0,017 0,051
BaA 0,041 0,123
Chr 0,063 0,189
BbF 0,110 0,330
BKF 0,104 0,312
BaP 0,048 0,144
IcdP 0,041 0,123
DahA 0,075 0,225
BghiP 0,027 0,081
PBDEs
BDE 28 3 10
BDE 47 3 8
BDE 99 4 12
BDE 104 7 21
BDE 153 5 15
BDE 154 7 19
BDE 183 10 29
Phthalate
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Chét MDL (ng/m?) MQL (ng/m?)
DMP 0,10 0,30
DEP 0,08 0,25
DPP 0,08 0,25
DiBP 0,08 0,25
DBP 0,10 0,30
DnHP 0,20 0,60
BzBP 0,30 1,00
DCHP 0,25 0,80
DEHP 0,10 0,30
DnOP 0,15 0,50

Két qua khao sat chi ra rang, gia tri MDL cua phuwong phap d6i véi PAHs nim
trong khoang 0,009-0,110 ng/m?, PBDEs nam trong khoang 3-10 pg/m? va phthalate
tir 0,08-0,30 ng/m>. Gié tri MQL ctia phuong phap ddi véi PAHs nam trong khoang
0,027-0,330 ng/m®, PBDEs niam trong khoang 8-29 pg/m? va phthalate tir 0,25-1,00
ng/m3. Nhin chung, v6i cac gia tri nay déu dap tng yéu cau dinh lvong PAHs, PBDEs
va phthalate trong cdc mau moi truong khong khi xung quanh.

3.1.3. P$ lip lai va thu hoi ciia phwong phdp phan tich

Nghién ctru ciia ludn 4n d3 tién hanh thém chat PAHs, PBDEs va phthalate d
duoc chuén bi vao nén miu tring & ca pha hat (trén mang loc thach anh) va pha hoi
(trén PUF), tién hanh xtr 1y mau nhu myc 2.3.3, méi muc néng d6 déu duogc tién hanh
lap lai 7 lan, két qua do thu hoi va do 1ap lai trung binh khi phan tich dugc chi ra &
Bang 3.3.

Bang 3.3. D¢ thu hoi, d6 1ap lai trung binh cua PAHs, PBDEs va phthalate

Chit P9 thu hdi R (%) Do 1ip lai RSD (%)
PAHs
Nap 114 10,8
Acy 93,6 6,6
Ace 97,0 9,2
Flu 109 6,7
Phe 99,6 8,3
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Chit P9 thu hdi R (%) P 1ip lai RSD (%)
Ant 105 9,4
Flt 99,5 9,2
Pyr 85,3 9,5
BaA 80,4 10,6
Chr 84,9 9,5
BbF 86,9 8,8
BKF 87,8 8,9
BaP 90,3 11,9
IcdP 89,4 6,2
DahA 84,3 7,9
BghiP 83,5 9,6

PBDEs
BDE 28 106 14,4
BDE 47 101 10,9
BDE 99 101 10,2
BDE 104 101 10,9
BDE 153 92,0 13,0
BDE 154 87,2 11,7
BDE 183 80,6 13,3

Phthalate
DMP 101 10,4
DEP 103 3,5
DPP 101 9,8
DiBP 102 6,9
DBP 102 9,6
DnHP 99,1 9,2
BzBP 102 6,8
DCHP 99,3 6,3
DEHP 102 5.4
DnOP 109 10,6
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Qua két qua thu dugc cho théy, PAHs, PBDEs va phthalate cho hiéu suét thu
hoi dao dong tir 80,6% dén 114% dat theo yéu cau ciia AOAC (40-120%) . Va do lap
lai dao dong tir 3,5% dén 14,4% dat theo yéu cau cia AOAC (RSD <30%) .

3.2. Phan bo ciia PAHs va PBDEs va phthalate trong khong khi xung quanh tai
Ha Noi

3.2.1. Phdn bé ciia PAHs, PBDEs va phthalate trong khéng khi xung quanh theo
mua

3.2.1.1. Phin b6 PAHs trong khong khi xung quanh theo miia

Nong d¢ trung binh/trung binh (pham vi) (ng/m?) ctia PAH trong khong khi
theo tirng mua ctia cac khu vuc dugc thé hién trong Bang 3.6. Su bién doi theo mua
cua PAH duoc thé hién trong Hinh 3.3. Trong céc mau tai cac khu dan cu, néng do
PAH trong mua kho cao hon mua mwa khodng 26%, tuy nhién sy khac biét nay & céac
vi tri gan dudng khong 13 rang. Nong d6 PAH dao dong rd rét vao mua khé véi trung
binh va ndng d6 dinh cao hon do khi thai phuong tién giao thong va dot nhién liéu
hoéa thach. Trong mua mua, sy dao dong vé ndng dd6 PAHs thudng bi chi phdi boi gio
va mua thudng xuyén, giup rira sach cac chit 6 nhidm nay khoi khéng khi xung
quanh. Nong d6 PAHs trong khong khi xung quanh thuong giam khi téc d6 gio tang
va tan sudt mua (Mantis va cs, 2005). Nong do6 PAH thap hon trong mua mua c6 thé
l1a do khong str dung nhién li¢u héda thach dé sudi Am, hiéu ung rua troi va co thé do
hiéu Gmg quang hoa thap hon. Nong d6 PAH theo mua tai Ha Noi dugc so sanh véi
két qua tai Alexandria, Ai Cap (Khairy and Lohmann, 2013). Két qua twong tu 1a mua
kho cao hon. Tong nong dd PAHs trung binh dat 156 ng/m? tai khu dan cu va 282
ng/m’ tai khu vuc giao thong trong muia mua, trong khi d6 vao mua kho lan luot dat
157 ng/m? va 313 ng/m3. Dt liéu ndy twong tu véi dir liéu cua Bi va cs. (Bi va cs,
2020) duoc bao cdo vao mua thu va mua dong tai mot khu cong nghiép (235 ng/m?), &
Thuong Chau, mdt thanh phd 16n & ving ddng bang séng Duong Tt cta Trung Qubc

(Biva cs, 2020).
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3.2.1.2. Phin b6 PBDEs trong khéng khi xung quanh theo mia

Nong d6 trung binh/trung vi (dao dong) (ng/m?®) ciia PBDEs trong cic mau
khéng khi xung quanh trong mdi mua cta cac khu vire duoc thé hién trong Bang 3.4.
va Hinh 3.1. Tong ndéng do PBDEs trong khong khi trong mua khé (trung binh/trung
vi: 47/45 va dao dong trong khoang: 25-84 pg/m?) cao hon dang ké so véi mua mua
(trung binh/trung vi: 37/37 va dao ddng trong khoang: 16-75 pg/m?). Nguoc lai, khu
vuc giao thong muc PBDEs trong mua kho (trung binh / trung vi: 153/132 va dao
dong trong khoang: 73-287 pg/m?) twong tu nhu trong mia mua (trung binh / trung
vi: 155/137 va dao dong trong khoang: 66278 pg/m?®). Hiéu ung rira troi (washout
effect) trong mua mua la mdt trong nhitng nguyén nhéan chinh gay nén su khéc biét
10 rét vé néng do PBDEs gitra hai mua. Trong mua mua, cac hat bui mang PBDEs bi
loai bo khoi khi quyén théng qua qua trinh ling uét (wet deposition) va rira troi boi
mua, lam giam dang ké ham luvong PBDEs trong pha khi va pha hat cta khong khi.
Nguoc lai, trong mua khé, su tich lity cac hop chat ky nudce va bén virng nhu PBDEs
co xu hudng tang cao, do it mua, diéu kién phat tan kém va hoat dong ddt nhién lidu
sinh hoat hodc rac thai gia ting (Harner va cong su, 2006; Jaward va cong su, 2005;
Zhang va cong su, 2011).

Mot s6 nghién ctru cho thiy ndng d6 PBDEs trong mua kho c6 thé cao hon
1,5-3 14n so véi mia mua tai cac khu vue do thi chau A, bao gém Bic Kinh, Bangkok
va TP. H6 Chi Minh, do hiéu ung tich lily theo mua va sy giam rira troi khi quyén
(Chen va cong su, 2013; Wang va cong su, 2019). Ngoai ra, nhiét dd va birc xa mat
troi cling anh huong dén su tai phat thai (re-emission) ciia PBDEs tir cac bé mat nhu
dét, bui, va vat liéu nhua ra khong khi — gop ph'?ln lam tang néng do trong mua kho.

Nhin chung, két qua tir nghién ciru nay twong ty nhu PAHs, su khac biét cua
PBDEs trong khu dan cu kha rd theo mua nhung khu vuc giao thdng c6 su phat thai

tryc tiép cua cac phuong tién thi sy khac biét theo mua 1a khong 16n.
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Hinh 3.1. Phén bé PBDEs theo miia trong cdc mau khéng khi xung quanh dwoc thu
thap tir cac khu vue do thi Ha Noi (cdc gia tri trong ngodc don de cap dén so luwong
mau dwoc phdn tich)

Bang 3.4. Nong do PBDEs trong khi xung quanh theo mua (Trung binh/trung
vi (khoang dao dong) (pg/m?))

Khu vue dan cw Khu vuc giao thong
PBDEs
Mua kho (n=20) | Mua mwa (n=18) | Mua kho (n=6) | Mua mwa (n=6)
BDE 28 | 3/n.d.(n.d.-24) n.d./nd.(nd.-21) | 48/42(29-93) 42/32(26-99)
BDE 47 | 44/44(25-73) 35/36(16-54) 87/84(44-133) 82/72(40-124)

BDE 99 | nd/nd.(nd.-nd) | nd/nd.(nd.-nd) |9/n.d.(nd.-54) 26/n.d.(n.d.-123)

BDE 104 | n.d./n.d.(n.d.-n.d.) | n.d./n.d.(n.d-n.d.) |n.d./n.d.(n.d.-n.d.) | n.d./n.d.(n.d.-n.d.)

BDE 153 | n.d./n.d.(n.d.-n.d.) | n.d./n.d.(n.d-n.d.) |n.d/n.d.(n.d.-n.d.) | n.d./n.d.(n.d.-n.d.)

BDE 154 | n.d./n.d.(n.d.-n.d.) | n.d/n.d.(n.d.-nd) |nd/nd.(n.d.-36) |n.d/nd.(nd.-31)

BDE 183 | n.d./n.d.(n.d.-n.d.) | nd/n.d.(n.d-n.d.) |n.d./nd.(n.d.-nd) | n.d/nd.(nd.-nd.)

LPBDEs | 47/45(25-84) 37/47(16-75) 153/132(73-287) | 155/137(66-278)

n.d.: khong phat hién
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3.2.1.3. Phén bé Phthalate trong khéng khi xung quanh theo miia

Két qua trong bang 3.5 thé hién ndng d6 trung binh/trung vi (khoang giao
dong) (ng/m?) cua pthalate trong khong khi xung quanh theo tirng mua cta cac khu
vue cia Ha Noi. Su bién ddi theo mua cua phthalate dugc thé hién trong Hinh 3.2,
3.6 va 3.9. Trong cac mau tai cac khu dan cu, ndng do phthalate trong mua kho cao
hon mua mua khoang 3,7 lan, su khac biét nay ¢ cac vi tri gﬁn duongla4,2 lan. Trong
mua mua, sy dao dong vé ndng do phthalate thudng bi chi phdi béi gié va mua thuong
xuyén, giup rira sach cac chat 6 nhiém nay khoi khong khi xung quanh. Nong d6
phthalate trong khong khi xung quanh thuong giam khi téc do gid ting va tdn sudt
mua (Mantis va cs, 2005) va dac biét phthalate bi phan huly béi anh sang, mua mua
anh sang nhiéu lam phéan hity phthalate nhanh hon nén nong do cua chiing trong khong
khi bi suy giam kha nhanh. Két qua phan tich ham luong phthalate ban ngay thuong
nho hon ban dém khoang 50%. Hinh 3.2 cho thiy mét s chat bi phan huy nhanh
trong mua mua nén ty trong bi suy gidm manh trong mua mua nhu DEP, trong khi
mot s6 chat bay hoi kém thi ty trong lai giam manh trong mua khé nhu DEHP.

Nhin chung nong do phthalate trong khong khi thay ddi twong déi 16n theo
mua, so véi cac nhom chat PAHs va PBDEs. Mot trong nhiing nguyén nhan c6 thé 1a
do tinh chit clia cac chét phthalate dé tan trong nudc, d& phan hiy boi 4nh sang va
kém bén hon so v6i PBDEs, nén s& ¢ xu hudng bj rira tréi va phat tan hon trong mua
mua.

Bing 3.5. Nong d9 PAEs trong khi xung quanh Ha Ngi theo
mua (Trung binh/trung vi (khoing dao djng) (ng/m?))

