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Abstract: This study investigates the ecological and human health risks associated with exposure
to potential toxic elements (PTEs), including A4s, Cd, Mn, and Zn, in road dust from the largest
industrial zone (/Z) in Da Nang City, Vietnam, and adjacent urban areas (UA). Ecological risk was
assessed using the potential ecological risk index for individual elements (£7) and the total potential
ecological risk index (PER). Human health risk was evaluated through the non-carcinogenic hazard
index (HI) and the total carcinogenic risk (7CR) for both children and adults. The findings revealed
that ecological risk levels in the /Z were significantly higher than in the UA. However, both Ei and
PER were classified as “Low”, with As being the predominant contributor. Health risk assessment
indicated that HI and TCR values were consistently higher in children than in adults, and higher in
the IZ compared to the UA. While HI values across all areas were below the threshold of 1 (indicating
“Safe”), specific IZ sites recorded HI values for children exceeding 0.7, suggesting potential
concern. The mean TCR values for children in the /Z (1.49x107) and UA (1.05%107) exceeded the
“Acceptable” range (1x10° - 1x107%), whereas adult TCR values remained within permissible limits.
As was the dominant contributor to both HI and TCR, followed by Pb. Compared with previous
studies, the HI and TCR values we found were lower; however, potential risks remain, particularly
for children, a vulnerable population due to physiological and behavioral factors. These results
underscore the need for targeted management strategies focusing on As and Pb, coupled with
emission control and environmental quality improvement, to reduce ecological risks and protect
community health in industrial and urban settings.
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Danh gia rui ro sinh thai va strc khoe cong dong
do anh hudng ctia nguyén to doc hai tiém an
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Tém tit: Nghién ctru ndy danh gi rui ro sinh thai va sirc khoe cong ddng do phoi nhiém cac nguyén
t6 doc hai tiém an (Potential toxic elements - PTEs), bao gdm As, Cd, Mn, va Zn, trong bui dudng
tai khu cong nghiép (KCN) l6n nhéit thanh phé ba Nﬁng, Viét Nam va vung phu cén. Rui ro sinh
thai duoc danh gia bang chi s6 rui ro sinh thai tiém an cta timg nguyén to (Ei) va téng rui ro sinh
thai tlem an (PER), trong khi rui ro sirc khoe duge danh gia thong qua chi s6 rui ro phi ung thu (HI)
va tong rui ro ung thu (TCR). Két qua cho thay murc d0 rui ro sinh thai tai KCN cao hon dang ké so
v6i khu d6 thi (KDT), song ca Ei va PER déu & mic “Thdp ”, voi As dong gop 16n nhat vao tong rui
ro sinh thai. V& rui ro sirc khoe, gia tri HI va TCR ctia nhém “Tré em” cao hon dang ké so véi nhom
“Nguwoi lon”; ca hai chi $6 tai KCN déu cao hon so véi KDT. Mic du HI & tit ca cac khu vue déu
<1 (muc “An toan”), mot s6 diém trong KCN ghi nhan HI cta tré em > 0,7, can duge luu y. Gia tri
TCR trung binh ctia tré em tai KCN (1,49x107%) va KDT (1,05x10°%) déu vuot ngudng “Chdp nhén
dugc”, trong khi TCR cuia nguoi 16n van trong gi6i han cho phép. As 1a nguyén t6 dong gop 1on nhét
vao ca HI va TCR, tiép theo la Pb. So v6i cac nghién ciru qudc té trude, HI va T CR trong nghién
clru nay thap hon, nhung van tiém an nguy co, dic biét 601 Vv6i tré em, nhom dé bi tén thuong hon
do dic diém sinh 1y va hanh vi. Két qua nhan manh sy can thiét ctia cac bién phap quan ly nghiém
ngit d6i voi As va Pb nham giam thiéu rii ro sinh thai va bao vé sirc khoe cong dong.

Tir khéa: Nguyén t6 doc hai tiém an, bui dudng, rui ro sinh thai, riii ro sirc khoe, Pa Nang.

1. Mé dau

O nhiém bui duong do nguyén t& doc hai
tiém an (PTEs - Potential Toxic Elements) da tr&
thanh mot van dé méi truong va stc khoe cong
ddng dang quan tim trén toan ciu, dic biét tai
cac khu vuc d6 thi va cong nghiép [1, 2]. Bui
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dudng c6 thé chira cac PTEs doc hai nhu chi
(Pb), asen (4s), kém (Zn) va mangan (Mn), bét
ngudn tur cac hoat dong cong nghi€p, khi thai
phuong tién giao thong va nguén dia chat ty
nhién [3]. Viéc tiép xtic v6i cac PTEs nay qua
duong ho hap, tiéu hoa hodc tiép xtc qua da co
thé gy anh hudng nghiém trong dén sirc khoe
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con nguoi, dac biét 1a tré em va nguoi 16n tudi,
ddng thoi gay tac dong tidu cuc dén hé sinh thai
do thi [1, 3].

Céc nghién ctru trén thé gi6i vé 6 nhiém bui
duong do PTEs thuong tap trung vao bon hudng
chinh: i) Phan tich vd mdé phong sy phan b
khong gian cua cac PTEs trong bui duong; ii)
danh gia murc do 6 nhiém thong qua cac chi s0
dia hoa nhu chi sd tich Ity dia hoa (Zgeo), hé 5O
lam giau (EF) hodc chi so tai lugng & nhiém
(PLI); iii) xac dinh cac ngudn phat thai PTEs; va
iv) danh gia rui ro sinh thai va stic khoe cong
ddng do phoi nhiém PTEs qua cac con dudng hd
hép, tiéu hoa va tiép xuc qua da [1-6].

