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Buwdc dau xac dinh bisphenol A va 4-nitrophenol trong bui PM,
tai ngi do Ha Noi, Viét Nam
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Tém tat:

0 nhiém bui PM, , trong moi trweong khong khi do thi tai Viét Nam l1a van dé dang lo ngai do nhirng tac dong
bat loii d6i véri moi trudrng va strc khée con ngwdi. Sw gia ting s6 lwong cac dang va loai chat 6 nhiém maéi,
khoé phat hién trong cac thanh phin méi trweong dang tré thanh méi de doa cho cong dong. Trong nghién
ciru nay, cac chat gay roi loan ndi tiét (bisphenol A - BPA va 4-nitrophenol - 4NP) bwédc dadu dworc phan tich
trong bui PM, ; st dung thiét bi sac ky khi khéi phé (GC/MS). Két qua cho thay, BPA va 4NP dwoc phat hién
trong 96,4 va 100% mau bui PM, . thu thap tai hai khu virc ni d6 Ha Noi véi ndng do lan lwot dao dong trong
khoang 0,22-3,92 ng/m? (trung vi 0,72 ng/m?) va 0,94-7,34 ng/m? (trung vi 3,09 ng/m?). Noéng do (trung vi)
cua 4NP cao hon 4,3 Iin so véi BPA, tuy nhién khong c6 sw bién thién ro rét vé nong do cua BPA va 4NP trong
bui PM, _ giira ban ngay va ban dém & ca hai vi tri nghién ciru. Nghién ciru bué'c dau cung cip théng tin c6 gia
tri vé hién trang cac chat gy rdi loan néi tiét trong bui PM, , 1a co’ sé gitp cac nha quan ly dé xuit giai phap
giam thiéu sw phat tan va xir ly hiéu qua cac chit 6 nhiém doc hai trong moi trwong.

Tir khéa: bisphenol A, 6 nhiém khéng khi, PM
Chi sé phdn logi: 1.4, 1.5, 2.7
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Abstract:

PM, . pollution in urban air environments in Vietnam is a matter of concern due to its adverse impacts on
the environment and human health. The increasing occurrence of new and difficult-to-detect pollutants
in the environmental matrices is becoming a threat to the community. In this study, endocrine disruptors
(bisphenol A - BPA and 4-nitrophenol - 4NP) were initially analysed in PM, . using a gas chromatography-
mass spectrometry (GC/MS) instrument. The results showed that BPA and 4NP were detected in 96.4 and
100% of PM, . samples collected from two urban areas of Hanoi, respectively, with concentrations ranging
from 0.22 to 3.92 ng/m? (median: 0.72 ng/m?) and from 0.94 to 7.34 ng/m? (median: 3.09 ng/m?). The median
concentration of 4NP was 4.3 times higher than that of BPA; however, there was no significant variation in
the concentrations of BPA and 4NP in PM, . between daytime and night-time at both studied locations. This
preliminary study provides valuable information on the current status of endocrine disruptors in PM, ,
which serves as a basis for environmental managers to propose solutions to minimise their release and
improve the management of toxic pollutants.
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1. Dat van de

Chat lwong khong khi déng vai tro quan trong doi véi
con nguwoi va méi treomg séng. Qua trinh do thi hoa va
cong nghiép hoa dién ra ngay cang manh mé nhirng nam
gan day, bén canh cac tc dong tich cuc do6i véi nén kinh
té, xa hoi va chat lwgng cudc séng clia ngwdi dan thi qua
trinh nay déng thoi tadc dong tiéu cuwe téi moi treong, dic
biét 1a moi treong khong khi. Theo T6 chie Y t& Thé gidi,
céc chat 6 nhiém khong khi trong nha va ngoai troi dwoc
coi 1a nguyén nhan 1é6n nhit gy bénh va tir vong trén thé
giGi hién nay va bui min la mét nhan t6 1é6n tac dong dén
strc khoe con ngwoi. Bui siéu min (ultrafine particles -
UFPs, c6 dwong kinh dwéi 100 nm) khong dwoc loai bo
bdi hé thong hé hip c6 thé thAm thiu vao mau va tich
tu trong co thé [1]. Thém vao dé, kich thwéc bui min,
bui PM,, nhé va dién tich bé mat riéng lém gitp ching
dé dang hap phu va tich liiy cac chit doc hai, xAm nhap
vao phé nang qua hé hé hip, gy hai nghiém trong cho
strc khde con ngudi [2]. Nhiéu nghién ctru vé cac chat
6 nhiém trong bui khong khi da dwoc thwc hién tai cac
khu vuc khac nhau trén thé gi¢i, cht yéu tip trung vao
cac chit 6 nhiém khong phan cuc va twong doi bén nhw
cac hydrocacbon thom da vong (PAHs), cidc hop chit
polyclo biphenyl (PCBs), cadc hda chat bao vé thuc vat co
clo (OCPs), cac chit lam chim chay (FRs)... Tuy nhién,
nghién ctru gan day vé cdc nhom hop chit mai, dic biét
12 nhém chat gay rdiloan ndi tiét trong bui khong khi van
con han ché.

Phthalate esters (PAEs) 1a nhdm chit c6 nguy co tac
dong giy pha v noi tiét (nhw tac dung khang estrogen)
[3] va tham gia vao cac qua trinh gay ung thw va gay
dot bién [4]. Di(2-ethylhexyl)phthalate (DEHP) duwgc
dwa vao danh sach cac chat wu tién trong linh vwc chinh
sach vé nuéc do Uy ban chau Au cong bé (Quyét dinh
s6 2455/2001/EC ngay 20 thang 11 nam 2001). Nghién
ctru PAEs trong bui khéng khi da dwgc thuc hién trén
thé gidi va tai Viét Nam, dién hinh nhw bdo cdo cua J.
Wang va cs (2018) [5] vé sy hién dién ctia PAEs trong
266 mau bui PM, _ thu thép tir 19 cong dong & Tay An,
Trung Qudc trong thoi ky 6 nhiém ndng. K&t qua cho théy,
PAEs dwoc phat hién véi ndng do cao ndm trong khoang
tir 271,7 dén 2134 ng/m? (trung binh 952,6 ng/m?);
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trong d6, DEHP dwoc phat hién véi tAn suit va nong do
cao, dong gop 42,2% trong tong s6 PAEs dwoc phat hién.
Mot nghién ctru khac vé cac thanh phan hitu co trong 30
mau bui min PM, . thu thap tai khu vuc dd thi ciia Béc
Kinh dwoc thwe hién cho thiy, 101 hop chit héa hoc da
dwoc phathién bao gom nhém chitthom, chdtbéo khong
bio hoa, axit ferulic, PAHs va cac chat hitu co vi 6 nhiém
khéc (hopan, corticosteroid) da dwoc phat hién. Nong do
clia cAc nhém chat nay phu thudc vao ngudn 6 nhiém va
diéu kién thoi tiét trong d6 nhém chit thom, PAHs va
hopanes dwoc quan sat & nong dd cao nhat vao mua déng
[6]. Nghién ctru vé cac chat hitru co bén (polychlorinated
dibenzo-p-dioxin/furan (PCDD/Fs), PCBs, PAEs, chit tao
déo bis(2-ethylhexyl) adipate (DEHA) va PAHs) tir khu
vuc tai ché chit thai dién tir khéng chinh thirc va khu
vire khac tai cac siéu d6 thi ctia An Do cho thiy, nong
do ), ,PCDD/Fs, },.PCBs, } plasticizers va }; PAHs
1an lwot trong khoang 3,1-26 (14+7; trung binh+SD),
0,5-52 (9+12); 7,5-520 (63+107) va 6-33 ng/m? (176)
[7]. Khu vuece tai ché rac thai dién ti (EW) dong gop 45%
téng néng dé6 PCB. PCDD/Fs, PCBs va plasticizers ludn
cao nhat & EW, trong khi PAH cao nhit & khu vuc cong
nghiép, ti€p dén la EW. Rui ro hit phai doi véi thanh
nién va nguoi 16n wéce tinh cao nhat déi voi dl-PCB va
plasticizers tai EW & Bangalore, tiép dén la Chennai va
New Delhi.