Khu vwe din cw Khu vue giao thong

Mua kho (n=8) Mua mwa (n=9) Mua kho (n=3) Mua mwa (n=3)

DMP 22,1/142 (0,1-62,1)  16,7/6,0 (1,5-17,0)  |40,7/32,5 (0,1-89,5)  |7,9/8,7 (4,9-10,0)

DEP 44,8342 (n.d-125)  [8,0/69(1,6-21,3)  |57,5/61,5 (n.d-111,0  |7,2/7,9 (4,5-9,1)

DPP 21,1/23,6 (n.d.-38,8) 7,5/5,2 (n.d.-34,8) 8,2/n.d. (n.d.-24,5) 16,2/8,1 (0,7-39,9)

DiBP 22,2/16,8 (n.d.-78,8) 4,2/3,6 (n.d.-10,3) 43,2/48,5 (12,5-68.5) 6,3/7,4 (4,0-7,4)

DBP 40,7/30,2 (0,1-111,0)  (2,1/1,6 (n.d.-5,2) 37,4/0,1 (0,1-112,0) 1,4/1,3 (1,0-1,8)
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DnHP  |13,3/6,4 (0,2-38,5) 3,0/2,3 (n.d.-8,0) 11,0/142 (2,3-16,6)  4,5/5,4(2,5-5.5)
BzBP  3,0/0,1(0,1-10,2) 2,3/2,3 (n.d.-7,5) 16,5/21,5 (0,1-27,9)  4,3/5,2 (2,5-5.3)
DCHP  (8,5/4,3 (0,1-34,5) 3,2/2,5 (n.d.-8,2) 36,638,8 (21,5-49,8)  [5,1/5,8 (2,9-6,5)
DEHP  |57,3/51,5 (26,5-124)  [25,3/21,2 (15,1-45,4) |157,6/205 (45,8-222)  |49,1/42,6 (34,0-70,6)
DnOP  [9,0/7,7 (0,1-25,9 2,8/2,1 (n.d.-5,9) 40,1/11,2 (0,1-109,0)  |3,4/4,9 (n.d.-5.4)
S10PAEs |41,9/209,8 (178,2-355,6)[5,1/56,2 (36,0-115,3) |48,8/466,6 (393,0-486,9) 05,3/91,6 (91,2-133,1)

mDMP mDEP mDPP
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Hinh 3.2. Phdn bo phthalate theo mia trong cdc mau khéng khi xung quanh dwoc

thu thdp tir cdac khu vue do thi Ha Noi (cdc gia tri trong ngodc don de cap dén sé

lirong mdu dwoc phan tich)

3.2.2. Phin bé ciia PAHs va PBDEs va phthalate trong khéng khi xung quanh Ha

Ngi theo khu vuc dia ly
3.2.2.1. Phéan bo PAHs trong khéng khi xung quanh Ha Néi theo khu vuc dia Iy

Cac mau khong khi xung quanh dugc thu thap tir cac khu vuc ndi thanh Ha

Noi tir nim 2021 dén nam 2022. Téng ndng d6 16 PAHs trong cac mau khong khi

xung quanh dao dong tir 45,0 dén 451 ng/m? (trung binh: 166 ng/m®) (Bang 3.6 va

Hinh 3.3), cao hon rit nhiéu so véi tong nong do cua 18 PAHs trong cac mau khong

khi thu thap tir khu tai ché chat thai dién tir & Bic Giang, Viét Nam (dao dong: 30—
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55 ng/m3) (Hoang va cs, 2023) hoic téng néng d6 14 PAHs trong pha khi cua khu
vuc Thanh phd HO6 Chi Minh (khoang: 9,53-31,5 ng/m?) (Thi Hien To va cs, 2019).
Nong d6 PAHs trong cac nghién ciru ndy tuong ty trong mau PM2.5 tai cac tuyén
duong c6 mat do giao thong cao trong ndi dd Ha ndi (trung binh: 290 ng/m?; khoang:
140-460 ng/m?®) (Trung va cs, 2021).

Téng ndng d6 trung binh ciia PAHs trong cac mau khong khi xung quanh thu
thap tir cac khu vuc giao thong theo mua khé va muia mua cao hon lan lwot 14 1,99 va
1,81 1an so vé&i khu dan cu. Cac két qua so sanh trén cho théy khu vyc mat do giao
thong cao 1a ngudn 6 nhiém dang ké ciia PAH:s.
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Hinh 3.3. Mirc PAHs trong cdc mau khéng khi xung quanh dwoc thu thdp tir
cac khu vue do thi Ha Noi

94



Bang 3.6. Nong do PAHs trong khi xung quanh Ha Ngi theo mua

Trung binh/trung vi (khoang dao dong) (ng/m?)

Khu vue dén cw

Khu vue giao thong

PAHS Mua khé (n=20) Mua mwa (n=18) Mua kho (n=6) Miia mwa (n=6)
Nap 12,8/4,87 (n.d-63,1) | 15,8/4,05 (n.d.-142) | 23,9/21,8 (1,64-48,2) | 38,2/17,0 (2,59-142)
Acy 2,75/2,59 (n.d.-936) | 3,13/1,97 (.d.-12,6) | 5,99/3,93 (0,766-13,4) | 7,11/7,01 (0,990-12,6)
Ace 1,47/1,41 (0,696-2,88) | 1,42/1,34 (n.d.-5,57) | 2,89/1,71 (1,16-6,17) | 2,73/1,81 (1,41-5,57)
Flu 12,0/10,9 (3,28-26,6) | 10,1/7,34 (2,97-35,2) | 23,2/20,8 (13,5-39,0) | 20,5/17,1 (9,61-35,2)
Phe 41,1/31,7 (18,1-99,0) |  48,5/37,6 (17,8-103) |  80,0/70,9 (34,9-158) |  74,8/81,7 (40,6-103)
Ant 18,5/10,8 (0,441-83,5) | 8,16/3,39 (1,17-36,28) | 36,1/29,8 (12,4-83,5) | 15,9/13,4 (5,76-36,3)
Flu 22,2/16,7 (6,03-71,6) | 19,2/12,0 (2,94-77,0) | 48,7/52.4 (15,7-84,9) | 41,3/36,7 (17,0-77,0)
Pyr 18,6/12,2 (3,98-54,1) | 16,4/11,5 (4,29-61,8) | 40,6/45,2 (11,0-81,5) | 34,1/33,7 (12.8-61,8)
BaA 5,56/3,15 (1,22-26,0) | 4,72/2,92 (1,20-16,7) | 8,59/5,54 (2,14-20,2) | 7,05/6,11 (2,96-13,2)
Chr 3,91/2,80 (0,940-10,9) |  3,53/2,73 (n.d-17,1) | 8,61/9,13 (4,68-10,9) | 7,62/5,86 (4,29-17,1)
BbF 6,47/5,06 (n.d.-16,1) | 7,49/6,32 (2,83-19,7) | 12,0/10,6 (6,04-19,8) | 9,66/8,09 (5,80-15,3)
BkF 7,88/6,18 (0,210-22,7) |  5,99/3,95 (n.d.-22,0) 14,717 3,67-23,5) | 10,7/10,4 (n.d.-22,0)
BaP 0,050/n.d. (n.d.-1,11) n.d. n.d. n.d.
IedP 2,25/nd. (n.d-45,9) |  9,89/n.d. (n.d.-50,6) |  7.65/n.d. (n.d.-45,9) 12,1/n.d. (n.d.-459)
DahA 0,244/n.d. (n.d.-5,36 2,16/n.d. (n.d.-34,4) n.d. n.d.
BghiP 0,197/n.d. (n.d.-4,33) n.d. n.d. n.d.
Total (16
PAHS) 157/130 (50,2-369) 156/116 (45,0-378) 313/313 (211-451) 282/268 (197-378)

n.d. : khong phat hién
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PAHs 14 chét ban bay hoi va né ton tai trong ca pha hat (do ngung tu va hap
phu) va pha hot (Chen va cs, 2016). Tai cac khu vuc giao thong, PAHs bi bao boc
boi céac hat, cac hat ndng hon dong lai trén duong va mot s6 PAHs van con bay hoi
trong khong khi. Cac hat lo limg (TSP) trong khong khi khu virc giao thong va dat tai
mot diém giao théng & Ha Noi (mot thanh phd xe may dién hinh ¢ Viét Nam) c6 ndng
d6 trung binh cta téng 10 PAHs trong mau bui dao dong tir 3,40 dén 43,7 ng/g (Pham
va cs, 2015). Giao thong dugc coi 1a nguyén nhan gay ra ham lugng PAH cao trong
khong khi. Mot bao cao trudc ddy 1a xac dinh 16 PAHs trong bui duong nim trong
khoang 1400-4700 ng/g (trung binh Ia: 1700) (Quoc Anh va cs, 2019). Trong hinh
3.4, phenanthrene c6 ndng d6 cao nhat trong cac PAHs va chiém 30,4% tong lugng
PAHs, tong nong d6 ciia 4 chat phd bién nhit (phenanthrene, anthracene, fluoranthene
va pyrene) chiém 62,7%. Anthracene c6 nong d6 dic biét thap & ca khu dan cu va
giao thong trong mua mua do kha ndng hoa tan cta anthracene trong nude tang khi
nhiét do tang (0,022 mg/L & 0°C, 0,044 mg/L & 25°C va 0,29 mg/L & 50°C)
(Dohanyosova va cs, 2003; Koproch va cs, 2019). Vao mua mua, nhiét 0 cao va mua

nhiéu, anthracene d& hoa tan trong nuée ma khong phat tan vao khong khi.

® Naphthalene mFluorene mPhenanthrene \ Anthracene mFluoranthene #m Pyrene & Other

Khu viee giao théng
mia mwa
(0=6)
Khu v giao thong
mua kho
n=6) XXX
Khu vire din cw
mﬁa 10
(n=10) g
Khu vie din cw
mua khé
(@=12) T

0% 20% 40% 60% 80% 100%
Phén bd (%)

Hinh 3.4. Phdn bo PAHs theo muia trong cdc mau khong khi xung quanh dwoc
thu thdp twr cdac khu vue do thi Ha Noi
(cdc gid tri trong ngodc don dé cdp dén sé lwong mau dwoc phan tich)
O khu vuc giao thong, 6 PAHs (naphthalene, fluorene, phenanthrene,

anthracene, fluoranthene, pyrene) chiém ty 1& gan giéng nhau trong mua khé va mua
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mua. Trong khi d6, & khu dan cu, 6 PAHs trén vao mua kho cao hon mua mua 12%.
Nguyén nhan 1a do khu vuc giao thong c6 ngudn phat thai tir cac phwong tién giao
thong lién tuc, trong khi khu dan cu mot s6 PAHs bi hoa tan trong nudc mua dan dén
ndng d6 PAHs giam vao muia mua.
3.2.2.2. Phan bo PBDEs trong khéng khi xung quanh Ha Néi theo khu viee dia Iy
Ciing giébng nhu PAHs, cic mau khong khi xung quanh dwgc thu thip tir cac
khu vuc ndi thanh Ha Noi tir ndm 2021 dén ndm 2022 dé xac dinh sy phan b cua
PBDEs. Két qua bang 3.6 cho thiy, ndng d6 PBDEs thip hon hang nghin lan so véi
PAHs, tong ndng d6 7 PBDEs trong cac mau khong khi xung quanh dao dong tir 16
dén 287 pg/m? (trung binh: 81 pg/m?). Két qua cho thay, trong khu dan cu BDE-47
chiém 99%, tong PBDEs trung binh 14 42 pg/m?® v&i ndng do thap nhat duoc tim thay
1a 23 pg/m® va cao nhat 1a 73 pg/m>. Tai khu vuc giao thong BDE-47 chiém 59%,
tong PBDE47 trung binh 13 154 pg/m® v6i nong d6 thip nhat duge tim thay 13 66
pg/m? va cao nhét 1a 287 pg/m®. Nhin chung, khong khi xung quanh Ha Ni c6 tong
noéng d6 PBDEs trung binh 1a 81 pg/m?® va dao dong trong khoang tir 23 dén 287
pg/m?3. Trong @6, khu vuc giao thong c6 tong PBDEs binh quan cao gip 3,7 1an khu
dan cu (Bang 3.4).
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Hinh 3.5. Mirc PBDEs trong cdc mau khéng khi xung quanh dwoc thu thip tiv

nhung cac diém giao thong c6 su khac bi¢t 16n, khu vuc c6 mat do giao thong cao
trén truc dudng chinh PBDEs cao hon han tryc nho. Cac nghién ciru trén thé gidi cho
thiy nong do PBDEs trong khong khi tai khu vuc do thi thudng 16n hon so véi khu
vuc nong thon, nhu tai Canada, Anh, Trung Quéc (Harner va cs, 2006; Harrad and

Hunter, 2006; Wang va cs, 2012). Nghién ctru vé mdi lién quan tryc tiép giira ham

cac khu vue do thi Ha Noi
Hinh 3.5 cho thdy PBDEs trong khu vuc dan cu khong c6 nhiéu khac biét

lugng PBDEs trong khong khi va mat do giao thong d thi con rat han ché.

Két qua ban du cia luan an cho thiy cé sy khac biét tuong ddi rd giita ham
luong PBDEs trong khong khi tai cac truc giao thong chinh véi mat do giao thong
16n. Can c6 nhirng nghién ctru & pham vi rong v6i véi sd lugng mau 16n hon dé khang

dinh vai tro ciia mat do giao thong dén su tich Iy va van chuyén cua nhom chat

PBDEs trong khong khi tai khu vuc do thi.
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3.2.2.3. Phdn bo Phthalate trong khéong khi xung quanh theo khu vuwe

Dé nghién ctru phthalate trong khong khi Ha Noi, 23 miu di dugc chia 2 mua
khac nhau (8/2022 va 1/2023), 2 khu vuc dan cu va giao thong dd duoc danh gia. Két
qua bang 3.5 cho thiy tong ndng do 10 phthalate trong cac mau khong khi xung quanh
dao dong tir 36,0 dén 487 ng/m?, khu vyc giao théng c6 ham lugng cao hon khu vuc
dan cu tir 2 dén 6 1an. Dé so sanh, mtrc ham lwong phthalate dwgc tim thay trong cac
mau khong khi tir Viét Nam tuong ty nhu cac mau khong khi & trung tam Paris, Phap
(X7 phthalate: 207+150 dén 918+443 ng/m?) (Moreau-Guigon va cs, 2016), & New
York, Hoa Ky (29 phthalate; trung binh: 390 ng/m?, dao dong trong khoang: 53,6—
4850 ng/m?) (Tran va cs, 2015) va & Ba Lan (X3phthalate: trung binh = 2860 ng/m?,
trung vi = 3030 ng/m®) (Szewczynska va cs, 2020). Bén canh d6, két qua trong nghién
clru ndy cao hon so v6i ciac mau khong khi ¢ trung tam Bic Kinh, Trung Quéc (£6
phthalate: trung binh = 125 ng/m?; SD = 99,8 ng/m?) (Chen va cs, 2018). Trong khi
d6, murc 10 phthalate trong khong khi tir nghién ctru nay thap hon nhiéu so véi cac
nghién ctru ¢ Trung Quédc nhu cac mau khong khi trong nha (Pei va cs, 2013) va khu
vuc van phong & Hang Chau (X15 phthalate: 3620-25500 ng/m?) (Ouyang va cs,
2019). Nhing két qua nay cho thay sy phan bd phthalate trong khong khi rat khac
nhau theo khu vuc dia 1y (Hinh 3.6). Diéu nay cé thé duoc giai thich boi cac thoi quen
khac nhau trong viéc st dung cac san pham thwong mai va cong nghiép co chua
phthalate. Céc yéu t6 moi truong nhu nhiét do, do am, anh sang, tdc do gi6 cling c6
thé anh huong dén viée giai phong phthalate vao méi truong.

