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Tém tit: Nghién ctru nay thuc hién dé xac dinh, dinh luong céc nguén 6 nhiém kim loai
nang (KLN), va tinh toan céc rui ro sttc khoe trong nudc mat tinh Long An. Phén tich 10
thong s6 KLN trong 04 nam cho thdy: Fe, Mn, va Hg 1a ba kim loai c¢6 gia tri trung binh
vuot quy chudn cho phép. Chi s 6 nhiém KLN (HPI) ting dan tir ndi dia ra ctra séng ven
bién, tai céc kénh rach cao hon sdng chinh. Phan tich thanh phan chinh (PCA/FA) xéc dinh
bbn nguon 6 nhiém KLN chinh: khi thai tir qua trinh d6t chay/bui duong phd; phong hoa tu
nhién két hop cac hoat dong nhan tao: khai thac mo dat sét, cong nghiép, nudi trong thuy
san; nudc thai cong nghiép, va chon 1ap chat thai; qua trinh ria tréi dat va dong chay dat
nong nghiép. Hg 1a KLN quan trong nhét trong x4c dinh HPI, trong khi Cu, Cr va Fe la ba
thong sb chinh anh huéng dén sirc khoe con nguoi. Chi sb rai ro khong gay ung thur (H1)
cho thdy tac dong co hai thap cia KLN d6i voi stc khoe ciia ngudi 16n va tré em. Dong
thoi, danh gia rui ro ung thu (CI) xac dinh Cd, As, Ni va Cr trong nuéc mat 1a c6 nguy co
gdy ung thu khong thé chap nhan dugc.

Tir khoa: Kim loai ning; Ngudn 6 nhiém; Long An; Rui ro sirc khoe.

1. Mé dau

O nhiém KLN trong nuéc mit la mdi quan ngai sau sic do doc tinh tiém tang va kha
nang tich ty cua chung, ngay ca ¢ ndng do thap [1-3]. Chung c6 ngudn gde tir ty nhién va
nhan tao, trén toan thé gii nong do KLN trong cac ngudn nudc mat da tang 1én trong nhimg
thap ky gan day [1, 4]. Trong thuy vuc, 0 nhiém kim loai c6 thé 1a két qua cta luong mua
tryc tiép trong khi quyén, phong hoa dia chét hoic phat thai tr nong nghiép, do thi, gia dinh
hodc cong nghiép [1 2,5]. Tai cac nudc dang phat trién, qua trinh do thi hoa va cong nghiép
hoa tao ra nhiéu chat thai 1am van d& 6 nhiém KLN trd 1én nghiém trong hon ¢ nhiéu thanh
phé dang phat trién nhanh [1, 6, 7]. Do tinh bén viing 1au dai, tich tu sinh hoc va khuech dai
trong chudi thirc an, KLN c6 thé gay ra cac tic dong doc hai tai cac diém xa ngudn 6 nhidm
[8-10]. Vi véy, nhiéu nghién ctru trén thé gidi da duoc thuc hién nham danh gia 6 nhiém
KLN trong nudc mit, dién hinh nhu tai Iran [11], An D6 [12], Bangladesh [13] va Viét Nam
[2, 14]. Cac nghién ctru nay di bao cao muc do 6 nhiém KLN trong nuwdc mit va tién hanh
danh gia rui ro sinh thai, dong thoi ap dung cac phuong phap phan tich da bién, chang han
nhu PCA/FA, dé xac dinh cac ngudn gay 6 nhiém. Ngoai viéc nhan dién cac ngudn 6 nhiém
moi truong, viéc danh gia rui ro stc khoe lién quan dén kim loai ning do cac tac dong tiém
an dén moi truong la vo cung can thiét [15]. Panh gia rui ro la mot phuong phap tiép can co
hé thdng nham xac dinh, mo ta va phén tich cac yéu t6 nguy co, qua d6 danh gia rii ro mot
cach dinh tinh dua trén céc tac dong bat loi va dinh lrong mure do rui ro [16]. Trong linh vuc
danh gia rui ro sirc khoe con ngudi do 6 nhiém KLN trong méi truong, cac chi sé thuong
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dugc ap dung bao gém: Hé s nguy co (HQ), Chi sé nguy co (HI) va Rui ro ung thu (CR).
Nhitng chi s6 nay da dugc st dung trong cac nghién ciru tai nhiéu con séng, chang han nhu
song Hang & An D [17], song Pardo & Brazil [18], song Sai Gon & Viét Nam [19].