Trong cac danh gia rii ro sinh thai, chi s6 Ei
(Ecological risk factor) thudng dugc st dung dé
phan anh mirc d6 anh hudng cua timg nguyén t6
riéng 1¢, trong khi chi sb PER (Potential
Ecological Risk Index) dugc ap dung de danh gia
tong hop tac dong cua nhiéu nguyén t6 trong bui
duong. D6i vai sic khoe cong dong, chi sb HI
(Hazard Index) va TCR (Total Carcinogenic
Risk) 1an luot dugc sir dung dé danh gia rui ro
“phi ung thu” va rii ro “ung thw” [1, 3]. Nhidu
nghién ctru cho thdy PTEs trong bui duong co
thé gay rii ro sinh thai dang ké khi chi s Ei > 40
hodc PER > 150 [1, 3, 7-9], va tiém 4n nguy co
dbi voi suc khoe cong dong khi chi sb HI > 1
hodac TCR > 1x10° [6, 9, 10]. Dac biét, cac
nguyén t6 nhu Pb, Cr va As duoc xac dinh 1a
nhitng PTEs gay rui ro suc khde nghiém trong,
nhit 13 di voi tré em (nhom dé bi ton thuong
hon). Udc tinh, PTEs trong bui duong de doa strc
khée khoang 92 tri€u nguoi truong thanh va 280
triéu tré em trén toan thé gidi, voi mirc rui ro cao
hon tai cac d6 thi va KCN phat trién [1, 3].

Tai Viét Nam, mot s nghién ctru duge thuce
hién & khu vuc phia Bic [11], va phia Nam [12,
13] da cho thay bui duong chira PTEs c6 thé gy
ra nhiing tac dong bt loi dbi voi ca hé sinh thai
va stuc khoe cong dong. Tuy nhién, s luong
nghién ctru toan dién két hop danh gia mirc d6 6
nhiém, xac dinh ngudn phat thai va lugng hoa rii
ro sinh théi va strc khoe cong ddng do anh hudng
ctia PTEs trong bui duong van con kha han ché,
sd cong trinh duoc cong bd trén cac tap chi khoa
hoc trong nudc cang it.

O khu vuc mién Trung Viét Nam, nghién ctru
dau tién vé chi dé PTEs trong bui duong duoc
thyc hién boi Tinh va Quoc (2025) [14], da cung
cAp nhirng danh gia ban dau vé mirc d6 6 nhlem
PTEs tai khu vyc nay. Két qua cho thay nong do
PTEs trong bui duong c6 xu hudng gia tang tir
khu virc mau nén (VEN), qua KDT, va dat mirc
cao nhét tai cac KCN. Céac PTEs duogc phat hi¢én
theo thtr tu nong do tang dan: As < Pb < Zn <
Mn. Tai khu vuc NEN, ca ba chi s dia hoa (Ieo,
EF, PLI) déu cho thiy khong co du hiéu 6
nhiém. O khu vuc KPT, mac d6 6 nhiém dugc
xép vao nhom “6 nhiém vira” v6i gia tri trung
binh ciia chi s6 PLI dat 2,35. Tai KCN, mirc d6
6 nhiém cao nhat, dac biét dbi véi Zn va Pb; Zn
¢6 I trung binh 2,87 (“6 nhiém vira dén
manh”), EF = 5,6 (“Lam giau vira dén nghiém
trong”), va PLI trung binh 4,0 (“6 nhiém vira
dén cao”’). Ngudn phat thai chinh cta Zn, Pb va
As duoc xac dinh chu yéu tir cac nha may san
Xuét thép ma kém, vat liéu cach nhiét va xi mang,
trong khi Mn c6 thé dén tir nhidu ngudn khéc
nhau nhu hoat dong cong nghiép, khi thai
phuong tién giao théng va yéu té dia chit tu
nhién. Tuy nhién, nghién ctru ciia Tinh va Quoc
[14] chua thyuc hién danh gia duwoc murc do rui ro
sinh thdi va sitc khée cong dong do bui duong
chira PTEs gdy ra, nhiing khia canh then chét
dé danh gia tac dong tong thé ciia PTEs trong
bui duong.

Xuét phat tir khoang trdng trén, nghién ctru
nay duoc thuc hién nham dénh gia rui ro sinh thai
va sirc khoe cong dong do PTEs trong bui dudng
tai KCN 16n nhét thanh phd Pa Néang va cac khu
vuc phu can. Py 1a nghién ctru dau tién cung
cap dir lidu khoa hoc vé rui ro sinh thai va siic
khoe cong dong do anh huong ctua PTEs trong
bui duong tai mdt do thi thuoc khu vuc mién
Trung Viét Nam. Két qua nghién ctru nay, két
hop véi dir liéu tir cong trinh cua Tinh and Quoc
[14], s& gop phan hinh thanh mét buc tranh tong
thé vé hién trang va anh hudng cua 6 nhiém
PTE:s tai khu vuc, bao gdm: danh gia muc d6 6
nhidm, x4c dinh ngudn phat thai va luong héa rui
ro sinh théi va stic khoe cong dong. Nhiing phat
hién nay s& cung cap co so khoa hoc quan trong
cho viéc xdy dung va trién khai cac bién phap
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kiém soat 6 nhiém, dong thdi bao vé sirc khoe
cong dong tai cac do thi va KCN co dicu ki¢n
tuong dong ¢ Viét Nam va khu vuyc.

