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Abstract: The co-presence of microplastics (MPs) and heavy metals (HM) in aquatic ecosystems
may increase ecological risks due to adsorption, transport, and accumulation mechanisms. This
study investigated the distribution of microplastics and heavy metals in water samples collected
from Hoa Binh reservoir at two times: July (rainy season) and November (dry season) of 2024.
Microplastic concentration, shape, size, color, and seven heavy metals (Cr, Mn, Fe, Ni, Cu, Zn, and
Pb) were characterized. Microplastics were detected at all sampling sites, with mean abundances
ranging from 6.20 + 0.17 t0 22.99 + 2.43 MPs/m3. Fibrous particles predominated (84.65 + 12.38%),
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and white was the most common color. Polypropylene (PP), polyethylene (PE), and polyethylene
terephthalate (PET) were the dominant polymers. Heavy metal concentrations varied seasonally,
with higher levels recorded during the dry season. Pearson correlation analysis revealed significant
positive relationships between microplastics and certain heavy metals, particularly Pb (r = 0.88),
suggesting a potential shared source or co-accumulation process. The potential ecological risk
assessment (PERI) results recorded low levels of heavy metals in both seasons. Meanwhile, the
PERI values of microplastics were at medium and high levels in the dry season and low levels in the
rainy season. These findings highlight the importance of integrating the monitoring of microplastics
and heavy metals to minimize ecological and human health risks in freshwater reservoirs.
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Tém tit: Sy dong hién dién cua vi nhya (VN) va kim loai néng (KLN) trong h¢ sinh thai thuy virc
¢6 thé lam gia tang rui ro sinh thai do co che hap thu, van chuyen va tich tu. Nghién clru nay khao
sat sy phan bd ctia VN va KLN trong cac mau nude mit thu tir ho chira Hoa Binh vao thang 7 (mua
mua) va thang 11 (mua kho6) cia ndm 2024. VN dugc phan tich thong qua cac két qua vé& ndng do,
hinh dang, kich thuéc, mau sdc va bay KLN (Cr, Mn, Fe, Ni, Cu, Zn va Pb) duoc danh gia thong
qua gié tri ndng do. Céc két qua nghién ciru cho thdy VN duoc tim thiy & tat ca cac vi tri va ndng
dc_) VN trung binh dao dong tur 6,20 + 0,17 dén 22 ,99 + 2,43 hat/m3. VN dang sgi chiém uu thé (84,65
+ 12,38%) va mau tring 1a mau chiém chu dao. Polypropylene (PP), Polyethylene (PE) va
Polyethylene terephthalate (PET) 1a nhiing loai polymer phd bién dugc ghi nhan trong mau nuac.
Ham lugng KLN c6 su bién dong theo muia, v&i ndng do cao hon vao muia kho va thap hon vao mua
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mua. Phén tich twong quan Pearson cho thiy méi lién h¢ duong déng ké giita VN va mot s6 KLN,
dic biét 1a Pb (r = 0,88), cho thay kha ning ton tai ngudn phat thai chung hodc co ché dong tich ty.
Céc két qua danh gia rai ro sinh thai tiém an (PERI) ghi nhan muc thap ddi véi KLN ¢ hai mua.
Trong khi d6, gia tri PERI ctia VN ghi nhan muc trung binh v cao vao mua kho va muc thip vao
mua mua. Nhimg phat hién nay nhin manh nhu cau giam sat tich hop VN va KLN dé giam thiéu
céc rai ro dbi véi sinh thai va sirc khoe con nguoi trong cac hd chira nude ngot.

Tir khod: KLN, hd chira Hoa Binh, nu6e mat, VN.

1. Giéi thidu

Hb chira 1a ngudn tai nguyén nudc ngot quan
trong, cung cép nudce cho sinh hoat, nong nghiép,
nudi trong thily san, phat dién va cac hoat dong
giai tri [1]. Tuy nhién, cac hd chira ngay nay dé
bi 6 nhiém tir cac hoat dong cia con ngudi,
chang han nhu dong chay do thi, hoat dong du
lich, nudi trong thuy san va dau vao nong nghiép
[2]. Trong sb cac chat 6 nhiém méi ndi va thong
thuong, VN va KLN déu gay ra nhiing lo ngai
16n vé moéi trudong do tinh bén virng, phd bién va
céc rui ro sinh thai tiém an cta chung [3].

VN dugc dinh nghia la cac hat nhya nho hon
5 mm, da duoc phat hién trong nhiéu méi trudng
nudc ngot, bao gém song, ho va ho chira. Su
phong phi, thanh phan polyme, hinh thai va
phan bd kich thudc cua chung thay dbi tiiy theo
diéu kién thay dong luc hoc, dic diém luu vuc
va hoat dong ciia con ngudi. Mot sd nghién ciru
da bao cdo su xuét hién caa VN trong nhiéu loai
dong vat thuy sinh nudc ngot, bao gdm ca nude
ngot Clarias gariepinus (0,33 +0,8 hat/ca thé)
va Coptodon Zillii (27,4 + 54,0 hat/ca thé), trai
song Dreissena spp (0,6 +1,3 hat/ca thé), hay
trong cac dong vat phu du (0,12 +0,02 hat/ca thé
[4-6]. Biéu nay cho thay kha nang tich lily va van
chuyén VN trong chudi thirc dn. Bén canh do,
cac KLN dugc coi 1a cac chit doc truyén thong
c6 thé tich tu trong cac h¢ thong thiy sinh thong
qua dong chay bé mit, nude thai cong nghiép va
lang dong trong khi quyén, giy ra cac mdi nguy
hai 1au dai vé sinh thai va stc khoe con ngudi
[2]. KLN k&m (Zn) va chi (Pb) da dugc phat hién
trong cic mau nude song Nida & Swietokrzyskie,
Ba Lan, véi néng d6 trung binh 96,86 + 40,25
ppb va 37,6 + 31,9 ppb, twong tmg [7]. Lin va
cong sy (2020) cling d3 tim thay cac KLN trong
c4c mau nude mat hd Tam Hiép, Trung Québc. O

