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Abstract: This study assesses the pollution levels and sources of As, Pb, Zn, and Mn in road dust
within the most significant industrial zone (IN) in Da Nang and surrounding urban (SU) areas. By
collecting and analyzing samples from the IN zone, SU areas, and background (BA) locations, the
research revealed that the concentrations of these metals increase from BA areas through SU areas
to peak in the IN zone, with the concentration order being As < Pb < Zn < Mn. Spatial distribution
analysis of these metals demonstrated significant variations among areas, with the highest
concentrations of As observed in the northwest of the IN zone and highest Pb and Zn concentrations
in the southeast. Mn exhibited high concentrations within the IN zone and certain hotspots in nearby
SU areas. The pollution levels of these metals were calculated using the geoaccumulation index
(1geo), enrichment factor (EF), and pollution load index (PLI). Zn and Pb showed moderate to
"solid" pollution levels in the IN zone, whereas Mn and As indicated lower pollution levels. Zn, Pb,
and As sources primarily originate from industrial activities such as zinc coating production, thermal
insulation products, and cement manufacturing. Mn sources include industrial activities, vehicular
emissions, and geological factors. The findings underscore the critical need for enhancing emission
controls and efficiently managing waste systems to minimize pollution. This is essential to safeguard
community health and maintain a healthy living environment for residents and industries in Da Nang
and similar regions globally. Future research directions could focus on longitudinal studies to
monitor trends in metal pollution and evaluate the effectiveness of long-term mitigation strategies.
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Panh gia mic d6 6 nhiém va ngudn goc cua kim loai
trong bui duong ¢ khu cong nghi¢p 16n nhat
thanh pho Pa Nang va vung phu can

Nguyén Thi Hong Tinh?, Tran Ba Qudcl?

YKhoa Méi tricong va Khoa hoc Tw nhién, Dai hoc Duy Tan,
03 Quang Trung, Hai Chdu, Pa Nang, Viét Nam
2Vién Nghién ciru va Phat trién, Pai hoc Duy Tdn, 03 Quang Trung, Hai Chdu, Pa Nang, Viét Nam

Nhén ngay 30 thang 6 nam 2024
Chinh stra ngay 26 thang 8 nam 2024; Chap nhan dang ngay 13 thang 02 nam 2025

Tom tat: Nghién ctru ndy tap trung vao danh gia mirc d6 6 nhidm va ngudn gdc cua cac kim loai
(KL) As, Pb, Zn va Mn trong bui dudng tai khu cong nghiép (KCN) 16n nhat Pa Nang va cac khu
vuc d6 thi (KDT) phu cén. Béng viéc thu thap va phan tich mau tir KCN, KDT phu cén va khu vyc
NEN (NEN), nghién ctru da chi ra rang ndng d6 cac KL nay tang tir khu vue NEN, qua KDT va cao
nhat tai KCN, v6i thir ty ndng do 1a As < Pb < Zn < Mn. Phén tich phan bd khong gian ciia cac KL
cho thay su khéc biét rd rét gitra cac khu vuc, vi ndng d cao nhit ciia As ¢ phia Tay Bac KCN va
ctia Pb va Zn ¢ phia Dong Nam. Mn ¢6 ndng d6 cao trong KCN va mét s6 diém nong & KDT phy
can. Mirc d¢ 6 nhiém cua cac KL dugc danh gia bé“mg céc chi sb tich luy dia chét (Igeo), hé s6 do
giau (EF) va chi s6 tai lwong 6 nhiém (PLI). Zn va Pb ¢6 mirc d6 6 nhidm tir "trung binh" dén "manh"
ta1 KCN, trong khi Mn va As ¢6 mtc d6 6 nhlém nhe hon. Ngudn géc ctia Zn, Pb va As c6 thé chu
yéu tir cac hoat dong cong nghiép nhu san xuat thép ma k&m, san phim cach nhiét va xi mang. Mn
6 thé co nguon goc tir cac hoat dong cong nghiép, khi thai xe o va cac yéu td dia chat. Két qua cua
nghién ctu nhin manh sy can thiét cua viéc ting cudng kiém soat phat thai va quan Iy hi¢u qua hé
thdng chat thai dé giam thiéu 6 nhidm, nham bao vé strc khoe cong dong va duy tri méi truong song trong
lanh cho cac khu vuc dan cu va cong nghiép tai Pa Nang va cac dia phuong tuong tu trén toan cau.

Tir khéa: KL, bui duong, 6 nhiém, ngudn gbe, KCN, Pa Néng.

1. Mé dau

Puong phd 1a noi c6 kha ning tiép nhan
nhiéu ngudn chat thai khac nhau, bao gdm tir
giao thong, nong nghiép, cong nghiép va cac
hoat dong san xuat khac ciia con nguoi [1, 2]. Do
do, bui duong c6 kha nang cao chira nhiéu KL tir
cac ngudn thai d6. Cac KL nay, dic biét la
kimloai ning, c¢6 thé tich tu trong moi trudng va
gdy ra nhiing tic dong tiéu cuc dén hé sinh thai
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va strc khoe con nguoi [3, 4]. Theo mot nghién
ctru, ham Iugng chi (Pb) trong bui duong tai mot
s6 khu vure d6 thi ¢6 thé vuot qua mirc cho phép
5 1an [5]. Asen (As), Mangan (Mn) va k&m (Zn)
cing thuong duoc phat hién véi noéng do cao
trong cac mau byi duodng, lam suy giam chit
luong dat va nudc va ¢ thé xam nhap vao chudi
thirc an [6, 7]. Nhimg KL ndng nay c6 thé gay ra
nhitng van d& nghiém trong vé strc khoe nhur
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bénh ung thu, rdi loan than kinh va cac bénh tim
mach [7, 8].

