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Abstract:

Twenty road dust samples were collected from Ha Long and Cam Pha cities in Quang Ninh
province for analysis of polycyclic aromatic hydrocarbons (PAHs) on the USEPA priority
pollutant list. Total concentrations of sixteen PAHs in road dust samples of Ha Long and Cam
Pha ranged from 232 - 593 ng/g d.w (average: 399 ng/g d.w) and 297 - 1624 ng/g d.w
(average: 780 ng/g d.w), respectively. Proportitions of invididiuals were decreased in the
order Phe (21% =+ 13%) > Pyr (12% + 6%) > Nap~Fluth (11% + 6%) > BbF (10% + 8%),
suggesting the similar composition of analyzed PAHs in road dust at two cities. Based on the
common diagnostic ratios for the identification of PAHs emission sources, the
Fluth/(Fluth+Pyr) ratio (average: 0.43, range: 0.29-0.60), the BaA/(BaA+Chr) ratio (average:
0.30, range: 0.08-0.38), the IcdP/(IcdP+BghiP) ratio (average: 0.30, range: 0.22-0.46) and the
BaP/BghiP ratio (average: 0.47 < 0.9) indicated that emissions from traffic activities may be
the important sources of PAHs in Quang Ninh.
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Hydrocacbon thom da vong (PAHs) trong bui lang trén mat
dudng tai Quang Ninh: danh gia mirc d6 6 nhiém
va ngudn goc phat sinh
Nguyén Thuy Ngoc, Trwong Thi Kim, Phan Thi Lan Anh, Duong Héng Anh,
Phung Thi Vi, Pham Hung Viét

Truong Pai hoc Khoa hoc Tw nhién, Pai hoc Qudc gia Ha N¢i, 334 Nguyé~n Trai, Thanh Xudn, Ha Noi

Nhén ngay 28 thang 10 nam 2020
Chinh stra ngay 31 thang 12 nim 2020; Chép nhan ding ngay 31 thang 12 nim 2021

Tém tit: Hai muoi mau bui duong dugce thu thap tai thanh phd Ha Long va Cam Pha, tinh Quéang
Ninh @& phan tich ham lugng PAHs. Téng ham luong 16 PAHs (theo danh muc ctia EPA, My) tim
théy trong cac mau bui duong tai Ha Long c6 gia tri trung binh 399 ng/g (trong khoang 232 - 593
ng/g) va tai Cim Pha 1a 780 ng/g (297 - 1624 ng/g). Phan bd thanh phan cac PAHs trong bui cua
hai thanh phd kha twong dong, chiém thanh phan chinh 1a cac hop chit Phe (21% = 13%) > Pyr
(12% + 6%)> Nap~Fluth (11% % 6%) >BbF (10% + 8%). Dya vio gia tri cia mét sb ty 1& dic
trung nhu: Fluth/(Fluth+Pyr) (trung binh 0,43, trong khoang 0,29 - 0,60), BaA/(BaA+Chr) (trung
binh 0,30, trong khoang 0,08 - 0,38), IcdP/(IcdP/BghiP) (trung binh 0,30, trong khoang 0,22 -
0,46) va BaP/BghiP (trung binh 0,47 < 0,9) cho thiy ngudn chinh phat sinh PAHs trong bui duong

tai Quang Ninh 1a tir hoat dong giao thong.

Tuwr khoa: bui duong, PAHs, GC/MS, Quang Ninh

1. Giéi thiéu

Hydrocacbon thom da vong ngung tu
(PAHs) 1a nhom chét c6 chia nhiéu vong
benzen lién hop trong phan tir, mot s6 PAH
duoc biét toi nhu nhitng chét giy dot bién gen,
ung thu va di tat thai nhi [1,2]. PAHs duogc
sinh ra chu yéu tir cac qua trinh chay ca trong
ty nhién nhu chay rung, nui ra phun trao...,
cling nhu cac qué trinh nhan tao d6t nhién liéu
hoa thach, sinh khéi khong hoan toan... [3].
Chinh diéu nay 1am cho nhom chit PAHs phan
b6 rong khip moi noi trong mdi truong do su
khuéch tan trong khong khi, ling dong, tich
lily vao cac mdi truong khac nhu dat, nudc,
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sinh hoc. Bui dudng 1a mét trong nhiing thanh
phdn cta méi truong giao thong lién quan dén
chat lugng khong khi do sy ling dong cua cac
chat 6 nhiém.