dong chinh ciia hd Tam Hi¢p, nong do dong
(Cu), kém (Zn), chi (Pb), crom (Cr) va cadimi
(Cd) dao dong trong khoang 0,89-2,15 ppb va
1,91-103,7 ppb. O cac nhanh, n6ng d6 Cu, Zn,
Pb, Cr va Cd dao dong trong khoang 0,48-1,40
ppb, 2,59-46,6 ppb, 0,003-0,097 ppb, 0,29-0,55
ppb va 0,003-0,027 ppb [8]. Cac kim loai nhu
crom (Cr), mangan (Mn), sit (Fe), niken (Ni),
dong (Cu), kém (Zn), chi (Pb) va magié¢ (Mg)
vbn ton tai tu nhién trong dat va hé thong nudc.
Tuy nhién, khi nong dd vuot ngudng sinh hoc
cho phép, chung c6 thé trd nén doc hai [9, 10].
Dac biét, chi (Pb), niken (Ni) va crom (Cr) ¢6
ddc tinh cao, trong do nhiéu dang hoa hoc cia
chung dugc xép vao nhom chit giy ung thu loai
| [11]. Cac nguyén tb vi lugng nhu Zn, Cu, Mn,
Fe va Mg la dudng chat thiét yéu, nhung su tich
lity qua mirc trong mdi truong nudc c6 thé irc ché
su sinh trudng cia sinh vat thiy sinh va pha vo
can bang hé sinh thai [10]. Nhiéu nghién ctru da
chi ra rang VN c6 kha ning hip phu va van
chuyén cac chét 6 nhim nguy hai nhu thudc trir
sau, cac hop chat hiru co khé phan hity (POPs),
va dic biét 1a KLN nhu Pb, Cd, Zn va Cu [12,
13]. Qua trinh phong héa lam thay doi dic tinh
bé mat ciia VN, gia ting dién tich bé mat ciing
nhu cac nhom chirc nang, tr d6 nang cao kha
ning hap phu cac chit 6 nhiém [11]. Sy twong
tac gitta VN va KLN lam gia tang nguy co tich
lity sinh hoc va truyén qua chudi thirc an [14].
Tai Viét Nam, nhiéu nghién ctru da xac nhan
sw hién dién phd bién ciia VN va KLN trong cac
song, hd va ving ven bién. VN da duoc phat hién
& song Sai Gon va song Pong Nai véi kich thudc
dao dong tir 0,1-5 mm, ndng d6 ghi nhén tir 228—
715 sgi/m3, va 11-222 manh/m3 [15]. Mot
nghién ctru khéc trén ngudn nudc mit tai H Chi
Minh cho thiy néng d6 VN trung binh dat 104,17
+ 162,44 hat/m?3 trong kénh rach, tiép theo1a 2,08
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+ 2,22 hat/m3 trong ving ven bién va 0,60 = 0,38
hat/mé trong song [16]. O khu vuc ctra song Bach
Ping, nong d6 VN trong nudc bién dat khoang
2,0 £ 0,90 hat/m?® [17]. Cac mau nudc dugc ldy
tir ba ngudn nudc & tinh Khanh Hoa (hd chua,
song ngoi va cac tuyén duong thuy hep) trong
hai mua (kho va mua) tir nim 2016 dén nim
2020 ciing chira KLN, trong d6 sit c6 nong do
cao nhat 1a 392.4 ppb, tiép theo 1a kém (25,7
ppb), asen (3,93 ppb), dong (3,77 ppb), chi (2,77
ppb), crom (2,71 ppb) va cadimi (0,57 ppb) [18].
Mic du nhiéu nghién ctru da bao céo vé su xuét
hién cua VN va KLN trong song va hd, nhung
nhiing nghién ctru trén 1a riéng 1€. Nhiing dir liéu
vé sy hién dién dong thoi ciia VN va KLN trong
céc ho chira nude ngot 16n van con khan hiém.
Ho6 Hoa Binh — hd chira thity dién 16n tai Viét
Nam, nim trén song Da, trude day thudc tinh
Hoa Binh, nay thudc dia phan tinh Phu Tho. H6
¢6 vai tro da muc tiéu, bao gdm phat dién, kiém
soat 11, cung cAp nude tudi cho dong bang song
Hong va cac khu vuc lan can, giao thong duong
thuy néi dia, nuéi trdng thuy san, va dic biét 1a
cap nudc sinh hoat cho Ha Noi ciing cac ving
phu can [19]. Nhitng nim gan ddy, ho Hoa Binh
con phat trién thém cac hoat dong du lich, nghi

dudng, nudi ca 1ong, canh tac nong nghiép ¢
vung ban ngdp va van tai thuy. Sau nhiéu thap ky
van hanh, ho da mang lai nhing loi ich kinh té
quan trong ca ¢ quy md qudc gia 14n khu vure Tay
Bic. Mic du di c6 cac nghién ciru dénh gia chat
lwong nude hd Hoa Binh, song phan 16n méi tap
trung vao 6 nhiém vi sinh vat va cac chi tiéu chét
luong nudce thong thuong [20]. Hién nay, van
thiéu thong tin vé VN, ciing nhu mbi tuong tac
gitta VN va KLN nudc mat caa hd Hoa Binh.
Nghién ctru ndy nham cung cap dit liéu khoa hoc
vé phan bd, dic diém va danh gia rui ro sinh thai
ciia VN va KLN tai ho Hoa Binh, déng gép vao
co s6 dir lidu qudc gia vé& 6 nhiém VN va KLN &
Viét Nam.

2. Vit liéu va phuong phap nghién ctru
2.1. Vi tri ldy mau

Mau nudc mat (0-30 cm) tai nam vi tri thu
mau & hé Hoa Binh duogc thu vao mua mua
(thang 7 nam 2024) va mua khoé (thang 11 nam
2024) (Bang 1).

Bang 1. Thong tin c&c vi tri ldy miu nudc mat tai hd Hoa Binh

Dia diém Toa do Thé tich ldy mau (m3) Biic didm vi tri lov m3
liymiu | Kinhdo Vido Mua kho Muia mua acdiem vi it fay mau
Gan khu vyc hoat dong déan sinh va
HBO1 20,77586 105,14168 | 11,78 £0,75 20+0,63 A .
nuoi trong thuy san.
HBO02 20,76089 105,17985 14,44+ 1,43 | 24,03+ 0,84 | Gan khu vyc nu6i trong thuy san.
HBO3 | 2077664 | 10522408 | 14,08+1,05 | 23,96+ 0,14 | §4n khu vuc trung tam ho, c6 cdc
hoat dong du lich.
HB04 20,80459 105,24693 10,24 £ 0,28 | 18,60 £ 1,02 | Gan khu vyc hoat dong dén sinh.
HBO05 20,79841 105,27297 | 11,02+0,12 | 20,91 + 0,57 | Géan khu vuc cira déap.