Hién nay, chét lugng nude mit & Viét Nam dang chiu anh hudng manh mé boi qué trinh
d6 thi hoa va cong nghi¢p hoa [19]. Déc bi¢t, mirc d6 anh hudng cang nghiém trong ¢ cac
vung kinh té trong diém cua dat nudc do ap luc cua chat thai tir hoat dong phat trién kinh té
- x4 hoi. Long An 1a mot trong hai dia phuong ctia ving PBSCL thudc ving Kinh té trong
diém phia Nam [20]. Tang truéng kinh té nhimg nim qua di tao nén 4p luc d6i véi moi
truong nudc mit cia tinh. O nhidm chét htru co, dinh dudng, dac biét la KLN trong nudc mat
con kha phd bién tai cac vi tri kénh rach tiép nhan nude thai tir khu dan cu tp trung va hoat
dong cong nghiép [21]. Tuy véy, cac nghién ctru 6 nhidm KLN trén dia ban tinh vin con rat
han ché, va chu yéu tai mot s6 thay vuc nhé nhu Kénh Déi, Song Chg Dém va Song Bén Lirc
cua Dirc va cong su [22], dong thoi trong nghién ctru trén nhom tac gia chu yéu str dung phan
tich Anova dé danh gia gitra cac vi tri lay mau, cting nhu phan tich twong quan gitra cac KLN.
Trong khi d6, viéc kiém tra sy phan b, nguon va mirc d6 6 nhiém cua cac nguyén t6 KLN
trong nudc mit 14 co ban nhung quan trong dé danh gia 6 nhidm va quan 1y hiéu qua [23].
Do d6, 02 myc tiéu chinh cua nghién ctru nay nham: (1) Panh gia mic d6 6 nhiém va xac
dinh cac ngudn 6 nhiém KLN; (2) Panh gia rui ro strc khoe lién quan dén KLN trong cic
vling nude mit trén dia ban tinh. Py co thé 1a nghién ctru toan dién va chuyén sau dau tién
vé 6 nhiém KLN trong nudc mit trén dia ban tinh Long An. Nghién ctru gitp co quan quan
ly ¢ cac giai phap giam thiéu 6 nhiém KLN trong nudc mat phi hop véi tinh trang moi
truong cua cac song, kénh rach tai Long An va bao v¢ suc khoe cho nguoi dan.

2. Dir liéu quan tric va phwong phap nghién ciru

So 6 ciu trac nghién ctru tuan ty theo cic budc sau: (1) Hinh thanh muyc tiéu nghién
ctru va thiét ké thi nghiém; (2) LAy mau nuéc ngoai thuc dia; (3) Phan tich mau nudc trong
phong thi nghiém; (4) Xu 1y dit liéu va phan tich thong ké; (5) Trinh bay két qua 1am ndi bat
phat hién méi; (6) Thao luan va giai thich cac phat hién méi; (7) Két luan.

2.1. Khu vuc nghién cuu

Nghién ctru duge thuc hién tai tinh Long An, ¢0 dién tich tu nhién 4.494,74 km?, gém
13 huyén, 01 thi xa va 1 thanh ph6 (Hinh 1). Dan s6 1.713.658 ngudi, mét d6 dan cu trung
binh 381 nguoi/km?, trong d6 mat do dan sb cao tai cac huyén thi phia Pong cua tinh va thép
tai cac huyén thi phia Tay [20]. Long An thudc ha luu ciia hé théng luu vuc song Vam C9,
c6 chiéu dai cac song kénh chinh 1a 437 km, ngoai ra con c6 cac kénh rach nhanh tao nén cac
duong din tai va tidu nudc quan trong trong san xuat ciing nhu cung cap cho nhu ciu sinh
hoat ctia dan cu. Tinh Long An €8 nhiét d6 trung binh 26,6-28,2°C va lugng mua hang nam
1417-1485 mm, duogc chia thanh mua kho va mua mua (chiém 90% lugng mua ca nam) [21
24]. Ché do thuy van cta hé thong song, kénh rach trén dia ban chiu anh huéng cua 4 yéu t6:
mua truc tiép, nude tir thugng ngudn séng Vam Coé Pong va Vam Co Tay, li tir song Tién
d6 vé khu vuc phia tdy song Vam Co T4y va phia bac kénh Thu Thira, va ché d6 ban nhat
triéu bién Pong [20].

2.2. Thiét ké nghién citu

Hai yéu t6 thuc nghiém khong gian va thoi gian duoc thiét ké trong nghién ctru hién tai.
Yéu tb khong gian dugc phan chia dua vao mat d¢ dan s6, mirc do d6 thi hoa, cong nghi¢p
hoa va anh hudng qué trinh xdm nhdp man. Ving 1 ¢ phia Péng, gdm 08 don vi hanh chinh
1a: huyén Btric Hoa, Bén Lirc, Thu Thira, Tan Try, Chau Thanh, Can Pudc, Can Giude va
thanh phé Tan An, c6 mat d6 dan cu cao, trung binh 844 ngudi/km?, tap trung cac do thi lén
khu - cum cong nghiép, nudi trong thily san nude lo va chiu sy anh huéng manh cta xam
nhap man; Vung 2 gém 07 huyén thi con lai chu yéu nam & phia Tay (huyén Buc Hu¢, Thanh