Hién nay, nghién ctru vé héa chat giy ro6i loan noi
ti€t trong bui khong khi tai Viét Nam con han ché, dic
biét d6i véi BPA va 4NP - hai nhém chit c6 tac dong tiéu
cuc tdi strc khde con ngwoi. BPA 1a mot héa chat cong
nghiép, chu yéu dwoc st dung nhw chat héa déo hodc
chit &n dinh trong polyester, nhwa polycarbonate hoac
nhwa epoxy, dwoc ng dung trong ché tao cac d6 dung
phuc vu nhu ciu sinh hoat cla con ngwodi nhw d6 choi
tré em, vat liéu bao goéi thuc phdm hodc gidy nhiét [8, 9].
BPA c6 nguy co phoi nhiém déi véi strc khée con nguoi
qua dwong khong khi trong méi trwong lam viéc do bui
chtra BPA c¢6 kha ning tao thanh hén hop dé chay né véi
khong khi trong mot s6 diéu kién nhit dinh [10]. Thém
vao do6, BPA da dwoc liét ké 1a mot trong cac hoa chét
gay roi loan noi tiét do cac tac dong twong tw hormone
va anh hwdng tiéu cwc dén sic khde nhw hé sinh san,
hé mién dich, hé than kinh noi tiét... [11, 12]. Con ngudi



c6 thé bi phoi nhiém véi BPA qua nhiéu con dwong
khac nhau, chu yéu la nuét phai qua thwe phdm hoic
nwéc uong, hit phai qua khong khi, hodc tiép xic qua da
[8, 9, 13]. Bén canh d6, 4NP mdt hop chit nitrat phenol
da dwgc chitng minh gy anh hwéng tiéu cwc dén stc
khée con ngwoi, ]am mat can bang hé sinh thai, ting nguy
co ung thw va can tré sw phat trién cta thwc vat [14-
16]. Cac nitrat phenol (methyl-nitrophenol, nitrophenol,
methyl-nitrocatechol va nitrocatechol) c6 thé giy 6
nhiém khong khi trén toan thé gi¢i [13-15]. Chiing dwoc
st dung lam nguyén liéu trong cdng nghiép dé san xuit
nhuwa phenol-formaldehyde, thudc nhudém, thudc nd va
chat khir trung [17, 18] va x4m nhip vao moéi truong
théng qua qua trinh dét sinh khéi [19-21], dét than,
xdng va dau diesel [18, 22, 23]. Ngoai ra, viéc st dung
thudc trir sau va thudc diét cé trong nong nghiép ciing la
nguyén nhan dwa 4NP vao khi quyén [18, 24].

Nghién ctru vé sy hién dién, phan bé va tac dong doi
v&i strc khde con ngudi cia BPA va 4NP - nhom chét
gdy roi loan noi tiét trong bui PM, . da dwoc thuc hién
tai nhiéu noi trén thé gi¢i [25-31], tuy nhién, s6 liéu
vé BPA va 4NP trong bui khéng khi, ddc biét 1a bui min
PMz.s'
ché nghién ctru da dwoc thwe hién tai Ha No6i, dién hinh
nhw nghién ctru cia H.T. Duong va cs (2019) [32] da phat
hién 118 hop chit hitu co vi 6 nhiém trong bui khong

tai Viét Nam con rat han ché. Mot s6 lwong han

khi (bui téng s6) tai Ha Noi, trong d6 nhém chit giy roi
loan noi tiét (BPA, 4NP) va hop chit cham séc strc khoe
(diethyltoluamide, caffeine) dwoc phat hién trong hon
90% mau bui phan tich. Trong mot nghién ctru khac ctia
H.L. Quang va cs (2022) [33] cho thiy, téng 288 hop chit
hitu co vi 6 nhiém dwgc phat hién trong bui PM, . thu
thip tai Ha Noi (bao gobm 23 PAHSs, 13 plastic, 104 hoa
chat bdo vé thuc vat), trong s6 d6 BPA dwoc phat hién
trong 87% mau phan tich. Tuy nhién, nghién ctru chuyén
siu vé sy hién dién, xu hwéng phan bo, cling nhw tac
déng ddi véi strc khde con ngwdi clia hai nhém chit pha
v& ndi tiét (BPA va 4NP) trong bui PM, . chwa dwoc thyc
hién. Chinh vi ly do d6, viéc danh gia hién trang 6 nhiém,
thanh phan, nguén gdc va rui ro téi stec khoe clia cac chit
gdy rdi loan noi tiét BPA va 4NP trong bui PM, . tai khu
virc ndi dé6 Ha Noi 1a cap thiét.
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2. Déi iigng va phuong phap nghién ciu
2.1. Phwong phdp thu thdp mau bui PM,