2.2. Phwong phdp ldy mau va phan tich vi nhwa
trong mau medc mdt ho Hoa Binh

Mau VN dugc thu bing ludi vét chuyén
dung c6 kich thudc mét ludi 80 pm va dudng
kinh 50 cm, két hop thiét bi do luu luong
(General Oceanics®). Ludi dugce rira sach tir bén
ngoai, toan bd vat chat thu dugc duoc chuyén
vao binh thily tinh 500 mL va dugc bao quan &

4°C cho dén khi phan tich. Quy trinh phan tich
mau duoc thyc hién theo Strady va cong su
(2021) [13]. Miu nuéce chira VN duge loc qua
rdy inox c6 kich thudc mét 5 x 5 mm nham loai
bo rac hodc cac manh 16n nhua ¢6 kich thuéce 16n
hon 5 mm. Phan nuéc da loc, chra cac vat thé
nho hon 5000 pm, dugc gitr lai trong chai thuy
tinh 500 mL va xu 1y theo cac budce: i) B sung
Sodium Dodecyl Sulfate (SDS, Merck®) va u &
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50°C trong 24 gio, ii) B6 sung enzyme sinh hoc
SE (protease va amylase) cung enzyme F (lipase)
& 40°C trong 48 gid, va iii) Xir Iy bang hydrogen
peroxide (H202 30%, Merck®) & 40°C trong 48
gio. Tu sdy UF110 Memmert Universal Oven
(Germany) duogc sir dung diéu chinh nhiét do
trong qua trinh xir Iy mau. Sau cac budc xir ly
mau, mau nuéc duge loc qua ray inox co kich
thudc mat 250 pm, loai bo cac vat thé nho hon
250 pum va giit lai cac d6i twong 16n hon 250 pm
trong coc thuy tinh sach. Dung dich NaCl bio
hoa dugc s dung dé tach VN, quy trinh nay
dugc lap lai it nhét nim 14n nham t&i wu hidu suat
thu hdi. Sau cung, dung dich chtira VN duoc loc
qua gidy loc GF/A (kich thudc 16 1,6 pm,
Whatman) bang thiét bi loc thity tinh. Gidy loc
sau khi thu mau VN duoc dit trong dia petri thuy
tinh vo tring va quan sat dudi kinh hién vi Leica
S9 két nbi voi may tinh. Thanh phan hoa hoc ctia
VN trong cac mau nude duoc xac dinh bé“mg thiét
bi hong ngoai bién d6i micro-Fourier (u-FTIR)
ddi v6i cac hat nho hon (Perkin Elmer
SpotlightTM 400 p-FTIR) str dung cac bu0’c song
650-4000 cm, & d0 phén giai phd 8 cm™. Phé thu
duoc clia cac mau duoc so sanh voi phé tham
chiéu théng qua phan mém siMPle (phién ban
2.1.1.0). Thanh phan ciia polymer dugc xac nhan
khi d6 tring khop v6i pho chuan > 95%.

2.3. Phuong phap ldy mau va phan tich kim logi
ndng trong mau nedc mdt ho Hoa Binh

Céc mau nude dé phan tich KLN duoc thu
ddng thoi tai 5 diém quan tric trong hd Hoa Binh
cung thoi diém lay mau VN, nhung 13 cac miu
riéng r&. Nudc mit (0-30 cm) dugc iy bang
thiét bi 1ay mau chuyén dung, sau d6 chuyén vao
chai thuy tinh 500 mL da rtra sach bang dung
dich HNOs 10% va trang lai bang nudc cat hai
lan trude khi sir dung. Ngay sau khi 1dy mau, mdi
chai nuéc dugc axit hoa bang HNO; dam dic dén
pH < 2 d& han ché sy hap phu va két tiia ciia kim
loai. Cac mau dugc bao quan & 4 °C va van
chuyén vé phong thi nghiém dé phén tich. Phan
tich ndng do6 KLN (Cr, Mn, Fe, Ni, Cu, Zn, Pb)
dugc tién hanh bang quang ph6 phat xa plasma
cam tng cao tan (ICP-OES), tuan tha theo cac
quy trinh chuan [21].

2.4. Danh gia rui ro sinh thadi

Danh gia rti ro sinh thai cia VN trong nudc
hd Hoa Binh duoc tinh toan thong qua cac chi s6
tai luong 6 nhlém (PLI) dé d4nh gia muc do 6
nhiém VN, chi sO nguy co polymer (PHI) dé danh
gia doc tinh tlern an clia cac mau VN va chi s6 rai
ro sinh théi tiém an (PERI) cia 6 nhiém VN trong
ho6 nhu da dé xuat trude day boi [22, 23].

PLI = |—
Coi

Trong d6: gia tri PLI 1a cac chi sd tai luong
6 nhiém dé danh gia mic d6 6 nhiém VN, C; la
ndéng d6 VN trung binh (hat/m?) va Coi1a ndng
d6 VN nén (hat/m*). Trong nghién ciru nay, gia
tri néng dd VN nén, dugc chon 1a 1,3 hat/m? dé
tinh toan gia tri PLI. Cac gia tri PLI thu dugc co
thé duoc phan loai thanh cac muc d6 6 nhiém
khac nhau bao gom I (< 10), II (10 — 20), 111 (20
—30) va IV (> 30).

PHI=ZPn><Sn

Trong d6: PHI 1a mtc d6 nguy hiém cta cac
méu VN, S, 1a diém nguy hiém cua timg polyme
trong mau va Py 14 ty 1& polyme [24]. Nam loai
nguy hiém dua trén gia trj PHI bao gom I (0 — 1),
I1(1-10), Il (10 — 100), IV (100 — 1000) va V
(>1000) [23].