2. Phuwong phap
2.1. Pham vi nghién cvru va co so dir liéu

Nghién ctru duge thyce hién tai KCN 16n nhit
thanh phd Pa Nang (cii), nam ¢ phia Tay Béc
thanh phd, cing cac khu vuc phu can (Hinh 1).
KCN nay 1a trung tim san xuit quan trong véi

nhiéu nganh cong nghiép nhu gia céng co khi,
san xuét sit thép, pin, tim pin ning luong mat
troi, linh kién thép ma k&m, hoa chit, nhua va tii
nylon, v&i hau hét nha méay sir dung nhién liéu
hoa thach [14]. Hoat dong giao thong trong KCN
chu yéu 1a xe may, 6 t6, xe tai, phuc vu van
chuyén hang héa va di lai ciia cong nhan. Khu
vuc phu can KCN 1a KDT, noi tap trung chu yéu
cac khu dan cu va nhiéu co so kinh doanh buén
ban nho 1é. Hoat dong giao thong tai day da dang
hon, bao gém xe may, 0 t0, xe tai va xe buyt,
phuc vu ca nhu cAu sinh hoat cta nguoi dan va
cac hoat dong kinh doanh - dich vu.

@ Trong khu cong nghiép
@ Trong khu db thi
— Ranh gidi phuong
* Dudng bo
B Ho
Bién
[ Khu d6 thj
90 Khu cong nghigp

108.115 108.120

108.110  108.115  108.120

108.125 108.130 108.135 108.140 108.145 108.150 _

108.125 108.130 108.135 108.140 108.145 108.150

Hinh 1. So db vi tri cac diém thu mau (Cham xanh biéu thi vi tri 1dy mau tai KDT,
trong khi cham d¢ bi€u thi vi tri lay mau tai KCN).

Nghién ciru nay st dung dit liéu nong do
PTEs tai cac diém ldy mau tir nghién ciru cta
Tinh va Quoc [14], d thuc hién cac phén tich va
moé phong nhdm danh gid rui ro sinh thai va strc
khoe cong dong. Nghién ctru ctia Tinh and Quoc

[14] d4 thu thap 10 mau bui duong trong KCN
va 10 mau tir cac tuyén duong KPT lan can.
Ngoai ra, 2 mau nén (cac tuyén duong co luu
luong phuong tién giao thong rat thip, noi bui
duong chit yéu c6 ngudn gbe ti nhién) duge thu
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thap tai: 1) con dudng & ban ddo Son Tra, noi hai
bén duong 1a rimg tu nhién, con duong chu yéu
phuc vu hoat dong di bd va leo nui, cach KCN
15 km; va ii) con dudng & khu ddi nai phia Tay
Bic KCN, v6i mot bén duong 1a hd nude tudi
tiéu, va bén con lai 13 rimg trong, cach KCN 8
km. C4c mau bui dudng dugc thu thap vao thang
1 ndm 2024 tai cac vi tri x&c dinh trudc thong
qua khao sat hién truong va Google Earth. Tai
mdi diém, bui duoc gom béng dung cu nhya
(chdi, xéng, ray) va dung trong ti nhua, voi khbi
lugng trung binh khoang 1,5 kg/mau. Thong tin
vé toa do, dia chi, thoi gian va diéu kién méi
truong duge ghi lai dly du. Cac miu sau d6 duoc
véan chuyén dén phong thi nghiém dé phan tich.
Viéc ldy mau dién ra tir 8:30 dén 16:30 trong
diéu kién thoi tiét néng, kho rao, khong c6 mua
trong vong 72 gid trude do.

2.2. Panh gia rui ro sinh thdi tiém an

Nghién ctru nay ap dung phuong phap danh
gia “Rui ro sinh thai tiém an” (PER- Potential

Ecological Risk) dé danh gi4 rai ro tiém an do
céc PTEs trong bui duong gay ra d6i v6i hé sinh
thai. Phuong phéap nay di dugc nhiéu nghién ctru
khoa hoc 4p dung [11, 12, 15-19]. C6t 15i cua
phuong phép nay 1a tinh toan chi s6 téng rui ro
sinh thai tiém 4an cua timg PTE (Ei - ecological
risk), dya trén ham lugng PTE thuc té do duoc
va cac yéu to khac nhu doc tinh cua timg PTE.
Chi s6 PER dugc tinh toan nhu mé ta trong cong
thac (1).

n n C
PER=» E =) T x—
2Ry (M)

Trong d6: T; dai dién cho hé s6 doc tinh cua
PTE chét i, v6i céc gia tri cu thé duoc gan nhu
sau: 1 d6i v6i Zn va Mn; 5 d6i v6i Pb; 10 ddi voi
As [20]. Cac bién C; va B lan luot biéu thi nong do
cua PTE chat i trong mau bui dudng va mau nén.

Chi sb Ei dugc phan thanh 5 mutc d6: Thap,
Trung binh, Pang ké, Cao, Rét cao, trong khi chi
s6 PER dugc phan loai thanh 4 mtrc d6: Thép,
Trung binh, Pang ké, Rat cao (Bang 1).

Béng 1. Tiéu chuan phan loai riii ro sinh thai (E7) va rai ro sinh thai tiém an (PER) ciia PTEs

Chi sb Phan loai Mirc d6 rui ro sinh thai Trich dan
Ei<40 Thap
40<Ei<80 Trung binh
Ei 80<Ei<160 Pang ké
160<Ei<320 Cao
Ei>320 Rét cao [4, 20]
PER<150 Thap
150<PER<300 Trung binh
PER 300<PER<600 Pang ké
PER>600 Rét cao

2.3. Panh gia rui ro tiém an doi voi siec khoe
con nguoi

Nghién ciru nay thuc hién dénh gia anh
huong cua PTEs trong bui duong dén sirc khoe
con ngudi theo huéng dan cua Co quan Bao vé
Moi truong Hoa Ky [4], vén duoc sir dung rong
rai trong nhiéu nghién ctru danh gia rai ro trén
thé gidi [12, 21, 22]. Phuong phép nay tép trung
vao hai chi s6 chmh Chi s0 rti ro (Hazard Index