Ngudn phat thai tir vat liéu nhua va cao su trong phuong tién giao thong ctia
phthalate ddc biét l1a di-(2-ethylhexyl) phthalate (DEHP) va dibutyl phthalate (DBP),
duoc st dung phé bién 1am chét hoa déo trong nhya PVC, son, vt liéu noi thét 6 to,
day dién, dém cao su va cac linh kién nhya. Duéi diéu kién nhiét do cao trong khoang
xe hodc mit dudng nhyua ndng, cic hop chat nay dé dang bay hoi vao khong khi xung
quanh. Theo nghién ctru, khu vuc c6 mat do phuong tién cao céd néng do phthalate
trong pha khi cao hon 1,5-4 1an so véi khu vue dan cu ( Wang va cs 2019; Lee va cs

2020 ). Sy phat thai tir khi thai dong co va hao mon vét liéu. Qua trinh d6t chay nhién
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liéu khong hoan toan, dac biét véi dong co diesel, co thé tao ra hodc phat tan thém
cac hop chat phthalate bam trén hat PM2.5 va PM10. Ngoai ra, hao mon 16p xe, dau
boi tron, va vat liéu nhya duong ciing 1a cic ngudn thir cip quan trong. Nghién ciru
cho thdy ndng d6 DEHP va DBP c6 twong quan manh (r > 0,8) v6i chi sé NO: va
PM2.5 — hai chi bao dién hinh cho hoat dong giao thong (Fu va cs 2021). Diéu kién
nhiét do va ddi luu khong khi thi khu vue giao théng thudng c6 nhiét do bé mit va vi
khi hiu cao hon, thuc day qua trinh bay hoi phthalate tir vat liéu nhya va cao su. Cing
lac, hiéu Gmg d4o nhiét d6 thi (urban heat island) va ludng khi yéu trong cac khu phd
hep lam giam kha ning khuéch tan, khién phthalate tich tu cao hon trong khong khi
can mat dat.

Khu vuc dan cu c6 ngudn phthalate chil yéu tir hoat dong trong nha (son, vt
liéu xay dung, d0 noi that), tuy nhién sy trao d6i khong khi v6i méi truong ngoai
thip, din dén ndng do phthalate ngoai troi thip hon. Ngoai ra, it c6 ngudn phat thai
co hoc va nhiét, nén kha nang tai phat thai tir vat liéu ra khong khi cling kém hon so
v6i1 khu vye giao thong.
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khu vue do thi Ha Noi
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3.2.3. Phdn bé ciia PAHs va PBDEs va phthalate trong khéng khi xung quanh
theo dj cao
3.2.3.1. Phin bo PAHs trong khéng khi xung quanh theo dé cao

Theo hiéu biét cua ching t6i, ddy 1a nghién ctiru du tién vé su phan bé PAH
trong khong khi theo chiéu thang dimng tai khu vuc d6 thi Ha Noi (cac diém lay mau
duoc thu thap tir ting 1, ting 8, tAng 15, tAng 27 va tang 37, mdi ting cao khoang
3m). Két qua cho thay tong ndng d6 cua 16 PAH trong cac miu khong khi & mit dét
cao gap doi so voi ndng d6 & d6 cao tir 24 dén 111 m. Trong khi d6, ndng 46 PAH
trong khong khi tai cac vi tri ldy mau cao hon (tir 24 m dén 111 m) khong khéc biét
dang ké (trong khoang 125-177 ng/m?) (Hinh 3.7). Nhitng két qua nay twong ty nhu
mot bao cdo trude day tai Quang Chau, Trung Qudc, cho thdy nong d6 PAH trong
khong khi tai cac vi tri 14y mau thap cao hon so véi cac vi tri cao, v6i gia tri trung
binh 14n luot 13 82,3 ng/m3 va 40,8 ng/m? (Li va cs, 2005). Tuong ty nhu viy, mot
nghién ctru trudc dy ciing chi ra rang ndng d6 PAH trong khong khi giam dan theo
d6 cao (Tao va cs, 2007). Két qua nay co thé do ngudn phat thai PAH gan mat dat
hon va anh hudng cia gié khién nong d6 cua chung loang dan theo do cao. Diédu thu
vi 14 tai cac diém léy mau c6 do cao tir 24—111 m, néng do PAH trong mua mua cao
hon néng do trong mua kho. Két qua nay nguoc lai véi cac diém ldy mau & mat dat.
Pac biét & @6 cao 45 m, nf‘mg dé PAH trong mua mua cao hon va khéc biét hon so
v6i mua kho. Mot s6 nghién ciru da chi ra rang sy phan hity quang héa ctia PAH trong
khong khi din dén su giam néng do cua ching tir ngudn dén thu thé (noi thu thap
mﬁu) (Galarneau, 2008; Nguyen va cs, 2018; Sanli va cs, 2023). biéu kién khi tuong
cling c6 thé anh huong dén su phan bd cua PAH trong khong khi (Kim va cs, 2009;
Katsoyiannis va cs, 2011). Theo do, tai khu vuc léy mau, nhiét do khong khi trung
binh vao mua mua cao hon mua kho khoang 11°C (Dit liéu vé nhiét d6 méi truong
va ngdy mua dugc cung cip boi Cuc Quan 1y Khi quyén va Pai duong Qudc gia
(NOAA) tai Cang hang khong quéc té Noi Bai (ID tram: 488200-99999, 105,81
Pong, 21,22 Bic) (Dir liéu thoi tiét lich sir tai Noi Bai Visual Crossing). Do d6, can
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c6 nhirng nghién ctru thém dé 1am sang t6 cac yéu td anh hudng dén qua trinh van
chuyén va phat tan PAH trong khong khi xung quanh.

Tom lai, PAHs & sat mat dat cao hon gip gan 2 1an so véi phia trén cao.

Chigu

B Mua kho

50 100 150

200 250 300 350 400
Nong do tong PAHs (ng/m3)

Hinh 3.7. Néng do PAHs theo chiéu doc trong cdc mau khong khi xung quanh
dwoc thu thap tir cdac khu vue do thi Ha Noi
(2 mau cho moi mua tai mot dia diém)

3.2.3.2. Phin bé PBDEs trong khong khi xung quanh theo chiéu cao

Day 1a bao cdo dau tién vé sy phan bd PBDEs trén khong theo chiéu cao tai
Ha Noi (cac diém lay mau duoc thu thap tir mit dét, ting 8, tang 15, tAng 27 va ting
37, mdi tAng cao 3 m). Két qua bang 3.7 cho thdy, téng cong c6 7 ndng d6 PBDEs &
mat dat cao hon tir 2 dén 6 1an trong cac miu thang dung tir 24 dén 111 m tuong Ung.
Su khac biét & chidu cao tir 45 m dén 111 m 13 khong déng ké (Hinh 3.8). Sy giam
ndng do PBDEs theo d6 cao c6 thé 1a do sy bay hoi kém ciia PBDEs trong khong khi
va su hap phu cia ching trong cac hat bui 1am cho viéc di chuyén Ién trén tré nén
kho khin hon. Piéu nay da duoc chimg minh trong cac nghién ciru vé PBDEs trong
bui dudng tai mot s6 khu vuc & mién bic Viét nam (Anh va cs, 2019). Nhiéu nghién
ctru d4 cho thay ndng d6 PBDEs trong khong khi ¢6 xu hudng cao hon & tang thap
(gan mit dat) va giam dan theo d6 cao. Nguyén nhan chinh 1a do PBDEs dugc phat

thai chu yéu tir cac ngudn mit dit nhu giao théng, hoat dong cong nghiép, thiét bi
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dién tir, va bui tai huy dong. Cac hop chét nay c6 tinh ban bay hoi, nén phan 16n ton
tai & pha hat, dé bam dinh vao bui lo lirng va kho khuéch tan 1én cao. Nghién ctru cho
théy su giam manh néng do XPBDEs tur téng mit dat (0—2 m) 1én do cao 50 m, dac
biét dbi v6i cac ddng phén c6 trong lwong phén tir cao (nhu BDE-209) (Gouin va cs
2004; Harner va cs 20006).

Céc ddng phan PBDE c6 khdi lugng phén tir 16n (hexa—decaBDEs), vi du nhu
BDE-209, c¢6 xu hudng gin manh vao pha hat min (PMz.s — PMuo), khién chung lang
dong gin ngudn phat thai. Trong khi do, cac ddng phan nhe hon (tri-pentaBDEs) ¢6
tinh bay hoi cao hon, nén d& phan bd rong hon theo chiéu cao va khoang cach. Diéu
nay gidi thich tai sao & tﬁng cao, ty 1€ cia cac PBDE nhe c6 thé 16n hon, mic du té)ng
néng do XPBDEs lai thép hon. O khu vuc d6 thi, hién tuong ddo nhiét do thi (urban
heat island) lam ting d6i luu, gitip cac PBDEs nhe khuéch tan cao hon. Tuy nhién,
cac PBDEs ning van chua yéu bi giit lai trong 16p bién sat mit dit (boundary layer).
Gi6 va chénh 1éch nhiét d6 gitta ngdy — dém c6 thé tao ra chu trinh tai bay hoi — ling
dong, nhung nhin chung, nong d6 van cao nhat & khu vuc gan ngudn va tang thap.
Mot s6 nghién ctru cho thiy trong cac tda nha cao ting, sy phan tang ndng 46 PBDEs
c6 thé 1én dén 2-3 1an giita tAng trét va tang trén cung, tiy thudc vao thong gio va
hudng gi6 (Harner va cs 2013; Shoeib & Harner 2002).

Nhu vdy, PBDEs kha twong dong PAHs tham chi con chi yéu phan b sat mat

dat vai néng d6 dudi mat dat cao hon 2 dén 6 1an so véi phia trén.
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Bang 3.7. Nong d¢ (pg/m?) PBDEs trong khi xung quanh Ha N@i theo chiéu

cao
Nong d¢ (pg/m*) PBDEs trong khong khi xung quanh
P BDE 28| BDE 47 | BDE 99 |BDE 104 |BDE 153 |BDE 154 | BDE 183 | XPBDEs
F8.1 14 36 n.d n.d n.d n.d n.d 50
F8.2 20 44 n.d n.d n.d n.d n.d 64
F8.3 21 54 n.d n.d n.d n.d n.d 75
F8.4 24 60 n.d n.d n.d n.d n.d 84
F15.1 n.d 16 n.d n.d n.d n.d n.d 16
F15.2 n.d 44 n.d n.d n.d n.d n.d 44
F153 | nd 27 n.d n.d n.d n.d n.d 27
F154 | nd 46 n.d n.d n.d n.d n.d 46
F27.1 n.d 27 n.d n.d n.d n.d n.d 27
F27.2 n.d 38 n.d n.d n.d n.d n.d 38
F27.3 n.d 45 n.d n.d n.d n.d n.d 45
F274 | nd 52 n.d n.d n.d n.d n.d 52
F37.1 n.d 21 n.d n.d n.d n.d n.d 21
F37.2 n.d 29 n.d n.d n.d n.d n.d 29
F37.3 n.d 25 n.d n.d n.d n.d n.d 25
F37.4 | nd 36 n.d n.d n.d n.d n.d 36
T1.1 32 78 31.2 n.d n.d 31 n.d 172
T1.2 37 94 n.d n.d n.d 16 n.d 147
T1.3 99 120 n.d n.d n.d n.d n.d 219
T1.4 93 104 54 n.d n.d 36 n.d 287

n.d.: no detection (khong phat hi¢n)
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dwoc thu thap twr cdac khu vue doé thi Ha Noi (2 mau cho méi mia tai mot dia diém)

3.2.3.3. Phin bé Phthalate trong khéong khi xung quanh theo chiéu cao

Dé danh gia su phan bd phthalate trong khong khi theo phuong thing dung tai
Ha Noi (cac diém ldy mau duogc thu thap tir mit dat, ting 8, tang 27 va tang 37, mdi
tﬁng cao 3m). Khong khi Ha No6i c6 nhiét do, luong mua va cuong do anh sang vao
mua kho va mia mua rat khac biét. Nhiét d trung binh mua kho thap hon ~11 °C
vao mua mua, s6 ngdy mua chiém 1an luot 12 87 va 24 % viao mua mua va mua kho.
Két qua hinh 3.9 cho thay, tong s6 ndng d6 10 phthalate trén mit dat cao hon khoang
2 lan trong cac maiu & d6 cao tir 24 dén 111 m. Cac két qua nay twong tu nhu nhu
PAHs, su khac biét theo chiéu cao tir 24 m dén 111 m 13 khong dang ké (Hinh 3.7).
Riéng vi tri ting 8 c6 két qua thip hon dang ké c6 thé do vi tri nay c6 diéu kién anh
nang chiéu vao 16n hon (anh hudng cua su phan huy phthalate boi anh sang c6 thé
lam giam ndng d6 phthalate trong khong khi). So sanh phathalate theo chiéu cao
trong nha cling c6 hién tugng giam nong do theo do cao nhung mirc d¢ phthalate
trong khong khi trong nha van cao hon nhiéu so v&i khong khi xung quanh. Nghién

ctru trudc day ciing cho thdy ndng do cua phthalates trong khong khi trong nha 16n
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hon d4ng ké (khoang 8-10 1an) so véi khong khi bén ngoai 1ay tai cting mot dia diém
(Nguyen va cs, 2023). Nguyén nhan chinh 13 do phthalate duoc st dung trong rat
nhiéu loai san pham chiam séc ca nhan va san pham tiéu ding trong nha.