Gi4 tri PERI ¢6 thé duoc tinh toan theo cong
thire sau [22]:

Cf=C/C}

n
T} = ZPn x S,/ Ct
i=1
PERI = ZE;‘ =ZT;’ X Cf

Trong d6: Cf hé s6 biéu thi mic do 6 nhiém
ciia VN, C'va C, 1an luot 13 ham luong VN cia
c4c mau bi 6 nhidém va khong bi 6 nhidm. Hé s6
T cung cap danh gia vé doc tinh cia mau VN,
PERI dugc tinh bang cach tinh tong hé s6 rui ro
sinh théi (XE/). Cac mirc rai ro khac nhau bao
gém Nhé (< 150), Trung binh (150 — 300), Cao
(300 — 600), Nguy hiém (600 — 1200) va Cuc ky
nguy hiém (> 1200).
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Viéc danh gia mirc d6 6 nhiém KLN trong
nude thong thuong dugc tién hanh bang cach so
sanh ndng d6 cua timg kim loai v6i giéi han cho
phép, ¢ day 1a QCVN 08:2023/BTNMT: Quy
chuan k¥ thuat qudc gia vé chat luong nude mat.
Bén canh d6, mot s6 chi sb 6 nhiém ciing nhu
danh gia rui ro sinh thai cia KLN trong nudc
ctng da dugc phat trién va ap dung trén the gidi,
céc chi s6 nay c6 wru diém 1a mot chi sé tong hop
c¢6 thé danh gia dugc cing lic nhidu kim loai
thay vi timg kim loai, mat khac yéu té doc hai
cta cac kim loai cling dugc xem xét trong tinh
toan c4c chi sb [25-28]. Trong nghién ciru nay,
hai chi s6 duoc 4p dung bao gdm: Chi sé danh
gia KLN (heavy metal evaluation index- HEI) va
Chi s6 rui ro sinh thai tiém an (Potential
Ecological risk index - PERI).

Chi s6 danh gia KLN (heavy metal
evaluation index- HEI) [29] dugc tinh nhu sau:

HEI = Z He
~ 4. Hmax
=1

Trong d6: n: s6 thong s6 KLN trong nghién
ctru; He: ndng d6 KLN trong miu; Hmax: gia tri
gidi han cho phép ciia KLN trong méi truong
(QCVN 08:2023/BTNMT, Bang 1: Gia tri gioi
han t6i da cac thong sé anh huong téi strc khoé
con ngudi). Viée danh gid 6 nhiém KLN trong
nudée theo chi sé HEI nhu sau: HEI < 10 6 nhiém
mirc d thap; 15-20 HEL: mutc d6 trung binh,
(>20 HEI): mtic 46 cao.

Chi s rui ro sinh thai tiém an ciia KLN
(Potential Ecological Risk Index - PERI) duoc
tinh theo cac cong thurc sau [30]:

Cs

pi=—>
T

b
n n
PERI =ZRI=ZTi X Pi
i=1 i=1

Trong d6: Pi: Chi s6 6 nhiém cta KLN thir i;
Cs: ndng do cua KLN trong mau; Cb: ndng do
nén ciia KLN tuong tng. Trong nghién ctru ndy,
su dung gia tri gia tri gidi han cho phép theo
QCVN 08:2023/BTNMT; RI: Chi sd rui ro sinh
thai cua timg KLN; Ti: Hé s6 doc tinh cta kim
loai thir i, theo xép hang ctia [31], trong d6 Ticu
=Tini=Tipp =5, Ticr=2vaTizn = Timn=1 (DOI

v6i Fe, do khong co thong tin vé hé sd doc tinh
nén trong nghién ciru nay chi sé PERI khong
duogc ap dung cho kim loai nay). Chi s6 PERI
duoc sir dung dé danh gia muirc d6 rui ro sinh thai
d6i voi KLN theo cac mirc do sau: Nho (< 150),
Trung binh (150 — 300), Cao (300 — 600), Rat
cao > 600.

2.5. Phan tich thong ké
. Xu 1}'/ Vé‘ phan tich dir liéu dugc thuc hién
bang phan mém Microsoft Excel phién ban 2016

va phan mém R - R phién ban 4.4.1 (Nhém R
Core, 2016).

3. Két qua va thao luin

3.1. Sy hién dién cua vi nhya trong nuwoc mat ho
Hoa Binh

3.1.1. N(;ng do vi nhua

30 4
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Vi tri lay mau

Hinh 1. Nong d6 VN trong nudc mit
ho chira Hoa Binh.

VN duoc quan sat thiy ¢ ndm vi tri va tai hai
thoi diém thu miu v6i nong do trung binh dao
dong tir 6,20 = 0,17 dén 22,99 + 2,43 hat/m3. Céc
két qua nghién ctru nhan duoc cho thay hau hét
& cac vi tri léy mau, luong VN ¢ miia mua cao
hon muia khé. Tuy nhién, néng d6 VN trung binh
trong cac mau nudc mit tai hd Hoa Binh khong
¢6 su khéac biét dang ké gitra mua mua (14,13 +
2,92 hat/m3) va mua khd (12,29 £ 6,09 hat/m3)



8 N. T. My et al. / VNU Journal of Science: Earth and Environmental Sciences

(p>0,05) (Hinh 1). Nong d6 VN trong mau nudc
mit ting vao mua mua ¢ hd Hoa Binh c6 thé giai
thich nhu sau: i) Su gia tang dong chay bé mat
thong qua mua, 1@t 1am cudn theo rac thai, VN tur
dat lién, song, sudi, ven h6 vao hé théng nudc
chtra, dan t6i ting ndng d6 VN trong nudc mit
[32]; ii) Dong chay manh trong mila mua c6 thé
tai huy dong cac hat VN vén ling o day, day
chung Ién 16p mat, dan dén ndong d6 VN cao [33].
Cac hoat dong ven bo nhu nudi trong thity san,
du lich long ho sinh hoat dan cu ciing c6 thé 1a
ngudn cung cap cac VN [34].