Trong nhitng nim gan day, van dé tac dong
cua KL tir bui duong dén hé sinh thai va stc khoe
cong dong da thu hiit sy quan tdm cua nhiéu nha
khoa hoc. Céc nghién ctru da chi ra ring muc do
6 nhiém KL trong bui duong co6 thé gy ra nhiéu
vén d& nghiém trong. Chang han, mot nghién ciru
& Bic Kinh, Trung Qudc cho thay ndng do KL
ndng trong bui dudng vuot qua murc an toan va
c6 thé gy ra cac van de sttc khoe nhur 16i loan
h6 hép va cac bénh 1y vé da [9]. Twong tu, mot
nghién ctru khac & Dhanbad, An Do ciing ghi
nhan sy 6 nhiém KL ning trong bui dudng c6
lién quan dén gia ting cac bénh 1y man tinh & cu
dan sdng gan cac KCN [10].

O Viét Nam, da c6 mot sd nghién ctu thuc
hién vé chii @& “KL trong bui duong va tic dong
ciia ching dén hé sinh thai va sic khoe con
ngudi” & khu vyc mién Bic va mién Nam.
Nhitng nghién ctru nay d tién hanh phan tich
ndéng do KL trong bui duong, danh gia ngudn
gbc va phan bd cia chiing, cling nhu tac dong
dén méi trudng va st khoe con ngudi. Ching
han, nghién ctru tai Ha Noi va TP. Ho Chi Minh
cho thiy ndng d6 KL ning trong bui duong kha
cao, dac biét 1a cac KL nhu Pb, As, Zn va Mn
[11-15]. Tuy nhién, chua c6 nghién ciru nao
duoc thuc hién & mién Trung Viét Nam. Hon
nira, chua c6 nghién ctiru ndo tip trung vao bui
duong trong KCN véi khoang cach giita cac mau
bui duong dudi 2 km, didu nay lam han ché kha
ning danh gia chi tiét vé sy phan bd va ngudn
gbc cua cac KL nay.

Pa Ning, mot trung tdm kinh té va xa hoi
quan trong ¢ vung Trung B6 cta Viét Nam, dong
vai trd then chdt trong nganh cong nghiép,
thuong mai, du lich va dich vu. Véi vi tri ven
bién, cang bién va diém ndi giao thong quan
trong, thanh phd nay dong gép khong nhé vao
hoat dong thuong mai ndi dia va quoc té [16].
Nbi bat trong linh vuc cong nghi¢p cua thanh
phé 1a KCN 16n nhit, nim & phia Tay Béc véi
dién tich 394 hecta va la noi hoat dong cua
khoang 185 nha may [17]. Nhiéu nha méy trong
s6 nay thudc cac nganh cong nghiép c6 kha ning
phat thai KL ning ra méi trudong, bao gdm gia

cong co khi, san xudt sit thép, giao nhan van tai,
san xuat pin, tam pin nang lugng mat troi, in an
san xuat linh kién thép ma kém, gia cong san
pham cach nhiét, san xuit hoa chit va chat tiy
rira. Tuy nhién, hién nay cac nghién ctru vé sy 6
nhiém buyi dudng bdi KL ning tai Da Nang van
con han ché.

Viéc hiéu & mic d6 6 nhiém va phan bd
ngudn phét thai ciia cac KL trong bui duong &
KCN l6n nhit thanh phd va cc ving phu cén 13
rt quan trong. Diéu nay khong chi gitip danh gia
céc nguy co moi truong va strc khoe tiém an d01
v6i cong dong dia _phuong ma con cung cap
thong tin quy gia Ve su khac biét vé muc do 6
nhiém va nguon gbc KL nang trong vung Trung
B9, g6p phan vao viéc hiéu rd hon cac thach thirc
moi trudng trén khip Viét Nam.

Nghién ctru nay duoc thuc hién tai KCN 16n
nhat thanh phd Pa Néng va ving phu cin véi hai
muc tiéu chinh: 1) Panh gia mirc d6 6 nhiém cua
bbn KL trong bui duong; 2) Danh gia sy phan b
va ngudn gbc cta KL trong bui duong gitta KCN
va KDT. Qua d6, nghién ctru sé cung cép nhiing
thong tin khoa hoc quan trong, hd tro cong tac
quan ly moéi truong va bao v€ stic khoe cong
dong ¢ khu vuc nay.

2. Phuong phap
2.1. Thu thdp mau bui dwong

Thanh phd Pa Ning, ndm ¢ mién Trung Viét
Nam, c6 dién tich 1.285 km? va dén s6 xép xi 1,2
triéu ngudi vao nam 2022 [17]. KCN 16n nhat
ctia Pa Ning toa lac & phia Tay Béc thanh phd,
noi tép trung nhiéu nganh san xuat nhu gia cong
co khi, san Xuét sat thép, van tai hang hoa, san
xuat pin, tam pin nang lugng mat troi, in an san
xuét linh kién thép ma kém, ché bién san pham
cach nhiét, san xuat hoa chét, chét tiy rira, nhua,
va thi nylon. Mot sb lugng 16n cac nha may trong
khu vuc nay str dung nhién li¢u hoa thach trong
quy trinh san Xuét [18]. Giao thdng bén trong
KCN cha yéu bao gém xe may, 6 t0 va xe tai,
dugc cong nhéan st dung dé van chuyén hang
héa. Khu vyc xung quanh KCN Ia noi cu dan
sinh séng va kinh doanh, véi cac hoat dong dién



4 N. T. H. Tinh, T. B. Quoc / VNU Journal of Science: Earth and Environmental Sciences,

ra doc theo cac tuyén duong. Bén ngoai KCN,
cac khu dén cu cé sy da dang vé phuong tién giao
thong, bao gdm xe may, 0 0, xe tai va xe buyt.

Nghién ciru di thyc hién thu thap 10 mau bui
dudng trong KCN 16n nhat thanh phé Pa Néng
(CN1-CN10) va 10 mau trén cic con dudng
thudc khu vue d6 thi ndm xung quanh KCN nay
(DT1- DT10) (Hinh 1). Ngoai ra, nghién ctru con
thu thap 2 mau bui dudng 1am mau nén, mau mot
6 ban dao Son Tra, phia Péng Béc va cach KCN
15km va mau hai & khu vuc doi niii, nam & phia
Tay Bac va cach KCN 8km.

