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TOM TAT

Nghién ctru diéu tra sw phan bd va
nguén géc ctia 10 PAHs tir 4 — 6 vong
benzene: Fluo, Py, BaA, Chr, BbF, BKF,
BaP, DahA, BghiP va InP trong bui khéng
khi voi kich thuéc khac nhau: > 9,0 ; 9,0 —
58;58-4,7,47-33;33-21;21-1,
1,1 - 0,7; 0,7 — 0,4; va < 0,4 um. M&u bui
duoc &y tai 3 vi tri: tAng hdm baéi gid xe, ven
dwong va khéng khi xung quanh & TPHCM
ttr ngay 27/12/2010 dén ngay 26/01/2011.
Két qué cho thdy, téng nbéng dé cua 10
PAHs tai céc vi tri ting hdm, 1é duong va
khéng khi xung quanh lan lwot dao déng tr
29,7 — 43,7 ng/m8, 37,1 — 45,7 ng/m? va 8,8
— 18,1 ng/m3. Néng dé cuc dai cda téng
PAHSs dwoc tim théy & hat bui ¢co kich thuwéc
< 0,4 um tai vi tri ting hdm va Ié duong,

trong khi do tai vij tri khéng khi xung quanh
néng dé cuc dai ctua téng PAHs duoc tim
thay & hat bui c6 kich thuéc tir 0,4 — 0,7 um.
Céac PAHs 5, 6 vong benzene chi yéu lién
két trong bui mjn (kich thwéc < 2,1 um) va
PAHs 4 vong benzene hién dién nhiéu trong
cd bui min va bui thé (kich thuéc > 2,1 um).
Str dung phuwong phép ti s cia céc déng
phén PAHs dé suy doan ngudn phat thai cta
PAHSs cho thdy, phuong tién giao théng st
dung nhién liéu xdng la nguén chinh phét
thai PAHs vao mbi triong khéng khi
TPHCM. Két qué nghién ctru cho thdy mirc
do 6 nhiém PAHSs trong méi truong khéng
khi TPHCM la déng quan tdm, vi vay cén
phai c6 cac bién phéap dé kiém soét.

Ter khéa: PAHSs, kich thudc hat bui, khéng khi, TPHCM.

MO PAU

O nhidm byi luén thu hit sy quan tim cia
nhiéu nha khoa hoc béi vi nhitng tac dong tiéu
CuC cua no dén suc khoe con nguoi. Nguén thai,
ddc tinh va mirc d6 anh huong dén stc khoe cua
bui thod (kich thudc > 2,5 um) va bui min (kich
thuéc < 2,5 wm) rat khac nhau. Néu bui tho chi
dén dugc phan trén ciia duong ho hap va nhanh
chong bi ddy ra ngoai nhd hoat dong cua I6p
nhon thi bui min ¢6 thé xdm nhap sau vao phdi,
noi khong dugc bao vé boi 16p nhon, do do gay

ra cac bénh vé duong ho hip va co kha niang giy
ung thu, dot bién [16]. Doc tinh cua bui khong
chi phy thudc vao kich thuéc ma con phu thugc
vao céac chét hoa hoc ¢o trong bui, mot trong sb
d6 1a hop chat hydrocarbon thom da vong
(PAHES).

PAHs 14 hop chét hiru co, trong phén tir chi
chira nguyén té carbon va hydro, cong thirc cau
tao c6 it nhat 2 vong benzene. C6 hang trim
PAHs riéng ré duoc phat thai vao moi truong
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khong khi trong qua trinh chay khong hoan toan
hodc nhiét phan cac chat hiru co. Khoang 90%
PAHSs phat thai do hoat dong ctia con nguoi 1a tu
quéa trinh d6t chay nhién liéu héa thach, hoat
ddng cong nghiép, giao thong va cac thiét bi dun
ndu trong gia dinh [1]. Trong s nhitng PAHSs
phat sinh tir phuong tién giao thong, c6 nhiéu
PAHs 14 cac chat gay ung thu, dot bién gen doi
Vvéi con ngudi theo quy dinh cua Co quan qudc té
nghién ciru vé bénh ung thu va Cuc Bao vé Mbi
truong My [2]. Tuy thudc vao tinh chat vat 1y va
hoa hoc cua ting chit ma PAHs co thé ton tai
trong khong khi ¢ pha khi hoac hap phu trén cac
hat bui (pha hat). Nhitng PAHs c6 cdu tric phan
tir it hon 4 vong benzene duoc tim thdy nhiéu ¢
pha khi, trong khi d6 cac PAHs c¢6 ciu tric phan
tr nhiéu hon 4 vong benzene 1a cac chat co kha
nang giy ung thu, dot bién gen cao da sé hap phu
trén cac hat bui [19]. Do vay, nhiing thong tin
khoa hoc vé su phan bd cua PAHs theo kich
thudc hat bui sé€ hitu ich cho viéc danh gia anh
huong dén sic khoe con nguoi do phoi nhiém
PAHs trong mo6i trudong khong khi. Cho nén, céac
PAHs da va dang duoc nghién ctu sau, rong o
nhiéu nudc trén thé giGi.

Viéc gia ting phuong tién giao thong &
Thanh phé HO Chi Minh (TPHCM) trong cac

Fluo Py BaA

ees
Jescgesse

DahA

niam gin day khoéng nhiing lam tram trong van d&
6 nhiém byi ma néng d6 PAHs trong moi trudng
khong khi ciing s€ tang lén. Tuy nhién, chuong
trinh quan trac 6 nhiém khong khi cua So Tai
nguyén va Méi truong TPHCM chi gidm sat cac
thong s6 nhu: bui, NO,, CO, benzene, tiéng on ...
va nong d6 PAHs van chua dugce quan tim. Hon
nira, hién nay, cac nghién ctru vé PAHs ¢ Viét
Nam néi chung va TPHCM nodi riéng con rat
nghéo nan nén thong tin vé ndng d6 PAHSs trong
mdi truong khong khi ciing rat han ché. Muc tiéu
clia nghién ctru 1a tim hiéu sy phan bd cua 10

PAHs: Fluoranthene (Fluo), Pyrene (Py),
Benzo[a]anthracene (BaA), Chrysene (Chr),
Benzo[b]fluoranthene (BbF),
Benzo[k]fluoranthene (BkF), Benzo[a]pyrene