Trai véi xu hudng cta cac diém con lai, nong
d6 VN cao dang ké duoc quan sat trong nudc mit
tai dia diém HBO3 vao mua kho (22,99 + 2,43
hat/m3). Vi tri lay miu ndy nim gan khu vuc
trung tdm cta hd chira Hoa Binh, noi dong chay
vao giam va luu thong yéu trong thoi ky kho han,
thac déy su tich tu céc hat lo ltng, bao gém ca
VN [1]. Ngoai ra, cac hoat dong du lich va giao
thong duong thuy dia phuong c6 thé 1a ngudn
phat thai lién tuc cac manh vun nhya. Cac diém
¢6 nong do VN cao ¢ hd Poyang, Trung Qudc,
cling duoc béo cio o lién quan dén cac khu vuc
chiu tac dong ctia con nguoi [35]. Trong khi do,
tai diém HBO5, ndong do VN thap hon dang ké
vao mua khé (6,20 + 0,17 hat/m®). Diéu nay co
thé duoc giai thich boi dic trung thuy dong luc
va vi tri dia 1y cua khu vuc nay trong hd Hoa
Binh. Piém HB05 nam gan dap xa thay dién Hoa
Binh, 14 noi c6 dong chay manh, do sau 16n va
lru lwong nude cao. Cac yéu té nay lam giam
thoi gian luu cua cac hat VN trong cot nudc va
thac ddy su van chuyén ra khoi hd, din dén nong
do VN thap hon trong mau nuéc bé mat [1].
Ngoai ra, vi tri HBO5 nim xa cac ngudn thai
nhan sinh tryc tiép nhu khu du lich, khu dan cu
va 16ng nudi thily san, nén ngudn phat sinh tai
chd han ché, khac biét vi cac khu vuc trung tAm
hodc ven hé c6 hoat dong du lich va giao thong
thuy s6i dong hon [36].

Nong d6 VN trung binh ghi nhén tai hd Hoa
Binh (13,21 + 4,79 hat/m®) cao hon dang ké so
v6i cac hd Dau Tiéng va ho Tri An (3,96 + 1,38
va 4,04 + 1,35 hat/m® twong tmg) [37]. HO Hoa
Binh 13 h6 chta thuy dién 16n tai Viét Nam, nam
trong khu virc mién nti c6 dia hinh ddc, long hd

sdu va thoi gian luu nude dai, tao diéu kién thuan
loi cho qua trinh tich tu VN trong ct nude. Céc
nghién ciru qudc té cho thay nhimng ho sau, va c6
dong chay yéu thudng co xu hudng tich liy VN
cao hon so v6i cac hd nong hodc co dong thoat
manh [38]. Mac du nf)ng d6 VN tai ho Hoa Binh
cao hon so véi cac ho chira ving dong bang nhu
Dau Tiéng va Tri An, song gia tri nay van thap
hon dang ké so véi cac hd d6 thi tai Ha Noi,
chéng han nhu hd Tay (589,46 hat/m?), hd Yén
S& (139,86 hat/m®) va ho Bay Mau (154,92
hat/md) [39]. Piéu nay c6 thé do cac hd do thi
nhu hd Tay, hd Yén So, hd Biay Mau nim trong
khu vyc trung tam Ha Noi, chiu tac dong truc
tiép tr nudce thai sinh hoat, nudc mua rira troi
dudng phd, hoat dong giat giti, cong nghiép nhe
va réc thai nhua d6 thi, von duoc xem la nhitng
ngudn phat thai chinh ctia VN [39].

3.1.2. Hinh dang va kich thudc cua vi nhua

Vé hinh dang, VN trong hd Hoa Binh duge
phan loai chu yéu thanh dang soi va dang manh.
Cac VN dang soi trong cic mau nudc mit & hd
Hoa Binh chiém uu thé véi 76,58 + 13,30 va
92,71 £ 4,57% & ca hai mua kh6 va mua mua,
tuong Ung. Trong khi d6, ty 1€ VN dang manh
dao dong tir 7,20 dén 40,0% (Hinh 2).

5] g wai [T Do reaad
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Hinh 2. Hinh dang VN trong mot sé mau nudc mit
ho chira Hoa Binh.

Su chiém wu thé cua VN dang soi ciing da
dugc bio céo trong nghién ciru mot sé hd & Pa
Néng. Cac soi VN chiém 44,25% va 75,98% &
hoé Hoa Pha va hd Ham Nghi trong mia kho;
64,54% va 80,17% & hd Bau Tram va hé Cong
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Vién trong mua mua [40]. Két qua cta nghién
clru nay cling tuong tu voi cac nghién ctru khac:
ho Phewa ¢ Nepal (93,04-96,69%) [41], hd
Naivasha, Kenya (81%) [42], ho chira Liujiaxia
¢ thuong nguon song Hoang Ha, Trung Qudc
(61,09%-82,86%) [43], hd Kaptai ¢ Bangladesh
(75,59%) [44]. Céc soi VN c6 thé c6 ngudn gdc tir
ludi danh ca, day thimg va nudc thai sinh hoat [45].
Kich thudc cua cac VN dang s¢i va dang
ménh trong cac mau nudc mit hd Hoa Binh ciing
da duogc danh gia trong nghién ctru nay. Cac VN
dang soi tap trung chil yéu & khoang kich thuéc
nho 300-1000 pm va 1000—2000 pm chiém
50,55+ 11,19% va 39,42 + 8,69% ¢ mua mua va
43,67 £ 12,58% va 39,43 + 5,67% & mua kho,
twong ung. Cac VN dang soi c6 kich thudc 16n
hon 2000 pum chi chiém ty 18 rat thip (Hinh 3A).
Céc sgi VN c6 kich thudc <2000 pm cting dugc
tim thdy véi ty 1& cao 77,9-954% va 76,1-
92,6% tai cac ho cua Pa Nang trong ca mua kho
va muia mua, twong tng [40]. Ddi voi dang manh
¢6 su khéc biét vé kich thudc VN ghi nhan dugc
trong cac mau nudc mat hd Hoa Binh ¢ hai mua