Nhu vay, ndng phthalate & mit dat ciing cao hon phia trén gan 2 lan.
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dwoc thu thdp tir cac khu viee do thi Ha Néi (2 mdu cho méi mia tai mét dia diém)
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Hinh 3.10.  Phdn bé phthalate trong khong khi xung quanh theo chiéu doc tai Ha
Noi
3.3. Panh gia méi twong quan ciia PAHs trong khong khi xung quanh va xic
dinh ngudn phat thai

Nghién ctru danh gia mdi twong quan va x4c dinh ngudn phat thai can s luong
dir liéu 16n. Trong 3 nhom thi nhém phthalate chi 14y duoc sé lwong han ché do phai
1y bang phuong phap chi dong, nhom PBDEs két qua da phan rit thip chua du dit
lidu dé danh gia méi twong quan, riéng nhém PAHs dir liéu kha pht hop nén nghién
cuu tap trung vao nhom PAHs.

Trong sb 16 PAH, 10 PAH c6 2—4 vong chiém 1an luot 91,6% va 84,7% vao
mua khé va mia mua (Hinh 3.2). Do d6, mot ma trin cac phan s caa 10 PAH nay
tai 34 miu di duoc str dung 1am dit liéu ddu vao cho PCA. Hai thanh phan chinh dau
tién gidi thich duogc 59,2% va 53,8% phuong sai dit 1iu trong mua khé va mua mua.
Két qua ciia PCA (tirc 1a cac biéu dd tai ctia 10 PAH va cac biéu d6 diém cia ting
dia diém) duoc thé hién trong Hinh 3.11. Tir cac biéu dd ndy, c6 thé xac dinh duoc
su dong gop cua cac hop chit muc tiéu trong timg miu. Vao mua mua, biéu dd tai
(Hinh 3.11b) va biéu dd diém (Hinh 3.11d) tao ra cic nhém rd rang. Nhom 1 (chua
11 trong s6 16 mau) duoc dic trung boi cac phan cao hon cia Ace, Acy, Ant, BaA,

BbF, BkF, Nap va Phe. Trong Nhom 2, sy dong gop cua Chr, Flt, Flu va Pyr vao céc
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dia diém duong bo 16n hon so véi cac loai PAH khac. Trong mua kho, hai biéu dd
(Hinh 3.11a va c¢) thé hién cac mé hinh twong ty nhu cac mé hinh cua mua mua,
nhung modt nhém bd sung (Nhém 3) bao gém cac khu dan cu di duge hinh thanh.
Mua mua va mua khé c6 cung nhom, duoc dac trung bdi cac hoat dong giao thong
v6i Chr, Flt, Flu va Pyr chiém wu thé. Trong khi ¢6, mua kho c¢é cac khu dan cu
(Nhom 2) trong d6 PAH nhe (3 vong), chiang han nhu Ace, Acy va Phe, chiém phan
16n. Cac dia diém nay nam trong khu dan cu va trong thoi diém bi anh hudng bai
dich COVID-19 (hoat dong giao thong han ché). Phe va Flt chiém 1an luot 30,4 va
14,1% (Hinh 3.4). Phe va Flt 1a chat danh ddu qué trinh d6t than/sinh khéi (Singh va
¢s, 2013; Cao va cs, 2017), trong khi khi thai tir cac phwong tién chay bang xing va
dong co diesel thuong c6 ham luong Pyr cao (chiém 12% trong nghién ctru nay)
(Ravindra va cs, 2008; Oliveira va cs, 2014; Nguyen va cs, 2018). Ant va Pyr cling
duoc phat thai tir qua trinh d6t than/sinh khéi (Liu va cs, 2010; Wang va cs, 2015).
Do d6, cac ngudn PAH trong nghién ctru cua ludn 4n co lién quan nhiéu dén giao
thong va qua trinh d6t than/sinh khdi, phit hop véi mot nghién ctru trude day tai Seoul,
Han Qudc (Kim va cs, 2013).

Mot cach khac dé danh gia ngudn phat thai PAH & cac khu vuc d6 thi Ha Noi
1a ty 18 cac chat thuong duoc sir dung dé danh gia tim quan trong tuong ddi cla cac
ngué)n khac nhau (Tobiszewski va cs, 2012; Anh va cs, 2019; Thang va cs, 2020;
Hoang va cs, 2023). Trong nghién clru nay, cac gia tri ty 1&¢ Ant/(Ant+Phe),
BaA/(BaA+ Chr) va Flt/(Flt+Pyr) da dugc stir dung. Ty 1€ Ant/(Ant+Phe) cao hon 0,1,
cho thdy ngudn nhiét phan (vi du: cic qua trinh nhiét do cao, qué trinh d6t chay). Ty
1¢ BaA/(BaA+ Chr) c6 thé dugc sir dung dé phan biét cac ngudn nhiét phan tir dau
mo, qua trinh dt than va khi thai tir phuong tién giao théng, véi ngudng 1a 0,20 va
0,35 (Cao va cs, 2019) hodc nhiét phan véi ngudng 16n hon 0,4 (Bi va cs, 2020). Ty
1& F1t/(Flt + Pyr) biéu thi qua trinh d6t ddu moé hodc ddt than/sinh khdi, véi ngudng
1la 0,50 (Yunker va cs, 2002; Nguyen va cs, 2018). Gia tri trung binh cua ty I¢
Ant/(Ant+Phe), BaA/(BaA + Chr) va Flt/(Flt + Pyr) trong ca hai mua lan luot 13 0,25,
0,39 va 0,55 tai cac khu vuc giao thong va 0,12, 0,42 va 0,53 tai cac khu dan cu, cho
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Component 2 (20.9 %)
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Component 2 (20.9 %)

thiy ngudn chinh cia PAH 1a cac qua trinh nhiét d6 cao, qué trinh d6t ddu moé hoic
dbt than/sinh khéi va giao thong. Tuy nhién, viéc sir dung ty 16 chuan doan dé xac
dinh ngudn PAH, dic biét 1a d6i voi PAH trong khong khi, d3 dugc ching minh 1a
c6 nhiing han ché (Galarneau, 2008; Kim va cs, 2009; Katsoyiannis va cs, 2011).
Theo do, hé sb phan chia hat/khi cia PAH, dac diém nguén, cac yéu td moi truong
va phan (mg quang hoa c6 thé anh huéng dén qua trinh van chuyén khéi khong khi
giita ngudn va thy thé. Do do, can phai nghién ctru sdu hon vé phan mg quang hoa

cua PAH trong khong khi va cac diéu kién méi truong nhu nhiét 4§, d6 am va tde do gio.
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Hinh 3.11. Két qua ciia PCA: Biéu do tai PAH va biéu do diém cia 16 madu trong
mua muwa (b, d) va 18 mdu trong miia khé (a, c)
3.4. Riii ro phoi nhiém PAHs, PBDEs va phthalate trong khéng khi xung quanh
qua cac con dwong phoi nhiém
Trong s6 3 nhom PAHs, PBDEs va phthalate thi s6 liéu vé PAHs la dai dién
nhat va day da nhat. Trong phan danh gid rai ro phoi nhidm nay tap trung chinh vao

nhom PAHs trong khong khi xung quanh.
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3.4.1. Lwong phoi nhiém hang ngay wéc tinh thong qua cdc con dwong phoi nhiém

D3 c6 nhiéu nghién ctru cong bd vé& mirc do rui ro phoi nhiém PAHs, PBDEs
va phthalate qua con duong hit thd khong khi. Theo Viét Nam bach khoa tri thire
(2014), trong lugng trung binh (bw) ctia nguoi Viét Nam dugc ap dung nhu sau: tré
so sinh (6-12 thang): 8 kg, tré mau gido (1-5 tudi): 15 kg, nhi déng (6-11 tudi): 25 kg,
thiéu nién (12-18 tudi): 48 kg va ngudi trudng thanh (> 19 tudi): 66 kg. Tdc do hit
thd trung binh dbi vai tré so sinh 1a 4,5 m*/ngdy, mau gido 1a 7,0 m*/ngdy, nhi dong la
10 m*/ngay, thiéu nién va nguoi trudng thanh 1 13,5 m*/ngay. Trong nghién ctru nay,
trong luong co thé ngudi 16n dugc tinh trung binh 13 60kg, tré em 1a 15kg. Tdc do hit the
clia ngudi 16n 1a 10,1 m*/ngay, ctia tré em 1a 6 m*/ngay. Thoi gian phoi nhiém ctia ngudi
16n va tré em giéng nhau 1a 1.5 gio.

Két qua tinh toan nhu trong bang 3.8 cho thdy muc dd phoi nhiém trung binh
(ng/kg-bw/gid) ciia PAHs 1a cao nhat, tiép d6 dén phthalate. PBDEs c6 nong do kha
thip nén mirc d6 phoi nhiém 1a thip nhat. Trong d6 tré em c6 nguy co phoi nhiém
cao hon nguoi 16n hon 2 14n ca & khu vue dan cu va khu vuc giao thong. Dat biét khu
vuc giao thong thi nguy co 6 nhiém d6i véi ca 2 nhom chét déu cao hon khu vuc dan
cu ca voi tré em va ngudi 16n gan 2 1an.

Biang 3.8. Liéu hrgng phoi nhiém qua dwong hé hip ciia PAHs, PBDEs va

phthalate trong khi xung quanh Ha Ndi d6i véi ngudi 16m va tré em

Nhém chat Khu vuc dan cw Khu vuc giao thong
Nguwoilon | Tré em | Nguwoilon | Tré em
PAHs (ng/kg-bw/ngay) 1,13 2,86 3,24 8,18
PBDEs (pg/kg-bw/ngay) 0,47 1,18 1,71 4,31
Phthalate (ng/kg-bw/ngay) 1,04 2,47 1,94 4,62

Chi tiét 16 chit trong nhém PAH:s tinh dwogc thé hién trong Bang 3.9 va Bang 3.10.
Bang 3.9. Liéu hrgng phoi nhiém wéc tinh (ng/kg-bw/ngay) déi véi tirng PAH

qua dudng hd hip dbi véi ngudi 16m va tré em

Khu vuc dan cw Khu vuce giao thong
PAHs

Nguoi 1on Tré em Nguoi 16n Tré em
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Nap 0,080 0,202 0,324 0,817
Acy 0,030 0,077 0,073 0,184
Ace 0,011 0,028 0,031 0,079
Flu 0,095 0,240 0,243 0,613
Phe 0,394 0,994 0,860 2,17
Ant 0,034 0,086 0,289 0,730
Flu 0,161 0,407 0,500 1,26
Pyr 0,137 0,346 0,415 1,05
BaA 0,039 0,099 0,087 0,219
Chr 0,024 0,061 0,090 0,228
BbF 0,060 0,152 0,120 0,303
BkF 0,035 0,088 0,141 0,356
BaP n.d. n.d. n.d. n.d.
IcdP 0,029 0,072 0,067 0,170
DahA 0,003 0,007 n.d. n.d.
BghiP n.d. n.d. n.d. n.d.
Total (16 PAHs) 1,13 2,86 3,24 8,18

n.d.: Khong phat hién
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Bang 3.10. Téng nong dd trung binh BaP., (ng/m?) va nguy co ung thu ECR ciia PAHs
Khu vue dian cw Khu vue giao thong

PAHs R1 R2 R3 R4 RS TI T2 T3

Mua Mua Mua Moa Mua Mua Moa Mua Mua Mua Mua Moa Mua Mua Mua Mua

mua  kho mua  kho mua  kho mua  kho mua  kho mua  kho mua  kho mua  kho
Nap 0,0098 0,0136 0,0019 0,0025 0,0010 0,0036 0,0052 0,0058 0,0013 0,0274 0,0269 0,0135 0,0848 0,0445 0,0028 0,0022
Acy 0,0015 0,0015 0,0026 0,0040 0,0026 0,0016 0,0023 0,0031 0,0022 0,0060 0,0041 0,0039 0,0068 0,0018 0,0105 0,0122
Ace 0,0008 0,0010 0,0004 0,0019 0,0002 0,0008 0,0011 0,0014 0,0006 0,0018 0,0016 0,0016 0,0017 0,0014 0,0049 0,0056
Flu 0,0083 0,0119 0,0037 0,0142 0,0044 0,0082 0,0061 0,0102 0,0034 0,0152 0,0143 0,0208 0,0147 0,0140 0,0325 0,0347
Phe 0,0326 0,0385 0,0289 0,0604 0,0263 0,0248 0,0335 0,0272 0,0228 0,0595 0,0822 0,0742 0,0625 0,0478 0,0798 0,118
Ant 0,0265 0,0195 0,0211 0,0364 0,0135 0,0069 0,0254 0,0412 0,0182 0,0982 0,131 0,583 0,213 0,326 0,134 0,176
Flu 0,0071 0,0233 0,0093 0,0262 0,0058 0,0116 0,0063 0,0096 0,0070 0,0388 0,0367 0,0524 0,0210 0,0160 0,0662 0,0778
Pyr 0,0125 0,0170 0,0088 0,0216 0,0051 0,0106 0,0050 0,0080 0,0059 0,0291 0,0337 0,0462 0,0176 0,0121 0,0511 0,0634
BaA 0,425 0,566 0,208 0,524 0,173 0,199 0,179 0,183 0,186 0,891 0,921 0971 0,498 0,301 0,697 1,30
Chr 0,0216 0,0316 0,0178 0,040 0,0101 0,0132 0,0043 0,0105 0,0134 0,0554 0,0684 0,0984 0,0453 0,0650 0,1149 0,0949
BbF 0,617 0,961 0,555 0,273 0,520 0,435 0,615 0,760 0,340 0,360 0,809 1,33 1,45 1,52 0,633 0,744
BkF 0,542 1,07 0,039 0,183 0,457 0,110 0,066 0,212 0,076 0,369 0,862 1,93 1,94 2,07 0,395 0,410
BaP n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
IedP nd.  nd 0742 nd 0487 nd 0988 nd 0364 nd 230 nd 134 nd nd nd
DahA n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 2,41 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
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thiP n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
2 BaPeq 1,70 2,76 1,64 1,19 1,71 0,825 1,94 1,27 3,45 1,95 529 5,12 5,70 4,43 2,22 3,04
ECR =} BaPeq *

