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SUMMARY

ASSESSMENT OF CONTAMINATION, EMISSIONS SOURCES, AND HUMAN
HEALTH RISK OF EXPOSURE TO PM.5 -BOUND TRACE METALS
IN SOME AREAS IN HANOI

Concentrations of eight metals (Cd, As, Cr, Co, Cu, Pb, Zn, Ni) in PM2s were examined in a suburban
area (Dong Anh) and residential urban area (Thanh Xuan) in Hanoi in winter and spring. The results
revealed that higher metals in PM2s were observed in winter in Dong Anh, while higher metals in
PM2s were observed in spring in Thanh Xuan due to the different sources at study area. The
concentrations of Cu, Pb, Zn, Cd, Cu and As in PM2s in Dong Anh were higher than those in Thanh
Xuan due to the heavy vehicle, activities industrial production and craft village, which increases
emissions into atmospheric. Concentration of Cd, V, Ni, Pb, Mn and Cr in PMzs were lower than the
allowable values according to EU and WHO standards. The enrichment factor analysis shows that the
emission source EF of these metals were related to human activities (traffic, industry, or craft villages).
The health risk assessments suggested that As (HQ = 1.1) and Cd (HQ = 1.0) in Thanh Xuan, and As
(HQ = 1.6) and Cd (HQ = 1.8) in Dong Anh had non-carcinogenic risks for adults. The cumulative
carcinogenic risk of elements was within the acceptable range for both children and adults at both sites.
Keywords: metals, health risk, residential area, suburban area, Hanoi

1. GIOI THIEU cia Lam va cs (2018) cho thdy ti 1& viém miii
Béo c40 clia Air Visual, nim 2019 chi ra rang di tng & nguoi Ion va bénh hen cta nhirng
Viét Nam dung thi 15 trén thé gigi vé 6 nhidm ngudi séng ¢ vung thanh thi & Ha Noi (30%)
PM_5 véi ndng do trung binh niam cua PMys cao hon son so voi ¢ vung ndng thdn (10%)
lén t6i 34,06pg/m3. Bac biét tai Ha noi — khu [1]; ty 1& ngudi méc bénh hd hip & tré em cao
do6 thi, céng nghiép I6n thu hat ngay cang hon nguoi lén & Ha Noi [2]. Bui PM.s dé dang
nhidu nguoi di cu vao thanh phd. Nghién ciu xa4m nhap vao hé théng hd hip gay anh huong
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dén stc khoe con ngudi [3] nhu qué trinh 1am
giam nhan thic, mat can bang oxi hoa
(oxidation stress), viém than kinh va su thoai
héa than kinh [4].

Céac hoat déng cobng nghiép, hoat dong giao
thdng vén tai, xay dung, sinh hoat... 1a céc
ngudn & nhidm chua cac kim loai doc hai nhu
Cd, Co, Cr, Cu, Pb, Ni, Cd, As.... Nghién cuu
cia M.Gataria va cs (2005) cho thiay ham
lwong cac nguyén tb trong bui PM,s ¢ khu vuc
Ha Noi cao hon so voi khu vuc néng thdn.
Hoat dong giao thong va ddt chay nhién liu
hoa thach duoc coi la ngudn gay 6 nhiém
khong khi chii yéu ¢ Ha Noi [5], [6]. Nghién
chu ciia P.T. Ha va cs (2017) cho thdy céc
tuyén dudng c6 mat d6 phuong tién cao cb
ham luong kim loai trong miu bui cao hon
tuyén duong c6 mat do giao thong it. Nguy co
gy ung thu do tiép xtc vé6i Cr trong bui 1a cao
hon so véi cac kim loai khac; dac biét rai ro
phoi nhidm kim loai do tiép xtc véi kim loai
trong bui duong ddi voi véi tré em cao hon so
v&i nguoi lon [7] .