Qua trinh thu thap mau tuan theo mot quy
trinh chuan hoéa gdm bdn budc lién tiép. Pau
tién, xac dinh vi tri ldy mau théng qua khao sat

hién truong va stt dung Google Earth. Sau do, st
dung cac dung cu béng nhua (chéi, xéng, rdy va
tai) dé gom bui tir dudng voi trong luong trung
binh 1,5 kg tai mdi dia diém iy mau. Tiép do,
thong tin lién quan dén cac mau thu thap duoc
ghi chép ti mi, bao gém: toa dg, dia chi, thoi gian
thu thap va diéu kién moéi truong hién tai. Cudi
cung, cic mau dugc van chuyén dén phong thi
nghiém dé phan tich. T4t ca cac mau dwoc thu
thap vao thang 1 ndm 2024, trong khoang thoi
gian ldy mau tir 8:30 sang dén 4:30 chiéu trong
ngay thu thap. Thoi tiét duy tri ning lién tuc
trong sudt khoang thoi gian nay, khong c6 mua
duoc ghi nhén trong 72 gio trudce do.

()IL\V PAO
G

HOX¥G SA

Hinh 1. So d6 khu vyc nghién ctru (DT: D6 thi, CN: Cong nghiép).

2.2. Phdn tich mau

Quy trinh xtr 1y va phan tich mau dugc thyc
hién qua bdn bude chinh. Pau tién, cic mau bui
duong thu thép tor moi truong dugce lam kho tu
nhién & nhiét d6 phong, sau d6 dugc dong nhét
va sang qua sang nylon 150 mesh. Tiép theo, mbi
mau 0,5 g trai qua qua trinh tiéu hoa uét voi hdn

hop ciia HNO3 va HCl theo ty 1¢ 1:2 trong 4 gio
bang cach sir dung gia nhiét vi song voi thlet bi
Teflon dé chiét xuat. Sau khi chiét xuit, mau
duoc loc qua b loc 0,45 pm trudce khi tién hanh
phan tich bén hop chit myc tiéu bang ICP-MS.
Viéc tién xir ly cac vat liéu can phan tich khong
duge xem la can thiét vi chung da dap ung cac
tiéu chuin yéu cau (Merck). Ngoai ra, mdt mau
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dung dich trang duoc phan tich cing v6i bo mau
dé dam bao khong c6 hodc c6 rat it KL ning
(HMs) duéi gidi han phét hién trong cac mau
phan tich. Thém vao d6, mot trong mdi 20 mau
s& dugc phan tich trung lap, cho théy su khac biét
dudi 10% dbi véi tat ca cac hop chat myc tiéu.
Qué trinh chiét xuat va phan tich bén KL ning
dugc thyc hién bang ICP-MS (7700x, Agilent,
USA), tuan theo cac tiéu chuan di duoc thiét 1ap
nhu phuong phap USEPA 3051A [19], phuong
phap 200.8, Phién ban 5.4 [20] va phuong phép
EPA 6020B [21]. Cudi cing, dé kiém soat va
danh gia d chinh xdc cta phén tich, nghién ctru
nay ap dung céc bién phap kiém soat chat luong,
bao gom sir dung mau bui d6 thi dugc ching
nhin (SRM 1648a) lam vét liéu tham khao [11,
22]. SRM 1648a 1a mot mau vat liéu hat ran duge
thu thap tir cac khu vue d thi, chira cac nong do
KL nang da dugc xac dinh trudc (As: 115,5 pg/g,
Pb: 0,655 %, Zn: 4800 pg/g, va Mn: 790 ug/g
[23]. Mau chuan ndy da dugc phén tich ddng thoi
v6i cac mau thuc té, va ty 18 thu hdi cua cac KL

ning trong mau chuan dao dong tir 90% dén
120%, dam bao d6 chinh xac cao ciia két qua
phan tich. Gidi han phat hién cua phuong phap
da duoc thiét 1ap ¢ muc: 0,005 mg/L cho As,
2 mg/L cho Mn, 5 mg/L cho Zn, va 20 pg/L cho
Pb. Nhiing giéi han nay dam bao kha nang phat
hién chinh x4c ngay ca khi cac KL c6 mit & nong
d6 thap trong cic mau bui. Nhiing bién phap
QA/QC nay da dugc thyc hién xuyén sudt qua
trinh phén tich dé dam bao rang cac két qua veé
ndéng do As, Pb, Zn, va Mn trong cic mau bui
dudng la chinh xac, dang tin cay, va phan anh ding
thuc trang 6 nhiém trong khu vuc nghién ctu.

2.3. Pdanh gia mirc dé 6 nhiém

Nghién ciru nay sir dung chi sd tich liy dia
chat (Igeo) va hé s6 lam giau (EF) dé danh gia
muc do 6 nhiém cuia timg KL trong bui dudng.
Hai chi s6 nay dd duoc ap dung rong rii boi cac
nghién ctru trude day dé danh gia mic d6 6
nhiém cua KL trong bui duong [11, 24-26].

Bang 1. Phén loai chi s6 tich lily dia chét (Igeo), tiéu chuan cho hé s6 1am giau (EF) va tai lugng 6 nhidm (PLI)
duogc sur dung dé danh gia tinh trang 6 nhiém KL nang trong bui duong

Chi b Phan loai M0 ta Trich dan

lgeo <0 Khéng 6 nhiém
0<lgeo<1 Khéng 6 nhiém dén 6 nhiém vira
1 <lgeo <2 O nhiém vira

lgeo 2 <lgeo <3 O nhiém vira &n 6 nhiém manh [27]
3 <lgeo <4 O nhiém manh
4 <lgeo <5 O nhiém manh dén cuc ky 6 nhiém
lgeo >5 Cuc ky 6 nhiém
EF<1 Khéng lam giau
1<EF<3 Lam giau nhe
3<EF<5 Lam giau vira