URBaP 0,00015 0,00024 0,00014 0,00010 0,00015 0,00007 0,00017 0,00011 0,00030 0,00017 0,00046 0,00045 0,00050 0,00039 0,00019 0,00026

n.d.: khong phat hién
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Bang 3.11. Tinh toin nguy co ung thw gia ting sudt doi (ILCR) ddi véi PAHs hép thu qua da
C_air_ | Kp_em | o\, ET_h EF_days_ | ED_ BW | AT _days | CSF_per 3 J_mg_cm?_
ng m3 | per_h —em —g:;— per_year years kg _cancer _mgkgd C_mg_m h DAD_mg_kg_day ILCR
Nguwoi lon
R1 1,7 | 0,0001 18000 8 350 30 70 25550 3,85 0,0000017 1,7x 110 1,43718 x 17 | 5,53 x 177
R2 1,64 | 0,0001 18000 8 350 30| 70 25550 3,85 | 0,00000164 | 1,64x 110 1,38646 x 17 | 534 x 177
R3 1,71 | 0,0001 18000 8 350 30 70 25550 3,85 | 0,00000171 | 1,71x 11 1,44564 x 17 | 5,57 x 1°77
Mua | R4 1,94 | 0,0001 18000 8 350 30 70 25550 3,85 | 0,00000194 | 1,94x 110 1,64008 x 17 | 6,31 x 17
mua | R5 3,45 | 0,0001 18000 8 350 30| 70 25550 3,85 | 0,00000345 | 3,45x 110 2,91663 x 197 | 1,12x 1%
Tl 5,29 | 0,0001 18000 8 350 30 70 25550 3,85 | 0,00000529 | 5,29x 11 447217x 17 | 1,72 x 1%
T2 5,7 | 0,0001 18000 8 350 30 70 25550 3,85 0,0000057 5,7 x 110 481879x 17 | 1,86x 1%
T3 2,2 | 0,0001 18000 8 350 30 70 25550 3,85 0,0000022 2,2x 110 1,85988x 17 | 7,16 x 1’77
R1 2,76 | 0,0001 18000 8 350 30| 70 25550 3,85 | 0,00000276 | 2,76 x 110 2,33331x 197 | 8,98 x 17
R2 1,19 | 0,0001 18000 8 350 30 70 25550 3,85 | 0,00000119 | 1,19x 11 1,00603 x 197 | 3,87 x 1:77
R3 | 0,825 | 0,0001 18000 8 350 30| 70 25550 3,85 | 0,000000825 | 8,25x I°!! 6,97456 x 1% | 2,69 x 17
Mua | R4 1,27 | 0,0001 18000 8 350 30| 70 25550 3,85 | 0,00000127 | 1,27x 11° 1,07366 x 17 | 4,13 x 17
kho | R5 1,95 | 0,0001 18000 8 350 30| 70 25550 3,85 | 0,00000195 | 1,95x 11° 1,64853x 17 | 6,35x 177
T1 5,12 | 0,0001 18000 8 350 30 70 25550 3,85 | 0,00000512 | 5,12x 1°1° 432845x 17 | 1,67 x 1%
T2 4,43 | 0,0001 18000 8 350 30| 70 25550 3,85 | 0,00000443 | 4,43x 110 3,74513x 197 | 1,44 x 1%
T3 3,04 | 0,0001 18000 8 350 30| 70 25550 3,85 | 0,00000304 | 3,04x 110 2,57002x 197 | 9,89 x 1°7
Tré em
R1 1,7 | 0,0001 5700 6 350 6 15 25550 3,85 0,0000017 1,7x 110 3,18575x 1% | 1,23x 17
R2 1,64 | 0,0001 5700 6 350 6 15 25550 3,85 | 0,00000164 | 1,64x 110 3,07332x 1% | 1,18 x 17
Mua | R3 1,71 | 0,0001 5700 6 350 6 15 25550 3,85 | 0,00000171 | 1,71 x 11° 3,20449x 1% | 1,23 x 1"
mua | R4 1,94 | 0,0001 5700 6 350 6 15 25550 3,85 | 0,00000194 | 1,94x 1710 3,63551x 1% | 1,40x 177
R5 3,45 | 0,0001 5700 6 350 6 15 25550 3,85 | 0,00000345 | 3,45x 110 6,46521x 1% | 2,49 x 17
Tl 5,29 | 0,0001 5700 6 350 6 15 25550 3,85 | 0,00000529 | 5,29x 110 9,91332x 1% | 3,82x 1
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C_air? Kp_cm | ¢ A_cm? ﬁ};_rli EF_days_ ED_ BW | AT_days | CSF_per C mg m’ J_mg_cm?_ DAD_mg_ kg_day ILCR
ng_m° | _per_h day per_year years _kg _cancer _mgkgd h
T2 5,7 | 0,0001 5700 6 350 6 15 25550 3,85 0,0000057 5,7 x 110 1,06816 x 17 | 4,11 x 1°7
T3 2,2 | 0,0001 5700 6 350 6 15 25550 3,85 0,0000022 2,2x 1710 412274 x 1% | 1,59x 17
R1 2,76 | 0,0001 5700 6 350 6 15 25550 3,85 | 0,00000276 | 2,76 x 110 517216 x 1% | 1,99 x 1:7
R2 1,19 | 0,0001 5700 6 350 6 15 25550 3,85 | 0,00000119 | 1,19x 171 2,23003 x 1% | 8,59 x 1%
R3 0,825 | 0,0001 5700 6 350 6 15 25550 3,85 | 0,000000825 | 8,25x 1! 1,54603 x 1% | 5,95 x 1°8
Mua | R4 1,27 | 0,0001 5700 6 350 6 15 25550 3,85 | 0,00000127 | 1,27 x 110 2,37995x 1% | 9,16 x 1'%
khd | R5 1,95 | 0,0001 5700 6 350 6 15 25550 3,85 | 0,00000195 1,95x 1710 3,65425x 1% | 1,41 x 1°77
T1 5,12 | 0,0001 5700 6 350 6 15 25550 3,85 | 0,00000512 | 5,12x 1710 9,59474 x 1% | 3,69 x 1°7
T2 4,43 | 0,0001 5700 6 350 6 15 25550 3,85 | 0,00000443 | 4,43x 110 8,3017x 1% | 3,20x 17
T3 3,04 | 0,0001 5700 6 350 6 15 25550 3,85 | 0,00000304 | 3,04x 110 5,69688 x 18 | 2.19x 1'7

J=Kp *C;DAD = (J * SA * ET * EF * ED) / (BW * AT) ; ILCR = DAD * CSF
] NéuILCR <1 % 10°° — rui ro khong dang ké

[] Néulx10°<ILCR<1 x 10 — rui ro chap nhan duoc

] NéuILCR >1 x 10 — riii ro cao, can bién phap quan ly

115




3.4.2. Riii ro khong gdy ung thw ciia PAHs trong khong khi xung quanh qua da

Dé danh gia rui ro strc khoe qua da do tiép xtc véi hoi hoa chét trong khong
khi, thuong sir dung mé hinh phoi nhiém khong nghé nghiép (non-occupational
exposure) hodc nghé nghiép theo hudng dan cua US EPA (Risk Assessment Guidance
for Superfund, RAGS) (Cong thuc 2.9).

Véi hoi PAHs, AF thudng rat nho vi khong c6 hat bam dinh dang ké; US EPA
khuyén cao dung gié tri tham chiéu hoic bé qua néu khong c6 dit liéu cu thé.

Thay vao d6, mé hinh thudng sir dung Flux qua da (J) dua trén hé sé thim
(Kp): J=KpxC

Kp = hé s6 tham qua da (cm/h) cho PAHs (tham khéo tir US EPA hoic nghién
ctru thuc nghiém)

Gia tri tham s6 tham khao (USEPA, WHO, céc nghién ciru truéc)

Tham s Gia tri tham khao

SA (dién tich da tiép xuc) 5700 cm? (tré¢ em), 18.000 cm? (nguoi 1én)
AF (hé sb bam dinh) 0,07 mg/cm?/ngay

ABS (hép thy qua da) 0,13 (13%)

EF (tan suit) 350 ngay/nam

ED (thoi gian) 6 nam (tré em), 24-30 nam (nguoi 16n)
BW (trong luong co thé) 15 kg (tré¢ em), 60—70 kg (nguoi 16n)

AT (thoi gian trung binh) 25.550 ngay

CSF (BaP dermal) 3,85 (mg/kg/ngay)™

Két qua nghién ctru & Bang 3.12 cho thiy nguy co ung thu gia ting sudt doi
(ILCR) d6i v6i ngudi 16n va tré em cua PAHs hip thu qua da 1a khong dang ké, mot
vai vi tri giao thong rui ro 1a chdp nhan dugc khi ILCR 16n hon 107 tir 1,1 dén 1,9
lan.

3.4.3. Rui ro gdy ung thw cua PAHs trong khong khi xung quanh qua hit tho

Nghién ciru da tinh toan liéu phoi nhiém wdc tinh trung binh ddi véi 16 PAH

dbi voi ngudi 16m va tré em & khu dan cu 1an luot 13 1,13 va 2,86 ng/kg-bw/ngay.
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Trong khi d6, EED cua PAH & khu vuc giao thong cao hon dang ké (1an luot 1a 3,24
va 8,18 ng/kg-bw/ngay dbi v6i ngudi 16m va tré em) (Bang 3.8). Trong sé 16 PAH,
liéu phoi nhidm v&i Phe 1a cao nhéat d6i véi ngudi 16n va tré em (1an luot 14 0,394—
0,860 ng/kg-bw/ngay va 0,994-2.17 ng/kg-bw/ngay). Mot sé PAH khac, ching han
nhu BaA, BbF, BKF va BaP, mic du liéu rui ro phoi nhiém thép hon, van dang lo
ngai do ddc tinh cao cta chung. Téng nong do BaPeq va nguy co ung thu (ECR) di
duoc tinh toan va thé hién trong Bang 3.10. Theo d6, mirc trung binh cua BaPeq ddi
v6i 16PAH nam trong khoang 0,825-3,45 ng/m? va 2,22-5,70 ng/m® ¢ khu dan cu va
khu vuc giao thong, thép hon nhiéu so véi khu vuc ngoai thanh ¢ Trinh Chau, Trung
Quédc (28 ng/m?) (Wang va cs, 2015), khu cong nghiép (41,1 ng/m?) & khu vuc dong
bang séng Duong T ctia Trung Qudc (Bi va cs, 2020), tai Ha Noi (209 ng/m?) (Ha
va c¢s, 2020). Nhitng két qua nay twong tu nhu dir liéu duge bao cao tir Hong Kong
(trung binh: 0,64 ng/m?) (Peng va cs, 2011) va Coén Minh, Trung Qudc (pham vi:
0,16-2,57 ng/m?) (Yang va cs, 2015). Bong gbép cao nhit vao kha ning gy ung thu
ctia tong PAHs 1a benzo[b]fluoranthene (1an lwot 1 0,273-0,96 ng/m? va 0,633—-1,52
ng/m> ddi véi khu dan cu va khu vuc giao thong), tiép theo 1a benzo[k]fluoranthene
(0,039-1,07 ng/m* va 0,395-1,94 ng/m?). Do d6, benzo[b]fluoranthene va
benzo[k]fluoranthene c6 vé 1a nhitng dong gép chinh vao PAH gay ung thu, thude
nhém PAH c6 trong luong phan tir cao (5 vong).

Gia tri ECR trung binh cua khu dan cu va khu vuc giao thong tai Ha Noéi trong
sudt vong doi 70 nim dao dong tir 0,7 x 10* dén 5,0 x 10, Tai cac khu vuc giao
thong, ECR trung binh do hit phai PAHs 1a 3,7 x 10", trong khi tai cac khu dan cu la
1,6 x 10", vuot ngudng nguy co chung duoc chip nhan 1a 10, Cy thé, nguy co ung
thu do hit phai khong khi c6 chira PAHs tai Ha Noi cao hon mot chut so véi ngudng
gia tri duoc khuyén nghi boi Co quan Bao vé Mai trudng Hoa Ky, 2005 (pham vi

nguy co ung thu c6 thé chip nhan duogc 1a 10°° dén 10%).
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KET LUAN VA KIEN NGHI
KET LUAN
Luén 4n da thu duoc céac két qua nhu sau:

- Di nghién clru phat trién thanh cong quy trinh phan tich déng thdi nhom chét
PAHs, PBDEs va phthalate trong mau khong khi bang k¥ thuat thu mau thy
dong (PAS) va cha dong két hop véi phuong phap sic ky khi ghép ndi khéi
phd (GC/MS). Két qua giéi han phat hién ctua phuong phap d6i véi PAHS,
PBDEs va phthalate dao dong tuwong g trong khoang 0,009 - 0,110 ng/m?,
3-10 pg/m?> va 0,08-0,30 ng/m>. Két qua do thu hdi cua quy trinh chuin bj miu
dbi véi tat ca cac chat PAHs, PBDEs va phthalate déu dat trong khoang 70 dén
115% (d6 1éch chuan twong dbi nhé hon 15%).

- Di nghién ctru, danh gi4 sy phan b PAHs, PBDEs va phthalate trong mau
khong khi méi truong xung quanh tai Ha Noi. Tong ndng do ciia cac chit PAHs,
PBDEs va phthalate trong khong khi xung quanh twong ung 1a 45,0-451
ng/m?, 2-287 pg/m® va 36,0-487 ng/m>. Trong d6, Antracene, BDE-47 va
DEHP 1a cic chat c6 ndng d6 cao nhit twong g voi cac nhéom PAHs, PBDEs
va phthalate. Nong do cac chat nghién ctru & muia kho cao hon mua mua. Nong
do PAHs va PBDEs khu vuc giao thong cao hon (1,5 dén 2 lﬁn) khu vuc dan cu,
trong khi d6 phthalate & khu vuc giao théng cao hon 2 dén 6 1an khu vuc dan cu.