(BaP), Dibenzo[a,h]anthracene (DahA),
Benzo[g,h,i]perylene (BghiP) va Indeno[1,2,3-
cd]pyrene (InP) co trong hat bui vai kich thudc
khac nhau: > 9,0; 9,0 — 5,8; 5,8 — 4,7; 4,7 - 3,3;
33-2,1;21-1;11-0,7;0,7-0,4 va<0,4 um
va du doan ngudn phat thai PAHs vao moi
treong khong khi TPHCM, tir d6 tao co so khoa
hoc dé phuc vu cong tac quan 1y 6 nhidm PAHs &
TPHCM. Céng thirc cau tao cua 10 PAHs dugc

thé hién & Hinh 1.
BbF
Ind

Chr

BghiP

Hinh 1. Céng thirc ciu tao ctia 10 PAHs
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PHUONG PHAP NGHIEN CUU
Vi tri ldy miu

Mau bui duoc Iy tir ba vi tri ddc trung cho
ting méi truong khac nhau & TPHCM. Tai vi tri
Pha Tho (PT) (10°46°10°°N, 106°39°12”°E), thiét
bi ldy miu dat trong ting ham cua bai giir xe
Thong Minh S-PARKING 3C thugc khu A,
chung cu Pha Tho, Phuong 15, Quan 11,
TPHCM. Pay la tang ham kin, dién tich khoang
1.600 m2, c¢6 d6 cao -6 m so véi mat dudng. Tang
ham chi giit xe gan may, phuc vu 24/24 gio va
hang ngay c6 hon 2.500 luot xe ra vao. Vi vay, vi
tri PT dic trung cho khong khi ting ham bai gitr
xe va nong dd PAHSs tai vi tri ndy do phat thai
truc tiép tir xe gin may. Tai vi tri Lé Hong Phong
(LHP) (10°45°51°°N, 106°40°55”°E), thiét bi lay
mau dat trén tram xe buyt trude Co so Ngoai ngir
- Tin hoc — Bi dudng Vin héa Lé Hong Phong,
s6 235 duong Nguyén Vin Cur, Phuong 4, Quan
5, TPHCM. Hang ngay c6 mot luong lon xe 6 to,
Xe gan may, xe tai va xe buyt luu thong qua vi tri
nay nén vi tri LHP dac trung cho khong khi ven
dwong. Tai vi tri Tu Nhién (TN) (10°45°46”N,
106°40°58”E), thiét bi ldy miu dit trén mai nha
cua day nha B thudc truong Pai hoc Khoa hoc
Ty nhién Thanh phé HO6 Chi Minh. Xung quanh
khu vuc ldy miu 1a khu déan cu, thwong mai va
nhiéu trudng hoc. Vi tri nay dic trung cho khong
khi xung quanh trén dia ban TPHCM.
Phwong phap liy miu

Thiét bi sir dung dé ldy mau bui voi kich
thugc hat khac nhau 1a Cascade Impactor,
Kanomax, mi 3315 cua Nhat Ban, két hop voi
may bom Iuu lugng nho. Impactor ¢6 9 tang va
mdi tang gitr lai hat bui véi khoang kich thudc
nhat dinh. Tang 0 gii lai hat bui c6 kich thudc >
9,0 um, tang 1 giir lai bui c6 kich thudc tir 5,8 —
9,0 um, tang 2 tir 4,7 — 5,8 um, tang 3 tir 3,3 —
4,7 um, tang 4 tr 2,1 — 3,3 um, tang 5 tir 1,1 —
2,2 um, tang 6 tir 0,7 — 1,1 um, tng 7 tir 0,4 —
0,7 um va tang cudi cung 1a ting F giit lai hat byi
¢6 kich thuéc nhé hon 0,4 pm.

Gidy loc soi thuy tinh GA5580mm
(ADVANTEC MFS, Inc) dugc xu 1y bang cach
dat trong 10 nung gitt ¢ nhiét d6 450°C trong thoi
gian 8 gid dé loai bo cac chét hiru co. Sau do, boc
gidy loc bang gidy nhom va dat vao binh hit am
trong 48 gio. Sau khi hut 4m, dem can giay loc dé
xac dinh khéi lugng. Khi tién hanh 1ay mau, mdi
to gidy loc duge dit vao mdi tang cua Impactor,
diéu chinh luu lugng cia may ¢ 28,3 L/phut va
mau bui véi kich thuéc khac nhau duoc gitr lai
trén mdi to gidy loc twong tng. Mdi mot mau
dugc lay lién tuc trong 24 gio, bit dau tir 6 gio
sang mdi ngay. Sau thoi gian ldy mau, gidy loc
dugc gap doi, goi bang gidy nhom, bo vao tai
nhya va mang vé phong thi nghiém. Tai day, gidy
loc duge dit vao binh hut 4m trong 48 gid, sau d6
tién hanh can dé xac dinh khéi luong bui. Sau khi
can, gidy loc tiép tuc duoc goi trong gidy nhom,
bo vao tui nhya va bao quan & nhiét d6 -4°C cho
dén khi chiét tach.

Phan tich PAHs

Qua4 trinh xir Iy mau nham chiét tach PAHs
tir pha hat sang pha long va hoa tan vao dung moi
thich hop trudc khi phan tich bang may HPLC.
Phuong phap xir Iy mau trong nghién ctru duoc
tong hop tir nhidu tai liéu khac nhau, trong dé
cha yéu dya theo nghién ctru cia Xie va cong su
[17]. Quy trinh xir Iy mau duoc thé hién ¢ Hinh
2.

Pau tién, mau gidy loc duoc cit thanh ting
manh nhé va cho vao erlen nat nham thé tich 50
mL. Cho 25 mL DCM vao erlen, danh siéu am
trong 15 phat va gilr nhiét do nhé hon 10°C. Viéc
gitt nhiét do6 nhé hon 10°C nham han ché trong
quéa trinh danh siéu am DCM bay hoi lam mét
mau. Sau khi dénh siéu am, thé tich DCM duoc
cho vao binh cau. Thyc hién tat ca 4 lan. Sau qua
trinh nay, thé tich DCM trong binh cau khoang
100 mL. Sau d6 dem c6 quay dudi dung moi
DCM dén kho, hoa tan cin va trang ki binh cau
bing n-hexane, thu dugc dung dich khoang 3

Trang 32



TAP CHi PHAT TRIEN KH&CN, TAP 16, S0 M3 - 2013

mL. Sir dung phuong phap chiét pha rin dé tach
cac PAHs c6 trong 3 mL n- hexane. Sir dung loai
cot chuyén dung la cot SPE Strata Si-1 cartridges
500 mg, 3 mL (Phenomenex, Torrance, CA,
USA), chit hap phu C18 1a silica da duoc bién
tinh gén vao cac hydrocarbon - CigHs. Day la
chat hip phu c6 bé mat khong phan cuc, do d6 ¢
kha ning giit lai cac chat khong phan cuc va it
phéan cyc nhu 1a PAHs. Quy trinh dugc thyuc hién
nhu sau: lan lwot cho 10 mL DCM va 10 mL n-
hexane qua cot dé lam tang dién tich bé mat hap
phu trong cot va tao méi truong bé mit thich hop
cho viéc hap phu PAHS; tiép dén, cho 3 mL mau
qua cot va dé cot kho trong 5 phit va sau d6, qua
trinh giai hap dwoc thyc hién bang cach cho 3 mL
hén hop DCM va n-hexane (ti 1& thé tich twong
mg 1a 1:4) qua cot, thu duoc thé tich khoang 3
mL dyng trong dng mau nau. Théi nhe 3 mL mau
bang dong khi Ny tinh khiét dén kho va can duoc
hoa tan lai bang 1 ml Me-OH, cho qua mang loc
0,45 um roi chuyén vao vial va phén tich bang
may HPLC véi dau do huynh quang. Diéu kién
phan tich PAHs bang may HPLC duoc trinh bay
trong Bang 1.