Mau bui PM, , (28 miu) dwoc 14y tai Ha Noi (S1 va S2)
& d6 cao khoang 8 m tinh tir mat dat. Piém S1 (toa do:
21.0220992, 105.8197142) la vi tri trén ting 3 toa nha
gan dwong Dé La Thanh (khu vuc c6 mit do dan sé cao
nhit Ha No6i véi hon 40.000 ngudri/km? [34]) va diém S2
(toa do: 21.031367, 105.825265) canh dwong Kim Ma.
Hai vi tri lra chon ndm & trung tAm thanh phé dic trung
b&i mat do dan cw va lwu lwgng giao thong cao, véi hoat
dong cha yéu 1a thwong mai dich vu va dan sinh dworc
quan sat thdy quanh khu vuc 14y mau. 28 mau bui PM,
dworc thu thap vao mang loc s¢i thach anh (Quartz fiber
PALLFLEX 2500 QAT-UP 8x10inch, Pall Laboratory, Hoa
Ky; da duoc xir Iy & 450°C va 6n dinh trong binh hut 4m
téi khdi lwgng khong déi) lién tiép trong 7 ngay dém vao
mua khé (thadng 11 nidm 2019) v&i thoi gian thu miu
khodng 10 tiéng/mau (ban ngay: tir 8-9 gir sing dén 6-7
gitr chiéu va ban dém: tir 7-8 gi¢ téi dén 7-8 gitr sang).
Thiét bi 14y mau khong khi thé tich 16n SIBATA HV700R
(SIBATA Science Technology, Nhat Ban) dwoc s dung
véi tdc dd 700 1/phut. Sau khi mau dugc thu thap, mau
bui dwgc boc trong gidy nhom va dwoc bao quan tai nhiét
dd -20°C cho dén khi chiét tich va phan tich.

2.2. Phwong phdp phdn tich mdu bui PM,

Phwong phap phan tich BPA va 4NP trong bui PM, .
dwoc thwe hién trén co s& tham khao nghién ctru do H.T.
Duong va cs (2019) [32] cong bd véi mot s6 thay doi
nhd, cu thé nhw sau: cdt nhé mang loc bui téi kich thwéc
khoang 1-2 cm va dwa vao dng ly tim mau xam thé tich
50 ml. Thém 25 ml dung mo6i dichloromethane vao 6ng
ly tAm va chiét siéu 4&m trong 15 phut. Mau sau d6 dugc
ly tAm trong 10 phit v&i toc d6 2000 vong/phut va dich
chiét dwoc thu vao binh qua 1é (thé tich 100 ml). Lap lai
qua trinh chiét ndy thém 2 lan nita. Mau dich chiét thu
duoc qua 3 1an chiét tach dugc 1am gidu bang thiét bi co
quay chan khong téi thé tich khoang 1 ml (trwong hop
dich chiét c6 nuwéc, thém Na SO, dé loai bé nuwérc. Thém
5 ml hexan vao dich chiét va lIam giau dich chiét téi 1 ml
bang théi khi nito. Cudi cing, 100 pl ndi chuin (BPA-d6
va 4NP-d4) dwoc thém vao dich chiét truwédc khi phan
tich trén thiét bi GC/MS (GC/MS-QP2010, Shimadzu,
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Nhat Ban). Mot pl dich chiét dwgc bom vao cot mao
quan fused silica J&W DB-5ms (5% phenyl-95%
methylsilicone; 30 m chiéu dai cdtx0,25 mm dwong kinh
trongx0,25 pm chiéu day 1&¢p mao quan) dé tach BPA va
4NP v6i toc d6 dong tuyén tinh khong déi 40 cm/gidy.
Khi helium tinh khiét (99,999%) dwgc st dung lam khi
mang. Dich chiét dwoc bom tw dong & ché d khong chia
dong (splitless) vao c6ng bom mau & nhiét do 250°C,
nhiét dd ngudn ion va nhiét dd dwong chuyén sang MS
lan lwot dwoc cai dit & 200 va 300°C. Nhiét do 10 GC bat
dau & 40°C gitr trong 2 phit, sau dé dwoc ning 1én 310°C
(véi téc do 8°C/phut) va duy tri & nhiét do 310°C trong
2 phut. BPA va 4NP dwoc dinh lwgng trong mau bang
ché do6 chon loc ion (SIM) dwdi tic dong ion héa dién tir
&70eV.

Phan tich 13p lai duoc thwe hién ddi véi 4 mau thu
thap vao ngay 14y mAu tht 4 tai S1 va S2 (mAu ban ngay
va mau ban dém tai mdi di€ém). Do 1éch chuin twong déi
(RSD) ctia BPA va 4NP trong cdc mau phan tich nhé hon
15% cho thay, phwong phap phan tich c¢é do lap lai tét
va phtt hop cho phan tich dinh lwong chinh xac BPA va
4NP trong bui PM, . Gi¢i han phat hién ciia phwong phap
(MDL) d6i v&i BPA va 4NP dwoc wéc tinh dwa trén gidi
han phat hién cda thiét bi (IDL) véi hé s6 1a 4 (thé hién
moi quan hé gitra IDL va MDL) [35], thé tich bom mAu (1
ul), thé tich mAu (1 ml) va mot nira thé tich khong khi thu
thap (m®) (do 1/2 mang loc bui dugc stt dung dé phan
tich). Do d6, IDL ctia BPA va 4NP la 0,01 ng va thé tich
khong khi thu thap 1a 200 m3, MDL twong (rng ciia BPA
va 4NP trong bui 12 0,2 ng/m?3.

2.3. Phworng phdp ddnh gid ri ro déi véi sivc khée
con ngwoi

Khi tinh toan rui ro clia cac chit 6 nhiém trong bui
khong khi do6i véi strc khoe con nguoi, thong thwong
ba con dwong phoi nhiém chinh dwoc nghién ctru bao
gbm hit thd, dn u6ng va tiép xdc qua da. Tuy nhién, phoi
nhiém bui min qua hé hip 1a con dwong phoi nhiém
chinh d6i v&i con ngudi [36, 37]. Theo huwéng dan cta Co
quan bao vé moéi trweong Hoa Ky, chi sd rui ro (HQ) dworc
stt dung dé danh gia phoi nhiém théng qua con dwong
hit thé cia BPA va 4NP d6i véi strc khde cia hai nhom
déi twong nguwoi 16m (tir 31 dén 51 tudi) va tré em (tir 3
dén 6 tudi) [38].
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HO = CDI (D
Q= RfDs
Dlair x EF x ED
CDl= ——mM8M8M8 —— (2)
AT

trong do6: CDI 12 lwong hip thu hing ngay man tinh
(ng/kg/ngay); RfDs la lieu lwgng tham chiéu cho phoi
nhiém main tinh (ng/kg/ngay) d6i véi mot hop chat.
Gia tri RfDs d6i véi BPA va 4NP lan lwot 12 50.000 va
8.000 ng/kg/ngay [39,40]; DI laliéulwonghap thuhdng
ngay (ng/kg/ngay); EF 12 tAn sudt phoi nhiém (ngay/nim,
365 ngay); ED 1a thoi gian phoi nhiém (nam) (gia tri 7,0
dé6i voi tré em va 34,5 doi véi ngwoi 1om). AT la tudi tho
trung binh (70 nam, khoang 25.550 ngay) [41].