Cac nguyén t6 arsen (As); chi (Pb);
cadmium(Cd) managnese (Mn); kém(Zn);
vanadi (V) trong bui PM.s da gop phan gay
ung thu néu con nguoi hit, nuét, hoac tiép xdc
qua da c&c chit nay. Tiép xtc man tinh véi Cd
¢6 thé anh huong dén qua trinh oxy hoa va lam
t6n thuong t& bao phdi va [8]. Tiép xuc 1au dai
v6i Cr (VI) gy oxidative stress trong co thé,
Cu gay hai cho gan va than, Mn anh huong hé
hé hap, Ni 1am ting nguy co ung thu phdi va
miii, Pb anh huong hé thin kinh va mach mau
va tong hop hemogroup, V gay kich tng hé
théng hd hap va tiéu héa, va tuc ché téng hop
cholesterol (tiép xdc vai), Zn gay thiéu mau va
giam mic cholesterol, hap thu ddng va sit [8].
Do d6, danh gia mirc d6 6 nhiém, nguon phat
thai cac kim loai doc hai trong bui PM.5 & khu
vuc Ha Noi la can thiét dé dua ra duoc anh
huong caa kim loai dbi véi strc khoe con nguoi
cling nhu xac dinh dwgc nguon phét thai dé cac
co quan, td chuc ¢6 cac bién phap giam thiéu 6
nhiém. Trong nghién ctru nay, ching toi tién
hanh 14y miu va phan tich ham lugng kim loai
trong bui PM2s ¢ 2 khu vyc dai dién cho khu
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dan cu va khu cdng nghiép/giao thdng tuong
ung tai Thanh Xuin va Déng Anh, véi muc
tiéu xac dinh ham lugng kim loai, ciing nhu du
doan nguon phat thai va danh gia rui ro sic
khoe con nguai do tiép xdc véi bui PMs chia
kim loai.

2. PHUONG PHAP NGHIEN CUU

2.1. LAy miu

Mau bui PM,s duoc lay tai 2 diém (Thanh
Xuén va Pong Anh) vao mua dong va mula
xuan bang thiét bi Sibata HV-500 R, Nhat Ban
v6i luu lugng 100 L/phdt trong 24h. Bui PMas
dugc lay bang gidy loc soi thach anh (Advance,
QR-100, sizel 10nm, Nhat Ban), gidy loc truéc
va sau khi lay miu duoc dit trong ta hat 4m 48
gior & diéu kién nhiét do 25 + 2°C va d6 4m 50
+ 5%, sau d6 gidy loc duoc can trén can phan
tich (Adam AEA-160DG, do nhay + 0,01 mg)
dé xac dinh khéi luong bui PMzs. Diém liy
mAu ¢ Thanh Xuin ndm & khu vyc dong dan
cu, mat do giao thong cao, 13 noi tap trung cac
hoat dong thuong mai, dich vy, sinh hoat.
Trong khi d6, diém ldy miy ¢ Pong Anh nim
gﬁn chg, truong hoc, khu cong nghiép, hoat
dong noéng nghiép va cach duong cao tbc Ha
Noi — Lao Cai 7km vé phia Bic.

2.2. Phuong phap xac dinh kim loai trong
mau PMzs

Quy trinh phan hiy miu va xac dinh kim loai
trong mau duoc thuc hién theo nghién ctu
trude day [9]. Cu thé, % giay loc duoc cit nho
dua vao cdc thuy tinh 100 mL sau d6 cho 5 mL
hén hop axit HCl : HNO; (3:1, v/v) theo
phuong phap EPA 10-3.1 (US EPA 1999);
phan hiy 120°C dén khi hét khéi tring, thi
thém HNO31% dé hoa tan can; sau d6 loc dung
dich did phéan huy, dinh mac thanh 25mL va
bao quan lanh cho dén khi phan tich céc
nguyén té trong dung dich.

Nong do ciia cac nguyén té (Cd, Co, Cr, Cu, Ni,
Pb, Zn, As) trong dung dich dugc phan tich
trén may do khdi phd plasma ghép cam tng
(ICP-MS, ELAN 9000, Perkin Elmer). Trong
qud trinh phan tich, mau tring, mau l3p va mau
thém chuan duoc thuc hién gidng nhu miu
thuc. Do léch chuin tuong ddi cua kim loai
trong khoang 10%, sai s6 phuong phap <10%,



va d6 thu hdi dao dong tir 70% dén 97%. Gigi
han phét hién cua tat ca cac nguyén t6 la 0,04
ng/m?® ngoai trir Cd (0,008 ng/m?).

3. KET QUA VA THAO LUAN

3.1. Ham lwgng kim loai trong bui PM2s

Két qua phan tich ham lugng kim loai trong
bui & khu vuc Thanh Xuan va BDong Anh duoc
chi ra ¢ bang 1. Két qua cho thay hau hét cac
kim loai vao mua dong thuong cao hon so vai
mua xuan & Péng Anh. Ngugc lai & Thanh
Xuén, ham lugng Cd, As, Cu, Ni lai cao vao
mua xuén, diéu nay co thé I1a do cac kim loai
nay bi anh hudong boi ngudn phat thai tai cac
khu vuc nghién cau.