Dé dam bao d6 tin cay cua két qua phan tich,
nghién ciru da tién hanh khao sat quy trinh phan
tich PAHs va xac dinh do thu hdi dé danh gia
hiéu suit cua qua trinh xr Iy mau. T4t ca cac loai
dung méi ding cho phan tich déu dwoc kiém tra

d06 sach trén thiét bi sic ky trudc khi sir dung. Da
tién hanh dung dwong chuan 5 diém cho 10
PAHs va hé s6 tuyén tinh R2 cia 10 duong chuan
dao dong tir 0,996 — 0,998. Hiéu suat thu hdi toan
quy trinh cua 10 PAHs dao dong tor 72 — 108%.
Vi vay, c6 thé ap dung phuong phap trén dé xac
dinh PAHSs trong bui.

Mau Bui I

‘ Siéu &m biing CH,Cl, ‘

| Chumgcit chin khéngaénkns |

Lim sach bing silica gel
1. 10ml CH,Cly, 10ml n-hexan
2. 6ml n-hexan- CHyCly (4:1, v:v)

\ Phin PAHs |

‘ Bay hoi bing N, dén khd I

‘ Chuyén thanh dung mdi Me-OH. 1ml |

| Phintichbing HFLC-FLD |

Hinh 2. Quy trinh phan tich PAHs trong bui

Bang 1. Diéu kién phén tich PAHs bang HPLC

HPLC SHIMAZDU 1050
Cot phan tich Cot Intersil ODS - P 5 pm (4,0 x 25 mm)
Detector Phu do RF — 10AXL
huynh quang
Nhiét do o
buéng dat cot 40°C
Luu lugng 1 mL/phut
Thoi gian (phut) Ti 1€ Me-OH:H20 (%)

\ A 0-7 80:20
Tli‘:r(’ihégha“ 7-115 80:20 — 97:3
pha dong 115-35 97:3

35-40 97:3 — 80:20

Chuong trinh o , Budc song kich thich | Budc song phat L, A
budc séng Thoi gian (phut) (nm) xa (nm) Chat phat hi¢n
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cua detector 0,0-15 280 460 Fluo
huynh quang 15-16,5 270 401 Py
16,5-18 270 401 BaA
18-20 270 401 Chr
20-22 270 401 BbF
22 - 24 270 401 BkF
24 - 26 270 401 BaP
26-28 270 401 DahA
28-30 286 410 BghiP
30-40 293 498 IcdP
KET QUA VA THAO LUAN benzene, KLPT tir 252 — 278, gébm: BbF(5),
Sw phan b ciia timg PAHs theo kich thu¢e  BKF(5), BaP(5), DahA(5), BghiP(6) va InP(6).
hat bui khong khi Su phan bd cua timg PAH theo kich thuéc hat

bui khong khi duogc thé hién tir Hinh 3a dén Hinh
3j, phan tram tich tu tirng PAH trong bui min va
bui tho tai cac vi tri 14y mau duoc thé hién tur

Dua vao KLPT, 10 PAHSs chia lam 2 nhom:
nhém PAHs nhe, c¢6 4 vong benzene, KLPT tir
202 — 228, gom: Fluo(4), Py (4), BaA (4) va

. < - X Hinh 4a ¢én Hinh 4c.
Chr(4); nhom PAHs ning, c6 tot 5 — 6 vong
0
. b BTN
5 s T
g % =LHP
¢ g€ 06
= #
(=3 =
L < 04
: :
“Q £
L=l U,l
7 z
00
<04 04-0707-L111-2121-3333-4747-5858-90 >9) <04 04-0707-1111-2021-3333-4747-5858-90 >90
Kich thwéc hat, pm Kich thude hat, pm
Hinh 3a. Nong do ciia Fluo theo kich thuéc hat bui Hinh 3b. Nong do ciia Py theo kich thuéc hat bui
L TN 08
E *
s 206
. g
S0 K
i Sus
2u 2
S o
g 02
£
z
0
<04 04-0707-1111-2,121-3333-4747-5858-90 >90 <04 04-0707-1111-21 41-3333-4747-58 58-90 >90
Kich thirdrc hat, pm Kich thwdc hat, pm
Hinh 3c. Néng do cuia BaA theo kich thudc hat bui Hinh 3d. Néng dd cua Chr theo kich thudc hat bui
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Hinh 3e. Ndng d6 cua BbF theo kich thuéc hat bui
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Hinh 3g. Nong d6 cua BaP theo kich thudc hat bui

Hinh3h. Nong d6 caa DahA theo kich thudc hat bui
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Kich thwdc hat, pm

Hinh 3i. Nong d6 ctua BghiP theo kich thugc hat bui

Két qua nghién ctru cho thay, c6 su khac
nhau rd rét trong kiéu phan bd theo kich thugc
hat bui giita nhimg PAHs c6 KLPT thap va PAHs
¢6 KLPT cao tai mdi vi tri 1dy mau. Mic du,
néng d6 PAHS tai cac vi tri 1a khac nhau nhung
su phan bd theo kich thuéc hat bui cua tit ca

Hinh 3j. NE‘)ng d6 cua InP theo kich thudc hat bui

PAHs 5, 6 vong benzene hau nhu giéng nhau tai
cac vi tri, d6 1a sy phan b ma da s6 PAHs 5, 6
vong lién két vai bui min, c6 kich thude < 2,1 pm
va chi mot phan rat nho 1a lién két vai bui thd, co
kich thuéc > 2,1 um. Cu thé, ndng d6 PAHs 5, 6
vong trong bui min chiém dén 89 — 93%; 87 —
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91% va 85 — 91%, trong bui thé chi chiém 7 —
11%: 9 — 13% va 9 — 15% lan luot dbi véi vi tri
TN, PT va LHP. Ngugc lai, cic PAHs 4 vong
phan bd nhiéu trong ca bui min va bui thé. Cu
thé, nong do cua PAHs 4 vong trong bui min
chiém 52 — 79%; 47 — 66% va 51 — 68%, trong
bui thé chiém 21 — 48%; 34 — 52% va 32 — 49%
lan luot dbi vai vi tri TN, PT va LHP.