EF 5<EF<I10 Lam giau vira - nghiém trong [28]
10<EF <25 Lam giadu nghiém trong
25 <EF <50 Lam gidu rat nghiém trong
EF >50 Lam giau cuc ky nghiém trong
PLI<I Khong 6 nhiém
1<PLI<2 Khong dén 6 nhiém vira
2<PLI<3 O nhiém vura

PLI 3<PLI>4 O nhiém vira dén 6 nhiém cao [29]
4<PLI< S O nhiém cao
PLI>5 O nhiém rit cao
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Chi sb Igeo cung cap “chi bao dinh lwong”
chinh x4c vé mirc d 6 nhiém, giip so sanh mot
cach don gian giita mirc d6 6 nhiém hién tai va
lich st (Kowalska, Mazurek, Gasiorek, &
Zaleski, 2018). Theo chi sb lgeo, mic d0 6 nhiém
cua KL trong bui duong dugc phén loai thanh
bay cap d6 dua trén cac gia trj lgeo, nhu dugc trinh
bay trong Bang 1. Chi s6 lgeo dugc tinh toan bang
cong thire (1).

Iogz (—)
1.5B, [

Trong d6: Ci va B 1an luot dai dién cho nong
do KL i trong byi dudng va mau nén.

Chi s6 EF do luong muce d6 lam giau cua KL
s0 v&i ndng d6 nén trong bui duong. EF cho thay
mirc d6 lam giau cua KL c6 thé do anh hudng
nhan tao. Nhiéu nghién ctru da 4p dung chi s6
nay dé danh gia nong do6 KL trong bui duong
[30-32]. Chi sb EF duoc danh gia dua trén phén
loai duge néu trong Bang 1 [Cited in 28]. Sét
(Fe) dugc chon lam nguyén to tham chiéu cho
tinh toan EF vi KL nay twong ddi doi dao trong
v Trai Pét. Chi s EF duoc tinh toan bang Cong
thuce (2).

C.
(S v
EF =—F
G
(C7) Nen
Fe (2)

Trong d6: (Ci/Cre)mau V& (Ci/Cre)nen 1an luot
dai dién cho ty 1& ndng d6 KL duogc danh gia (Ci)
s0 v6i ndng d6 Fe (Cre) trong mau bui dudng va
méu nén.

Dé danh gia tong thé muc d6 6 nhidm gay ra
boi 4 KL, nghién ctru nay sur dung “Chi S0 tdi
lwong 6 nhiém” (PLI). PL11a mot chi s0 danh gia
tich hop cung cap mot bién phap tong quat vé
mirc d6 6 nhidm gy ra boi nhiu chit 6 nhiém
[33]. Chi sb nay di duoc ap dung trong nhiéu
nghién ctru truée day [29, 34]. Chisd PLI duoc
danh gia dya trén phan loai (6 mtrc d9) duoc néu
trong Bang 1 [Cited in 29]. Chi s6 PLI dugc tinh
bang cong thirc (3) va (4).

@)

PLI =3[R xP,xPx..P, @

Trong d6: Pi l1a chi s6 6 nhiém cua KL i,
C; dai dién cho nong d¢ ciia KL i va Cy 1a gia tri
nén cua KL i.

2.4. Phdn tich nguon ciia kim logi

Nghién ctru nay su dung ket hop nhiéu
phuong phap dé xac dinh ngudn gdc ciia cac KL
trong bui duong. Pau tién, nghién ciru 4p dung
“hé so blen thién” (CV) dé phén loai cac KL theo
ngudn gdc tw nhién hay nhan tao. Cac nghién ctru
truée day di st dung chi sé CV dé xac dinh
ngudn gdc ctuia KL trong bui duong véi cac gia
thuyét nhu sau: CV < 15% chi ra su bién doi
thap, thuong lién quan dén cic ngudn gbc tu
nhién; CV > 35% cho thiy su bién ddi cao,
thuong lién quan dén cac ngudn gdc khong dong
nhit bi anh hudéng boi cac hoat dong ciia con
nguoi tai dia phuong; va CV dao dong tur 15-
35% cho thay sy hdn hop giita ngudn gbc tur
nhién va hoat dong cta con ngudi [35-38]. Tiép
theo, nghién ctru st dung phén tich tuong quan
Spearman” va phan tich “cuym phan cap’ dé xac
dinh nhung KL ¢6 kha nang cung nguon goc Gia
thuyét dua ra 1a, nhiing cap KL co moi twong
quan cang cao thi kha ning c6 ciing ngudn phat
thadi cang 16n nhling KL thudc cung mot
cum/phan nhom va c6 khoang cach thip thi kha
ning c6 cung ngudn phat thai cang cao [4, 39].

Téng hop két qua tir “hé sb bién thién (CV)”,
“tyong quan Spearman” va “cum phan cap” s&
dugc ddi chiéu véi két qua phan tich d¢ phan tan
cua KL va két qua diéu tra thuc dia dé dua ra
nhitng nh4n dinh chinh xac v& ngudn gdc ctia cac
KL trong bui duong.

2.5. Phan tich va trinh bay dir liéu

Phan tich dir li€u cua chung t61 dugc thuc
hién véi do chinh xac ti mi. Dit liéu théng ké, bao
gdm cac gid tri trung binh, do 1éch chuin, gi tri
tdi thiéu va tdi da, do nhon va do léch, di duge
tinh toan bang phan mém SPSS V21 manh mé&
trén Windows. Nghién ctru str dung Excel 2018
dang tin cdy dé tinh toan cac chi sé 6 nhidm nhu
Igeo, EF, PLI, PER, HI va TCR. Céc biéu d6



N. T. H. Tinh, T. B. Quoc / VNU Journal of Science: Earth and Environmental Sciences, 7

hién thi cac chi s nay duoc thiét ké bang phan
mém Origin 2018 chinh xic. Can luu ¥ ring
nhitng gia tri ngoai 1& vuot qua 3 d6 1éch chuin
tir gia tri trung binh da duogc loai bo khoi cac biéu
dd hop hodc phan b khong gian mo ta nong do
KL nang (HM).