Hién nay, cac phuong tién giao thong hau
hét dang s dung nhién liéu 1a xang va dau
diezen. PAHs sinh ra tir qua trinh d6t nhién
litu do cac phuong tién co gioi s& dugc hip
phu vao cac hat bui lo ling trong khong khi va
dugc ling dong xudng bé mit duong. Ngoai ra,
ngudn phat thai PAHs tir 16p cac phuong tién
co gidi, 16p phu trén mat duong (nhya asphalt)
va dau dong co bi 1o 1i ciing s& duoc tich liy
vao trong bui duong [3]. Tai Viét Nam, PAHs
trong bui duong tai mot s6 tinh thanh phé tai
mién bic nhu Ha Noi, Ha Long, Thai Nguyén,
Hai Phong, Bic Giang, Ha Nam da dugc mot
s6 nhom nghién ctru phan tich nhu Ei Ei Mon
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nim 2012 [2], L.H.Tuyén nam 2011-2013 [4],
H.Q.Anh nam 2016 [5,6,7]. Céc tac gia da dua
ra mot birc tranh kha day du vé ham luong,
thanh phan, ngudn gdc ciing nhu danh gia anh
hudng strc khoe cua nguoi dan giy ra boi
nhém hop chat PAHs va alkyl -PAHs c6 trong
bui duong tir ndm 2011- 2016.

Quang Ninh 13 diém du lich ndi tiéng &
mién Béc Viét Nam véi su da dang vé canh
quan thién nhién, thu hat khach du lich tir moi
mién trong va ngoai nudc do vay chit luong
mdi trudng 13 mot trong cic yéu td rat can
quan tdm. Hién nay, cac sb liéu vé chit 6
nhiém hitu co nhu PAHs trong khong khi va
trong bui duong tai Quang Ninh con rét it
thong tin. Nhom tac gia Ei Ei Mon [2] nam
2012 c6 thu thép va phén tich PAHs trong 3
méiu bui dudng tai thanh phd Ha Long. Bén
canh 6 nhiém moi trudng khong khi do phuong
tién giao thong, hoat dong clia cac nha may
nhiét di€én st dung than da cling cé thé 1a
nguén phat thai cac hop chit PAHs vao moéi
truong khong khi Quang Ninh. Trong nghién
ctru nay, hai muoi mau bui dudng cia thanh
phé Ha Long va Cim Pha, tinh Quang Ninh d3
dugc thu thap nam 2019, phan tich xac dinh sy
cb mit cia 16 PAHs va xur 1y s6 liéu dé xac
dinh ngudn gbc phat sinh.

1. Vitliéu va phwong phap nghién ciru
a. Héa chdt

Dung dich chuén gbc PAH Mix 63 ndng

d6 1000 pug/ml pha trong dung méi toluen gdbm

16 PAHs theo US EPA naphthalen (Nap),
acenaphthylen (Acy), acenaphthen (Ace),

Fluoren  (Flu), phenanthren (Phe),
anthracen (Ant), fluoranthen (Fluth), pyren
(Pyr), benzo[a]anthracen (BaA), chrysen (Chr),
benzo[b]fluoranthen (BbF), benzo[k]fluorant
hen (BkF), benzo[a]pyren (BaP), indeno[1,2,3-

cd]pyren (IcdP), dibenz[a,h]anthracen (DahA),
benzo[ghi]perylen (BghiP); dung dich chét
ddng hanh SR-PAH Mix 33 c6 ndng do 2000
pug/ml trong toluen gdém: naphthalen-ds,
acenaphthylen-d10, phenathren-d10, chrysen-
d12, perylene-d12; dung dich néi chuan (IS)
pyrene-d10 ¢ ndng d6 200 pg/ml trong
isooctan. Tét ca cac dung dich chuin trén déu
duoc mua tr hang Dr. Ehrenstorfer, LGC,
buc. Cac dung moéi diclometan (DCM), n-
hexan, axeton va cyclohexan; mubi NaCl,
mudi Na,SO, khan va silicagel 60 chét lugng
tinh khiét phan tich (pa) va sic ky (GC), cta
hang Merck, Duc.

2.2.Thu thdp mau bui dwong

Hai muoi mau bui duong dugc liy bing
chéi quét voi dién tich 1 m?, cach 1& duong 0,5
m vao thang 9 nim 2019. Mau dugc géi vao
gidy nhom sach va mang vé phong thi nghiém.
Tai phong thi nghiém mau dugc loai bé cac di
vat, duoc sang qua ray co6 kich thudc 100 pm,
luu tai -18°C trudc khi phén tich. Ban d timng
vi tri thu thap mau bui duogc thé hién trong
Hinh 1.