Nong d6 trung binh cua Cd, V, Ni, Pb, Mn va
Cr trong bui PM2s & ca khu Bong Anh va
Thanh Xuan déu thap hon gia tri cho phép theo
tiéu chudn EU ( ndng do cho phép ddi véi Cd,
As va Ni lan luot 1a 5, 6 va 20 ng/m?3) va tiéu
chudn WHO (ndng d6 cho phép dbi véi Pb |
Mn, va Cr tuong rng: 500, 150 va 1100 ng/m?).
So véi cac nghién cau khac trén thé gisi, nong
do trung binh cua As, Cr, Al, Co, Ni thip hon
so véi cac gia tri do dugc & vung ngoai 6 va
khu db thi & phia Béc tinh Chiét Giang, Trung
Qudc trong giai doan tir nam 2014 dén nim
2015 [10]. Trong khi do, cac gia tri Cd, As, Cr,
Cu, Pb, Zn va Ni cao hon ham luwong kim loai

& khu vyc giao théng va khu vuc d6 thi ¢
Navarra, Tay Ban Nha trong giai doan tir thang
1 dén thang 12 ndm 2009 [11]. Ham lugng céc
nguyén t5 vao mua xuan trong nghién ctu nay
thip hon so véi két qua & Ha Noi trong thoi
gian tir thang 5 dén thang 10 ndm 2000 ngoai
trir Ni, Cr, Cu [5]. Nong d6 trung binh cua hau
hét cac nguyén t6 trong mua dong va mua xuan
cao hon & Gwangju, Han Quéc [12], khu dan
cu do thi ¢ Nicosia, Sip [13] va Singapore [14].
Ham lugng Cu, Pb, Zn, Cd, Cu va As ¢ Dong
Anh cao hon so véi Thanh Xuan diéu nay co
thé 1a do luu lugng xe tai diy 16n lam ting
luong phat thai tir hoat dong giao théng: phanh
va mon 16p (Cd), khi thai dong co xing, mon
16p va mai mon cao su 16p (Zn) ), qué trinh dt
chay diesel va mai mon 16t phanh (Cu), dau boi
tron va khi thai 5ng xa (Cu, Pb, Mn), d6t chay
diesel va mai mon 16t phanh ( Cu, Cd, Pb va
Zn) [15]-[17]. Ngoai ra khu vuc nay tap trung
nhidu khu san xuit céng nghiép (khu cong
nghiép Bac Thing Long), khu cong nghiép
Pong Anh (cac nganh co khi, 14p rap, san xuat
t6 to, phu tlng 6 to, thiét bi dién, vat liéu xay
dung cao cap, san xuat hang xuat khau), duong
cao tbc Ha Noi — Lao Cai (cach diém ldy mau
khoang 8km).

Bang 1. Nong d¢ kim logi trong bui PMzs ¢ Ha Ngi

Thanh Xuéan

bong Anh

Kim loai (ng/m®) Mua dong (n=38) Mua xuan (n= 6) Mua dong (n= 6) Mua xuan (n= 6)

Trung binh  SD  Trung binh ~ SD  Trung binh SD Trung binh ~ SD
Cd 0,735 0,280 0,862 0,410 1,754 0,801 1,100 0,375
As 1,549 0,600 2,443 0,945 3,855 1,628 1,762 0,549
Cr 2,623 0,584 2,969 0,961 12,195 1,895 2,720 1,042
Co 1,054 0,584 0,229 0,085 0,458 0,133 0,179 0,061
Cu 4,529 0,708 5,687 1,811 9,767 6,618 5,990 1,955
Pb 56,370 13,277 36,303 16,489 74,465 53,102 43,767 13,489
Zn 305,588 53,517 247,240 62,064 697,391 137,839 437,112 298,073
Ni 1,415 0,214 1,638 0,670 1,801 1,135 1,271 0,441
Tong 481,513 466,485 1326,675 622,092

SD: d6 léch chuan
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3.2. Pic trung ngudn phét thai caa cac kim
loai trong bui PM2s

Phan tich hé s lam giau (EF) da dugc st dung
rong rai dé xac dinh cac ngudn gdc kim loai tir
ty nhién hodc do con nguoi. EF cia mdi phan
tir dugc tinh theo cong thue dudi day:

EFy = (KKR)]}H:IEKEKKR)

trong d6 (X/R)emzs VA (X/R)erust lan luot 1
nong do cia nguyén to X trong bui PM,s va
nguyén té X trong 16p vo trai dat. Nong do cua
cac nguyén tb trong 16p vo trai dat duoc tham
khao tur tai lieu cua Taylor [18]. Trong nghién
ctru nay, Al dwoc sir dung 1am nguyén té tham
chiéu [10], [12]. Néu gi4 tri EF nho hon 10,
chang to cac kim loai cd ngudn géc tir ngudn
tu nhién. Néu gia tri EF nho hon 10, chung to
cac kim loai c6 nguon gbc tir ngudn tu nhién.
Néu gia tri EF tir 10 dén 30, chung to ngudn
g6c cua kim loai c6 ngudn géc tu nhién va
nhan tao. Néu EF > 30, c4c kim loai nay cé
ngudn gbc do con ngudi gay ra. Két qua cho
thdy gi4 tri trung binh EF & hai khu vuc la
twong dwong nhau va dugc chia lam 2 nhom
(hinh 1). Nhém 1 gém céac nguyén té Ni, Cr,
Co c6 gia tri 10 < EF < 30, diéu nay cho thiy
céc kim loai nay c6 ngudn géc phét thai tir ty
nhién va nhan tao. Nhém 2 gom cac nguyén té
Cu, As, Cd, Pb, Zn c6 EF > 30, diéu nay cho
thit ngudn gdc phat thai cua cac kim loai nay
tir hoat dong cua con nguoi. Thuc vay, cac
nguyén t6 Cr, Ni, As, Co hau hét c6 ngudn goc
tir hoat dong cdng nghiép; Cu, Cd, Pb va Zn
lién quan dén sy phét thai tir hoat dong giao
thdng xe ¢ [13]-[15].

10000 1

crust

BThanh Xuan  @Béng Anh

1000 A

100 4

10 41

1 4

Al Ni Cr Co Cu As Cd Pb Zn
Hinh 1. Gia trj EF cua c&c nguyén té kim logi
tai khu vie Thanh Xudn va Dong Anh
Céc két qua nay budc dau cho thiy hoat dong

clia con ngudi 12 ngudn phét thai chinh cua cac
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kim loai nay. Tuy nhién, dé c6 két qua chinh
X&c vé phan tram déng gop cua cac nguon thai
t6i bui PM;s thi tang sé lugng mau, théng sb
trong bui (anion, cation, kim loai) cling nhu
thoi gian 1y mau can dugc thyuc hién trong cac
nghién ctu tiép theo.

3.3. Riii ro phoi nhiém kim loai trong bui
PM2s

Dénh gia rui ro stc khée do phoi nhiém kim
loai trong bui PM2s qua dwdng hd hip duoc
tinh theo cdng thuc sau:

EC,, = (C % ET X EF X ED)/AT,
Trong d6, C nong do kim loai (ug/m); EF la
tan suat phoi nhidm (365 ngay / nam); ED la
thoi gian phoi nhidém (6 nam ddi voi tré em va
24 tudi doi véi nguoi lon [17]; ET 1a thoi gian
phoi nhiém (24 gio /ngay); ATn la thoi gian
trung binh (ddi véi chit khong giy ung thu,
ATn = ED x 365 ngay x 24 gid /ngay; ddi véi
chit gay ung thu, ATn = 70 nim x 365
ngay/nam x 24 gio).

Chi s6 rii ro (HQ) va rui ro ung thu dugc tinh
theo cbng thirc sau:

HQyp, = ECyyy/(RfC; X 1000 pg/mg)
CR,,, = EC,,; XIUR

trong d6; RfCi l1a liéu lwong tham chiéu
(mg/m?3); 1UR lugng bui hit phai ((ug/m3) ™);
RfC va IUR cho As, Cd, Cr, Pb, Ni, Cu, Co,
Zn tham khao [17]
http://www.epa.gov/region9/superfund/prg/).

(co tai

Néu CR nam trong khoang 10 va 10, rai ro
ung thu & muc chap nhan dugc; CR <1079 : rii
ro ung thu 1a khong dang ké; CR > 10~*: rui ro
ung thu ¢ muc cao. Néu HQ <1: rui ro sic
khoe 1a khong dang ké va ¢ muc chap nhan
duoc; HQ> 1: rui ro suc khoe co thé xay ra.