Du khong gian 14y mau khac nhau, trong d6
vi tri TN dac trung cho méi truong khong khi
xung quanh, noi ma néng d6 PAHSs chiu tac dong
hén hop caa nhidu ngudn khac nhau; vi tri LHP
dic trung cho mdi truong khong khi 1& duong,
noi ma ndng d6 PAHSs chiu tac dong truc tiép tir
nguon giao théng va vi tri PT ddc trung cho moi
truong khong khi tang hiam béi giit xe, noi ma
ndng d6 PAHs 1a do phat thai tryc tiép tir xe gan
may. Song tit ca ciac PAHs 5, 6 vong 1a nhitng
chat co doc tinh cao chii yéu lién két v6i cac hat
bui min, ¢o6 kich thude < 2,1 um va chi mot phén
nho lién két vai hat bui tho, co kich thudc > 2,1
um, trong khi d6 cdc PAHs 4 vong c6 doc tinh
thap hon hién dién nhiéu & ca bui min va bui tho.
Két qua vé su phan bé PAHs theo kich thudc hat
bui trong nghién ctru nay cung cip thong tin hitu
ich vé& anh huéng caa PAHSs trong bui. Boi vi bui
min d& dang tham nhap sau vao hé ho hap, noi
khéong dwoc bao vé bai I6p nuée nhy va giy nén
nhimg tac dong nghiém trong dén suc khoe, dac
biét 1a kha ning ung thu phoi va dot bién gen do
nhitng PAHs ¢6 ddc tinh cao nhu BbF, BKF, BaP,
DahA, BghiP va InP hién dién nhiéu trong bui
min [8].

PAHs phat thai chu yéu tir qua trinh chay,
qué trinh nay cling phat thai hat bui min trong
pham vi kich thuéc tir 0,01 — 0,08 um [5]. Diéu
d6 cho thiy rang, PAHs trong nghién ctru nay lic
dau ciing dugc phat thai trong pha khi hodc lién
két voi hat bui min. Néu khong ¢ qua trinh niao
anh huong dén trang thai ton tai ciia PAHs thi tat
ca PAHs chi duoc tim thdy trong bui min ma
khong co trong bui tho.

"Buithé ™ Byimin
100%

30%
60%
40%
20%

0%
Flio Py BaA Chr BbF BKF BaP DabA BghiP InP

Hinh 4a. % tich tu tng PAH trong bui min va bui tho

tai TN
¥ Buithd ¥ Byi min
100%
80%
60%
40%
20%
0%
Flo Py BaA Chr BbF BkF BaP DahA BghiP InP

Hinh 4b. % tich tu tung PAH trong bui min va bui tho
tai PT

8 Byithé ¥ Bui min

100%
80

60
40%
20% -
0%

Fluio Py BaA Chr BbF BkF BaP DahA BghiP InP

x

X

Hinh 4c. % tich tu timg PAH trong bui min va bui tho
tai LHP

Tuy nhién, trong nghién ctu nay, PAHs dugc
tim thay trong ca bui min va bui thé nhung kiéu
phan bé thi khac nhau, diéu nay ciing twong tu
nhu cac nghién ctru cia Kaupp [10], Kawanaka
[11] va Yamaguchi [18]. Kaupp va cong su [10]
nghién cttu sy phan bb cua 11 PAHSs tir 4 dén 7
vong benzene: Fluo, Py, BaA, Chr, Tri (4 vong),
BDbF, BkF, BeP, BaP, DahA(5 vong), InP, BghiP
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(6 vong) va Cor (7 vong) theo kich thuéc hat bui
khac nhau: > 26; 8,6 — 26; 2,9 — 8,6; 0,95 — 2,9;
0,32 — 0,95 va < 0,32 um ¢ vung nong thon
Bayreuth, Duc. Két qua cho thay, (1) 92,7% nong
d6 PAHs c6 trong hat bui véi kich thude < 2,9
um va chi 7,3% ndng d6 PAHs co trong hat byi
v6i kich thudc > 2,9 um, (2) ndng do cua nhiing
PAHs c¢6 5, 6, 7 vong trong hat bui véi kich
thudce < 2,9 pm chiém 95,3 — 97,1%, trong khi dé
nong do cua cac PAHs 4 vong trong hat bui véi
kich thuéc < 2,9 um chiém 75,5 — 80,0%. Nghién
ctru ciia Kawanaka va cong su [11] vé su phan bd
cua 9 PAHs: BbF, BkF, BeP, BaP, PER, IcdP,
DahA, BghiP va Cor trong bui khong khi &
Saitama, Nhat Ban véi kich thu6c hat khac nhau:
>11;11-76;76-51;51-35;35-21;21
-1,2;1,2-0,68; 0,68 — 0,48; 0,48 — 0,29; 0,29 —
0,19; 0,19 — 0,11 va < 0,11pum cho thdy ndng do
PAHs trong hat bui c6 kich thudéc < 2,1 pum
chiém 91,5% va trong hat bui c6 kich thuéc > 2,1
um chiém 8,5% . Két qua nghién ctru Yamaguchi
va cong su [18] vé su phan bd cua 10 PAHSs:
Fluo, Ant, Py, Chr, BaP, BeP, BbF, BkF, BaP va
BghiP c6 trong bui khéng khi véi kich thudc hat
khac nhau: >7,0;3,3-7,0;20-33;1,1-2,0va
< 1,1 pm & Kobe, Nhat Ban ciing cho thdy co dén
95% ndng d6 PAHs c6 trong hat bui véi kich
thudc < 2,0 um va chi 5% ndng d6 PAHs co
trong hat bui véi kich thude > 2,0 um.

Theo Zielinska [21] su khac nhau trong kiéu
phan bd PAHs theo kich thudc hat bui chi yéu
boi vi sy khac nhau vé ngudn phat thai va su
phén chia pha khi va pha hat cia PAHs. Hon niia,
sy phan bd theo kich thudc hat cia PAHs cling
thay ddi tir thanh phd nay dén thanh phd khéc, tir
ving d6 thi ¢én nong thon, tir mia nay sang miia
khac, va phy thudc vao nhiéu yéu t6 nhu diéu
kién khi twong, ngudn phat thai va tinh chit hoa
1y ctia tirng PAH [6]. Qua trinh kiém soat sy phan
bé cia PAHs theo kich thuéc hat bui rit phirc
tap, trong d6 tinh chit hoa 1y cia PAHs 1a yéu té
quan trong [20]. Nghién ctru nay dga vao tinh

chét hoa 1y, cu thé 1a ap suét hoi (cho biét kha
ning bay hoi) cia timg PAH d¢ giai thich sy
khac nhau giira kiéu phan bé theo kich thugc hat
cua PAHs c6 5, 6 vong so véi PAHs c6 4 vong,
tir ¢ 1am rd nguyén nhan PAHs hién dién nhiéu
trong bui min va it trong bui tho.