Chung t6i di str dung cac k¥ thuat tién tién
dé 1ap ban d6 phan bd khong gian cua ndng do
céc nguyén td. QGIS 3.24 dugc sir dung cho muc
dich nay va cac ban do bién thién khong gian
dugc tao ra bang phuong phap ndi suy Kriging
tinh vi. Truéc khi 1ap ban do, ching t6i da danh
gia sy bién dbi khong gian trong nong do bang
cac phuwong phap dia théng ké. Céc
Semivariogram thuc nghiém di dugc phat trién
dé tiét 10 sy phu thudc khong gian va mot mé
hinh thich hop dugc lap dat bang phuong phap
binh phuong tdi thiéu ¢ trong s6 va cac tham s6
khoang cach.

Ngoai ra, nghién ciru con st dung phin mém
R (phién ban 4.4.0) dé phan tich twong quan
Spearman, phén tich cum str dung phuong phap
phan cip va phan tich thanh phan chinh (PCA).

3. Két qua va thao luin

3.1. Pdc diém cia kim logi trong bui dwong ¢
khu vuc nghién ciru

Két qua phan tich nong do cta 22 mau bui
duong (10 mau 6 KCN, 10 mau & KDT va 2 mau
NEN) trong nghién ctru nay duoc thé hién ¢ Hinh
2. Nong do cua tat ca cac KL déu co xu hudng
tang dan tir khu vuec NEN dén KDT va cao nhat
& KCN. Cu thé, ndng do trung binh cua timg KL
¢ timg khu vuc (NEN, KDT, KCN) lan luot 1a:
As (3,45, 6,69, 9,49 mg/kg), Pb (13,6, 26,6, 46,6
mg/kg), Zn (83,5, 278, 980 mg/kg) va Mn (192,
490, 526 mg/kg). Két qua nay cho thiy nong do
trung binh cia KL & KDT cao hon so véi NEN
tir 1,94 14n (As) dén 3,33 lan (Zn), va KCN cao
hon KDT tir 1,08 1an (Mn) dén 3,53 1an (Zn). Két
qua tir Hinh 2 con cho thay mét xu huéng 16 rang
khac: & ting khu vue, thir tu ndng d6 cac KL 1a
As < Pb < Zn < Mn, ngoai trtr & KCN, noi cho
két qua nong d6 Zn > Mn.

2000
]?25%»75%
1800 ;-SIQR_
4| — Trung vi
1600 -{|_"_Trung binh

Nong d9 (mg/kg)
2 888 3
1 1 1 1 1

400 -
200 - =
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0+ —5—3"4{,413,6

-3-6"6;:'26,6

@278

#94? 16,6

As [Pb|zn| Mo |

As [Pb|zn| Mo

| As [Pb|zn| Mo

NEN

KDT KCN

Hinh 2. Nong d6 4 KL (As, Pb, Zn va Mn) & khu vuc NEN, KDT va KCN.
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Hinh 3 trinh bay phan b6 khong gian ciia bén
KL As (Hinh 3a), Pb (Hinh 3b), Zn (Hinh 3c) va
Mn (Hinh 3d) & KCN va KDT, dya trén két qua
ndi suy nong do ciia cac KL nay. Két qua cho
thiy mot xu huéng chung 1a ndng do cua cac KL
0 KCN cao hon so voi KDT. Tuy nhién, ciling co
mot sb khac biét trong phan bd ndng do cua cac

N. T. H. Tinh, T. B. Quoc / VNU Journal of Science: Earth and Environmental Sciences,

KL. Néng dd As tap trung cao ¢ khu vuc phia
Tay Bac ciia KCN, trong khi ndong d6 Pb cao hon
0 phia Pong Nam cua KCN. Tuong ty nhu Pb,
nong d Zn ciing cao hon ¢ phia Dong ctia KCN.
Dbi v6i Mn, ngoai viéc co nong do cao trong
KCN, con xuit hién mot diém nong & KDT.
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Hinh 3. Phan b6 khong gian ciia 4 KL (As-(a), Pb-(b), Zn-(c), Mn-(d)) trong bui duong thu dugc
tai khu vuc nghién ctru.
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Két qua phén tich nong d6 va phan bd khong
gian cia 4 KL (As, Pb, Zn, va Mn) véi xu hudng
giam dan nong d6 tir KCN dén KDT phu cén,
nhin manh sy dong gép dang ké cia cac hoat
dong cong nghiép vao 6 nhiém KL trong bui
duong. Phat hién nay phu hop véi nghién ctu &
mién nam Viét Nam [11, 12], ciing nhu nhiéu
nghién ctru trén the gidi [3, 35, 40-42]. Bén canh
d6, thu ty sap xép néng do cua cac KL trong
nghién ctru nay (As<Pb<Zn<Mn) ciing cho thdy
su twong ddng voi rat nhidu nghién ciru khac trén
thé gi6i [3]. Két qua tudng dong nay co thé duoc
xem 1a mot chi s6 quan trong nham ting cuong
do tin cay cho két qua ctia nghién ctru nay.

Sy phan bé khong gian cua cac KL khac
nhau ¢6 su khac nhau c6 thé dugc giai thich do
nguén thai cia cac KL d6 khac nhau, dac biét 1a
vi tri phan bd cac nha maytrong KCN. Hoat dong
cua cac nha may tiéu thy nhién li¢u hoa thach &
KCN c6 thé 1a ngudn thai gdy ra su phan bd nong
do As trong KCN cao hon so v6i KDT. Két qua
nay phu hop véi nghién ctru ¢ Trung Quéc [43],
hay An P [44] Céc nghién ctru nay da chi ra
rang As c6 thé duoc giai phong dudi dang khi
trong qua trinh d6t chay than va c6 thé ling dong
xudng dat hodc nudc qua bui va khi thai.