2.3. Xur Iy mdu

Mau bui duong (khoang 5 g) dugc can vao
chai thiy tinh c6 ndp 100 ml. Thém 5 g mudi
Na,SO, khan va 50 pl hdn hop chit ddng hanh
Mix 33 ndng d6 2 ppm, thém 40 ml DCM va
thyc hién chiét lic trong 1 gid. Phan dich chiét
dugc phan tach véi mau rin bang may ly tim
trong 5 phut voi toc do 1500 vong/phut va
duogc loc qua 16p mubi Na,SO, khan, dua véao
binh cau 250 ml. Qua trinh chiét dugc lap lai
thém 2 1an nhu trén. Dich chiét cta 3 1an duoc
gom lai trong binh cau, thuc hién chuyén déi
dung méi sang n-hexan, ¢6 vé khoang 2 ml
bang thiét bi ¢6 quay chan khong trude khi
duogc lam sach trén cot silicagel 1,5 g. Rua giai
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cot silicagel bang 15 ml hdn hop dung moi
DCM: n-hexan (1:9, v:v). Dich rira giai cudi
cung dugc ¢ téi thé tich dudi 1 ml bang khi
nito, thém chit ngi chuin pyren-d10 va dinh
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murc t6i 1 ml bang dung méi n-hexan rdi dem
phan tich bang sic ky khi khdi phd (GC/MS).
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Hinh 1. Ban d6 vi tri 1y miu bui dwong tai Quang Ninh.

2.4. Phan tich

Céc céu tor PAHs duoc dinh tinh boi thoi
gian lvu va manh phd dic trung, dugc dinh
luong bang phuong phap ndi chuan voi chét ndi
chuin 1a pyrene-d10 trén thiét bj phan tich
GC/MS 2010, Shimadzu, Nhat Ban. Diéu kién
phan tich 16 PAHs, 5 chit dong hanh (SR) va 1
chat ndi chuan (IS) bang GCMS tuong tu nhu
da duogc trinh bay trong trong nghién ctu trudc
day cua nhom tac gia [8].

QA/QC: Chét ddng hanh dugc thém vao
timg mau trude khi xir 1y dé kiém soat chit
lwong cua qua trinh phén tich. MAu tring, mau
lap va mau thu hoi (thém chuin PAHs) dugc
thyc hién trong mdi mé mau. Hiéu suat thu hoi
ctia hdn hop chat dong hanh dat tir 56 - 101 %,
trong cac mau that va mau thu hdi dat 70 -
124% trong mau thém chuan. Pudng chuan c6
hé sé twong quan R* > 0,99 trong khoang nong
do tr 1 - 200 ng/ml. Gidi han phat hién cia
thiét bi d6i v6i cac PAHs 13 0,11 - 0,27 ng/ml.

Gi6i han phat hién ciia cac PAHs trong mau bui
duong 13 0,04 - 0,11 ng/g trong lrong mau kho.

2. Két qua va thao luin

a. Ham luong PAHSs trong bui duong Qudang
Ninh

Hai muoi miu bui duong ldy tai hai thanh
phd Ha Long va Cam Pha, Quang Ninh di duoc
phan tich dé xac dinh sy c6 mit ciia 16 PAHs,
ham luogng trung binh ting cdu tir PAHs tim
thy trong bui dudng tai Quang Ninh duoc trinh
bay trong Bang 1. Tong ham lugng PAHs trung
binh trong bui duong Quang Ninh la 645 ng/g
(n = 20), dao dong trong khoang 232 dén 1624
ng/g. So sanh cac gia tri nay véi nhing két qua
da cong bd tai mot s6 thanh phd thude mién Béc
[6] nim 2016 c6 thé thdy, tong ham lwong
PAHs trong bui duong tai Quang Ninh tuong tyr
(p > 0,05) nhu tai Hai Phong (n = 6), Béc Giang
(n = 6) va Thai Nguyén (n = 10) véi tong 16
PAHs 1a 530 ng/g (239 - 1018 ng/g), 544 ng/g
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(169 - 1876 ng/g) va 1972 ng/g (453 - 8459
ng/g), cao hon Ha Nam (n = 6) véi tong PAHs
1a 318 ng/g (165 - 738 ng/g) (p = 0,013), thip
hon Ha Noi (n = 18) véi tong PAHs 1a 1741
ng/g (757 - 4683 ng/g) (p = 0,001).