Sau khi phat thai trong bui min, PAHs c6 thé
lién két vai hat bui I6n hon thong qua qué trinh
“gia hoa” cua hat bui va qua trinh bay hoi tir bui
min, sau d6 ngung tu lai trén byi tho. Nhin chung
PAHSs c6 ap suit hoi thip va c6 xu huéng giam
dan theo chiéu tang ciia KLPT, diéu dé c6 nghia
& diéu kién binh thuong, cac PAHs co KLPT
cang 16n thi cang kho bay hoi (it ton tai & dang
khi). Cu thé: Fluo(4) va Pyrene(4) c6 KLPT la
202 va ap suat hoi 1a 1,6.102 va 6,0.10* Pa;
BaA(4) va Chr(4) c6 KLPT la 228 va ap suit hoi
la 2,8.10° va 8,4.10° Pa; BbF(5), BKF(5) va
BaP(5) c6 KLPT 1a 252 va 4p suat hoi 1an luot 1a
6,7.10°, 1,3.10® va 7,3.107; BghiP(6) va InP(6)
¢6 KLPT 1a 276 va ap suat hoi la 1,4.10° va
1,3.10°8 Pa va DahA(5) c6 KLPT la 278, ap suat
hoi 1a 1,3.108 Pa. Béi vi, PAHSs 5, 6 vong c6 ap
suat hoi thap hon va phan tir lugng I6n PAHs 4
vong nén sau khi lién két véi hat bui min ching
hiu nhu khong bay hoi. Do d6, ching co xu
huéng ¢ lai trong bui min, lam cho ndng d¢ cua
cac PAHs nay c6 nhiéu trong bui min, rét it trong
bui th6. Va ciing vi kha nang bay hoi kém nén ti
I& phan b6 cuia nhitng PAHs nay theo kich thudc
hat bui dao dong rat lon. Cu thé, d6i voi BbF(5)
dao dong tir 1,2 — 29,5%; 2,0 — 35,6% va 2,3 —
33,2%, d6i véi BKF(5) dao dong tir 1,0 — 31,8%;
1,6 — 34,1% va 1,6 — 32,0%, BaP(5) dao dong tur
09 - 37,3%; 1,3 — 33,1% va 1,3 — 31,8%,
DahA(5) dao dong tir 1,0 — 34,1%; 1,0 — 39,8%
va 1,2 — 37,8%, BghiP(6) dao dong tr 1,1 —
31,9%, 1,5 — 46,4% va 1,4 — 46,4% va cudi cung
la InP(6) dao dong tir 1,2 — 33,0%; 1,2 — 41,7%
va 1,4 — 38,6% lan luot dbi véi vi tri TN, PT va
LHP. Trong khi d6, cac PAHs 4 vong c6 KLPT
nho hon va ap suét hoi 16n hon nén dé dang bay
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hoi hon so véi PAHs 5, 6 vong va sau d6 ngung
tu lai trén hat bui tho nén nong d6 cua PAHs 4
vong ¢6 nhiéu trong ca bui min va bui thé. Do
kha nang bay hoi cao hon PAHs 5, 6 vong nén ti
I& phan bd cua cac PAHs 4 vong theo kich thudc
hat dao dong khong 16n va mirc dao dong nay
nho hon so v6i PAHs 5, 6 vong. Cu thé, ddi véi
Fluo(4), dao dong tir 7,4 — 17,6%; 7,2 — 19,2% va
7,5 —18,2%, vai Py(4) dao dong tur 8,7 — 15,3%;
8,7 — 14,5% va 8,6 — 15,0%, BaA(4) dao dong tur
2,8 — 27,8%; 4,0 — 23,3% va 4,6 — 22,6% va doi
véi Chr(4) dao dong tir 4,1 — 22,7%; 5,4 — 22,9%
va 5,0 — 23,8% lan luot ddi vai vi tri TN, PT va
LHP. Bidleman va cong su [3] ciing da chi ra
rang, su khac nhau trong kiéu phan bé cua PAHs
c6 4 vong benzene so véi PAHs cé 5, 6 vong
benzene 1a do su khac nhau vé ap suét hoi cia
ting PAH.

Nhu phan tich & phan trén, PAHs hién dién
trong bui tho 1a do qua trinh “gia hoa” cua hat
bui, qua trinh bay hoi cia PAHS tir bui min sau
d6 ngung tu lai trén bui tho. Tuy thudc vao kha
nang bay hoi cua trng PAH ma chiing hién dién
nhiéu hay it trong bui tho. Nhitng PAHs 4 vong
lac dau chi c6 ¢ bui min nhung do d& bay hon
(linh dong hon) nén chiing s€ bay hoi va sau do
ngung tu trén bui tho, 1am cho ching hién dién
nhiéu trong ca bui min va bui thd. Trong khi do,
nhitng PAHs 5, 6 vong liic diu ciing hién hién
trong bui min nhung do kho6 bay hoi hon (it linh
dong hon) nén sé€ khong cd “co hoi” ngung tu
trén bui tho nén ndng do trong bui tho rat it. Didu
d6 1am cho tong noéng do6 PAHSs trong bui min
chiém ti 18 16n (vi bao gdm nhiéu PAHs 5, 6
vong va nhiéu PAHs 4 vong) con trong bui thd
chiém ti 16 nho (vi bao gdm nhiéu PAHs 4 vong
va rat it PAHs 5, 6 vong).

Sau khi phat thai tir ngudn, ban than hat bui

va cac chat PAHs bam trén chung s& trai qua
qué trinh bién ddi vat 1y, héa hoc dudi tac dong
cia moi truong lam thay dbi nong do va dang
phan bd ban dau coa chung. Hon nira, hat bui