Su phan bd dang ké nong do cia Pb va Zn &
khu vic phia Dong va Dong Béc ciia KCN ¢6 thé
do mat do cac nha may tai khu vuc nay cao hon
so vai cac khu vuce khac. Pac biét, sy hién dién
ctia nhidu nha may thép ma k&m, san xuit san
pham cach nhiét va co s san xudt san pham thép
ma kém, cling v6i cac nha may san xuét xi mang,
dong vai tro quan trong trong viéc phat thai Pb
va Zn ra mdi trudng. Trén thé gidi, di c6 nhiéu
nghién ctru chi ra ring hoat dong cua cac nha
may san xudt hodc can ton thép thai ra méi
truong mot lugng dang ké Pb va Zn [45]. Ngoal
ra, cac nha may xi mang cting gop phan 0 nhlem
Zn va Pb trong mdi trudng dat & nhiéu qudc gia
nhu Nigeria [46], Morocco [47], Morocco [47]
va A Rép Saudi [48]. Nhitng nghién clru nay
nhén manh rang hoat dong cong nghiép, dic blet
1a san xuat thép ma kém va xi mang, la nguon
phat thai chinh ctia Pb va Zn, din dén 6 nhiém
mdi truong nghiém trong.

Phan bd khong gian cia Mn trong KCN
khong c6 su khac biét dang ké so v6i KDT, véi
mét s khu vuc bén ngoai KCN co6 néng do Mn
tuong d6i cao. Didu nay cho thay nong d6 Mn
trong bui dudong khong chi c6 nguon goc tir KCN
ma con tir cac ngudn khac nhu su dong gop tir
cac nguén dia chét tu nhién va khi thai xe co. Cac
ngudn dia chat tu nhién c6 thé giai phong Mn vao
moi truong thong qua hoat dong phong hda va
x601 mon, trong khi khi thai tir phwong tién giao
thong, dic biét 1a cdc dong co st dung xédng va
dau diesel, cling dong gop mot phan dang ké vao
6 nhiém Mn. Nghién ctu cua Jiang, Ren,
Hursthouse and Zhou [49] di chi ra két luin
tuong tw, nhin manh ring sy phan bd ctia Mn trong
mdi trudong chiu anh hudng tir nhiéu ngudn khac
nhau, khong chi tir cac hoat dong cong nghiép.

3.2. Mirc d§ 6 nhiém cia bui dwong

Hinh 4 trinh bay két qua phan tich mic do 6
nhiém cua timg KL (theo chi s Igeo - Hinh 4a, va
EF - Hinh 4b), va mirc d6 6 nhiém tong thé cac
KL (theo chi s6 PLI - Hinh 4c) & khu vuc nghién
ctru. Két qua cho thay gia tri cua ca ba chi so
(Igeo, EF, va PLI) déu c6 xu huéng twong tw nhu
xu huéng cia néng d6 cac KL, cao dan tir khu
vue NEN, dén KDT va cao nhét & KCN.

Theo chi s6 lgeo (Hinh 4a), & khu vuc NEN,
ca bon KL déu ¢ murc “Khong 6 nhidm”, véi gia
tri Igeo trung binh cia cac KL & khu vuc nay la:
As (-0,746), Pb (-0,741), Zn (-0,625), va Mn (-
0,603). O KDT, ngoai trir Zn (1,12) 6 muc “0
nhidm vira”, cac KL con lai déu & mirc “Khong
6 nhiém den 6 nhiém vira”, véi gia tri Igeo trung
binh 1a: As (0,314), Pb (0, 372) va Mn (0,731). O
KCN, Zn gy chi y v6i gid tri Igeo trung binh cua
KL nay, 2,87, nim & muc O nhiém vira dén 6
nhiém manh”, thdm chi mot sé diém cho thay chi
s6 Igeo cia Zn ¢ muc “O nhiém manh”. Trong
khi d6, gia tri lgeo ctia Pb trong KCN chuyén 1én
mic “O nhiém vira” thay vi miac “Khéng 6
nhidm dén 6 nhidm vira” nhu & KDT.

Dbi véi chi s6 EF (Hinh 4b), Zn tiép tuc thu
hut sy cht y khi gia tri EF trung binh cta KL nay,
5,6 & mirc “Lam giau vira dén nghiém trong” &
KCN, trong khi cadc KL khac chi & mirc “Lam
giau nhe”. O KDT, ca bén KL déu & mirc “Lam
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giau nhe”, trong do gia tri EF trung binh cua Zn
(2.11) 1a cao nhat. Con & khu vuc NEN, gia tri
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EF trung binh cta ca bon KL & muc “Khong
lam giau”.
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Hinh 4. Chi s6 6 nhiém cta cac KL tai khu vuc nghién ctru: (a) Chi s6 tich ity dia chét (Igeo), (b) Hé s6 d¢ giau
(EF), (c) Chi so tai lugng 6 nhiem (PLI).

Két qua danh gia mirc d6 6 nhidm tong hop
ttr bén KL theo chi s6 PLI cho thdy KCN ¢6 mirc
6 nhiém cao nhat, dao dong trong mirc “O nhiém
vira dén 6 nhiém cao” va “O nhiém cao”, voi gia
tri PLI trung binh 4,0. O KDT, mirc dd 6 nhiém
tong hop 1a “O nhidm vira” véi gia tri PLI trung
binh 2,35. Trong khi d6, chi s6 PLI & khu vuc
NEN khéng cho thay sy 6 nhidm.

Toém lai, khu vuc NEN cua nghién ctu nay
khong cho thay sy 6 nhidm cua ting loai KL
cling nhu 6 nhiém tong hop cua cac KL. Trong
khi d6, KCN cho thiy mirc d 6 nhidm cao, vé6i
su chu ¥ tip trung vao Zn va Pb. KDT cho thiy
muc d6 6 nhiém vira phai.