- Budc dau danh gia rai ro 6 nhidém cia cac nhém chat véi nguoi truong thanh va
tré em théng qua viéc wdc tinh lidu lugng phoi nhiém PAHs, PBDEs va
phthalate qua con duong hit thé khong khi véi nhom nguoi trudng thanh va tré
em. Liéu lwong phoi nhiém ¢ khu vuc giao thong ddi véi ca 3 nhom chat déu
16n hon so véi khu dén cu, trong d6 két qua dbi voi PAHS rd rét nhét véi lidu
luong 16n hon khoang 3 1an. Liéu phoi nhidm d6i véi tré em déu 16n hon ngudi
16n dbi voi ca 3 nhom chat. Két qua nay cho thdy nhom tré em tai khu vuc
giao thong 1a nhom c6 mirc d6 phoi nhiém va rii ro cao hon.

- Nguy co ung thu vuot qué trung binh suét doi (ECR) do tiép xuc véi PAHs

qua duong ho hip 14 3,0 x 10 tai cac khu vuc giao thong va 1,4 x 10 tai cac
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khu dan cu. Nhitng liéu phoi nhiém uéce tinh ndy cao hon mirc chap nhan duoc
cua Van phong Panh gia Nguy co Strc khoe Méi truong cia Co quan Bao vé
MBoi trudng California. Nguy co ung thu gia ting sudt doi (ILCR) do hap thu
PAHs trong khong khi qua da 12 khéng dang ké trong khu vyc dan cu va chép
nhéan duoc tai mot sb vi tri giao thong.

KIEN NGHI

Tt nhiing két qua dat duogc, luan an kién nghi mét s6 dinh hudng nghién ctru chuyén

sau nhu sau:

- MO rong pham vi khong gian va thoi gian quan tric. Thuc hién quan tric & nhiéu
dia diém khac nhau (khu céng nghiép, khu dan cu ven séng, ving ngoai 0) va
kéo dai thoi gian do dac dé danh gia phan b theo khong gian va xu hudng bién
d6i dai han va tac dong cua chinh sach giam phat thai.

- Mo rong nghién ciru sang cac con dudng phoi nhiém khac ngoai hit thé nhu an
ubng, tiép xuc qua da, bui trong nha.

- Nghién ctru hiéu qua ciia cac bién phap giam phat thai nhu thay doi nhién lidu,
gi6i han luu thong phuong tién cil, ting mang xanh. So sanh néng do va rii ro

trude va sau khi ap dung chinh sach dé danh gia hiéu qua.
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PHU LUC

Phu luc 1: Piéu kién sic ky phin tich PAHs

Théng sb Diéu kién chay may
Thiét bi Agilent Technologies 8890B gas chromatograph (GC)
interfaced with a 5977C mass spectrometer
Cot HP-5MS-UI column (30 m x 0.25 mm; 0.25 pm)
Cong bom Ché d¢ khong chia dong, Thé tich miu bom 1 pL, Nhiét
d6 cong bom 300°C
Khi mang Helium, Tdc d6 dong 1.0 mL/min

Chuong trinh 10 cot

60°C (Gitr 1 phut), to 320°C (10°C/phat, gitr 5 phut),

Nhiét d6 doan ndi

250°C

Nhiét 46 budng ion | 230°C

hoa

Ché d¢ ion hoa EI, Ning luong ban pha electron 70 eV
Ché d6 chay may Selective ion monitoring (SIM)




Phu luc 2: Sic ky dé chuin hdn hop PAHs

+ TIC SIM PAHSs 500 ppb.D (PAHs 500 ppb)
x10 4

Counts

3A
2.75-
2.5
2.25-
2
1.75-
1.5
1.25-
14
0.75
0.5
0.25-

T T T T T T 1 L T J\ T i L\ - T T T T T T T T L A\L T
8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Acquisition T




Phu luc 3: Piéu kién phén tich PBDEs

Théng sb Diéu kién chay may
Thiét bi Agilent Technologies 8890B gas chromatograph (GC)
interfaced with a 5977C mass spectrometer
Cot HP-5MS-UI column (30 m x 0.25 mm; 0.25 pm)
Cong bom Ché d6 khong chia dong, Thé tich mau bom 1 puL, Nhiét
d6 cong bom 300°C
Khi mang Helium, Téc d6 dong 1.2 mL/min

Chuong trinh 10 cot | 100°C (Giit 1 phat), 100 dén 250°C (20°C/phut, giit 0
phat), 250 dén 320°C (5°C/phut, giit 5 phut),

Nhiét d6 doan ndi 250°C

Nhiét d6 budng ion | 230°C

hoa

Ché d¢ ion hoa EI, Ning luong ban pha electron 70 eV

Ché d6 chay may Selective ion monitoring (SIM)




Phu luc 4: Sic ky d6 PBDEs

+ TIC SIM STD 5.D (STD 5)
x10 3
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Phu luc 5: Piéu kién phan tich phthalate

Théng sb Piéu kién chay may
Thiét bi GC Trace 1310 and ISQ 7000 MS (Thermo Scientific)
Cot TG-5MS (30 m x 0.25 mm % 0.25 pm; Thermo Scientific)
Cong bom Ché d6 khong chia dong, Thé tich mau bom 1 pL, Nhiét do

cong bom 280°C

Khi mang Helium, Tc do dong khi 1.0 mL/min
Chuong trinh 106 | 80°C (Gitr 1 phut), 1én 180 (12°C/phut, gilt 1 phut), 1én
cot 230°C (6°C/phut), Ién 270 (8°C/pht, gilr 2 phut), 1én 300

(30°C/phut, git 10 phat),

Nhiét do doan ndi | 250°C

Nhiét d6 budéng | 230°C

ion hoa

Ché d¢ ion hoa EI, Ning luong bin phé electron 70 eV

Ché d6 chay may | Selective ion monitoring (SIM)

Hop chat m/z (bold: Chudn dong | m/z (bold:
quantification ion) hanh quantification ion)

DMP 163 DMP-d4 153

DEP 149 (177) DEP-d4 153

DPP 149 DPP-d4 153

DnBP 149 (233) DiBP-d4 153

DiBP 149 (233)

DnHP 149 (279) DnHP-d4 153

BzBP 149 (206, 233) BzBP-d4 153

DCHP 149

DEHP 149 (167, 279) DEHP-d4 153

DnOP 297




Phu luc 6: Sic ky do chuin phthalate




Phu luc 7: Mét s6 hinh anh thu miu

B6 happhu
khithudong




Phu luc 8: Mot s6 hinh anh xir Iy miu

g
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Phu luc 9: Théng tin miu

Thoi gian 1dy miu

Thoi gian 1dy mau

M tr~1' 1ay Toa do Ky PAHs va PBDEs phthalate
mau hi¢u i}
T bén
F8.1 16/5/2021 06/6/2021
8th, The 105745725.6% F8.2 | 05/12/2021 | 26/12/2021
Pride 2088 TN F8.3 5/8/2022 26/8/2022 16/8/2022
F8.4 3/12/2022 | 24/12/2022 2023
105°45225.6"; | F15.1 | 16/5/2021 06/6/2021
15th, The | 20°58'18.1"N | F15.2 | 05/12/2021 | 26/12/2021
Pride F15.3 5/8/2022 26/8/2022
F15.4 | 3/12/2022 | 24/12/2022
105°45'25.6"; | F27.1 | 16/5/2021 06/6/2021
27th, The | 20°58'18.1"N | F27.2 | 05/12/2021 | 26/12/2021
Pride F27.3 5/8/2022 26/8/2022 17/8/2022
F27.4 | 3/12/2022 | 24/12/2022 2023
105°4525.6"; | F37.1 | 16/5/2021 06/6/2021
37th, The | 20°58'18.1"N | F37.2 | 05/12/2021 | 26/12/2021
Pride F37.3 5/8/2022 26/8/2022 17/8/2022
F37.4 | 3/12/2022 | 24/12/2022 2023
105°45'25.6"; T1.1 16/5/2021 06/6/2021
Ground, The | 20°58'18.1"N T1.2 | 05/12/2021 | 26/12/2021
Pride T1.3 5/8/2022 26/8/2022 16/8/2022
T1.4 3/12/2022 | 24/12/2022 2023
Vinh House, | 105°51'56.1"; T2.1 16/5/2021 06/6/2021
Kim 21°10'41.1"N T2.2 | 05/12/2021 | 26/12/2021
Market, T2.3 5/8/2022 26/8/2022 20/8/2022
Dong Anh T2.4 3/12/2022 | 24/12/2022 2023




Thoi gian 1dy miu

Thoi gian 1dy mau

M tr~1' 1ay Toa do Ky PAHs va PBDEs phthalate
mau hi€éu _
T bén
105°46'42.0"; | T3.1 16/5/2021 | 06/6/2021
410 Co 21°04'09.7"N | T3.2 | 05/12/2021 | 26/12/2021
Nhue T3.3 5/8/2022 26/8/2022 19/8/2022
T3.4 3/12/2022 | 24/12/2022 2023
LK1-Q12, | 105°43'39"E; R1.1 16/5/2021 | 05/6/2021
L6 LK-74, | 21°00'59.3"N | R1.2 | 05/12/2021 | 25/12/2021
Bac An R1.3 6/8/2022 27/8/2022 18/8/2022
Khanh R1.4 | 3/12/2022 | 24/12/2022 2023
Tien House, | 105°53'18"E; R2.1 16/5/2021 | 06/6/2021
95/2 Nam 20°59'05"N R2.2 1 05/12/2021 | 26/12/2021
Du, Linh R2.3 5/8/2022 26/8/2022 18/8/2022
Nam R2.4 | 3/12/2022 | 24/12/2022 2023
105°51'27.2"; | R3.1 16/5/2021 | 06/6/2021
38/28 Doc
Tho Lao, Lo 21°00'40.8"N | R3.2 |05/12/2021 | 26/12/2021
Duc R3.3 5/8/2022 26/8/2022 18/8/2022
R3.4 | 3/12/2022 | 24/12/2022 2023
105°48'48.6"; | R4.1 16/5/2021 | 06/6/2021
477/28/19 | 21°01'45.7"N | R4.2 | 05/12/2021 | 26/12/2021
Kim Ma R4.3 5/8/2022 26/8/2022 19/8/2022
R4.4 | 3/12/2022 | 24/12/2022 2023
154/25B 105°51'31.8"; | RS.1 16/5/2021 | 06/6/2021
Bac Cau, 21°04'05.8"N | RS5.2 | 05/12/2021 | 26/12/2021
Ngoc Thuy, R5.3 5/8/2022 26/8/2022 19/8/2022
Long Bien R5.4 | 3/12/2022 | 24/12/2022 2023




Thoi gian 1dy miu

Thoi gian 1dy mau

Vi tri ldy Ky
. Toa do PAHs va PBDEs phthalate
mau hi€éu _
Tw bén
Intracom 20/8/2022
riverside, 105°49'41.1";
R6 3/12/2022 | 24/12/2022
Vinh Ngoc, | 21°06'47.0"N
Dong Anh
Al Nguyen 20/8/2022
Co Thach, | 105°45'58.7";
R7 3/12/2022 | 24/12/2022
Nam Tu 21°02'12.1"N

Liem




Phu luc 10: Nong dd cac chit trong khong khi xung quanh Ha Noi

Bang PL 10.1: Nong dé PAHs trong cac miu khong khi xung quanh Ha Noi

Nong do PAHs trong cic miu khong khi xung quanh Ha Ndi (ng/m?)

KHM | Nap | Acy | Ace | Flu | Phe | Ant | Fit | Pyr | BaA | Chr | BbF | BKF | BaP | IcdP | DahA | BghiP | XPAHs
F8.1 [0,82|1,94|1,38 10,6 |36,1|8,38|23,1|253]|3,21 5,02| 49 |11,2| nd | nd | nd n,d 132
F82 10,97(2,03|1,56|11,7(48,96,99|259|29,3]|3,37 |5,61]|509|10,2| nd | nd | nd n,d 152
F83 | nd | nd | nd | 6,83 |82,1|3,16|23,8|15,0|1,192,30{3,78{9,61 | nd | nd | nd n,d 148
F84 |032|3,05|1,24 12,1 18,1 |1,30|7,93]8,70| 25,9 |3,70|2,06 | 5,01 | 1,10 | 3,61 | 5,36 | 4,32 104

F15.1 |5,36|1,88(1,31|9,78 21,1 |12,212,7]10,2|2,68 | 1,9 | 4,28 |15,7| nd | nd | nd n,d 99,3

F15.2 | 8,04 |3,02|1,88|10,2|37,2|14,6 | 23,8 | 18,8 3,09 | 3,56 |4,72 892 | nd | nd | nd n.d. 138

F153 | 750 | nd. | 2,24 | 11,2 82,7 3,62 | 23,8 | 18,8 | 16,6 | 3,41 | 19,7 | n.d. | n.d. | 50,6 | 34,3 n.d. 342

F154 263 |1,88|1,66|12,5|29,1 44,8 |14,2|12,4|3,20 |1,75|11,6 |17, 7| nd. | nd. | n.d. n.d. 177

F27.1 (4,211192|136|7,32|34,7|249|11,0|8,73|2,55|3,28|5,38|12,5| nd. | nd. | nd. n.d. 118

F272 |5,5212,11|1,51|8,09 40,2173 |17,4|11,6 | 2,51 | 2,79 | 5,03 |6,97 | n.d. | nd. | n.d. n.d. 121

F273 | 15,0 | nd. | 1,70 | 7,35 | 72,4 | 3,09 | 22,2 | 16,9 | 4,56 | 2,40 | 12,1 | n.d. | n.d. | 21,5 | 12,7 | n.d 192

F27.4 |23,11292|1,22|10,1 21,0358 |10,7|9,25|2,15|1,38]10,3|16,2| nd. | nd. | n.d. n.d. 145

F37.1 2,19|1,67|1,53]6,15|37,9|20,8|6,92|6,59 3,01 |3,97|791]|7,17 | nd. | nd. | nd n.d. 106

F372 2,5711,08|1,72|7,02 352 |19,0|9,38| 7,3 |2,933,61|6,98|9,05|nd. | nd | nd n.d. 106

F37.3 |8,2912,53{2,09|7,41 58,7 (2,87 |17,7|13,7| 13,6 [3,33 10,8 | O | nd. | 40,9 | nd n.d. 182




Nong do PAHs trong cic miu khong khi xung quanh Ha Ndi (ng/m?)