cang nho thi dién tich bé mat riéng cang 1én va
khi niang hap phu cang cao. Do d6, cang gan
ngudn phat thai thi ham lugng PAHs c6 trong bui
nho cang nhiéu. Trong ba vi tri khao sat thi vi tri
PT va LHP gan ngudn phat thai hon so vai Vi tri
TN. Tai vi tri PT va LHP, 9/10 PAHs c6 ndng do
cao nhit dugc tim thiy ¢ hat bui ¢6 kich thuéc <
0,4 pum, d6 1a: Fluo(4), Py(4), BaA(4), Chr(4),
BbF(5), BKF(5), DahA(5), BghiP(6) va InP(6)
nén nong dong cao nhat cua tong 10 PAHSs ¢ hai
vi tri ndy duoc tim thay & hat bui c6 kich thudc <
0,4 pm; con tai vi tri TN, 7/10 PAHs c6 ndng do
cao nhat duoc tim thiy ¢ hat bui c6 kich thudc
0,4 — 0,7 um, d6 1a: BaA(4), Chr(4), BbF(5),
BKF(5), DahA(5), BghiP(6) va InP(6) nén nong
d6 cao nhat cua tong 10 PAHS tai vi tri nay duoc
tim thay trong hat bui c6 kich thuéc 0,4 — 0,7 pm.
Téng néng d6 PAHSs trong bui c6 kich thusc <
0,4 um tai vi tri PT va LHP la 12,53 va 13,76
ng/m3, chiém dén 35,8% va 32,8% tong nong do
PAHs trong tit ca cac kich thuéc hat; dbi véi vi
tri TN, tong nong do PAHs trong bui c¢6 kich
thuoc 0,4 — 0,7 um 1a 3,32 ng/m3, chiém dén
28,5% tong nong do PAHs cé trong tat ca cac
kich thudc hat. Nhu vdy c6 su “dich chuyén”
nong do cuc dai cua ting PAH dan téi sy dich
chuyén ndng do cuc dai cua tong 10 PAHS tir hat
bui c6 kich thudc < 0,4 um ddi véi vi tri gan
nguon phat thai 1a PT va LHP sang hat bui c6
kich thuéc 0,4 — 0,7 um dbi vé6i vi tri xa ngudn
phat thai hon la LHP.

Két qua nghién ctu sy phan bd cua 10
PAHs: Fluo, Py, BaA, Chr, BbF, BKF, BaP,
DahA, BghiP, InP c6 trong bui khong khi véi
kich thudc hat: > 9,0; 9,0 - 5,8; 5,8 —4,7; 4,7 —
33;33-21;21-11;11-0,7;0,7-0,4va<
0,4 um tai ba vi tri dac truong cho ba méi trudong
khac nhau & TPHCM cho thay: (1) tai cac vi tri
khao sat, PAHs déu hién dién nhiéu trong bui
min va it trong bui tho, trong d6 PAHs 5, 6 vong
cha yéu c6 trong bui min, chi mot phan rat nho
trong bui thd va PAHs 4 vong hién dién nhiéu
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trong ca bui min va bui tho; (2) c6 sy “dich
chuyén” néng d6 cuc dai ctia cic PAHSs tir hat bui
¢6 kich thude < 0,4 pum ddi véi vi tri gan ngudn
phéat thai 1a PT va LHP sang hat bui cé kich
thudc 0,4 — 0,7 pum d6i Véi Vi tri xa ngudn phat
thai hon 1a TN, noi cach khac cang gan nguon
phét thai thi ham luong PAHs c6 trong bui nho
cang nhiéu.

Dy doan ngudn phat thiai PAHs vao méi
trwong khong khi

Do doc tinh gay ung thu, dot bién gen va cac
bénh nguy hiém khac cia PAHs dbi véi con
ngudi nén can phai ¢ bién phap quan 1y nong do
PAHs trong méi trudng. DS véi moi truong
khong khi, bén canh viéc xdy dung tiéu chuin
chat Iwong khong khi va ban hanh nhimng hudng
dan dé han ché sy phoi nhidm PAH:s thi viéc xac
dinh ngudn phat thai PAHs dé c6 bién phap kiém
soat, giam thiéu, loai bo ngay tai nguon can duoc
quan tdm hang dau. Vi vay, du doan ngudn phat
thai PAHs vao mdi trudng khong khi rat quan
trong.

Hién nay, hai phuong phip duoc su dung
phd bién dé du doan ngudn gbc cia PAHs la
phuong phap phan tich thanh phan chinh
(principal components analysis — PCA) va
phuong phép ti s6 cua mot sé dong phan PAHs.
Phuong phap PCA 1a mét ky thuat thong ké da
bién dwoc st dung nhiéu trong nghién ciru 6
nhiém khong khi. Nguyén tic ciia PCA 1a giam
s6 luong bién (variables) trong bo dir lidu (s6
lieu) gbc nhung van giit dugc thong tin cia bo dir
liéu gbc & mirc do nhiéu nhit c6 thé va do do6 cac
bién co nhitng dic diém giéng nhau cua bo dir
lieu géc s& duge nhom vao cung hop phan (thanh
phan) [7]. Fang va cong su [4] s dung phuong
phap PCA d& nhan dang ngudn phat thai PAHs
trong khong khi & 1& duong va khong khi xung
quanh trung tim Pai Loan, Taichung. Két qua
cho thiy, ca hai vi tri ngudn phat thai PAHs bao
gém: phuong tién giao théng (ca dong co su
dung xang va dau diesel), 10 ddt rac va hoat dong

cong nghiép. Khume va cong su [13] su dung
phuong phap PCA dé nhan dang ngudn phat thai
PAHs vao khong khi d6 thi Shizuoka, Nhat Ban.
Két qua cho thiy, phuong tién giao thong co
dong co su dung dau diesel 1a ngudn chinh phat
thai PAHs vao khong khi d6 thi Shizuaka.
Phuong phap ti s6 ciia mot s6 dong phan PAHs
dya trén co so cho rang cac PAHs duoc dic trung
boi nhitng ngudn phat thai khac nhau [14]. Day
la phuong phép don gian, it t6n kém va ciing
duogc sir dung rong réi trong nhiéu nghién ctiu vé
du doan ngudn phat thai PAHs vao mdi trudng.
Chang han, Zhou va cong su [20] st dung ti s6
Ant/(Ant + Phe), Fluo/(Fluo + Py), BaA/(BaA +
Chr), InP/(InP + BghiP) va BeP/(BeP + BaP) d¢
xac dinh ngudn phat thai PAHs trong bui khong
khi & ving d6 thi va ngoai 6 Bac Kinh, Trung
Quéc. Két qua cho thiy, (1) hoat dong ddt than
phuc vu sinh hoat 1a ngudn chinh phat thai PAHs
trong mua dong; (2) vao cac mua khac trong
ndm, phuong tién giao thong sir dung dong co
xing va dau diesel 1a ngudn chinh phat thai
PAHs; (3) tat ca cac mua trong nam, hoat dong
dbt sinh khéi va bui dwong chi déng gop mot
phan nho ham luong PAHS trong bui khong khi
tai Bic Kinh. Luan van nay str dung phuong phap
ti s6 cia mot sé dong phan PAHs dé suy doan
nguon phat thai PAHs vao khong khi TPHCM.