- HI) va Tong rui ro ung thu (Total Carcinogenic
Risk - TCR) nhiam dinh luong murc d6 rai ro ma
cac PTEs trong bui duong gay ra dbi vai sirc khoe
con ngudi qua cac dudng phoi nhiém khac nhau.
Chi s6 HI la chi s do luong rui ro phi ung
thw, vi gia tri HI < I thé hién méi truong sdng
dugc coi la “An toan”, trong khi HI > I chira
Rui ro “Tdc dong tiém dn dén sirc khée”. Trong
khi d6, chi s6 TCR danh gia kha ning gy ung
thu cua cac PTE, trong d6 TCR < 1x10° duoc
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xem 1a “Chdp nhdn dwoc”, TCR tir 1x10° d&én
1x10* cho thay rui ro “Ung thu tiém dan”, va
TCR > 1x10* 1a “Khéng chdp nhdn duwoc”.
Trong nghién ctru nay, rdi ro ung thu dugc xem
xét d0i v6i Pb va As do kha ning gay ung thu cua
chung [23], trong khi danh gia rii ro phi ung thu
ap dung cho ca bén PTEs.

Dé tinh toan chi s6 HI va TCR, lugng hip thu
hang ngay trung binh (Average Daily Intake -
ADI) cua cac PTEs qua ba duong phoi nhiém
chinh (tiéu hoa, hit thd, qua da) dugc su dung.
Cong thirc tinh toan cho ADI,, (Luong héap thy
trung binh hang ngay qua duong ti€u hoda (an,
ubng), ADI,;, (Luong hap thy trung binh hang
ngay qua duong ho hap (hit thd), ADLiem (Luong
hép thy trung binh hang ngay qua tiép xtc qua
da), ADIo (Tong lwong hép thy trung binh hang
ngay tir tit ca cac con duong phoi nhidm (tiéu

hoa, ho hip va qua da) tuong Gng v6i duong tiéu
hoéa, hit thd, qua da va tong nhu sau:

C xR xEFxEDxCF

ADIM _ i ing
¢ BW x AT 2)
xR xEFxED
apy,, =T B @)
BW x AT x PEF

ADI, = C xSAx AF x ABF xEF x EDx CF
BW x AT 4)
ADItotal = ADIing + ADIinh + ADIderm (5)

Trong do, cac tham s6 cu thé dugce trinh bay
trong Bang 2. Gi trj ciia cac thong sb trong Bang
2 dugc trich dan tir cac nghién ciru trude diy phu
hop voi dic diém phoi nhiém cua d6i tuong
nghién curu.

Béng 2. Cac thong sb sir dung dénh gia rui ro strc khoe con nguoi do anh huong cia PTESs

Thoéng s6 Pon vi DPinh nghia Tré em Nguoilén | Trich dan
Ring mg/ngdy | Tdc do hap thu bui qua dudng tiéu hoa 200 100 [24]
EF ngdy/nam | Tan sudt phoi nhiém 350 350 [24]
ED Nam Thoi gian phoi nhiém 6 24 [24,25]
BW Kg Trong lugng co thé trung binh 16,2 56,6 [26,27]
ATphi ung . Thoi gian trung binh (d6i v6i chat
o ngay Khong gy ung thu) 365xED | 365xED [24]
\ Thoi gian trung binh (ddi véi chat gay
ATUng thu ngay ung thu) 365%70 365%70 [28]
CF kg/mg Heé s6 chuyén do6i 1,00x10° | 1,00x10 [29]
Rinh m’/ngdy Téc @6 hit the 7,6 20 [24]
SA cm? Dién tich bé mit da tiép xuc voi bui 2,80x10° | 5,70x103 [24]
AF mg/cm2ngdy | Hé s6 bam dinh da 0,2 0,07 [24]
ABF - Heé s6 hap thu qua da 0,001 0,001 [24]
PEF m’/kg He s6 phat thai hat bui 1,36x10° | 1,36x10° [24]
Sau khi tinh toan ADI cho ting PTE, chi s6 CR = ADI xSF 8)
HI duoc xac dinh theo cong thuc (6) va (7), trong
khi do, chi s& TCR duoc tinh theo cong thic (8) TCR=) CR=CR,, +CR,, +CR,,, ©

va (9).
HQ = ADI

RD (©6)

HI = ZHQ = HQing + HQinh + HQderm (7)

Trong d6: HQ (Hazard Quotient) - Hé s6
nguy hai “phi ung thu”. HQing, HQinh, HQuerm lan
luot 12 hé sb nguy hai “phi ung thir” qua cic con
duong phoi nhiém tiéu hoa, ho hap va tiép xuc
qua da; CRing, CRiniy CRaerm 13n lugt 12 riti ro ung
thu qua cac con duong phoi nhiém twong tng.
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Bang 3. Gia tri liéu tham chiéu (RfD) va hé sb an toan (SF) ctia cac PTES (Pb, As, Mn, va Zn)

theo cic con dudng phoi nhiém

. X Duong phoi nhiém , x
PTE H Trich

€50 Tiéu hoa Hit tho Oua da rich dan

RfD 3,50x10% 3,52x103 5,25x10™ [10, 24]

Pb SF 8,50x10% 8,50 102 8,50x102 [24, 30]

RfD 3,00<10™ 2,85x10™ 4,29x10™ [24, 30]

As SF 1,50 15,1 1,58 [24, 30]

Mn RfD 0,140 1,40x10 8,40x10% [24, 30]

Zn RfD 0,300 0,300 0,06 [10, 24]

2.4. Phdn tich va thé hién dir liéu

Trong nghién ctu nay, Excel 2018 duoc su
dung dé tinh toan céac chi sé6 PER, HI, ADI va
TCR. Céc biéu dd minh hoa cac chi sb nay dugc
thiét ké bang phan mém Origin 2018 nham tryc
quan hoa két qua. Phan mém QGIS 3.40 duoc sir
dung dé xay dung so dd vi tri cac diém 1iy mau.
Bén canh d6, chirc niang ndi suy IDW (Inverse
Distance Weighting) trong QGIS dugc ap dung
dé biéu dién phén b6 khong gian cuia cac chi s6 rii
ro, qua do thé hién murc do rai ro sinh thai va rii ro
strc khoe cong dong tai khu vire nghién ctru.