Tin sudt xudt hién (%)
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mua va mua khé (Hinh 3B). Vao mua mua céc
VN c¢6 dién tich 50.000-100.000 pm? va
100.000-200.000 um? chiém 36,42 + 14,54% va
31,47 + 11,91%. Trong khi d6, cac manh VN co6
dién tich 16n hon 200.000-400.000 pm?,
400.000-900.000 pm? va 900.000-2.100.000
um? chiém ty 1& thap hon véi 20,21 + 16,19%,
8,54 + 6,08% va 3,36 + 3,64%, tuong ting. Vao
mua kho, phan b6 kich thude VN dang manh tro
nén da dang hon, vdi sy tang nhe cua cac hat co
kich thudc 16n. Ty 1€ manh VN c¢6 dién tich trong
cac khoang 200.000-400.000 um?, 400.000—
900.000 pum? va 900.000-2.100.000 pm? chiém
19,24 £ 12,98%, 21,92 + 7,52% va 8,64 + 7,79%.
Mot sd nghién ctru bao céo rang vao mia mua,
luong nude chay mat va dong chay song ho ting
manh, gy ra qua trinh x6i mon, va dap va phan
manh co hoc ciia cac manh nhua 16n, déng thot
cudn theo cac hat VN nho tir dat lién vao ngudn
nudce, dan dén ty 16 manh c6 kich thudc nhé cao
hon [46]. Nguoc lai, trong muia kho, dong chay 6n
dinh va van tdc nudc thép hon khién cac manh VN
16n dé tich tu va dugc giit lai & viing nude tinh [47].
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Hinh 3. Kich thude hat VN trong nude mat tai hd chira Hoa Binh:
A) Dang soi va B) Dang manh.

3.1.3. Mau sdc vi nhua

Két qua phan tich mau sic cho thiy VN trong
hd Hoa Binh da dang v6i 8 nhom mau: tréng,
den, do, xanh nudc bién, xam, vang, xanh 14 cay
va tim. Trong d6, mau tréng chiém chu dao
(64,26 + 9.91%), c6 thé c6 ngudn gdc tir thi

nilon, bao bi thuc phim va soi tdng hop. Mau
den chiém 14,49 + 7,80%, nhiéu kha ning xuat
phat tr cao su, lép xe hodc 6ng nhyua. Cac mau
khac nhu do, xanh nu6c bién, vang va xanh 14
chiém ty 18 thdp hon nhung van dugc ghi nhan
rai rac, phan anh sy déng gop tir nhiéu loai san
pham nhya khac nhau.
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Hinh 4. Mau sic VN trong nudc mat tai hd chira Hoa Binh.

Mau sic VN trong ho Hoa Binh khong c6 su
khac biét rd rét giita hai mua. Tuy nhién, mot s6
mau nhu xanh nudc bién va xam ghi nhan xu
huéng tang nhe trong mua kh6. Hién tuong ndy
¢6 thé lién quan dén sy tich tu VN ¢ ngudn goc
tir sinh hoat, do dong chay suy giam va kha nang
tu 1am sach cua hd bi han ché trong mua kho.
Mau sic VN trong h6 Hoa Binh kha tuong dong
véi mot so ho chira 16n tai Trung Quoc [48, 49],
noi VN tring, den va trong suot chiém uu thé.
Dang cha ¥, sy da dang mau sic cao hon trong
mua khé cho thiy vai tro ciia hoat dong du lich
va sinh hoat dia phuong trong viéc bd sung céc
ngudn thai nhya nhidu mau sic. M6 hinh bién ddi
theo mua nay cling dugc ghi nhén tai cac ving
dat ngdp nudc gidu bun ¢ tinh Long An, Pong
bang séng Ctru Long [50].

3.1.4. Thanh phan vi nhua

Cac polyme dugc xac dinh trong cac mau
nuéc mat ho Hoa Binh bao gdbm polypropylene
(PP), polyethylene (PE), polystyrene (PS),
polyethylene terephthalate (PET), polyvinyl
chloride (PVC) va mater-bio.

Doéng gop cua ting loai polyme trén tong VN
la PP (67,53 + 12,28%), PE (14,49 + 3,97%),
PET (9,31 + 4,07%), mater-bio (3,12 + 4,35%),
PS (2,85 + 3,31%) va PVC (2,70 + 2,78%). Xung
quanh khu vuc hd chira Hoa Binh ¢6 bén tau, dan

cu va cac trang trai nudi thuy san. Nguoi dan dia
phuong, hoic khach du lich c¢é thé s dung mot
luong I6n bao bi, tai, chai, hop dung, 1a ngudn
chinh phét thai PP va PE. Céac hoat dong danh
bit ca (nhu ludi danh cé, day cau va thuyen bo
di) cling c6 thé 1a mot trong nhitng nguén gay 6
nhiém VN & hd chua [1].

18 2793 2t
“ " s MB
® PET
) 145 o PE
PP
u PS
u PVC

67.5

Hinh 5. Thanh phén hoa hoc ciia VN trong nurdc mat
tai ho chira Hoa Binh.

3.2. Né‘ng do kim logi nang trong mot $6 mau
nwoc mat tai ho chiwa Hoa Binh

Phan tich KLN cho thiy Fe chiém uu thé rd
rét (56,62 ppb mua kho va 44,08 ppb mua mua).
Tiép theo d6 1a cac KLN Zn, Mn, Cu, Cr, Ni va
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Pb. Céc kim loai nay déu xuat hién & néng do
thép hon nhiéu so Fe. Su bién dong theo mua thé
hién xu hudng 1o rét: néng d6 cac kim loai
thuong cao hon trong mua khé do hién tugng co
dic khi muc nudc xudng thap va qué trinh boc
hoi manh. V& mit khong gian, diém HBO3 lién
tuc ghi nhén néng d6 hau hét KLN cao nhét,
trong khi HBO5 thuong thip nhat. Su khac biét
nay cé thé lién quan dén vi tri dia 1y, hudng gio,
dong chay trong ho hodc do sy hién dién cua
ngudn thai diém gan HBO03. Ham luong Fe va
Mn cao c6 thé bat ngudn tir qua trinh hoa tan kim
loai trong trim tich day khi thiéu oxy, dic biét
trong mua kho khi ho o hién twong phan tang
nhiét 6n dinh. Nong dd Zn cao trong mau nudc
mit ¢6 thé bat ngudn tir dong chay cudn theo chat
6 nhiém tir hoat dong cong nghiép va giao thong
quanh khu vye ho chira.
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Hinh 6. Nf)ng d6 KLN trong nudc mit tai hd chira
Hoa Binh.