Trong nghién ctru ny, néu so sanh giita hai
thanh phd ciia Quang Ninh 1a Ha Long va Cim
Pha, c6 sy khac nhau dang tin cay (p = 0,03),
tong ham luong PAHs tai Ha Long (trung binh
399 ng/g, trong khoang 232 dén 593 ng/g) thap
hon tai Cam Pha (trung binh 780 ng/g, trong

khoang 297 t6i 1624 ng/g). So sanh ham lugng
PAHs trong mdt nghién ctru khac thuc hién tai
Ha Long, thu thap miu nam 2012 c6 két qua
tong PAHs trung binh 290 ng/g, cao nhit 650
ng/g [2], gié tri tong PAHs trong bui duong tim
thdy trong nghién ctru nay cao hon 1,4 lan. Tuy
nhién s6 miu trong nghién ciru [2] 14 it (n = 3)
va thoi gian thu thip mau ciing kh4 xa nén ham
lvong PAHs c6 sy thay dbi va c6 chidu huéng
tang 1én.

Bang 1. Ham luong ciia PAHs trong miu bui dwong tai Quing Ninh

Ha Long (n=17)

CAm Pha (n =13)

Tén chat lfé); Trung binh + SD Khoang ham Trung binh + SD Khoang ham
; (ng/g) lwrong (ng/g) (ng/g) lwrong (ng/g)
Naphthalen Nap 50,7 + 19,5 25,0 - 80,5 82,7 + 38,1 25,9 - 169
Acenaphthylen Acy 2,6+12 1,6 -5,2 46+ 2,1 1,7-7,9
Acenaphthen Ace 1,9+ 1,7 0,2-54 4,5+4,1 1,2-16,3
Fluoren Flu 112+42 5,5-18,5 22,8 +10,1 11,3-43,0
Phenanthren Phe 79,1 £23,0 50,3 - 105 170 + 86,4 58,4 - 409
Anthracen Ant 14,6 £23,3 3,0-67,2 56,0 £ 72,1 1,9 - 202
Fluoranthen Fluth 46,6 +21,2 17,3-75,9 77,6 £ 66,9 18,1 - 240
Pyren Pyr 56,6 £ 19,9 29,9 - 86,6 90,4 +£432 28,4 -190
Benz[a]anthracen BaA 13,7+ 8,5 3,8-29.8 29,9+ 29,3 5,3-93,8
Chrysen Chr 31,4+13,8 10,3 - 51,7 59,4 £ 29,8 144 -114
Benzo[b]fluoranthen BbF 39,6 + 22,8 15,1 -850 89,8 + 38,8 20,2 - 147
Benzo[k]fluoranthen BkF 6,5+4,1 19-11,5 12,8 £ 10,7 1,2-37,0
Benzo[a]pyren BaP 9,1+5,2 3,0-16,5 18,9 + 15,0 4,8-534
Indeno[1,2,3-cd]pyren IcdP 8,6t+4,7 42 -17,9 17,3+7,2 5,9-33,6
Dibenzo[a,h]anthracen DahA 3,6+1,5 1,3-5,7 6,1 £34 1,5-13,6
Benzo[ghi]perylen BghiP 23,1 £10,7 11,1 - 43,7 373+£12,4 14,1 - 56,3
Téng: 399 + 122 232 -593 780 + 348 297 - 1624

Ghi chii: SD: Bé léch chudan

3.2. Phén bé theo khéng gian tong PAHs trong
bui duong Quang Ninh

Hinh 2 biéu dién sy phan b6 téng PAHs
dugc phan tich tai 20 vi tri 1dy mau bao gém
thanh phd Ha Long va Cam Pha, tinh Quéng
Ninh. Nhin chung, ham lugng PAHs trong bui
dudng tai Ha Long thap hon han so véi bui

dudng tai Cam Pha. Diéu nay thay rd vi Cam
Pha 1a khu cong nghiép cua tinh, tdp trung
nhiéu nha may, xi nghiép khai thac than. Thém
vao d6 phuong tién di lai dac biét la cac xe 1on
nhur xe tai, xe ben dé van chuyén than co thé 1a
ngudn phat thai PAHs vao trong khong khi,
trong bui.
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Hinh 2. Phan b6 Y PAHs trong bui dudng theo khong gian tai Quang Ninh