3. Két qua va thao luin
3.1. Rui ro sinh thdi tiém an

3.1.1. Ruii ro sinh thdi tiém dn ciia timg PTE

Hinh 2 minh hoa phan bd khong gian gié tri
chi s Ei ciia cac PTEs (As, Pb, Zn, va Mn) trong
khu vyuc nghién ciru, v6i dai mau thé hién su gia
tang cua Ei tir xanh (thdp) dén do (cao). Két qua
cho thdy xu huéng chung 1a chi s6 Ei tai KCN
cao hon dang ké so voi KPT, phan anh mic d6
tich lly PTE khac nhau gitta hai khu vuc. Phan
tich chi tiét cho thiy & tat ca cac diém iy mau,
cac PTEs déu c6 chi sb Ei < 40, thude mirc rii ro
sinh thai “Thdp” [4, 21]. Gia tri Ei cao nhét duoc
ghi nhan 1a 33,46 d6i v6i As tai mot diém trong
KCN, trong khi gia tri £i thap nhét 13 2,4 d6i véi
Zn tai mot diém trong KPT. Piéu nay cho thay
su khac biét ro rét trong phan bd PTEs, véi néng
d6 PTE cao hon trong KCN, c6 thé do anh hudng

tir cac hoat dong san xudt cong nghiép va giao
thong van tai [14].

Theo diy mau, gia tri Ei ting dan tir mau
xanh dén mau do. So sanh v&i nghién ciru cia
Dat, Nguyen, Vo, Van Nguyen, Do, Tran and
Hoang [12] tai Thanh phd HO Chi Minh, mtc d6
rui ro cua Mn va Zn trong nghién ctru nay tuong
duong, véi Ei < 40, thuoc mic “Thap”. Tuy
nhién, chi s6 Ei clia As va Pb tai Thanh phd Ho
Chi Minh cao hon dang ké (44,9 va 51) so véi
khu vuc nghién ctru hién tai. Sy khac biét nay co
thé xuét phat tir sy khac nhau vé ngudn phat thai,
mat do giao thong, quy moé cong nghi€p, hodc
dic diém dia chét cua ting khu vuyec.

Mirc d6 rui ro sinh thai trong nghién clru nay
cling cho thiy sy trong ddng vai cac nghién ciru
qudc té, dién hinh 13 nghién ciru cia Adewumi
[9] tai Akure, Nigeria va Kara [31] tai Izmir, Tho
Nhi Ky. Trong ca hai nghién ctru nay, chi s Ei
ctia Pb va Zn déu < 40, thuoc micc “Thdp”, phu
hop véi két qua tai khu vuc nghién ciru. Tuy
nhién, su khac biét 16 rét dugc ghi nhan ddi véi
As, véi Ei trung binh dat 151 tai Akure va 49,9
tai Izmir, cao hon dang ké so véi két qua cua
nghién ctru ndy (Ei < 40). Mtic Ei ciia As “thip”
tai khu vuc nghién ctru c6 thé bét nguén tur hai
yéu t6 chinh. Thir nhét, ndng do As trong mau
nén tai khu vuc nghién ctu (3,45 mg/kg) [14]
cao hon so voi Akure (0,60 mg/kg) va Izmir
(2,00 mg/kg), lam giam gia tri Ei7 khi tinh theo
cong thire 1. Thir hai, khu vue nghién ctru khong
ton tai cac ngudn phat thai 4s dac trung nhu ¢
Akure va Izmir. Cu thé, Akure c6 cac hoat dong
luyén - nau kim loai va nganh cong nghiép hoa chat
v6i tiém ning phat thai As dang ké [9], trong khi
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Izmir chju anh huong tir hoat dong d6t than hoac
cti phyuc vy suéi 4m mua dong, mot ngudn phat
thai As quan trong tai cac d6 thi khi hau 6n déi [31].

Nhin chung, két qua nghién ctru cho thay
murc d¢ rui ro sinh thai cia PTEs trong bui duong

tai khu vuce nghién ctru van thudc muc “7) hdp”.
Tuy nhién, can theo ddi chat che nguon phat thai
As, khi chi sb Ei cta As tai mot 6 diém trong
KCN > 30, cho thiy tiém ning tich liiy PTEs nay
trong moi truong.
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Hinh 2. Ban db ndi suy phan bd khong gian chi s6 Ei ciia timg PTE (1a-As, 1b-Pb, lc-Zn, va 1d-Mn)
trong khu vuc nghién ctru.

3.1.2. Tong riii ro sinh thdi tiém dn

Hinh 3 minh hoa gia tri chi s6 PER theo timg
khu vuc nghién ctru (Hinh 3a) va ty 1€ dong gép
cua tung PTE vao chi s6 PER tai mdi khu vuc
(Hinh 3b). Két qua cho thdy xu hudng cia chi s6
PER tuong tu voi chi sb Ei, voi gia tri cao nhét
dugc ghi nhan tai KCN, tiép theo la KDT, va
thip nhat tai NEN. Gi4 tri trung binh cua chi s6
PER tai cac khu vuc nay lan luot 12 61,9 6 KCN,

37,6 6 KPT, va 18,0 & NEN (Hinh 3a), phan anh
mirc do rii ro tiém ning giam dan tir khu vuc
cong nghiép dén ngoai thanh. Tat ca cac diém
nghién ctru déu c6 chi sb PER thudc mirc
“Thap” theo phan loai muc do rii ro sinh thai
[21], khi gia tri PER cao nhét trong khu vuc
nghién ctru dat 77,6 tai KCN. Piéu nay cho thy
muc df rai ro sinh thai cia cac PTEs trong bui
dudng van ndm trong ngudng chap nhan dugc.
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Hinh 3. Gia tri chi s6 PER theo khu vuc nghién ctru (a), va ty 1¢ dong gop cua ting PTE
vao chi s0 PER & moi khu vuc nghién ctru (b).