Néng do KLN trong cic mau nudc mat tai hd
Hoa Binh nhin chung thap hon so vdi cac thily
vuc khac tai Viét Nam. Nghién clru nay ghi nhan
nong do trung binh Cu va Pb chi ¢ mirc 4,52 ppb
va 2,08 ppb. Trong khi, nghién ctru tai ha luu
song M¢é Kong cho thiy nong d¢ Zn dat 454, 09
ppb — gin ngudng cho phép 500 ppb — va mot s6
diém vugt chuan qudc gia vé Zn va Cu [51].
Nguoc lai, tai hd Hoa Binh, n(‘Sng dd Zn chi dat
trung binh 33,52 ppb (mua khd) va 18,32 ppb
(muia mua), thip hon rit nhidu so véi luu vuc séng
Mé Kéng. Diéu nay cho thdy hd Hoa Binh it chiu

tac dong truc tiép tir hoat dong cong nghiép va
ndng nghiép thdm canh so voi cac khu vuc phat
trien manh nhu dong bang song Mé Kong.

3.3. Ddnh gid méi twong quan nong do vi nhya
va ham luong kim loai nang trong mot s6 mau
nwde mat ho chira Hoa Binh

Két qua phan tich trong quan Pearson gitra
nong d6 VN va ndng do KLN cho thdy ton tai
moi tuong quan thudn rat chat chg gitra cac yéu
to nay. Dac biét, Pb thé hién mdi twong quan cao
nhit voi VN (r = 0,88), tiép theo 1a Cr (r = 0,84)
va Fe (r = 0,80). Cac kim loai khac nhu Mn, Cu,
Ni va Zn ciing ghi nhan hé s6 twong quan dao
dong tir 0,70 dén 0,74. Diéu nay cho thiy tai céc
dia diém c6 nong d6 VN cao thudong dong thoi
ghi nhén noéng d6 KLN 16n, su ton tai cla cac
nguon phat thai chung hodc co ché tich luy tuong
dong Su lién két nay c6 thé bat ngudn tir kha ning
hap phu ctia bé mit VN ddi véi ion kim loai trong
mdi trudng nudce, cling nhu tic dong cong hudng
tir cac hoat dong nhan sinh trong luu vuc ho.

Tai dia diém HBO3, phan tich theo mua ghi
nhén rd hon cac md hinh tich lily cia VN va
KLN trong nudc hd. O diém 4y mau nay, trong
mua khd, nong d6 VN va ndng do KLN déu c6
xu hudng cao hon so véi mua mua. Cu thé, vao
mua kho, ndng d6 VN trung binh dat tdi 22,99
hat/m3, di kém voi nong d6 Zn kha cao (62,9
ppb). Trong khi d6, & mua mua, cing diém 1y
mau nay (HB03) van ghi nhan nong d6 VN trung
binh twong ddi cao (18,75 hat/m’), véi ndng do
Zn la 26,8 ppb. Két qua nghién ciru cling cho
thiy hé sd tuong quan cao hon dang ké so véi
cac cong trinh tai Viét Nam trudc day. Nguyen
va cong su (2024) di bao cdo nong do VN trén
song Hong dao dong tir 10 dén 203 hat/m? trong
nudc mat vao mua mua, va cho thdy xu huéng
bién dong theo mua twong tu voi hd Hoa Binh
[52]. Hé s6 twong quan trong nghién ciru nay (r
= 0,70 — 0,94) cao hon so véi hé s6 twong quan
gitta VN va KLN cua Zn (r = 0,70) va Cu
(r=0,61) tai ddm pha Songkhla, Thai Lan [53].
Nhiéu hoat déng ciia con nguoi nhu san xuat
cong nghiép, d6 thi hoa, va néng nghiép cd thé
dong thoi thai ra ca VN (ngudn gbe tir vat lidu
bao bi, sgi tong hop, vi hat trong my pham, v.v.)
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va KLN (tur thudc trir sau, phu gia nhua, chét 6n
dinh PVC,...). Do dq, sur xuat hién dér}g thoi cua
VN va KLN trong ho Hoa Binh ¢6 thé phan anh

tac dong két hop cia cac hoat dong nhéan sinh
trong khu vuc.

Biéu dé twong quan Pearson
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Hinh 7. Méi trong quan giita cac KLN va VN trong nuéc miat hd chira Hoa Binh.

3.4. Pdnh gid cdc rii ro sinh thdi tiém dn ciia vi
nhya va kim loai ndang trong nwoc mat tai ho
Hoa Binh

Su gia ting s6 lwong VN va KLN trong moi
truong nudc dit ra nhiing rdi ro sinh thai, lam
ndi bat nhu cau danh gia rui ro sinh thai hiéu qua
dé danh gia tinh trang 6 nhiém VN, KLN va cac
mdi nguy tiém an [54]. Két qua PLI ctia VN cho
thay muc d§ 6 nhiém VN khac nhau tai 5 dia
diém ldy mau. Gid trj PLI ctia tat ca cac dia diém
lay mau déu nhoé hon 10, xép loai murc d6 rai ro
6 nhiém 1. Khong c6 sy khac biét dang ké co ¥
nghia théng ké vé gia tri PLI ¢ cac dia diém
nghién ctru ca vé mia mua va muia kho (p>0, 05)
Mic du vay cac ket qua nghién ciru vé danh gia
rtii ro sinh thai tiém an cua VN (PERI) tai cac dia
diém nghién ctru cho thay su khac biét dang ké
¢6 y nghia théng ké & ca hai mua mua va mua
khé (p <0,05). Két qua ctia PERI chi ra rang phan

16n rui ro ciia VN 1 cao (60%), tiép theo 1a mic
trung binh (40%) & mua kho, trong khi 100% céac
dia diém c6 PERI & muc nho <150 vao mia mua.
Su khéc biét vé rii ro sinh thai tiém an ctia VN
¢ hai mua c6 lién quan dén su c6 mat cua cac
polyme ddc hai. Vi du, PVC duoc sir dung rong
rdi trong san xuat cong nghiép va doi sdng hang
ngay nhung giai phéng cac monome va chét hoa
déo gdy ung thu gy hai cho sinh vat, gy ra
nhimg moi nguy hiém déng ké cho méi trudng
va x€p no vao loai VN nguy hiém nhét [55]. Tai
cac dia diém iy mau, mic du cac polyme nhu
PP va PE chiém uu thé, su hién dién cua cac
polyme nguy hlern hon van gép phan lam ting
riii ro. Do d6, can chi y dén cac polyme doc hai
hon, vi chung c6 thé gay ra thiét hai dang ké cho
moi truong ngay ca ¢ ham luong thap hon. Mot
sO nghlen clru ciing da sir dung PERI dé danh gia
céc 10i ro sinh thai tiém 4n ctia VN trong cac mau
nudc mit. Mire d6 rui ro sinh thai tiém 4n cua
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VN dbi véi PERI trong nuéc mit song
Thoothukudi, phia nam Tamil Nadu, déng nam
An Do duoc ghi nhan ¢ muc cao (444,74). Tuy
nhién, cac gia tri chi s6 rui ro sinh thai tlem an
(PERI) cua vi nhya trong nudc mat mot sb6 hd
khac & Viét Nam cho gi tri thap hon vao mua
kho: B Dé (2,14) < Bau Tram = Hoa Phu (5,0)
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PERI