Ti s6 néng d6 cua InP/BghiP cho hiét su
khac nhau giir cac loai nhién li€u dugc dot chay.
Theo Part va cong su [15] ti s6 InP/BghiP c6 gia
tri khoang 0,4 biéu thi cho sy phat thai truc tiép
tir dong co sir dung xang, ¢ gia tri 1a 1 biéu thi
cho su phat thai tryc tiép tir dong co sir dung dau
diesel, tir 0,23 — 0,33 1a do d6t gd. Theo két qua
tinh cua luan van, ti s6 InP/BghiP c6 gia tri 1a
0,45 tai vi tri PT, 0,61 tai vi tri LHP va vi tri TN
1a 0,86. Nhu trinh bay ¢ phan trén, vi tri PT dac
trung cho ngudn phat thai PAHs truc tiép tir xe
gan may st dung nhién liéu 1a xang, do do gia tri
ti s6 InP/BghiP tai vi tri nay phu hop véi nghién
ctu cua Park. Gia tri ti s6 InP/BghiP tai vi tri
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LHP va TN 1a 0,61 va 0,86 cho thdy, ngudn
chinh phat thai PAHs tai hai vi tri nay 1a tu
phuong tién giao thong.

Pé lam 15 hon ngudn phat thai PAHSs tir
phuong tién giao thong la do dong co sir dung
nhién liéu xing hay dau, mot ti s khac giira cac
ddng phan PAHs duoc tham khao. Ti s6 ndng d6
ctia BaA/Chr cho biét sy khac nhau giita dong co
sir dung nhién liéu xang, dau, qua trinh dét go va
dbt than da. Ti s6 BaA/Chr co gia tri tir 0,27 —
0,49 biéu thi cho su phat thai tryc tiép tir dong co
sir dung xdng, tir 0,49 — 0,66 phat thai tir dong co
sir dung dau diesel, tir 0,66 — 0,92 dic trung cho
su phat thai truc tiép tir qua trinh d6t gd va tir
1,05 — 1,17 1a do qué trinh d6t than da [9]. Két
qua tinh ti 6 BaA/Chr tai LHP va TN lan luot 1a
0,37 va 0,38. Piéu nay cho phép nhan dinh rang,
nguon phat thai PAHs vao mdi truong khong khi
TPHCM tr phuong tién giao thong c6 dong co st
dung nhién liéu xang chiém da s, phan dong gop
ciia dong co sir dung nhién lidu dau diesel chiém
ti 1¢ nho. Két qua nay phu hop véi dac diém giao
thong & TPHCM véi phuong tién giao thong chu
yéu 1a xe gin may. Cu thé, theo thdng ké cua
Phong Canh Sat Giao Thong Puong B¢ - Buong
Sit TP. HCM, phuong tién giao thong & Thanh
phd tang lién tuc tir nam 2000 — 2010, ndm 2000
la 1.700.537 chiéc, dén thang 11 — 2010 la
4.839.347 chiéc, ting gan gap ba lan, trong do6 sé
lugng phuong tién st dung nhién li€u xang tai
mdi thoi diém chiém hon 90% tong s6 phuong
tién tham gia giao thong.

Bén canh d6, theo cac nghién ctu cua
Kulkarni [12] va Ho [7] thi dong co st dung
xdng phat thai nhiéu BghiP, InP. Ti I¢ dong gop
cia BghiP, InP trong tong ndng do PAHSs tai vi
tri PT 1an luot 1a 35,7% va 16,1%, tai Vi tri LHP
14 27,4% va 16,6%, dbi véi vi tri TN 1a 22,9% va

19,7%. Téng ndng do6 cua 2 PAHs nay chiém dén
51,8%, 44,0% va 42,6% tong nong 6 PAHSs lan
lugt d6i véi vi tri PT, LHP va TN. C6 thé thay
rang BghiP va InP déu hién dién nhiéu tai cac vi
tri 1ay mau. Piéu nay cing c¢d thém nhan dinh
PAHs trong khong khi TPHCM cé ngudn gic
cha yéu tir phuong tién giao thong cé dong co st
dung nhién liéu xang. Nhéan dinh nay cling nay
phti hop véi nghién ctru caa Té Thi Hién [6] vé
nguon phat thai PAHs vao mdi truong khong khi
TPHCM.

KET LUAN

Két qua nghién ctru sy phan b va ngudn géc
cua 10 PAHs tr 4 — 6 vong benzene: Fluo, Py,
BaA, Chr, BbF, BkF, BaP, DahA, BghiP va InP
trong bui khong khi vai kich thude khac nhau: >
90,90-58;58-4,7;47-33;33-21;21
~1;1,1-0,7; 0,7 — 0,4; va < 0,4 um cho thay:

Cac PAHs c6 4 vong benzene hién dién
nhiéu trong ca bui min va bui thd, tuy nhién,
PAHs ¢ 5 va 6 vong benzene, 1a nhitng chat c6
kha niang giy ung thu cao, da s hién dién trong
hat bui min. Su khac nhau d6 1a do su khac nhau
vé 4p suat hoi cua PAHs 4 vong so voi PAHs 5
va 6 vong;

Cé su “dich chuyén” nong d6 cuc dai cua
ting PAH dan t6i su dich chuyén ndng d6 cuc
dai cua tong 10 PAHs tir hat bui c¢6 kich thudc <
0,4 um ddi vai vi tri gan ngudn phat thai 1a PT va
LHP sang hat bui c6 kich thuéc 0,4 — 0,7 pm ddi
VGi Vi tri xa ngudn phat thai hon 1a TN;

St dung ti s6 gitra cac ddng phan PAHs dé
du doan ngudn phat thai PAHs vao méi trudng
khong khi TPHCM cho thiy, PAHs c6 ngudn goc
cha yéu tir xe gén may sir dung nhién liéu xing,
phan dong gép cua dong co diesel chiém ti lé
nho.
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Size distribution and resources of pahs
In atmospheric particulate matters in

Ho Chi Minh city

e To Thi Hien
e Huynh Van An
University of Science, VNU-HCM

ABSTRACT

In this study, size distribution of 10
PAHs, with 4 — 6 rings in atmospheric
particulate matters (PM) at the basement,
the roadside and the ambient air in Ho Chi
Minh City were measured from 27 December
2010 to 26 January 2011. PM was separated
into nine fractions of different sizes as
follows: > 9.0, 9.0 - 5.8; 5.8 — 4.7; 4.7 — 3.3,
33-21;21-11;11-0.7,07-0.4;, va <
0.4 um. The results showed that the total
concentrations of 10 PAHs (total PAHS)
varied from 29.7 — 43.7 ng/m3, 37.1 — 45.7
ng/m3, and 8.8 — 18.1 ng/m3, respectively, at
the basement site, the roadside site and the
ambient air site. Total PAHs were mainly
concentrated in particles with aerodynamic
diameter smaller than 0.4 um at the
basement and roadside site. On the other

hand, total PAHs were mainly concentrated
in particles with aerodynamic diameter 0.4 —
0.7 um at the ambient air site. Generally, the
five- and six-ring PAHs were predominately
on fine particles (smaller than 2.5 um
aerodynamic diameter) and the 4 — ring
PAHs spread-out in both fine and coarse
particles (more than 2.5 um aerodynamic
diameter). Diagnostic ratios of specific PAHs
were used to characterize the PAH emission
sources in the atmosphere. The result of this
study indicated that motorcycles and
gasoline automobiles are suggested as the
main emission sources of PAHs in Ho Chi
Minh City and it is necessary to control PAHs
concentration in air environment in Ho Chi
Minh City.