Trong ca ba khu vuc nghién ctu, 4s 1a PTE
c6 ty 18 déng gop cao nhat vao chi sé PER, chiém
tir 45% dén 54% tong gia tri PER (Hinh 3b). Tiép
theo 1a Pb, véi ty 1¢ dong gop tir 26% dén 28%,
trong khi Zn va Mn c6 ty 1¢ dong gop tuong
duong va thip hon dang ké so véi As va Pb. Ty
trong cao cua As va Pb dbi voi tong gia tri PER
6 thé duogc giai thich boi gia tri Ei cao ctia hai
PTE nay, nhu d trinh bay trong phan trudc. Noi
cach khac, sy dong gdp 16n ctiia As va Pb vao chi
sO PER khong chi do ndng db tich liiy ma con do
hé sb doc tinh ciia chiing cao hon dang ké so véi
Zn va Mn. Cu thé, hé sd doc tinh cua Zn va Mn
1a 1, trong khi Pb 13 5 va As 14 10 [20]. Diéu nay
cho thay sy can thiét ciia cac bién phap kiém soat
As va Pb, nham giam thiéu rui ro sinh thai va tac
dong tiém an dén méi trudng ciing nhu ste khoe
cong dong.

3.2. Rui ro tiém an doi voi suc khoe cong dong

3.2.1. Rui ro surc khoe (phi ung thu)

Hinh 4a va 4b minh hoa phan b khong gian
cua chi s6 HI d6i véi nhém “Tré em” va nhom
“Nguwoi I6n”. Két qua cho thy, chi sé HI cia
nhéom “Tré em” cao hon rdo rét so voi nhom
“Nguwoi [on” trén toan bo khu vuc nghién ctru.
Mic du gia tri HI cta ca hai nhom tai tit ca cac

diém khao sat déu nho hon 1, twong tmg voi mirc
“An toan”’, nhung sy chénh l&ch gitra hai nhém
tudi 1a 10 rét: 6 nhém “7ré em ”, nhiéu diém khao
sat co gia tri HI dao dong tir 0,4 dén 0,7, trong
khi & nhém “Nguoi I6n” phan 16n duéi 0,3. Sy
khac biét nay phan anh muc d nhay cam cao
hon cua tré em trude phoi nhiém vé&i cac PTEs
¢6 trong bui dudng, ddng thoi cing ¢b nhan dinh
rang tré em 1a nhom d& b t6n thuong hon trong
cac kich ban phoi nhiém véi bui dudng 6 nhiém
PTEs [1, 3].

Két qua trinh bay trong Hinh 3¢ cho thay xu
huéng gia tang rd rét cua chi s6 HI tir khu vuc
NEN d&n KDT va dat gia tri cao nhit tai KCN
ddi véi ca hai nhom tudi. Cy thé, ddi v6i nhom
“Tré em”, chi sd HI trung binh tai ba khu vuc
NEN, KDT va KCN lan luot 1a 3,37x107,
4,22x1072, va 6,34x102. Trong khi d6, di véi
nhom nguoi 16n, gia tri twong g 1a 3,36x1073,
6,78x107, va 9,87x107. Nhu vy, chi s6 HI & tré
em cao hon ngudi 16n tir khoang 6 dén 10 lan &
tat ca cac khu vuc. Su chénh léch vé gia tri HI
giita cac khu vuc ciing cho thay 16 tac dong ciia
murc d6 do thi hoa va hoat dong cong nghiép dén
rii ro stc khoe cong déng. Tai KCN, noi tap
trung nhiéu ngudn phat thai bui va PTEs [14], ca
hai nhém tudi déu c6 gi tri HI cao nhét.
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Hinh 4. Phan b6 khong gian chi s6 HI cho nhém “Tré em” (a) va nhom “Nguoi I6n” (b), gia tri trung binh HI
cua cac nhom theo khu vuye (¢), va ty 1€ dong goép cua tung PTE vao HI theo khu vyc va nhém tudi (d).

Xét vé ty 18 dong gop cua timg PTE vio chi
sO HI, As chiém ty 1é cao nhét & ca hai nhom tudi
va trong moi khu vye, dao dong tir 56% dén 65%
(Hinh 4d). Nguoc lai, Zn va Mn c6 dong gop thap
nhat, chi chiém tir 4% dén 16%. Pb ciing dong
gop dang ké, dic biét trong KCN, do muc do
phat thai tir giao thong va cac hoat dong san xuat
[14]. Ty 1é dong gbp cao ciia As va Pb vao chi sd
HI ¢6 thé duoc giai thich thong qua gia tri liéu
tham chiéu (RfD) cuia timg PTE (Bang 3). Theo
cong thirc (6) va (7) trong phan phwong phép,
RfD ctia Pb va As thap hon dang ké so v6i Zn va
Mn, dan dén gia tri HQ cia As va Pb cao hon, tir

d6 lam tang ty 1€ dong gép cua ching vao HI
tong thé.