KHM | Nap | Acy | Ace | Flu | Phe | Ant | FIt | Pyr | BaA | Chr | BbF | BKF | BaP | IcdP | DahA | BghiP | XPAHSs
F37.4 |5,312,61|2,88|5,8144,9|21,4|16,4|16,9| 7,88 (9,05|14,2|14,9 | nd. | nd. | nd. n.d. 162
T1.1 [632(299| 1,5 | 189789204 |41,2|39,0|5,22|790|7,99|17,2 | nd. | nd. | nd. n.d. 248
T1.2 (24,5437 |1,68 17,8 |84,2|33,0/|48,2|45,1|5,20|8,78|10,4|158 | nd. | nd. | nd. n.d. 299
T1.3 |4745,12|1,62 9,61 854 5,76 | 32,1 28,3 13,2 ]5,78(8,19| 0 | nd. |459 | nd n.d. 289
T1.4 |2,47|3,49| 1,48 |23,6 64,1 | 83,4 |56,4|47,3|14,2|10,9|16,0|22,7 | nd. | nd. | nd. n.d. 347
T2.1 27,6099 1,41 |152(40,5|36,2|17,0|12,8|2,96|4,78|152|22,0| nd. | nd. | nd. n.d. 197
T2.2 |48,2(2,89|1,73|13,5(60,6 |26,5|15,7|11,0| 3,89 |831]|10,6| 18,0 nd. | nd. | n.d. n.d. 221
T2.3 |142,]12,5]1,99 | 14,2 | 84,4 | 6,40 | 25,0 | 22,3 | 7,00 | 4,28 | 13,8 | 16,7 | n.d. | 26,8 | n.d. n.d. 378
T2.4 |40,8|0,76 | 1,16 | 14,5 (34,9 |38,5|16,3|13,2| 2,13 |4,68|19,7|23,4| nd. | nd. | nd. n.d. 210
T3.1 [2,59|8,89]4,31|29,8|56,88,92|553(40,3|3,31|593| 58 |391|nd | nd | nd n.d. 226
T3.2 2,77 |11,0|5,09 30,3 |77,5|12,3 | 70,8 |45,2| 5,87 |9,52|6,04 |3,67 | nd. | nd. | nd. n.d. 280
T3.3 |3,08|12,1|5,57|35,1102,|17,8|77,0|61,8| 10,6 |17,0| 6,86 |3,99 | nd. | n.d. | n.d. n.d. 354
T3.4 |1,64|13,3|6,17|39,0|158,|22,7|84,8|81,5|20,2|9,46|8,83|4,52 | nd. | nd. | nd. n.d. 451
R1.1 |5,161,07]0,58|592 27,8 1,42 |11,2] 9,9 | 2,88 1,26 3,41 | 1,33 | n.d. | nd. | n.d. n.d. 72,1
R1.2 | 7,8 11,2210,74|837|31,3| 1,9 | 183 ]12,0| 3,59 (2,81 |5,73 2,59 | nd. | nd. | nd. n.d. 96,5
R13 |143]1,99]092|10,6 37,2 3,87 (2,94 |15,0] 5,61 [3,06|892]9,51|nd. | nd. | nd n.d. 114
R1.4 193 ]1,69|1,24|15,4|45,5|1,99 (2832201 7,72 3,51 |13,4|18,8 | nd. | nd. | nd. n.d. 179




Nong do PAHs trong cic miu khong khi xung quanh Ha Ndi (ng/m?)

KHM | Nap | Acy | Ace | Flu | Phe | Ant | FIt | Pyr | BaA | Chr | BbF | BKF | BaP | IcdP | DahA | BghiP | XPAHSs
R2.1 |3,8911,7210,78 2,97 22,8 | 1,5 | 791 8,01 | 1,55 | 1,4 | 4,26 0,78 | n.d. | nd. | n.d. n.d. 57,6
R2.2 14,27 12,64]0,89|3,28 27,4 1,82 (8,73 8,82| 1,83 1,73 4,84 |0,90 | nd. | nd. | nd. n.d. 67,2
R2.3 | nd. | 3,56 | nd. |4,39|34,9 2,72 10,7 | 9,49 | 2,60 | 2,16 | 6,83 | n.d. | n.d. | 14,8 | n.d. n.d. 92,3
R2.4 10,74 |5,35|2,83|25,0|93,2|5,46 | 43,7 34,3 | 8,64 | 6,27 | 0,61 | 2,75 | n.d. | nd. | n.d. n.d. 229
R3.1 |1,912,11]0,43|3,97|25,6 | 1,17|6,725,84| 1,85 | 1,1 |522|4,48 | nd. | nd. | nd n.d. 60,4
R3.2 2,24 11,83]0,69|5,56|26,10,93|10,89,96| 1,95 1,28 4,47 |1,11 | nd. | nd. | nd n.d. 67,0
R3.3 | nd. [3,09 | nd. | 4,84 27,0 1,52 4,95|4,28| 1,60 [ 0,92 | 5,18 | 4,65 | n.d. | 9,73 | n.d. n.d. 67,8
R3.4 |4,861,45|0,88|10,8|23,5/0,44|123|11,3]2,02 1,36 4,23 |1,09| nd. | nd. | nd n.d. 74,5
R4.1 3,81 1,831,001 |5,14|23,4|2,04|5,78|4,45| 1,38 [0,85|4,64 | 1,31 | nd. |987 | nd n.d. 65,6
R4.2 4,08 2,57|1,17|6,20|25,6 2,61 |6,58|5,00]| 1,42 (0,94 |5,09| 1,6 | n.d. | nd. | n.d. n.d. 63,0
R4.3 6,63 2,83 |1,21|7,14|43,4|3,04|6,78|5,45|2,18| 0 |7,64| nd. | nd. | 9,87 | n.d. n.d. 96,3
R4.4 | 7,46 13,57 1,57 |14,2|28,6 | 5,61 |12,5]11,0| 2,22 | 1,15]10,0 | 2,63 | n.d. | nd. | n.d. n.d. 101
R5.1 |2,511,65|1,18|3,38|17,8 | 1,81 |5,47|4,55|1,29 (0,99 2,83 |1,51 | nd. | nd. | nd n.d. 45,0
R5.2 12,92 12,65|1,33|3,85|20,0|1,99|6,033,98|1,58| 1,3 3,01 |147|nd. | nd. | nd n.d. 50,2
R53 | nd. |2,65| nd. |3,38]27,8| 1,81 8,47 (7,23 |2,43 |1,69|3,96 | nd. | nd. | 7,27 | 4,81 n.d. 71,6
R5.4 |51,81935(232|26,5|98,9|17,6 71,6 |54,1]|16,2(9,78|4,19|591 | nd. | nd. | nd n.d. 369

R6 nd. | nd. | 0,69 9,46 | 32,0 35,4 16,9 | 12,3 | 1,21 | 2,26 | nd. | 0,20 | nd. | nd. | n.d. n.d. 111




KHM

Nong do PAHs trong cic miu khong khi xung quanh Ha Ndi (ng/m?)

Nap

Acy

Ace

Flu

Phe

Ant

Flt

Pyr

BaA

Chr

BbF

BKF

BaP

IcdP

DahA

BghiP

XPAHs

R7

63,1

2,02

0,97

11,3

29,8

53,1

19,7

16,4

3,26

2,30

n.d.

6,44

n.d.

n.d.

n.d.

n.d.
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n.d.: Khong phat hién




Bang PL 10.2: Nong do PBDEs trong cac miu khong khi xung quanh Ha Noi

Nong do PBDEs trong khong khi xung quanh Ha Ngi (pg/m?®)

KM BDE 28 BDE 47 BDE 99 BDE 104 BDE 153 BDE 154 BDE 183 XPBDEs
T1.1 32 78 31.2 n.d n.d 31 n.d 172
T1.2 37 94 n.d n.d n.d 16 n.d 147
T1.3 93 104 54 n.d n.d 36 n.d 287
T1.4 99 120 n.d n.d n.d n.d n.d 219
T2.1 26 65 n.d n.d n.d n.d n.d 91
T2.2 45 72 n.d n.d n.d n.d n.d 117
T2.3 31 124 123 n.d n.d n.d n.d 278
T2.4 47 133 n.d n.d n.d n.d n.d 180
T3.1 26 40 n.d n.d n.d n.d n.d 66
T3.2 29 44 n.d n.d n.d n.d n.d 73
T3.3 35 66 n.d n.d n.d n.d n.d 101
T3.4 39 73 n.d n.d n.d n.d n.d 112
R1.1 n.d 45 n.d n.d n.d n.d n.d 45
R1.2 16 32 n.d n.d n.d n.d n.d 48
R1.3 n.d 40 n.d n.d n.d n.d n.d 40
R1.4 n.d 46 n.d n.d n.d. n.d. n.d. 46




Nong do PBDEs trong khong khi xung quanh Ha Ngi (pg/m?®)

KHM BDE 28 BDE 47 BDE 99 BDE 104 BDE 153 BDE 154 BDE 183 XPBDEs
R2.1 n.d. 38 n.d. n.d. n.d. n.d. n.d. 38
R2.2 n.d. 41 n.d. n.d. n.d. n.d. n.d. 41
R2.3 n.d. 52 n.d. n.d. n.d. n.d. n.d. 52
R2.4 n.d. 63 n.d. n.d. n.d. n.d. n.d. 63
R3.1 n.d. 51 n.d. n.d. n.d. n.d. n.d. 51
R3.2 n.d. 55 n.d. n.d. n.d. n.d. n.d. 55
R3.3 n.d. 46 n.d. n.d. n.d. n.d. n.d. 46
R3.4 n.d. 73 n.d. n.d. n.d. n.d. n.d. 73
R4.1 n.d. 23 n.d. n.d. n.d. n.d. n.d. 23
R4.2 n.d. 25 n.d. n.d. n.d. n.d. n.d. 25
R4.3 n.d. 28 n.d. n.d. n.d. n.d. n.d. 28
R4.4 n.d. 31 n.d. n.d. n.d. n.d. n.d. 31
R5.1 n.d. 25 n.d. n.d. n.d. n.d. n.d. 25
R5.2 n.d. 28 n.d. n.d. n.d. n.d. n.d. 28
R5.3 n.d. 36 n.d. n.d. n.d. n.d. n.d. 36
R5.4 n.d. 39 n.d. n.d. n.d. n.d. n.d. 39

R6 n.d. 48 n.d. n.d. n.d. n.d. n.d. 48




Nong do PBDEs trong khong khi xung quanh Ha Ngi (pg/m?®)

KHM BDE 28 BDE 47 BDE 99 BDE 104 BDE 153 BDE 154 BDE 183 XPBDEs
R7 n.d. 44 n.d. n.d. n.d. n.d. n.d. 44
F8.1 14 36 n.d. n.d. n.d. n.d. n.d. 50
F8.2 20 44 n.d. n.d. n.d. n.d. n.d. 64
F8.3 21 54 n.d. n.d. n.d. n.d. n.d. 75
F8.4 24 60 n.d. n.d. n.d. n.d. n.d. 84
F15.1 n.d 16 n.d. n.d. n.d. n.d. n.d. 16
F15.2 n.d 44 n.d. n.d. n.d. n.d. n.d. 44
F15.3 n.d 27 n.d. n.d. n.d. n.d. n.d. 27
F15.4 n.d 46 n.d. n.d. n.d. n.d. n.d. 46
F27.1 n.d 27 n.d. n.d. n.d. n.d. n.d. 27
F27.2 n.d 38 n.d. n.d. n.d. n.d. n.d. 38
F27.3 n.d 45 n.d. n.d. n.d. n.d. n.d. 45
F27.4 n.d 52 n.d. n.d. n.d. n.d. n.d. 52
F37.1 n.d 21 n.d. n.d. n.d. n.d. n.d. 21
F37.2 n.d 29 n.d. n.d. n.d. n.d. n.d. 29
F37.3 n.d 25 n.d. n.d. n.d. n.d. n.d. 25

n.d.: Khong phat hién




Bang PL 10.3: Nong dd phthalate trong cic miu khong khi xung quanh Ha Ni

Nong do phthalate trong khong khi xung quanh Ha Ni (ng/m’)

KM DMP | DEP | DPP | DiBP | DBP | DnHP | BzZBP | DCHP | DEHP | DnOP | X10PAEs
F83 | 11,3 | 8,7 | 9,9 | 10,3 | n.d. 8,0 7,5 8,2 45,4 5.9 115,3
F8.4 0,1 |1250]25,6| 5,7 | 325 0,2 0,1 15,5 56,5 6,5 267,6
F273 | 74 73 | 6,7 | 7,1 0,4 6,6 n.d. 6,4 38,7 5,8 86,3
F274 | 69 | 10,9 | 21,5 | 21,5 | 61,5 | 10,2 0,1 6,9 46,5 3,9 189,8
F373 | 7,6 69 | 65 | 69 1,5 5.4 5,0 5,3 3n.d. 4,7 79,6
F37.4 | 58,4 | 38,5 | 32,5 | 12,5 | 18,5 0,2 0,1 8,8 26,5 10,8 206,8
T1.3 4,9 4,5 1399 | 4,0 1,3 2,5 2,5 2,9 70,6 n.d. 133,1
T1.4 | 89,5 | 61,5 | nd. | 68,5 | 0,1 2,3 21,5 | 21,5 | 222,0 0,1 486,9
T2.3 | Ind. | 9,1 8,1 7,4 1,0 5,4 5,3 6,5 34,0 4,9 91,6
T2.4 | 32,5 | nd. | 24,5 ] 485 | 112,0| 16,6 | 27,9 | 49,8 45,8 | 109,0 466,6
T3.3 8,7 79 | 0,7 | 7,4 1,8 5,5 5,2 5,8 42,6 5.4 91,1
T3.4 0,1 |111,0| nd. | 12,5 | 0,1 14,2 0,1 38,8 | 2050 | 11,2 393,0
R13 | 170 | 1,6 | nd. | 14 1,7 n.d. n.d. n.d. 2n.d. 1,8 43,5
R1.4 0,1 | 46,5 | 38,8 | 21,0 | 0,1 26,5 0,1 0,1 39,5 5,6 178,2
R2.3 4,1 39 348 | 3,6 4,1 n.d. 2,3 2,5 15,1 2,1 72,5
R2.4 0,1 | 29,8 | nd. | 78,8 | 27,8 | 28,5 8,9 0,1 28,7 10,2 212,8