< Bau Tring (6,19) < Sen (9,05) < Céng Vién =
Ham Nghi (10,86) [40]. Nhin chung, viéc su
dung PERI dé d4nh gi4 cac rui ro sinh thai tiém
an ciia VN trong nuwdc mit dong vai trdo quan
trong trong viéc kiém soat 6 nhiém VN trong moi
trudng nudc.
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Hinh 8. Panh gia chi s tai lugng 6 nhiém PLI (A) va chi s6 riii ro sinh thai tiém an PERI (B)
cua VN trong nudc mat tai ho Hoa Binh.

Mirc d6 6 nhi®m va chi sd rui ro sinh thai cua
cac KLN tai mot sb vi tri nghién ciru dwoc danh
gia bang phuong phap HEI va PERIL Tinh toan
chi s6 HEI cho tat ca cac diém quan tric, cho cac
KLN (Cr, Mn, Ni, Cu, Zn, Fe va Pb) déu cho gia
tri < 10 chi thi cho 6 nhiém & mtrc d6 nhe. Cu
thé, gia tri HEI nim trong khoang 0,24-0,87
(trung binh 0,49) trong mua khé, va 0,21-0,63
(0,37) trong mua mua. Gia tri PERI (tinh cho 6
thong s6 KLN: Cr, Mn, Ni, Cu, Zn va Pb) trong
nude mit hd Hoa Binh (Fe hién khong duoc coi
la kim loai doc hai va hién chua dugc danh gia
chi s6 rti ro sinh thai) dao dong trong khoang
0,44-1,95 (trung binh 1,00) chi thi cho mirc do
rtii ro sinh thai thap.

Trong do, gié tri PERI trung binh theo thir tu
sau: Pb (0,48) > Cu (0,19) > Cr (0,14) > Ni (0,08)
> Mn (0,06) > Zn (0,05). Cac ket qua ghi nhan
vé chi s6 rui ro sinh thai tiém an cua cac KLN
cua CAC mau nudc mit tai hd Hoa Binh trong
nghién ctru nay thap hon rit nhidu so véi cac

cong bd trude day ¢ hd chira nuéc Tam Hiép,
Trung Quoc (9,07 — 31,60) [56].
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[ IMuamea
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Hinh 9. Panh gié chi s6 rui ro sinh thai tiém 4n PERI
cua KLN trong nudc mat tai ho Hoa Binh.
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4. Két ludn

Céc két qua nghién ctru da chi ra rang hd Hoa
Binh hién c¢6 muc d6 6 nhiém VN va KLN tuong
dbi thap so v&i nhiéu thay vuc do thi & Viét Nam.
Néng d6 VN trung binh trong mau nudc mat ho
Hoa Binh dao dong tir 6,20 + 0,17 dén 22,99 +
0,43 hat/m3. Trong d6, ndng do VN trung binh
dugc tim thdy véi 12,29 + 6,09 hat/m? vao mia
kho va 14,13 + 2,92 hat/m3 vao mua mua. Cac
VN dang sgi c6 kich thude nho (300-2000 pm)
chiém wu thé trong tat ca cac mau nudc thu thap
tir hd Hoa Binh. VN chu yéu c6 mau tring va
mau den. Dang polyme chu yéu duoc tim thdy
trong cac mau nude mit 1a PP (67,53 + 12,28%),
PE (14,49 £ 3,97%), PET (9,31 * 4,07%). Hon
nita, cac KLN (Cr, Mn, Fe, Ni, Cu, Zn va Pb)
cling da dugc phat hién. Trong s6 cac KLN duoc
phan tich, Fe chiém uu thé, tiép theo la Zn, trong
khi cac KLN con lai chi xuét hién & mire rat thap.
Két qua phan tich thong ké cho thiy mdi tuong
quan duong manh giira nbng do VN va KLN (r
=0,70-0,88), ddc bi¢t vai Pb, Cr va Fe, cho thy
su ton tai cia ngudn phat thai chung cling nhu co
che tich lay tuorng dong. Chi sO rui ro sinh thai
tiém 4n ctia mot s6 KLN trong mau nudc ‘mat cua
h6 Hoa Binh cho thdy mic d6 6 nhiém rat thap &
muia mua va mua khé. Trong khi 0, chi s riii ro
sinh théi tiém an cia VN ghi nhan mic trung
binh va cao vao mua kho, va murc thip vao mua
mua. Nghién ctru nay s€ cung cap cac dir lidu Ve
KLN va VN, danh gia rui ro sinh thai tiém an,
cho thay cai nhin sdu sic vé quan 1y an ninh
nguon nudce tai cac ho chura nuée. Do do, nghién
ctru nhin manh sy can thiét phai thiét 1ap chuong
trinh quan tric dinh ky, ting cuo‘ng kiém soat
ngudn thai va xem xét tich hgp VN va KLN nhu
mdt chi thi méi truong trong hé thong quan ly
chat lugng nudc. Nhitng bién phap nay dic biét
quan trong dé dam bao khai thac va sir dung bén
virng hé Hoa Binh cho cac muc dich thuy dién,
cAp nudc sinh hoat, nudi trong thity san va phat
trién du lich sinh thai.

Lo1i cam on

Nghién ctu nay dugc tai trg béi Vién khoa
hoc cong nghé nang luong va modi truong

(ISTEE), Vién Hép lam tha hoc va Cong nghé
Viét Nam trong dé tai ma so CSTRE(02/24-25.
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