So véi cac nghién ctru & mién Nam, Viét
Nam [12, 13], gia tri HI trong nghién ctru hién
tai (mién Trung) thip hon dang ké. O mién Nam,
HI trung binh cho nhom “Tré em” va “Nguoi
I6n” 1an luot dat 2,19 va 0,21, trong d6 nhiéu
diém khéo sat co HI vuot ngudng 1, dac biét tai
cac khu vuc cong nghié€p va giao thong dong duc.
Trong khi d0, so v&i nghién ciru ¢ mién Béc [11],
HI trung binh ctia nhom “Tré em” va “Nguoi
I6m” (0,07 va 0,01) lai thap hon so v&i két qua
clia nghién ctru nay. Su khac biét nay c6 thé duoc
ly giai boi mot sd yéu té chinh: (i) S6 lugng
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PTEs duoc phan tich dé tinh HI & cc nghién ctru
mién Nam (bao gdm Cu, Pb, Zn, Mn, Ni, Cd, Co,
Cr va As) nhidu hon so v6i nghién ctru hién tai
(4s, Cd, Zn va Mn) va nghién ciru mién Bic (Pb,
Mn va Zn). Theo cong thuc (7) (dugc trinh bay
trong muc “Phuwong phap”), gia tri HI c6 xu
huéng tang khi s6 lugng PTEs dugc tinh nhiéu
hon. (ii) Nghién ctru mién Nam lay mau chu yéu
tai KDT 16n va KCN, bao gom nhiéu “diém
néng” 6 nhiém; trong khi nghién ciru mién Béc
[11] thu thap mau khong chi & Ha Noi, noi cé
mat d¢ dan cu va giao thong cao, ma con ¢ ndm
tinh khac c6 mat d6 giao thong thip hon, trong
khi day 1a mot trong nhitng yéu té quan trong anh
huong dén nong do kim loai trong bui duong.

Bén canh d0, so véi cac nghién ctu quéc té,
gia tri HI trong nghién ciru ndy ciing ¢6 phan
thap hon, dic biét ddi voi nhitng nghién ciru
danh gia chi s6 HI dua trén sy dong gop cua
nhidu PTEs trong bui dudng (thuong hon 04
PTEs) [32-36]. Cac nghién ctru qudc té thuong
bao gobm Cd, Cr, Ni, Co, va mot s6 PTEs doc hai
khac, 1am ting dang ké chi sé HI tong thé. Su
khac biét nay cho thiy ring mtrc do riii ro khong
gy ung thu c6 thé phu thudc dang ké vao thanh
phan PTEs dugc xem xét, ciing nhu cac ngudn
phat thai dac trung cua timg khu vyc.

Nhin chung, chi s6 HI trong nghién clru nay
thudc murc “An toan” , thap hon so Vi mlen Nam
Viét Nam va mot sé nghién ciru qudc té, nhung
cao hon so voi mién Bic Viét Nam. Tuy nhién,
can quan tam kiém soat cac PTEs nguy hiém nhu
As va Pb tai khu vuc KCN, do gia tri HI cta hai
kim loai nay tai nhiéu diém khao sat vuot 0.7; vé
lau dai, su tich lity c6 thé khién chi s6 HI dat hodc
vuot nguorng 1, twuong ung véi muc “fac dong
tiém an dén sirc khée”. Bén canh do, can tiép tuc
nghién ctru tac dong cta cac PTEs doc hai khac
nhu Cd va Cr, nham dua ra danh gia toan dién
hon vé rui ro sitc khoe cong dong do bui duong
gay ra.

3.2.2. Ruii ro ung thi tiém dn

Hinh 5a va 5b trinh bay ban do noi suy thé
hién phan bb khong gian cua chi sO i ro ung
thu tiém an (TCR) doi voi nhém “Tré em” va
nhom “Nguwoi lon” tai khu vuc nghién ctru. Hinh
S5c minh hoa gia tri 7CR trung binh theo tung khu

vue, trong khi Hinh 5d cho thay ty 1& dong gop
ctia timg PTE vao chi sé TCR phén theo khu vurc
va nhém tudi.

Ket qua cho thay chi s6 TCR ctia nhém “Tré
em” cao hon dang ké so v6i nhém “Nguoi Iém”
trén toan bg cac khu vuc nghién ctru (Hinh Sa,
5b). Cu thé, gi4 tri TCR trung binh cia tré em tai
cac khu vuc NEN, KDT va KCN lan luot 1a
8,72x10°6, 1,05x10° va 1,49x10°%; d6i véi
nguoi 1on, cac gia tri trung binh tuong Ung la
3,18x10°, 6,00<10°¢ va 8,56x10° (Hinh 5c).
Theo tiéu chuan danh gia rui ro cia USEPA [4],
gia tri TCR trong khoang tir 1x10 dén 1x10*
duogc xép vao mic “Ung thie tiém an”’. Piéu nay
cho thay khu vuc KCN, va KPT tiém an nguy co
ung thu déng ké dbi véi tré em, nhom dbi tuong
nhay cam hon do dic diém sinh 1y va hanh vi,
chang han nhu tan suat tiép xtc véi bui cao hon
va kha ning héap thu PTEs 16n hon so v&i nguoi
16n [23].

Phan tich ty 1€ dong gop cua tung PTE vao
chi s6 TCR (Hinh 5d) cho thay rang 4s 1a PTE ¢
ty 16 dong gop cao nhit trong tat ca cac khu vuc
va & ca hai nhom tudi, véi ty 1& vuot qua 97%.
Trong khi d6, Pb, chi dong gop mot phan nho.
Ty 18 dong gop cao cua As co thé giai thich bai
hé s6 an toan (SF) cia PTE nay cao hon nhiéu
1an so véi cac PTEs con lai (Bang 3). Theo Cong
thire (8) va (9), SF ty 1& thuan vai chi sé TCR,
nghia 1a cac PTE c6 gia tri chi s6 SF cao hon
s& co anh huong 16n hon dén rui ro ung thu
tong the.