Liéu lwong hép thu hang ngay (DI ) cta tirng chét
dwoc tinh toan theo cong thirc sau [38, 42]:

BW

trong dé: Cair 12 ndng do ctia BPA va 4NP (ng/m?®); F 1a
thoi gian & trong moi truedng phoi nhiém bui véi khodng
thoi gian trong mét ndm & néng dd cao nhit va trung vi;
IR la lwgng khi hit thé (m®/ngay) (gia tri lan lwgt d6i véi
tré em va nguwdi 16m 1an lwot1a 10,1 va 16 m3/ngay) [43];
BW la trong lwong co thé (kg) (trung binh ddi véi tré em
va nguwoi 1on 1an lwot 12 15 va 60 kg) [44].

Chi s6 nguy hai (HI) 14 thwéc do danh gia rui ro tich
lily cua BPA va 4NP dén sirc khoe con nguoi, dugc st
dung d€ wéc tinh phoi nhiém tich liiy theo cong thirc (4).
Cac chit dwoc cho 1a khéng gay ridi ro néu gia tri Hi<1 va
nguwoc lai [45].

HI = SHQi (4)

trong d6: HQ; (Hé s nguy hai ctia tirng chat i) dwoc tinh
theo cong thirc sau:

HQi= —— (5)

RfD;
véi: E; (lidu phoi nhiém): lwong chit ma con nguoi tiép
xuc (qua dn udng, hit thd, tiép xic da...) tinh theo mg/kg
thé trong/ngay; RfD; (liéu tham chiéu an toan): ngudng
litu dwoc co quan quan 1y (nhw USEPA, WHO) x4c dinh
ma duwdi mirc ndy viéc phoi nhiém lau dai khong gay anh

hwéng strc khoe.



3. Két qua va ban luan

3.1. Két qud phan tich bisphenol A va 4-nitrophenol
trong bui PM,

BPA va 4NP dwgc phat hién lin lwot trong 96,4
(27/28) va 100% (28/28 mau) mau bui PM, . v&i tdng
nong do dao déng trong khodng ttr 2,08 dén 7,94 ng/m?
(trung vi 3,81 ng/m?). K& qua nay phu hop véi cac
nghién ctu trudec day vé mirc d6 phong phu ctia BPA va
4NP trong bui khong khi [46-50]. Néng dé (trung vi) cia
4NP trong PM, . cao hon 5,1 va 4,8 lan so v&i BPA & S1 va
S2 (hinh 1, 2). Néng d6 trung binh ctia 4NP trong PM,
tai nghién ctru nay (3,37 ng/m?) cao hon gan 1,2 I4n so
vOi 4NP phat hién trong bui PM, . tai Nam Kinh, Trung
Quéc (2,83 ng/m?®) [48] va tai Bac Kinh, Trung Qudc
(2,90 ng/m?) [47]. Tuy nhién, khdng c6 sw bién thién ro
rét vé nong do ctia BPA va 4NP trong bui PM, . giita ban
ngay va ban dém & ca hai vi tri, m3c du néng dd 4NP vao
ban ngay cao hon ban dém dwoc quan sat thiy & S1va S2
& ngay 14y mau thir 3 dén thir 6 clia dot 1y mau (hinh 1).
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Xu hwéng nguoc lai dwoc quan sat déi véi BPA véi mau
thu thap vao ban ngay c6 nong dd BPA thap hon so véi
ban dém (ngdy 2-4 va ngay thit 7 clia dot 14y mau) & ca
2 vi tri, dic biét BPA dwoc quan sat & néng do cao nhit
(3,92 ng/m?) vao ngay thit 7 cia dot 14y mau tai S1 (hinh
2).Nguyén nhéin vé sw khac biét nay c6 thé do tac dong to
hop chia nhiéu yéu td nhw sw khac biét vé tinh chat hoaly
cta BPA va 4NP, sy thay d6i cia diéu kién khi quyén hay
hoat ddng con ngudi dan dén qud trinh phat tan va ton
tai ctia chung trong bui khong khi vao ban ngay va ban
dém khéic nhau. Tuy nhién, do s6 lwong mau bui nghién
ctru chwa du 1ém (14 maiu ngay va dém tai mdi vi tri) véi
thoi gian thu mau ngén (7 ngay), trong pham vi hep (2
vi tri khu vuc déng dan cw Ha Ni), déng thoi 1a nghién
ctru tién khao sat vé hién trang 6 nhiém cac hop chat
gy roi loan noéi tiét trong bui PM, . tai Ha Noi. Do do,
két qua nghién ctru cin bd sung d& danh gia hién trang 6
nhiém cac nhém chat ndy, cling nhw xac dinh ngudn goc
cua chung trong bui PM, . tai khu virc d6 thi Ha Noi.

3.2. Sw phan bé cua bisphenol A

E Ban dém

B Ban ngay

7,00
6,00
€ 5,00

% 4,00

S 1,00
Z 0,00

1 2 3 4 5 6 7 1 2 3
S1

4 5 6 7

va 4-nitrophenol trong bui PM, .

& BPA 13 mot hop chit gay roi loan
i ndi tiét do kha niang pha v& cdu tao
ndi tiét to cla cac sinh vat séng, dién
hinh 13 cac tac dong xau doi voi hé
théng sinh san & dong vat va con
nguwoi [51, 52]. BPA dwoc san xudt
va st dung véi khéi lwong 16n trong

Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay

qué trinh tong hgp nhwa va cac san

S2 phim tlr nhwa. Sw xAm nhap cia BPA

Hinh 1. Néng dé cua 4-nitrophenol vao ban ngay va ban dém tai S1 va S2.