http://www.epa.gov/region9/superfund/prg/

Bdng 2. Cac thdng sé ddanh gid riii ro sic khoe

, : HQ CR
IE;? (r:;/cr:g) Thanh Xuén boéng Anh (uéyn:i)'l Thanh Xuén boéng Anh
Tré em Ngudi l6n Tré em Nguoi 16n Tréem Nguoilon Tréem Nguoi lon
As 15E-05 0,05 1,15 007 1,62 4,3E-03 2,66E-07 1,06E-06 3,74E-07 1,49E-06
Cd 10E-05 004 101 008 181 1,8E-03 6,50E-08 2,60E-07 1,16E-07 4,65E-07
Cr®* 10E-04 0,002 004 0004 010 1,2E-02 1,68E-07 6,71E-07 4,47E-07 1,79E-06
Co 6,0E-06 002 057 001 028 9,0E-03 109E-07 437E-07 543E-08 2,17E-07
Ni  50E-05 0,01 024 001 0024 24E-04 102E-08 4,07E-08 1,02E-08 4,09E-08
Pb  3,0E-01 0,0001 0,001 10,0001 0,002 1,20E-05 1,77E-08 7,09E-08 226E-08 9,05E-08

Két qua danh gia rai ro sac khoe do phoi
nhiém kim loai trong bui PM,s ¢ Thanh Xuan
va Pong Anh duoc chi ra ¢ bang 2. Két qua
cho thay, gia tri HQ cua Cr, Co, Ni va Pb déu
dudi 1 d6i véi ca tré em va ngudi I6n, cho thiy
nguy co rui ro caa cac kim loai nay la thap, thé
khong dang ké. Gia tri HQ cua As va Cd ddi
Véi nguoi tredng thanh ¢ Thanh Xuén va Pong
Anh déu >1, chung to As va Cd trong bui
PM2s gay anh huong xau dén suac khoe cua
ngudi truong ¢ khu vuc ndy. Tong gia tri HQ
cua 6 kim loai ddi véi tré em thap hon mirc an
toan (HI = 1), trong khi d6, gia tri nay >1 ddi
v6i nguoi 16n. Piéu nay cho thiy nguy co rii
ro sic khoe ddi voi nguoi 16n can duoc quan
tam nhiéu hon & khu vyc nghién ciwu.

Nguy co ung thu CR cua 6 kim loai (As, Cd,
Co, Cr, Ni va Pb) khi tiép xtc qua duong hd
hdp nam trong khoang cho phép tir 10 dén
10 ddi voi ca tré em va ngudi 16n, didu nay
cho thay rui ro ung thu do tiép xdc véi cac kim
loai nay la khong dang ké. Tuy nhién, nguy co
tich Iy d6i voi nguoi 1on cao hon véi tré em,
cho thay rang ngudi 16n chiu anh huéng tir cac
hoat dong nhu dét nhién liéu, dét than, khi thai
cdng nghiép, hoat dong giao thdng nhiéu hon
tré em & khu vuc nghién cau. Tuy nhién, can
c6 cac nghién ctru sAu va rong hon nita dé danh
gia chinh xac nguy co rai ro nay.

4. KET LUAN

Nghién ciru cung cip thong tin mot s kim loai
trong bui PM2s & mot sb khu vie dan cu va
hdn hop khu coéng nghiép/ndng nghigp. Két
qua cho thay hau hét cac kim loai vao mla
déng thuong cao hon so véi mua thu ¢ ca 2 vi
tri ngoai trr Cd, As, Cu, Ni ¢ Thanh Xuén,
diéu nay c6 thé la do su khac nhau cua ngudn
thai tai cac vi tri. Nong do trung binh cua Cd,
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V, Ni, Pb, Mn va Cr trong bui PMz5 & ca khu
DPong Anh va Thanh Xuan déu thip hon gia tri
cho phép theo tiéu chuan EU va WHO. Ham
lugng Cu, Pb, Zn, Cd, Cu va As ¢ Pong Anh
cao hon so voi Thanh Xuan diéu nay cé thé la
do luu luong xe tai day 16n lam tang luong
phét thai tir hoat dong giao thdng, khu san xuit
cdng nghiép, lang nghé. Phan tich hé sé lam
giau cho thiy EF ngudn phat thai cua cac kim
loai nay c6 lién quan dén hoat dong cua con
ngudi (giao théng, cong nghiép, lang nghé).
Rii ro do phoi nhiém kim loai trong bui PM_s
gay anh huong xau dén sic khoe nguoi truong
thanh & ca 2 khu vyc. Tuy nhién, rai ro ung thu
dbi v&i nguoi truong thanh va tré em déu ¢
mic d6 thap.

Loi cam on: Nghién ciu nay duwoc tai tro boi
Hoc vién Khoa hoc va Cong nghé, ma s de tai
GUST.STS.DT2019-MT
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