Tai Cam Pha, ham luong PAHs trong bui
cao nhit tai diém CP-02 gin quang trudng
thanh phé (1624 ng/g), tiép dén cac diém CP-
11 (1110 ng/g), CP-13 (1039 ng/g), CP-07
(1000 ng/g). Cac diém con lai co 6 diém véi
ham luong PAHs tir 500-800 ng/g va 2 diém
ham luong PAHs tir 400-500 ng/g va 1 diém
PAHs xép xi 300 ng/g. Thanh phé Ha Long
voi hoat dong du lich nén lugng PAHSs trong
bui duong thip hon thanh phé Cam Pha, hiu
hét cac diém déu c6 PAHs thip hon 500 ng/g
ngoai trr diém HL-07 (593 ng/g).

a. Ddc trung tich lity cac PAHs trong bui

Trong 16 hop chit PAHs dugc phén tich
trong bui dudng tai Quang Ninh, ty 1 phan b
trung binh ctia cac hop chit PAHs tai Ha Long
va Cam Pha kha twong dong nhau (hinh 4).
Céac hop chéat Nap, Phe, Fluth, Pyr va BbF
chiém thanh ph?m chinh. Trong do ty 1€
Phenanthren chiém cao nhdt (> 20%) cho ca
hai thanh phd. Két qua xac dinh PAHs trong
bui duong tai Ha Long (n = 3 mau) nim 2012
ctia nhom tac gia Ei Ei Mon [2] cho thay Phe,

Pyr va BghiP chiém thanh phan néi troi. Ty 18
nay ciing dugc tim thdy twong ty nhu bui
duong tai Ha Noi trong cung nghién clru cua
tac gia va trong nghién ctru vé PAHs va
methyl-PAHs ctia hai nhom tac gia L.H.Tuyén
[4] 2011 va H.Q.Anh [6] 2016 ngoai trir chat
BghiP. Ngudn gbc phat thai cac PAHs s& dugc
trinh bay rd hon trong phin xac dinh ngudn
géc dua trén sy phan tich ty 1€ cua cac PAHs.
Nhin chung cac PAH dugc phan tich véi sé
vong thom 3 va 4 xudt hién cao hon han chiém
64 dén 66 %. 3.4. Nguon goc cic PAH trong
bui duong

Bui dudng c6 tir nhiéu ngudn khic nhau
nhu bao mon bé mit it dudong, bao mon 16p va
miéng dém ciia phanh xe, dét tir cac vi tri dang
xay dung, la“'lng dong khong khi, cac manh vun
tir thuc vt va nhiéu ngudn khac [3,9]. Trong
d6 thi, bui dudng co6 thé bi hap phu nhiéu chit
6 nhidm hitu co tir cac ngudn thai 1a phuong
tién giao thong co gidi. P& xac dinh ngudn gbc
PAHs trong bui duong ctia Quang Ninh, ching
t61 dua trén mot sb ty s6 PAHs dic trung cho
cac ngudn phat thai.
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Hinh 4. Su phén bé trung binh cic PAHs trong bui duong Quang Ninh.

Nhiéu nghién ctu sir dung céc ty sb cua
mdt sé PAHs dic trung dé danh gia ngudn gbc
phat thai PAHs nhu: Fluth/(Fluth+Pyr),
BaP/BghiP, BaA/(BaA+Chr), IcdP/(IcdP+B
ghiP), Pyr/Fluth, Ant/(Ant+Phe)... [1,6,9,10].
Trong nghién ctru ndy, ty s6 Fluth/(Fluth+Pyr)
chu yéu xdp xi 04 dén 05 ty 1¢
BaA/(BaA+Chr) niam trong khoang 0,2 dén
0,35 déu nam trong mién c6 kha ning PAHs
sinh ra tir dot cac san pham dau moé. Xem xét
ty s6 IcdP/(IcdP/BghiP) tit ca cac diém ly
mau Quéang Ninh va CAm Pha déu nim trong
khoang 0,2 dén 0,4 chung t6 PAHs sinh ra
trong bui duong c6 ngudn gdc tir ddt chay cac
san pham ddu mo. Qua trinh ddt chay khong
hoan toan ciia xang va dau ciia cac phuong tién
co gidi 1a ngudn chinh phat sinh PAHs trong
bui dudng d6 thi [3,5]. Mot chi sb nira 1a
BaP/BghiP trong nghién cttu trung binh 1a 0,47
va hau hét cac diém lay miu déu < 0,9, mot lan
nita khing dinh ngudn phat thai PAHs tir hoat
dong giao thong. Riéng c6 2 diém tai CAm Pha
la CP-13 va CP-2 ¢6 tong PAHs cao nhét nhu
da dugc trinh bay & trén c¢6 xu hudng cua
ngudn phat thai tir 6t than (ty s6 BaP/BghiP >
0,9). Néu ciing dung 4 ty sb trén dé danh gia
ngudn gdc PAHs phat thai trong bui dudng cia