Key words: PAHSs, size of particulate matters, air, Ho Chi Minh City.

TAI LIEU THAM KHAO

[1]. Nghiém Trung Diing, Nghién ctru muic d
phat thai va lan truyén cua cac hydrocarbon
thom da vong (PAH) tai Ha No6i, Ludn an
Tién sy Cong nghé Téan dung Phé liéu,
Truong Pai hoc Bach khoa Ha Noi, Ha Noéi
(2004).

[2]. T.F. Bidleman, Atmosphere processes,
Environment Science Technology 23, 75 — 83
(1989).

[3]. T.F. Bidleman, W.N. Billings, W.T.
Foremane, Vapour-Particle Partitioning of
Semivolatile Organic Compounds: Estimates
from Field Colltion, Environmental Science
and Technology 20, 1038 — 1043 (1986).

[4]. G. Fang, C. Chang, Y. Wu, I. Yang, M.
Chen, Charactezation, Identification of
ambient and road dust polycyclic aromatic
hydrocarbons in central Taiwan, Taichung,

Trang 41



Science & Technology Development, Vol 16, No.M3- 2013

Science of the total Environment 327, 135 —

148 (2004).

[5]. B. Finlayson-Pitt, J.N. Pitts, Chemistry of the
upper and lower atmosphere: Theory,
experiments, and applications, Academic

Press, London, 438 — 439 (2000).

[6]. T.T. Hien, L.T. Thanh, J.T. Kameda, N.
Takenaka, H. Bandow, Distribution
characteristics of  polycyclic aromatic

hydrocarbons with particle size in urban

aerosols at the roadside in Ho Chi Minh City,

Viet Nam, Atmospheric Environment 41,

1575 — 1586 (2006).

K.F. Ho, S.C. Lee, Identification of

atmospheric volatile organic compounds

(VOCs), polycyclic aromatic hydrocarbons

(PAHs) and carbonyl compounds in Hong

Kong, Sci Total Environ 289, 145 — 158

(2007).

T. Kameda, Inazu, H. Bandow, S. Sanukida,

Y. Maeda, Diurnal change of direct-acting

mutagenicity of solubel organic fraction of

airborne particles collected at Southern

Osaka: correlation between the mutagenicity,

particles-associated nitroarences, and

gaseous emission, Atmos. Environ 38, 1903 —

1912 (2004).

R.M. Kamens, Z. Guo, J.N. Fulcher, D.A.

Bell, Influence of Humidity, Sunlight and

Temperature on the Daytime Decay of

Polyaromatic Hydrocarbons on Atmospheric

Soot Particles, Environment Science and

Technology 22, 103 — 108 (1998).

[10].H. Kaupp, S. Michael, Distribution of
polychlorinated  dibenzo-P-dioxins  and
dibenzofurans (PCDD/Fs) and polycyclic
aromatic hydrocarbons (PAHs) within full
size range of atmospheric particles,
Atmospheric Environment 34, 73 — 83
(2000).

[11].Y. Kawanaka, E. Matsumoto, K. Sakamoto,
N. Wang, Size distributions of mutagenic
compounds and mutagenicity in atmospheric

[71.

8].

[9].

particulate matter collected with a low-
pressure cascade impactor, Atmospheric
Environment 38, 2125 — 2132 (2002).

[12].P. Kulkarni, C. Venkataraman, Atmospheric
polycyclic  aromatic  hydrocarbons in
Mumbai, India, Atmos. Environ. Sci. Technol
34, 2785 — 2790 (2000).

[13].K. Kume, T.0. Noda, T. Amagai, M. Fusaya,
Seasonal and spatial trends of suspended —
particle associated polycyclic aromatic
hydrocarbons in urban Shizuoka, Japan,
Journal of Hazardous Materials 144, 513 —
521 (2007).

[14].Y. Ma, J. Cheng, F. Jiao, Z. Rong, M. Li, W.
Wang, Distribution, sources, and potential
risk of polycyclic aromatic hydrocarbons
(PAHSs) in drinking water resources from
Henan Province in middle of China,
Environmental Monitoring Assessment 146,
127 — 138 (2008).

[15].S.S. Park, Y. Kim, C.H. Kang, Atmostpheric
polycyclic aromatic hydrocarbons in Seoul,
Korea, Atmospheric Environment 36, 2917 —
2924 (2002).

[16].G. Wang, L. Huang, S. Gao, L. Wang,
Characterization of water-soluble species of
PMio and PM,5 aerosols in urban area in
Namjing, China, Atmospheric Environment
36, 1299 — 1307 (2002).

[17].M.X. Xie, F. Xie, ZW. Deng, G.S. Zhuang,
Determination of polynuclear aromatic
hydrocarbons in aerosol by solid-phase
extraction and gas chromatography-mass
spectrum, Talanta 60, 1245 — 1257 (2003).

[18].T. Yamaguchi, C. Yamasaki, H. Yamazaki,
Characteristic of size-classified airborne
particulates in Kobe, Japan, Journal Health
Science Technology 16, 189 — 194 (2004).

[19].K. Yasuda, Stack sampling Technique for
PAHs, Materials of the Third ASEAN
Workshop on Air Pollution Monitoring and
Analysis  with  Emphasis on PAHSs,

Trang 42



TAP CHi PHAT TRIEN KH&CN, TAP 16, S0 M3 - 2013

Environmental Reseach and Training Center,  [21].B. Zielinska, J. Sagebiel, W.P. Arnott, C.F.

Bangkok, Thailand (1995). Rogers, K.E. Kelly, D. A. Wagner, J.S.
[20].J. Zhou, T. Wang, Y. Huang, T. Mao, N. Lighty, A.F. Sarofim, G. Palmer, Phase and
Zhong, Size distribution of polycyclic Size Distribution of Polycyclic Aromatic
aromatic  hydrocarbons in urban and Hydrocarbons in Diesel and Gasoline
suburban  sites of  Beijing, China, Vehicle Emissions, Environment Science
Chemosphere 61, 792 — 799 (2005). Technology 38, 2557 — 2567 (2004).

Trang 43