O khu vyc nghién ciru, gia tri Igeo VA EF trong
KCN duogc quan sat cao hon so véi KDT duoc
quan sat cao hon so voi cac khu dan cu (KDT),
tuong tu véi két qua cla cac nghién ciru trude
day duoc thyc hién ¢ mién Nam Viét Nam [12,
50]. Cac két qua tuong tu di duoc bao céo trong
cac nghién ctru dugc thuc hién & cac khu vuc
cong nghiép trén toan thé gidi, cho thiy mirc do
6 nhidém cao gan cac ngudn phit thai 1a cac KCN
va giam dan theo khoang cach [35, 40-42]. Cac
gia tri Igeo va EF tang cao trong cac khu vuc KCN
¢6 thé 1a do cac hoat dong cong nghiép phat thai
cac KL nay trong khu vuc nay, sau d6 phan tan
ra cac khu vuc xung quanh.
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Nghién ctru da xac dinh duoc néng do Zn,
dic biét cao tai cac dia diém gﬁn cac nha may ma
k&m, san xuit san phém cach nhiét va cac co sé
san xudt san pham thép ma kém, cho thiy cac
ngudn phét thai Zn tiém ning vao méi truong.
Cac nganh cong nghiép nay thuong sir dung hoéc
san xuét cac vat liéu chira ham lugng Zn cao, co
thé duoc phat thai vao mdi truong trong qua trinh
san xuat hodc xir 1y [51-53].

Nghién ctru da phat hién nong d6 Zn dic biét
cao tai mot sd dia diém gan cac co so ma kém,
san xuat san pham cach nhiét va thép ma kém.
Cac nganh cong nghiép nay thuong sir dung hodc
san xut cac vat liéu ¢6 ham lugng Zn cao, c6 thé
thai ra moi truong trong qua trinh san xuat hodc
xu 1y disposal [51-53]. Do do, dé giam thiéu 6
nhidm Zn, cin ting cudng cic bién phap kiém
soat phat thai va xay dung hé thong quan 1y chat
thai hiéu qua tai cadc nha may.

3.3. Phdn tich nguon

Béng 2 cung cAp tom tit két qua thong ké cua
bdn nguyén t dugc thu thap tir 20 mau trong khu
vuc nghién ciru. Cac chi sé duge phan tich bao
gom “Hé sb bién thién (CV)”, va gia tri P cia
kiém dinh Shapiro-Wilk. Két qua cho thay, gia
tri CV dao dong tir 31,1% dén 79,8%, v6i Mn va
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As c6 ty 18 thap nhat (lan luot 1a 31,1% va
31,3%), tiép theo 1a Pb vdi 42,9%, va cao nhat 13
Zn v6i 79,8%. Ngoai ra, kiém dinh tinh chuén
cho thay phan bb dit liéu cta As, Pb, va Mn theo
phan b chuan (P >= 0,05), trong khi Zn ¢ phan
b6 khong chuan (P < 0,05).

Béng 2. Két qua phan tich “H¢ s0 bién thién (CV)”
va gid tri P cua kiém dinh Shapiro-Wilk cia cac KL
trong bui duong khu vyc nghién ctru

Element As Pb Mn Zn
CV (%) 31,1 42,9 31,3 | 79,8
Shapiro-

Wilk (P- 0,210 0,052 | 0,174 | 0,011
Value)

Hinh 5 trinh bay két qua phén tich twong
quan Spearman (Hinh 5a) va phan tich phan cum
gitra cac KL trong mau byi duong tai khu vuc
nghién ciru. Két qua phan tich twong quan
Spearman cho thdy As, Pb va Zn c¢6 mbi twong
quan manh va c6 y nghia thong ké (r>0,7,
P<=0,05). Cu thé, Pb va Zn ¢6 moi tuong quan
manh nhét (r = 0,86), tiép theo 1a As va Pb (r =
0,71), va Zn va As (r =0,70). Nguoc lai, Mn ¢6
méi tuong quan yéu va khong c6 ¥ nghia thong
ké véi cac KL khéac (r<=0,33, P > 0,05).

As Pb
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Hinh 5. Hé s6 tuong quan (a) va phan cum giita cac KL trong mau bui dudng tai khu vuc nghién ciru (b).
Corr: Correlation, ***: P-value <= 0,05.
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So 6 phan cap nhom theo cum cuia bén KL
(As, Pb, Zn, va Mn) dugc chia thanh hai cum
chinh (Cum 1 va Cym 2) (Hinh 5b). Cym 1 chi
bao gdm Mn, trong khi Cym 2 bao gém As, Pb,
va Zn. Trong Cum 2, su két hop ban dau xdy ra
gitra Pb va Zn & khoang cach 0,185, hinh thanh
nhom dau tién. Sau d6, nhom Pb-Zn két hop véi
As 6 khoang cach 0,400, tao thanh nhém thir hai.

Vi gia tri CV dao dong tir 15-35%, cho thay
hai KL As va Mn c6 sy hdn hop giita ngudn gbc
tu nhién va hoat dong cia con ngudi. Trong luc
d6 Pb va Zn cho thay sy bién d6i cao khi ¢ chi
s6 CV 1an luot 13 42,9% va 79,8%, két qua nay
cho thay nong do cua hai KL nay trong bui
duong co nguodn goc chil yéu tir cac hoat dong
cua con nguoi, dac biét 1a Zn.

Két qua phan tich “twong quan Spearman” va
“cum phan cap” cho thiy Zn, Pb va As vira co
mbi twong quan manh, vira dugc phan thanh mét
cum, ddc biét Zn ba Pb c6 mdi tuong quan cao
nhit va dugc phan thanh mot nhém véi khoang
cach nho. Do d6, kha nang cao la Zn, Pb va As
trong bui dudng c6 cing ngudn, dic biét 13 Zn
va Pb. Mn do c¢6 mbi twong quan véi cac KL
khac thap va KL nay duoc phan thanh mot cum
riéng biét, nén KL niy co6 thé c6 nhitng ngudn
khac so v&i Zn, Pb va As.