cac khu vuc c6 dic diém khac nhu: Ha Noi,
Hai Phong — khu d6 thi, Thai Nguyén — d6 thi
va cong nghiép, Bic Giang, Hd Nam — nong
thon trén co s& sb liéu cung cip tir tai lidu
tham khao [7], co thé thiy gia tri cac chi sb
nay tai Ha Long noi ¢6 ddc diém dic trung d6
thi twong duong nhu & Ha Noi va Hai Phong
v6i ngudn phat thai chinh tir giao thong; con
cac gia tri ty s6 thu duoc tai mot s6 diém &
Cam Pha twong ty nhu Thai Nguyén ¢ mirc
cao phan anh sy dong gép dang ké tir ngudn
d6t than gan nhimg diém nay. Mot ngudn gbc
khac cua PAHs trong bui dudong tai Cam Pha
nhu da trinh bay & phan trén ¢6 thé xudt phat
tr chinh than da roi vai trén duong trong qua
trinh van chuyén than khai thac. San pham dau
moé ma hién tai cac phuong tién tham gia giao
thong st dung chinh 1a xang va dau diesel. Dé
phan biét ngudn phat thai PAHs tir dong co st
dung xang hay dau diesel, trong nghién ctru
ctia nhom tac gia T.T.Hién [11] st dung 2 ty 1&
BaA/Chr va IcdP/BghiP. 6/7 mau tai Ha Long
va 7/13 méu tai Cam Pha co gia tri BaA/Chr
trong khoang 0,27 - 0,49 biéu thi cho su phat
thai tir dong co sir dung xang va 2/13 mau tai
Cam Pha c6 gia tri BaA/Chr trong khoang 0,49
- 0,66 dac trung cho sy phat thai
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Hinh 4. Ty s6 ctia mot s PAHs dic trung va ngudn phat thai PAHs.

tir dong co diesel. Ty 1& IcdP/BghiP trong hiu
hét cac miu déu dao dong trong khoang 0,4
(6/7 mau tai Ha Long va 11/13 méu tai Cam
Phéd) cho thdy cic PAHs sinh ra chu yéu tir
dong co sir dung nhién li¢u 1a xang.

3. Kétluan

Két qua xac dinh cac hop chat PAHs trong
bui duong tai thanh phd Ha Long va Cim Pha,
Quang Ninh cho thay trung binh tong 16 PAHs
la 645 ng/g bui va dao dong trong khoang 232
dén 1624 ng/g. Ham luong PAHs tim thdy &
trong bui duong tai CAm Pha cao hon gan 2 1an
so vo1 PAHs trong bui duong tai Ha Long do
¢6 nhiéu hoat dong giao thong va cong nghiép
ctia tinh. Cac hop chat Nap, Phe, Fluth, Pyr va
BbF chiém thanh phan chinh trong 16 PAHs
dugc phan tich, trong 6 Phenanthren chiém ti

1¢ cao nhét (> 20%) cho ca hai thanh phd. Nhin
chung cac PAHs véi 3 - 4 vong thom trong
phan tir xuat hién cao hon hin chiém tir 64 dén
66 %. Ngudn gdc phat thai PAHs trong bui tai
Quang Ninh chu yéu tir cac phuong tién giao
thong co gidi va phat thai do dét than tai mot
s6 diém tai CAm Pha. Tuy nhién, cac PAHs co
trong bui dudng con c6 thé do cac ngudn dong
gop khac nhu sy mai mon cua 10p xe va cua
duong nhya, su do ri clia dau dong co.... do do
can c6 nhimg nghién ctu cu hon vé sy phat
thai PAHs tir cac ngudn 6 nhiém nay.

Loi cam on

Nhom tac gia xin chan thanh cam on sy hd
tro kinh phi tr Truong Pai hoc Khoa hoc Ty
nhién, Dai hoc Qudc gia Ha Noi cho cac nhém
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nghién ctru manh, nhém nghién ctru tiém ning
cip PHQGHN nam 2019 va 2020.
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