vao méi tredng xudt phat tir cac hoat
dong clia con ngwoi nhw qua trinh

4,50 - .
Ban ngay [ Ban dém

4,00 —
3,50
3,00
2,50
2,00
1,50
1,00
0,50
0,00

Nong d6 (ng/m3

Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay

1 2 3 4 5 6 7 1 2 3
S1

Hinh 2. Néng dé cua bisphenol A vao ban ngay va ban dém tai S1 va S2.
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dot chay cac vat liéu chiva BPA, nhip
kh4u va xuit khau cac vat liéu c6 thé
tai ché& (dic biétla rac thai dién tr) va
khi thai phat tan gin cac co s& xi ly
BPA..,, trong d6, khong khi va bui la
nhitng ngu6n phéd bién khién sinh vat

sOng ti€p xuc va phoi nhiém véi BPA.
Trong nghién cru nay, néong dé cta
5 6 7 BPAvao banngay vaban dém tai hai vi
tri khéng cé sw bién dong 16m (<1,53

ng/m?), ngoai trir mau thu thap vao
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ban dém ctia ngdy cudi ciing trong chwong trinh 14y mau
tai S1va S2 c6 nong dd cao détbién (3,92 va 1,91 ng/m?).
Nong do (trung vi) cao nhit clia BPA tai S1 va S2 la
twong dwong (hinh 3), tuy nhién nong do (trung vi) cao
nhit ctia chit nay vao ban dém (0,79 ng/m?) cao hon
mot chit so véi ban ngay (0,60 ng/m?) (hinh 4). Nong
dd cao nhit ciia BPA tai nghién ciru nay (3,92 ng/m?)
cao hon 5,4 1an so v&i ndng do BPA cao nhit phat hién
trong mau bui PM,  thu thép tai thanh phd Milan, mién
Bic nudc Y (0,73 ng/m?) [53]. Pitu nay cé thé do khu
vuc thu mau bui ndm bén ngoai khu vuc ndi thanh cla
thanh phé Milan va ngudn 6 nhiém chi y&u dén tir hoat
ddéng cia con ngudi gy ra (chi yéu la giao thong va hé
théng swdi trong mua dong) [53], vi vAy nhitng nguén
nay khong phai la ngudn 6 nhiém chinh phét sinh BPA tai
Milan, Y. So sanh véi Yufa (mot dia diém ngoai 6 gan Bic
Kinh) va Quang Chau, Trung Qudc (noi bi anh hwéng béi
mot s6 diém tai ché rac thai dién ti tir khu vuce 1an can
nhw Thanh Vién va Guiyu thudc tinh Quang Pong), ndng
dd BPA cao nhit phat hién tai nghién ciru nay lan lwot
cao hon 4,6 va 1,7 1an [54] so v&i nong dd BPA cao nhat
tai Yufa (0,86) va Quang Chau (2,34 ng/m?), Trung Qudc.

Nitrophenol 12 chit gdy 6 nhiém phd bién trong khi
quyén, c6 & dang khi va bui, dwoc hinh thanh théng qua
cac qua trinh dét chay, phan hay thudc trir sdu (vi du
parathion) va sw hinh thanh th& cip cta nitrophenol
trong khi quyén [18, 50]. 2-NP va 4NP la cic thanh
phan chinh cia nhém nitrophenol trong khi quyén va
dwoc EPA dwa vao danh muc cac chit 6 nhiém nguy hai
wu tién [55]. Ddc biét, 4NP c6 doc tinh cao d6i véi con
ngudi [56]. Khac véi BPA, 4NP ¢6 xu hwédng cao hon
vao ban ngay so véi ban dém & ca hai vi tri véi nong do
4NP tai S1 dao dong 0,94-6,21 ng/m3 (trung vi 3,03 ng/
m?) vao ban ngay va tir 1,78-3,16 ng/m? (trung vi 2,40
ng/m?%) vao ban dém. Twong tw déi véi 4NP dwoc phat
hién tai S2, néng do 4NP vao ban ngay va ban dém lan
lwot trong Khoang 1,27-7,34 ng/m? (trung vi 3,91 ng/
m?) va 2,40-4,24 ng/m? (trung vi 3,45 ng/m?). Mau
bui PM, , thu thép vao ban ngay ctia ngay thu mau thi
3 dén thit 5 trong chwong trinh 18y mau tai S2 c6 nong
dd 4NP cao gp 2 1an so v&i cac ngay con lai tai cing vi
tri, dao dong trong khoang 6,21-7,34 ng/m?. Tuy nhién,
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xu hwdng nay khong ro rang tai S1 véi nong do 4NP cao
nhit (6,21 ng/m?®) dwgc quan sat vao ban ngay ngay thi 5
trong chwong trinh 14y mau. Nong do (trung vi) cao nhat
cla 4NP tai S2 cao hon mot chut so véi S1 (hinh 3), tuy
nhién ndéng d6 (trung vi) cao nhit cia 4NP vao ban ngay
(3,91 ng/m?) cao hon so véi ban dém (3,45 ng/m?) (hinh 4).
Nong do caonhatcia 4NP tai nghién crunay (7,34 ng/m?)
cao hon 5,8 Ian so véi nong dd 4NP phat hién trong miu
bui tai Mainz, Pt (1,27 ng/m?3) [57]. Sw khac biét nay
c6 thé bat ngudn tir dic diém dia ly va mat do dan sé
tai Mainz, noi c6 téng s6 dan twong déi thip (khoang
200.000 ngui), ndm cach trung tAm thanh phé khoang
2 km va cht yéu chiu anh hwéng bdi cac khdi khong khi
bao gobm khong khi tAng bién luc dia tir cad khu vuc do
thi va néng thon. Twong tw, néng dd cao nhit cia 4NP
ghi nhan trong nghién cttu nay thap hon 1,2 lan so véi
noéng do 4NP dwoc phat hién trong cdc mau PM, thu
thap tai tram gidm sat chat lwgng khong khi Tsuen Wan
(TW AQMS; 22.378°N, 114.118°E) - mét dia diém nén do
thi ndm trong khu phtrc hop dan cw, thwong mai va cong

nghiép tai Hong Kéng, Trung Qudc (8,66 ng/m?) [14].
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3.3. Pdnh gida rii ro cua bisphenol A va
4-nitrophenol trong PM, . doi véi sirc khée con nguoi