Pbi chiéu véi két qua phan bd khong gian
(Phén 4.1), ndng d6 cua cac KL Zn, Pb va As cao
trong cac KCN sau d6 giam dan ra KDT, cho
thiy rang nong do cac KL nay co6 ngudn gbc
chinh tir phat thai ctia cic hoat dong trong KCN,
dac biét 1a Zn va Pb, sau do phat tan ra cac khu
vue xung quanh. Cac hoat dong phat tan cac KL
nay co thé dén tir cac nha may thép ma kém, san
xudt san pham cach nhiét va co s& san xuit san
pham thép ma kém, ciing v6i cic nha may san
xuét xi mang (nhu thao luan trong Phan 4.1).

Két hop két qua phan tich phan bb khong
gian ctia Mn (khong c6 sy khac biét dang ké giita
KCN va KDT), cing véi két qua phén tich cac
chi s6 (CV = 31,3%, Mn ¢6 mbi tuong quan thap
va nam & mot cym riéng biét so voi cac KL
khac), cho thdy Mn co the khong chi phat sinh tur
KCN ma con tir cac ngudn khac nhu cac yéu t6
dia chat tu nhién va khi thai xe c¢d. Qua trinh
phong héa va x6i mon dia chat ty nhién c6 thé

gidi phong Mn vao moi trudng, trong khi khi thai
tr phuong tién giao thong, ddc biét 1a tir dong co
sir dung xang va dau diesel, cling gop phan dang
ké vao 6 nhiém Mn. Jiang, Ren, Hursthouse and
Zhou [49] ciing da dua ra két luan twong tyr, nhan
manh rang sy phan b ciia Mn trong moi truong
chiu anh hudng tir nhiéu nguon khac nhau,
khong chi tir cac hoat dong cong nghiép.

Két luan, cac KL trong bui dudng tai khu vuc
nghién ciru c6 ngudn gbc da dang. Zn, Pb va As
c6 ngudn gdc chinh tir cac hoat dong cong
nghiép trong KCN; trong khi Mn ¢6 ngudn goc
da dang (phat thai tu khu cong nghiép, khi thai
xe ¢ va tur yéu td dia chit tu nhién).

Gioi han cia nghién ciru

Nghién clru nay con mot s6 han ché can duoc
luu y. Trudce hét, chung t6i chua thuc hién dugc
viéc danh gia tac dong cua KL nang trong bui
duong ddi v6i hé sinh thai va sic khoe cong
dong. Pay 1a mot khia canh quan trong, doi hoi
sw xem x¢ét ky ludng trong cac nghlen ctru tiép
theo de c6 thé cung cap mét cdi nhin toan dién
hon vé nguy co tiém an tir 6 nhiém KL ning. Thir
hai, s6 lwong mau phan tich trong nghién ciru nay
van con han ché va chua du dé bao phu toan bd
thanh phé Pa Nang. Do d6, trong tuong lai, viéc
mo rong quy md nghién ctru voi s6 lugng mau
16n hon va pham vi bao phu rong hon 1a can thiét
dé tang cuong tinh dai dién va d¢ tin cay cia Kkét
qua, déng thoi tao diéu kién cho viéc danh gia
chinh xac hon vé muc d6 6 nhiém va cac nguy
co lién quan.

4. Két luan

Nghién ctru vé nong do va phan bd khong
gian ctia cac KL As, Pb, Zn va Mn trong bui
dudng tai khi cong nghiép 16n nhat thanh phd Da
Niéng va ving phu di cho thay nong do cac KL
nay ting dan tir khu vuec NEN (NEN) dén KDT
va cao nhit tai KCN.

Mirc d6 6 nhiém dugc xéac dinh rd rang qua
cac chi sb tich lity dia chit (Igeo), hé s6 do giau
(EF) va chi sb tai lugng 6 nhidém (PLI). Khu vuc
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NEN khong phat hién 6 nhiém KL, KDT ¢é mirc
do 6 nhiém vira phai, dac biét 1a Zn & muc "6
nhiém vira". Trong khi d6, KCN c6 mirc d6 6
nhidm cao nhat, v6i Zn va Pb dang chti y & mirc
" nhiém vira dén 6 nhiém manh". Cac KL khéc
ciing thé hién mirc d6 6 nhiém nhung ¢ muc "lam
giau nhe".

Nguon gbc cua cac KL dugc xac dinh chi
yéu xut phat tir cac hoat dong cong nghiép. Zn,
Pb va As ¢6 thé co nguon goc chinh tir cac nha
may thép ma k&m, san xuat san pham cach nhiét
va xi mang. Nguoc lai, Mn c6 ngudn gdc da dang
hon, két hop tir ca hoat dong cong nghiép, khi
thai xe co va cac yéu td dia chit ty nhién.

Phéan bd khéng gian ciia cac KL nay ciing
phan anh rd rang su khéac biét trong ngudn thai
va vi tri cac nha may. Nong do As tap trung cao
& phia Tay Béc ctia KCN, trong khi Pb va Zn tap
trung cao hon ¢ phia Bong Nam ctia KCN. Mn
¢6 nong dg cao trong KCN va ciing c6 diém nong
& KDT, cho thiy sy anh huéng cta nhiéu yéu t6
khac nhau.

Dé giam thiéu 6 nhidm, can ting cudng cac
bién phap kiém soat phat thai va xdy dung hé
théng quan 1y chat thai hidu qua tai cdc nha may,
didc biét 1a ddi v6i Zn va Pb. Nghién ciru nay
cling nhén manh rﬁng can ¢6 su chl y dac biét
dén cac ngudn phat thai cong nghiép, dong thoi
quan 1y cac yéu t tu nhién va khi thai xe cd gop
phan vao 6 nhiém Mn.

Két qua nghién ctru ndy pht hop véi cic
nghién ctru trude day tai mién nam Viét Nam va
nhiéu noi trén thé gi6i, cho thiy tinh nhit quan
va dang tin cdy cua cac phat hién. Tom lai,
nghién ctru nay khang dinh rang cic hoat dong
cong nghiép dong gop dang ké vao 6 nhiém KL
trong bui duong, dac biét la Zn va Pb, trong khi
Mn c6 ngudn gde tir ca hoat dong cong nghiép
va cac yéu t6 tu nhién khéc.
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