Nong do phthalate trong khong khi xung quanh Ha Ni (ng/m’)

KHM DMP | DEP | DPP | DiBP | DBP | DnHP | BzZBP | DCHP | DEHP | DnOP | X10PAEs
R3.3 4,0 3,7 | 32 | 33 3,7 2,3 2,4 2,3 22,4 2,1 49,4
R34 | 27,5 | nd. | nd. | 25,6 | 111,0| 2,6 4,5 34,5 | 124,0 | 25,9 355,6
R4.3 6,0 57 | 52 | 48 52 3,5 3,2 3.9 15,7 3,1 56,2
R44 | 62,1 | 108,0|28,7 | nd. | 524 | 0,2 10,2 1,8 68,2 0,1 331,6
R5.3 1,5 | 13,3 | nd. | nd 1,6 n.d. n.d. n.d. 19,6 n.d. 36,0
R54 | 21,5 | nd. | 21,5 | 12,4 | 21,5 | 38,5 0,1 0,1 68,5 8,9 193,0

R7 1,7 121,313 | nd. | L1 0,9 n.d. n.d. 21,2 n.d. 47,5

n.d.: Khong phat hi¢n




Phu luc 11: Théng tin cAc nhém chét nghién ciru

Bang PL 11.1: Mt s6 tinh chét vt Iy cia PAHs

Vit CTPT, Nhiét | Nhiétd¢ | DO tan trong
Tén goi tht KLPT Mau | d s6i | nong chay | nwéc ¢ 25 °C
(g/mol) O (4] (ng/L)
CioHs . 4
Naphthalene Nap 128 Trang 81 217,9 3,17.10
Ci2Hs . .
Acenaphthylene Acy 152 Vang | 92-93 280 Khong tan
CiH ,
Acenaphthene Ace 125 410 Tring | 95 279 3,93.10°
CisH .
Fluorene Flu 136610 Trang 115 295 1,98.10°
CuuH O
Phenanthrene Phe o) Khong 160 5 1 34 1.29.10°
178 mau
CuuH O
Anthracene Ant 1o Kh?ng 216,4 342 73
178 mau
CisHio Vang
Fluoranthene Flu 202 nhat 108,8 375 260
CisH O
Pyrene Pyr ethio | Khong 150 4 1 393 135
202 mau
CisH 0
Benzo (a)anthracene BaA o th?ng 160,7 400 14
228 mau
CisH 0
Chrysene Chr stz | Khong o530 | 448 2,0
228 mau
CxoH O
Benzo(b)fluoranthene BbF e Kh?ng 168.3 481 1,2
252 mau
CxH :
Benzo(k)fluoranthene | BKF wH2 | Vang |, s 5 480 0,76
252 nhat
CaoHi2 Hoi
B BaP \ 178,1 496 3.8
enzo(a)pyrene a 252 ving
CxH O
Dibenzo(a,h)anthracene | DahA 2the | Khong | 0o ¢ 524 0,5 (27°C)
278 mau
: . CHiz Vang
Benzo(g,h,i)perylene BghiP 276 nhat 278,3 545 0,26
CaoHiz .
Indeno(1,2,3c,d)pyrene | IcdP 276 Vang 163,6 536 62




Bang PL 11.2: Phén loai PBDEs theo s6 nguyén tir brém trong phén tir

S6 nguyén tir brom Tén nhém Cong thirc phan tir S6 chat
1 MonoBDEs Ci2HoBrO 3
2 DiBDEs C12HsBr,O 12
3 TriBDEs Ci12H7Br;0 24
4 TetraBDEs C12H6BrsO 42
5 PentaBDEs C12HsBrsO 46
6 HexaBDEs C12H4BrsO 42
7 HeptaBDEs C12H3Br;0 24
8 OctaBDEs C12H2Brs0 12
9 NonaBDEs C12HBryO 3
10 DecaBDEs C12Br100 1




Bang PL 11.3: Cong thirc, tén goi va ki hiéu ciia mdt sé hop chit PBDEs

TT Cong thirc ciu tao Tén/ Cong thirc phan tir Ki hi¢u
Br
o 2,4,4’-TriBDE;
1 BDE 28
C12H7Br30
o 2,2°,4,4’-TetraBDE
2 BDE 47
C12H6BrsO
° 2,2’ 4.4’ 5-PentaBDE
3 BDE 99
N N C12H5Brs0O
o 2,2°,4,4’ 6-PentaBDE
4 BDE 100
C12HsBrsO
° 22’4455 -HexaBDE
5 BDE 153
N N C12H4BrsO
° 2,2°.4,4°5,6’- HexaBDE
6 BDE 154
Br Br Br C12H4Br6o
° Y 122°,34,4,5 6- HeptaBDE
7 BDE 183
Br Br Br C12H3Br7o
: ° ” DecaBDE
8 BDE 209
Br Br C12BI'100




Bang PL 11.4: Tinh chét vat 1y ciia mot s6 hop chiat PBDEs

1 £ Hing s6 dinh luat A
TT | Tén chat l?oI; zuma;i){a}; Henry 23;2‘1( tr(/)llj‘)g LogKow
g (atm.m?3/mol) e
1 BDE 28 1,64.107 5,03.10° 70 5,94
2 BDE 47 1,40.107° 1,48.107 15 6,81
3 BDE 99 1,32.107 2,27.10° 9 7,32
4 BDE 100 2,15.107 6,81.107 40 7,24
5 | BDE153 1,57.10°® 6,61.107 1 7,90
6 BDE 154 2,85.10°8 2,37.10° 1 7,82
7 BDE 183 3,51.107 7,30.10°® 2 8,27
8 BDE 209 3,47.108 1,93.108 <0,1 8,70




Bang PL 11.5: Tinh chét vat Iy cia mdt s6 PBDEs thwong mai

. £ PentaBDEs OctaBDEs DecaBDEs
TT Tinh chat . . .
thwong mai thwong mai thwong mai
1 | Trang thai Chét long, nhot Chét rn, bot Chét rén, bot
X Vang nhat dén < \ < \
2 | Mau hé phéch Trang nho Trang nho
Mui - Mui khoé chiu Khong mui
4 | Nhiét d6 nong chay (°C) -7 dén -3 85 dén 89 290 dén 306
A > 300, bat dau A -
5 | Nhi¢t do s6i (°C) phén hiy & 200 Phan huy > 330 | Phan huy > 320
6 | Tikhdi & 25°C (g/mL) 2,28 2,76 3,0
7 | B tan trong nude (ug/L) 13,3 <1,0 <0,1
. 2 g/L methanol; 0 :
3 Do tan trong mot so dung 10 2§ /Ijne tano (()) ’Xg(;) szfltz(::;’_
e~ g/L acetone; 4070 ;
moi hiru co g/kg methanol 200 g/L benzene. | 0,87% xylene.
9 | Log Kow 6,57 6,29 6,27
10 | Ap suat bay hoi (mmHg) 3,5.107 4,9.10° 3,2.10°
11 | Hang so dinh luat Henry 1,2.10°6 2,6.107 1,2.10°%

(atm.m>*/mol)




Bang PL 11.6: Tinh chét 1y, hoa hoc ciia cic phthalate

TT | Phthalate | Nhiét héa hoi | logKow | DP9 tan trong nwéc | Ap suit hoa hoi
(°C) (mmHg)

1 DMP 284 1,5-2,1 4 mg/L (25°C) 3,08. 10 (25°C)
2 DEP 295 2,5 1080 mg/L (25°C) 1,65.107 (25°C)
3 DBP 340 4,6 1,047 mg/L (20°C) <0,001 (20°C)
4 DiBP 320 - 6,2 mg/L (24°C) 4,76.107° (25°C)
5 BzBP 370 4,8 2,69 mg/L (25°C) 8,25.10° (25°C)
6 DnHP 186 - 0,05 mg/L (25°C) 1,4.10° (25°C)
7 DEHP 285 7,5 0,983 mg/L (20°C) <0,001 (20°C)
8 DnOP 385 5,22 0,2 mg/L (25°C) 1,44.10%(25°C)
9 DCHP 222 6,2 4,0 mg/L (24°C) 8,69.107 (25°C)
10 DPP 318 - - -




Bang PL 11.7: Mt s6 &ng dung ciia cac hop chit phthalate

Tén Viét tat Ung dung
Diethyl DEP St dung trong d6 dyng my pham va nuéc hoa, cic chéat lam
phthalate déo, cac chat tay rira, tri ghé,...
Str dung nhu mdt tac nhan lam mém, tang d6 dan hoi, trong
ché bién nhya polyvinyl chloride va ethylcellulose dé san xuét
Dioctyl DOP mang nhya, gia da, day dién, day cap, tdm, hanh tinh, cac san
phthalate pham nhya khuén va dugc st dung trong son nitrocellulose.
Ngoai ra, con ing dung trong nganh cong nghiép 6 to, vat licu
xay dung, van san, thiét bi y té.
Di(2-ethyl)hexyl DELIP ang dung cho nhiéu san phém vat liéu xay dung nhu san, cap,
phthalate hd so va mai nha, thi¢t bi y t¢,...
N6 1a mot chat _thuong duge su dung trong cac chat héa déo,
. chat két dinh dé lam nhil twong nhya polyvinyl acetate (PVA)
Di-n-butyl
phthalate DBP | va dung méi cho thuc nhudm hoa tan trong dau, thudc trir sau,
peroxide va cac hop chat hitu co khac. N6 duoc st dung nhu
mot chit chdng tao bot, chét boi tron chit xo trong dét may.
Mot trong nhiing loi ich san xuat cho phép may bién ap PVC
hoat dong véi nang lugng dau vao it hon so véi nhleu chat déo
Butyl benzyl BBP tuong ty. N6 duogc st dung rong réi trong san Xudt van san vi
phthalate BBP giup giam thiéu bdo tri va tang tudi tho san pham. Hon
90% BBP duoc su dung dé 1am nhya PVC hodc cac polymer
khéc.
Khoang 95% DINP duoc sir dung lam tang tinh déo cia PVC
Diisononyl DINP (day va cap, phim va tAm, van san, gidy dép, do choi, nhya tiép
phthalate xuc thyc pham,...), tang kha nang chiu nhiét, tinh 6n dinh cta
san pham.
Puoc str dung chu yéu dé lam mém polyvinyl chloride (PVC)
Diisodecyl Vé'chié'm tr 25 q‘én 50% (w/w) trong PVC. Nho tinh 6n dinh
phthalate DIDP nhllét va cach dién nén DIDP thuong duogc st dung nhu mot
chat 1am déo cho day dién chiu nhiét, da cho ndi that xe hoi va
san PVC.
DNOP 14 chét 1am déo trong san xuat nhya PVC va cac polyme
. khac nhu este cellulose, nhwa polystyrene, va la chét trung gian
Di-n-octyl . L. 1A 1Ae s . s 1z , \:
phthalate DNOP trpng san xuat chat ke‘f d1?h, Blast‘lsols va lorAp phu son mai
nitrocellulose. DNOP c¢6 thé chiém tir 5 - 60% tong trong lugng
nhya (ATSDR, 2005)
Diisobutyl Phthalate (DIBP) la mét lam déo cho nitrocellulose,
Diisobuty] cellulose ether, va polyacrylate va polyacetate dispersions. Cac
phthalate DIBP | chit ndy c6 thudc tinh rat giéng véi DBP, do do, ¢ thé dugc

sir dung d¢é thay thé cho DBP trong hau hét cac ing dung cua
no.




Bang PL 11.8: Quy dinh vé dd thu hdi ciia hdi dong chdu Au

TT Ham lugng chit Pon vi Do thu hdi (%)
1 [<1pgkg <1 ppb 50%-120%
2 | >1 pg/kg d&én < 10 pg/kg 1-10 ppb 70%-110%
3 |>10pgkg > 10ppb 80%-110%
Bang PL 11.9: P§ thu hdi chip nhan & cac nong d khac nhau
(theo AOAC)
TT | Hamlwong (%) | Ty 1é chat Pon vi P thu hoi (%)
1 100 1 100% 98-102
2 >10 10" 10% 98-102
3 >1 102 1% 97-103
4 >0,1 107 0,1 % 95-105
5 0,01 10 100 ppm 90-107
6 0,001 107 10 ppm 80-110
7 0,0001 106 1 ppm 80-110
8 0,00001 107 100 ppb 80-110
9 0,000001 108 10 ppb 60-115
10 0,0000001 10 1 ppb 40-120




Bang PL 11.10: D lip lai téi da chip nhén tai cic ndng dd khac nhau

(theo AOAC)

TT | Ham lwong (%) Ty 1¢ chat Pon vi RSD (%)
1 100 1 100% 1,3
2 10 107! 10% 1,8
3 1 102 1% 2,7
4 0,1 107 0,1 % 3,7
5 0,01 10 100 ppm 53
6 0,001 10° 10 ppm 7,3
7 0,0001 10 1 ppm 11
8 0,00001 107 100 ppb 15
9 0,000001 10 10 ppb 21
10 0,0000001 10 1 ppb 30