Rui ro ctia BPA va 4NP trong PM, . d6i véi strc khoe
con nguoi thong qua con dwong hit thé dwoc danh gia
déi véi hai nhém ddi twong l1a tré em va ngudi 1én. Liéu
lwong hdp thu hang ngay cao nhit cia tirng chat ctia BPA
& nguwoilén vatré em Ian lwotla 1,05 va 2,64 ng/kg/ngay,
trong khi d6 DI__ctia 4NP doi véi nguoi 16m va tré em lan
lwotla 1,96 va 4,94 ng/kg/ngay. Liéu lwgng hap thu hang
ngay ctia 4NP cao hon so v&i BPA dwoc quan sat ddi véi
hai déi twong tré em va ngwoi 16n do néng do cao cua
4NP trong bui PM, . Trung binh, tré em phoi nhiém vé&i
héa chat cao hon khoang 2,5 lan so véi nguoi 1on trén
1 kg trong lwgng co thé. Khi xem xét mirc phoi nhiém
t6i da (& nong do cao nhat), chi s6 rui ro HQ cia BPA
déi véi ngwoi 16m va tré em ludn thap hon 1,03x10° va
5,3x10°%; twong tw doi véi 4NP gia tri HQ ddi véi ngudi
16n va tré em lan lwot thip hon 1,21x10* va 6,2x107,
do d6 su hién dién cua BPA va 4NP trong PM, . khong
gay rui ro déi véi stire khde cdng dong tai khu vire nghién
ctru. Rui ro ctia BPA va 4NP trong bui PM, . déi véi tré
em nho hon so v&i ngwoi 1dn do ching cé ty 1€ hit phai
trén trong lwgng co thé nhd. Chi s6 nguy hai HI (danh gia
rui ro tich liiy ciia BPA va 4NP) & nong do phoi nhiém
toi da doi véi tré em va ngudi 1n thip hon 6,73x10° va
1,31x10* cho thiy, rui ro tich liiy tir viéc ti€p xtc véi BPA
va 4NP trong bui PM, . duoc coi la chwa c6 tac dong xau
nao doi véi strc khoe con nguwoi tai 2 vi tri nghién ciu.
Tuy nhién, vi sd lwgng cac chat gy roi loan ndi tiét dwgc
nghién ctru con han ché (2 chat) va con nhiéu cdc nhém
chat gay rd6i loan noi tiét khac ton tai trong bui PM,  vi
thé viéc tiép xtic 1au dai véi cac chit nay cé thé gay rui ro
d6i voi stre khoe con nguoi. Do d6, trong twong lai can
thwce hién nghién cttu chuyén sau, trén pham vi rong véi
s0 lwong 16m chét gy roi loan noi tiét trong bui PM, . tai
Ha Noi nham danh gia toan dién tac dong téng hop cla
cac héa chat gy roi loan noi tiét d6i véi stire khoe con
nguoi.

4. Két luan
Két qua nghién ctru buéc dau xac dinh dwgc ham

lwgng, sw phan bé va rui ro doi véi sitc khoe cia BPA
va 4NP trong bui PM, . tai Ha Noi. BPA va 4NP dwoc
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phat hién trong tit cA cAc mau bui nghién ctru ngoai trir
1 mau bui thu thap vao ban dém tai S1 c6 ham luong
BPA nhd hon gi¢i han phat hién ctia phwong phap. Nong
dd (trung vi) ctia 4NP trong PM, . cao hon 4,3 lan so véi
BPA, tuy nhién khéng cé sw bién thién ro rét vé néng do
cua BPA va 4NP trong bui PM, . gitra ban ngay va ban
dém & ca hai vi tri. Chi s6 rii ro tich liy HI cua BPA va
4NP & ndng dd phoi nhiém cao nhat d6i véi tré em va
nguwdi 1én déu nho hon 1 cho thiy, viéc tiép xdc véi BPA
va 4NP trong bui PM, . chwra gay tac dong xdu doi véi strc
khoe con nguoi tai 2 dia diém nghién ctru. Tuy nhién,
can thuc hién nghién ctu chuyén siu trong twong lai vé
hién trang 6 nhiém cac chat gay rdi loan noi tiét trong bui
PM, . véi s gia tang vé s6 lwong chat nghién ciru, trén
pham vi réng - khu vuc dan cw doé thi, ndng nghiép, cong
nghiép, cung thiét ké chwong trinh 14y mau theo khong
gian va thoi gian nham danh gid dwoc tdng thé hién trang
6 nhiém, x4c dinh ngudn goc cling nhu tac dong téng hop
cta chung doi véi strc khde con ngueoi.

LOI CAM ON

Nghién ctru ndy dwoc thwc hién béi sw hd tro kinh
phi cia Quy Phat trién Khoa hoc va Cong nghé Qudc gia,
B6 Khoa hoc va Cong nghé, ma s6 dé tai 104.01-2023.05.
Cac tac gia xin chan thanh cam on.

TAI LIEU THAM KHAO

[1] A. Robichaud (2020), “An overview of selected emerging
outdoor airborne pollutants and air quality issues: The need to
reduce uncertainty about environmental and human impacts”,
Journal of the Air & Waste Management Association, 70(4),
pp-341-378, DOI: 10.1080/10962247.2020.1723738.

[2] M. Kampa, E. Castanas (2008), “Human health effects
of air pollution”, Environmental Pollution, 151(2), pp.362-367,
DOI: 10.1016/j.envpol.2007.06.012.

[3] C. Sultan, P. Balaguer, B. Terouanne, et al. (2001),
“Environmental xenoestrogens, antiandrogens and disorders
of male sexual differentiation”, Molecular and Cellular
Endocrinology, 178(1), pp.99-105, DOI: 10.1016/S0303-
7207(01)00430-0.

[4] R. Kavlock, B. Kim, C. Robert, et al. (2002), “NTP Center
for the Evaluation of Risks to Human Reproduction: Phthalates
expert panel report on the reproductive and developmental
toxicity of butyl benzyl phthalate”, Reproductive Toxicology,
16(5), pp.453-487.

12



Khoa hoc Tu nhién | Héa hoc; Khoa hoc tréi dat va méi truong; Khoa hoc Ky thuat va Céng nghé | Ky thudt méi truong s

[5] J. Wang, Z. Dong, X. Li, et al. (2018), “Intra-Urban
levels, spatial variability, possible sources and health
risks of PM, . bound phthalate esters in Xi'an”, Aerosol and
Air Quality Research, 18(2), pp.485-496, DOI: 10.4209/

aaqr.2017.09.0333.

[6] Y. Wang (2023), “Seasonal characteristics of particle

size distribution of organic markers in atmospheric
particulate matters in Beijing”, Environmental Research, 231,

DOI: 10.1016/j.envres.2023.116044.

[7] P. Chakraborty, H. Gadhavi, B. Prithiviraj, et al. (2021),
“Passive air sampling of PCDD/Fs, PCBs, PAEs, DEHA, and PAHs
from informal electronic waste recycling and allied sectors
in Indian megacities”, Environmental Science & Technology,
55(14), pp.9469-9478, DOI: 10.1021 /acs.est.1c01460.

[8] W.T. Tsai (2006), “Human health risk on environmental
exposure to bisphenol-A: A review”, Journal of Environmental
Science and Health, Part C, 24(2), pp.225-255, DOI:
10.1080/10590500600936482.

[9] W.T. Tsai

distributions and risk management of phenols pertaining to

(2013), “A review on environmental

the endocrine disrupting chemicals in Taiwan”, Toxicological
and Environmental Chemistry, 95(5), pp.723-736, DOI:
10.1080/02772248.2013.818150.

[10] M. Celinski, M.J. Sankowska (2016), “Explosibility,
flammability and the thermal decomposition of BPA, the
main component of epoxy resin”, Journal of Loss Prevention
in The Process Industries, 44, pp.125-131, DOI: 10.1016/].
jlp.2016.08.024.