Hién tai, chua c6 nghién ctru nao danh gia rui
ro ung thu (theo chi s6 TCR) tir tac dong dong
thoi cuia As, va Pb, trong bui duong, din dén han
ché trong viéc so sanh truc tiép. Tuy nhién, ddi
chiéu véi cac nghién ciru trude day co pham vi
PTE khac nhau giap lam rd murc d6 rui ro trong
nghién curu nay so voi cac khu vuc khac.

So véi nghién ciru cia [12, 13] tai mién Nam
Viét Nam, noi TCR dugc tinh toan cho 04 PTEs
(Cd, As, Pb, Cr), gia tri TCR dao ddng tu
1,40x10- 5,50x10* d6i véi tré em va 5,00x 10"
5-2,00x10 dbi voi nguoi 16n. Cac gia tri nay
cao hon déng ké so v6i nghién ctru hién tai, co
thé do sy dong gop ciia Cd va Cr, hai PTEs ¢ h¢
s6 doc tinh cao va thuong lién quan dén cac
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nganh cong nghiép ning. Két qua nay cho thiy
rﬁng viéc bd sung cac PTEs doc hai khac co thé
lam gia tang dang ké rui ro ung thu, dong thoi
nhén manh vai tro quan trong ciia Cr va Cd trong
danh gia rui ro tong thé. Nguoc lai, nghién ctru
tai mién Bac Viét Nam, noi TCR duoc danh gia
cho Pb, cho thiy gi4 tri TCR cua tré em la 1,48
x1079 va ciia ngudi 16n 1a 9,03x10°' [11], thap

hon nhiéu 1an so v6i nghién ctru nay. Su khac
biét nay co thé bit ngudn tir sy ving mat ctia s,
mot PTE ¢6 hé sé doc tinh cao, dong vai trd quan
trong trong rui ro ung thu tai khu vuc nghién cuu
hién tai. Két qua nay mot 14n nita nhdn manh tAm
quan trong cua A4s trong danh gia rai ro ung thu
tor bui duong, dac biét tai cac khu vuc cé hoat
dong cong nghiép va giao thong day dac.
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Hinh 5. Phan b khong gian TCR cho nhom “Tré em” (a) va “Nguoi I6n” (b), gié tri trung binh TCR clia cac
nhom theo khu vyc (c), va ty 1€ dong gop PTE vao TCR theo khu vuc va nhom tuoi (d).

So sanh véi cac nghién ctru quoc té, gia tri
TCR trong nghién ctru nay thap hon so véi nhidu
khu vuc khac trén thé gidi, dac biét 1a nhiing
nghién ctru danh gia TCR tu bui duong coé chua
hon 04 PTEs. Vi dy, tai Akure, Nigeria, TCR cla
tré em dat 5,07x<10”, trong khi ngudi 16n 1a
2,69x107 [9]. Tai Lublin, Ba Lan, gi4 tri nay cao
hon dang ké véi 7,01x10* ddi voi tré em va

7,85x10° d6i v6i ngudi 16n [10]. Trong khi do,
tai Jiaozuo, Trung Qudc, TCR cua tré em la
3,58x107 va ciia nguoi 16n 1a 2,42x107 [37]. Su
chénh 1éch nay co thé bt ngu(‘A)n tr sur khac biét
trong thanh phan PTEs c6 trong bui duong, khi
céc nghién ctru trén thuong bao gdbm Cd, Cr, Co,
Ni va cac PTEs doc hai khac, 1am gia tang dang
ké rui ro ung thu so voi nghién ciru hién tai.
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Tom lai, két qua nghién ctru cho thay TCR
cia nhom “Tré em” tai KPT va KCN nam trong
khoang rui ro “Ung thi tiém an” (1x10° - 1x10"
* theo USEPA (2011) [4]), trong khi TCR cta
nhoém “Nguwoi I6n” nam trong mic “Chdp nhdn
dige”. As 1a PTE chinh gop phéan vio riii ro ung
thu, trong khi Pb ciing c6 anh huéng déng ké, tuy
thdp hon. Cac phat hién nay nhan manh vai tro
quan trong cta As trong danh gia rti ro stric khoe,
ddng thoi cho thay su can thiét clia cac bién phap
kiém soat 6 nhiém PTEs trong mdi trudng d6 thi va
cong nghiép.

4. Két luan

Dua trén viéc phan tich va mo6 phdng dit liéu
ké thira, nghién ctru cho thay mirc d6 rui ro sinh
thai & mirc “Thdp” theo cac chi s6 Ei va PER;
tuy nhién su tich liy cia PTEs & muc cao tai
KCN c¢6 thé gdy anh hudng tiéu cuc dén hé sinh
thai vé 1au dai. V@ rui ro strc khoe, tré em la
nhom chiu tdc dong 16n hon so voi ngudi lon, thé
hién qua gia tri HI cao hon dang ké. Chi s6 TCR
cho thiy KCN, va KDT tiém an rii ro ung thu
dbi v6i tré em, trong d6 As c6 dong gop cao nht
vao rui ro ung thu, nhan manh su can thiét cua
céc bién phap quan 1y nghiém ngit dbi voi PTE
nay va hoat dong cong nghiép li€n quan.

bé nang cao d0 tin cay va tinh toan dién cua
céc danh gia, cac nghién ciru trong twong lai can
mé rong pham vi khao sat véi s6 luong diém 13y
mau 16n hon va phan tich da dang hon cac PTEs,
nham cung cap co s& khoa hoc vimng chic cho
viéc xdy dung va trién khai cac chién lugc quan
1y rai ro sinh thai va stc khoe cong dong. Két
qua cta nghién ctru nay ¢ thé dugc sir dung 1am
can cu khoa hoc cho cac co quan quan ly trong
viéc thiét ké cac chuong trinh giam sat dinh ky,
uu tién kiém soat cac PTEs c6 nguy co cao, va
ban hanh chinh sach giam thiéu rai ro phu hop
v6i diéu kién thyc tién cia dia phuong.
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