[11] Y. Ma, H. Liu, J. Wu, et al. (2019), “The adverse health
effects of BPA and related toxicity mechanisms”, Environmental
Research, 176, DOI: 10.1016/j.envres.2019.108575.

[12] L. Escriva, ]. Zilliacus, E. Hessel, et al. (2021),
“Assessment of the endocrine disrupting properties of BPAF:
A case study applying the European regulatory criteria and
guidance”, Environmental Health, 20(1), DOI: 10.1186/
$12940-021-00731-0.

[13] W.T. Tsai (2023), “Survey on the environmental risks of
BPA and its relevant regulations in Taiwan: An environmental
endocrine-disrupting chemical of increasing concern”, Toxics,
11(9), DOI: 10.3390/toxics11090722.

%HN%?-IE 68(6) 6.2026

[14] K.S. Chow, X.H. Huang, J.Z. Yu (2015), “Quantification
of nitroaromatic compounds in atmospheric fine particulate
matter in Hong Kong over 3 years: Field measurement
evidence for secondary formation derived from biomass
burning emissions”, Environmental Chemistry, 13(4), pp.665-
673,D0I: 10.1071/EN15174.

[15] Y. Liang, X. Wang, S. Dong, et al. (2020), “Size
distributions of nitrated phenols in winter at a coastal site
in north China and the impacts from primary sources and
secondary formation”, Chemosphere, 250, DOI: 10.1016/j.
chemosphere.2020.126256.

[16] A.M. Booth, B. Murphy, I. Riipinen, et al. (2014),
“Connectingbulk viscosity measurements to kineticlimitations
on attaining equilibrium for a model aerosol composition”,
Environ. Sci. Technol., 48(16), pp.9298-9305, DOI: 10.1021/
es501705c.

[17] K. Nojima, K. Fukaya, S. Fukui, etal. (1975), “Studies on
photochemistry of aromatic hydrocarbons II: The formation of
nitrophenols and nitrobenzene by the photochemical reaction
ofbenzeneinthe presence of nitrogen monoxide”, Chemosphere,
4(2), pp.77-82,D0I: 10.1016/0045-6535(75)90017-X.

[18] M.A. Harrison, D. Vione, C. Arsene, et al. (2005),
“Nitrated phenols in the atmosphere: A review”, Atmospheric
Environment,  39(2), pp.231-248, DOL: 10.1016/].
atmosenv.2004.09.044.

[19] C. Mohr, P. Zotter, L. Xu, et al. (2013), “Contribution
of nitrated phenols to wood burning brown carbon light
absorption in Detling, United Kingdom during winter time”,
Environment Science and Technology, 47(12), pp.6316-6324,
DOI: 10.1021/es400683wv.

[20] S. Tomaz, G. Lammel, E. Perraudin, et al. (2016),
“One-year study of polycyclic aromatic compounds at an
urban site in Grenoble (France), Seasonal variations, gas/
particle partitioning and cancer risk estimation”, Science of
The Total Environment, 565, pp.1071-1083, DOI: 10.1016/j.
scitotenv.2016.05.137.

[21] Y. linuma, O. Boge, R. Grafe, et al. (2010), “Methyl-
nitrocatechols: Atmospheric tracer compounds for biomass
burning secondary organic aerosols”, Environment Science and

Technology, 44(22), pp.8453-8459, DOI: 10.1021/es102938a.

13



[22] L. Yan, Y. Bai, R. Zhao, et al. (2015), “Correlation
between coal structure and release of the two organic
compounds during pyrolysis”, Fuel, 145, pp.12-17, DOI:
10.1016/j.fuel.2014.12.056.

[23]]. Tremp, P. Mattrel, S. Fingler, et al. (1993), “Phenols
and nitrophenols as tropospheric pollutants: Emissions from
automobile exhausts and phase transfer in the atmosphere”,
Water, Air, and Soil Pollution, 68, pp.113-123, DOI: 10.1007/
BF00479396.

[24]Y. Desyaterik, Y. Sun, X. Shen, etal. (2013), “Speciation
of ‘brown’ carbon in cloud water impacted by agricultural
biomass burning in eastern China”, Journal of Geophysical
Research: Atmospheres, 118(13), pp.7389-7399, DOI:

10.1002/jgrd.50561.

[25] F. Long, Y. Ren, Y. ]i, et al. (2025), “The characteristics
of phthalate acid esters and BPA in PM, . of a petrochemical
city: Concentrations, compositions, and health risk assessment
in Dongying”, Environmental Pollution, 367, DOI: 10.1016/j.
envpol.2024.125568.

[26] W.].Deng, N. Li,R. Wu, etal. (2018), “Phosphorus flame
retardants and BPA in indoor dust and PM,, in kindergartens
and primary schools in Hong Kong”, Environmental Pollution,
235, pp.365-371, DOI: 10.1016/j.envpol.2017.12.093.

[27]].S. Pifiero, N.N. Quiza, ].M. Pineiro, et al. (2022), "Multi-
class organic pollutants in atmospheric particulate matter
(PM, ) from a Southwestern Europe industrial area: Levels,
sources and human health risk", Atmospheric Chemistry and
Physics, 214, DOI: 10.1016/j.envres.2022.114195.

[28] Y. Ren, Z. Wu, F. Bi, et al. (2025), “Significant
contributions of biomass burning to PM, -bound aromatic
compounds: Insights from field observations and quantum
chemical calculations”, Atmospheric Chemistry and Physics,
2025, pp.1-33, DOI: 10.5194 /acp-25-6975-2025.

[29] R. Zhang, S. Li, X. Fu, et al. (2022), “Emissions and light
absorption of PM, .-bound nitrated aromatic compounds from
on-road vehicle fleets”, Environmental Pollution, 312, DOI:
10.1016/j.envpol.2022.120070.

[30] J. Qi, J.J.F. Wu (2023), “Nitrated phenols and PM,
reduction of high-sodium coal combustion by diatomite
addition in a typical residential stove”, Fire, 6(3), DOI:
10.3390/fire6030089.

KHOA
&CONGHI\?GCI:-IE

68(6) 6.2026

s Khoa hoc Ty nhién | Hoa hoc; Khoa hoc trai dét va méi truong; Khoa hoc Ky thuét va Céng nghé | Ky thuat méi truong

[31] S. Huang, Z. Shen, G. Bai, et al. (2025), “Photochemical
aging of PM,. nitroaromatic compounds from solid fuel
combustion enhanced light absorption and oxidation
potential”, Journal of Geophysical Research: Atmospheres,

130(11), DOI: 10.1029/2025]D043471.

[32] H.T. Duong, K. Kadokami, H.T. Trinh, et al. (2019),
“Target screening analysis of 970 semi-volatile organic
compounds adsorbed on atmospheric particulate matter
in Hanoi, Vietnam”, Chemosphere, 219, pp.784-795, DOI:
10.1016/j.chemosphere.2018.12.096.

[33] H.L. Quang, T.P.T. Phuong, M.B. Quang, et al. (2022),
“Comprehensive analysis of organic micropollutants in fine
particulate matter in Hanoi metropolitan area, Vietnam”,
Atmosphere, 13(12), DOI: 10.3390/atmos13122088.

[34] K. An (2024), “Which district has the highest
population density in Hanoi?”, Lao Dong Newspaper, https://
laodong.vn/ban-doc/quan-nao-co-mat-do-dan-so-dong-
nhat-ha-noi-1352054.1do, accessed 19 August 2024 (in
Vietnamese).

[35] Standard Methods for the Examination of Water and
Waste Water (2023), 1030.C. Method Detection Level, 130pp.

[36] V. Yusa, C. Coscolla, M. Millet (2014), “New screening
approach for risk assessment of pesticides in ambient air”,
Atmospheric Environment, 96, pp.322-330.

[37] X. Wang, A. Banks, C. He, et al. (2019), “Polycyclic
aromatic hydrocarbons, polychlorinated biphenyls and legacy
and current pesticides in indoor environment in Australia -
occurrence, sources and exposure risks”, Science of The Total
Environment, 693, DOI: 10.1016/j.scitotenv.2019.133588.

[38] United States Environmental Protection Agency
(1997), Exposure Factors Handbook (Final Report), No.
EPA/600/P-95/002F.

[39] D. Vughs, KA. Baken, A. Kolkman, et al. (2018),
“Application of effect-directed analysis to identify mutagenic
nitrogenous disinfection by-products of advanced oxidation
drinking water treatment”, Environmental Science and
Pollution Research, 25(5), pp.3951-3964, DOI: 10.1007/
s11356-016-7252-6.

[40] Integrated Risk Information System (1988), BPA
(CASRN 80-05-7), U.S. Environmental Protection Agency.

[41]Y. Guo, K. Kannan (2011), “Comparative assessment of
human exposure to phthalate esters from house dust in China
and the United States”, Environmental Science & Technology,
45(8), pp.3788-3794.

14



Khoa hoc Tu nhién | Héa hoc; Khoa hoc tréi dat va méi truong; Khoa hoc Ky thuat va Céng nghé | Ky thudt méi truong s

[42] World Health Organization, International Programme
on Chemical Safety (1999), Principles for The Assessment of
Risks to Human Health from Exposure to Chemicals, 120pp.

[43] United States Environmental Protection Agency
(2011), Exposure Factors Handbook, 2011 edition (final),
Washington, 414pp.

[44] H.Q. Anh, K. Tomioka, N.M. Tue, et al. (2019), “A
preliminary investigation of 942 organic micro-pollutants in
the atmosphere in waste processing and urban areas, northern
Vietnam: Levels, potential sources, and risk assessment’,
Ecotoxicology and Environmental Safety, 167, pp.354-364,
DOI: 10.1016/j.ecoenv.2018.10.026.

[45] R. Yu, Q. Liu, ]J. Liu, et al. (2016), “Concentrations of
organophosphorus pesticides in fresh vegetables and related
human health risk assessment in Changchun, Northeast
China”, Food Control, 60, pp.353-360, DOI: 10.1016/j.
foodcont.2015.08.013.

[46] ].S. Pifero, J.M. Pifieiro, C.M. Pérez, et al. (2021),
“Development and validation of a multi-pollutant method
for the analysis of polycyclic aromatic hydrocarbons,
synthetic musk compounds and plasticizers in atmospheric
particulate matter (PM, )", Talanta Open, 4, DOI: 10.1016/].
talo.2021.100057.

[47]1Y.Ren,]. Wei, G. Wang, etal. (2022), “Evolution of aerosol
chemistry in Beijing under strong influence of anthropogenic
pollutants: Composition, sources, and secondary formation of
fine particulate nitrated aromatic compounds”, Environmental
Research, 204, DOI: 10.1016/j.envres.2021.111982.

[48] W. Li, S. Guo, Z. Xu, et al. (2023), “Compositions
and sources of organic aerosol in PM, . in Nanjing in China”,
Atmosphere, 14(6), DOI: 10.3390/atmos14060971.

[49] C. Gu, S. Cui, X. Ge, et al. (2022), “Chemical
composition, sources and optical properties of nitrated
aromatic compounds in fine particulate matter during winter
foggy days in Nanjing, China”, Environmental Research, 212,
DOI: 10.1016/j.envres.2022.113255.

%HN%?-IE 68(6) 6.2026

[50] M. Li, X. Wang, C. Lu, et al. (2020), “Nitrated phenols
and the phenolic precursors in the atmosphere in urban Jinan,
China”, Science of The Total Environment, 714, DOI: 10.1016/j.
scitotenv.2020.136760.

[51] T. Vasiljevic, T. Harner (2021), “BPA and its analogues
in outdoor and indoor air: properties, sources and global
levels”, Science of the Total Environment, 789, DOI: 10.1016/j.
scitotenv.2021.148013.

[52] N.S. Graziani, H. Carreras, E. Wannaz (2019),
“Atmospheric levels of BPA associated with particulate matter
in an urban environment”, Heliyon, 5(4), DOI: 10.1016/].
heliyon.2019.e01419.

[53]G.Sangiorgi, L.Ferrero, B.S.Ferrini,etal.(2013), “Indoor
airborne particle sources and semi-volatile partitioning effect
of outdoor fine PM in offices”, Atmospheric Environment, 65,

pp.205-214, DOI: 10.1016/j.atmosenv.2012.10.050.

[54] P. Fu, K. Kawamura (2010), “Ubiquity of BPA in the
atmosphere”, Environmental Pollution, 158(10), pp.3138-
3143,D0I: 10.1016/j.envpol.2010.06.040.

[55] United States Environmental Protection Agency
(2013), The Original List Of Hazardous Air Pollutants, U.S.

Environmental Protection Agency.

[56] K.S.R. Schafer, M. Spitzer, S. Kegley, et al. (2004),
Chemical Trespass: Pesticides in Our Bodies and Corporate

Accountability, 157pp.

[57] Z. Kitanovski, P. Shahpoury, C. Samara, et al. (2020),
“Composition and mass size distribution of nitrated and
oxygenated aromatic compounds in ambient particulate
matter from southern and central Europe - implications for the
origin”, Atmospheric Chemistry and Physics, 20(4), pp.2471-
2487, DOI: 10.5194 /acp-20-2471-2020.

19