Tap chi Khi twong Thiiy vin 2025, 774, 35-52; doi:10.36335/VNJHM.2025(774).35-52 37

Hoa, Tan Thanh, Mdc Héa, Tan Hung, Vinh Hung va Thi xa Kién Tuong), mat do dan )
thap, trung binh 143 ngudi/km?, chu yéu phat trién ndng nghiép, chin nudi, nudi thuy san
nudce ngot, va cling chiu anh hudng cuia nhiém phén vao mua mua (Hinh 1) [20].
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Hinh 1. Ban do khu vic nghién ciru va bé tri mau quan tric nuéc mit trén dia ban tinh Long An.

Ngoai ra, d6i voi khong gian thi cac loai dudng thuy ciing anh huong dén chat luong
nude mat [2, 25, 26], 02 loai dudong thuy duge thiét 1ap trong nghién ctru nay: (1) Cac sdng
chinh: séng Vam C6 Pong, song Vam Co6 Ty, song Vam C6, song Bao Dinh, kénh Thay Cai
va séng Can Giudc, 1a nhitng dong chay chinh, anh hudng chinh s6 lugng, chit luong nudc
mit cia tinh [21]; (2) Cac kénh, rach nhanh ni cc tuyén song chinh gitip dan tai va tiéu
nude trong san xuat va sinh hoat ciia dan cu. Nhu vay, ving nghién ciru chia thanh 4 phan
ving thi nghiém, bao gdm: Phan ving KR1 (khu vuc kénh rach trong ving 1), phan ving
KR2 (khu vuc kénh rach trong vung 2), phan ving SC1 (khu vuc song chinh trong vung 1),
va phan ving SC2 (khu vuc song chinh trong ving 2). Hon nita, chat luong nudc mit tai cac
thuy h¢ con phu thudc vao su bién d6i theo mua [25, 27], vi vay, day 1a mot yéu t6 thuc
nghiém khac ctia nghién ctru hién tai dy kién s& anh huéng dén ndéng do kim loai ning trong
bbn phan ving khong gian.

2.3. Ldy va phan tich mdu

Céc miu nudc trong nghién ciru hién tai duge 1iy dya trén hai yéu t6 thuc nghiém 1a
phan ving khong gian va theo mua. Viéc 14y mau dugc thuc hién trong 04 nam lién tuc tir
nam 2017-2020 tai 106 vi tri phan bd rong khip cac song kénh rach thudc bén phan ving
khong gian KR1 (38 vi tri), KR2 (9 vi tri), SC1 (51 vi tri) va SC2 (8 vi tri) thudc Vung 1 va
Viing 2 trong thiét ké nghién ctru (Hinh 1) vao hai mua, 02 dot 14y mau/mua, mia mua (thang
06 va thang 09), mua khd (thang 11 va thang 03). Tong cong c6 1.696 mau nude mat trén
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khu vuc nghién ctru duoc phan tich ndng do cua 10 thong sé KLN bao gom: Sét (Fe), Chi
(Pb), Cadimi (Cd), Ddng (Cu), K&m (Zn), Asen (As), Thuy Ngan (Hg), Niken (Ni), Mangan
(Mn), va Crom (Cr). Phuong phap 1ay va phén tich mau thyc hién theo huéng dan ciia Bo
Tai nguyén va Moi truong ban hanh [28].

2.4. Phan tich thong ké

Céc ngudn 6 nhidm va cac théng sb kim loai nang quan trong dugc xac dinh nhd phan
tich thanh phan chinh/phan tich nhan t5 (PCA/FA). Phan tich PCA s€ trich xuét cac thanh
phan chinh tir 10 bién thong sé KLN, cac thanh phan chinh nay 1a t6 hop tuyén tinh cua
nhimng bién cii va khong co ‘tuong quan 143n nhau, PCA gilp giam chiéu dir liéu ma van giit
lai t6i da thong tin tir cac bién ban dau [29]. Gi4 tri riéng ctia cac thanh phéan chinh tir két qua
PCA 1a mét s6 dai dién cho luong phuong sai trong dit liéu ma mot thanh phan giai thich
dugc, néu mot gia tri riéng 16n, thanh phan chinh tuong tng s& giai thich dugc nhiéu bién
dong (su thay dni) trong dir liéu hon, cac thanh phén chinh ¢6 gia tri riéng 16n hon 1 dugc
giir lai theo dé xuat cua Kaiser [30]. Tai trong (h¢ sO tai) cua mot thanh phan chinh 1a gia tri
biéu dién mirc /do dong gop cua mot bién gbc vao thanh phan chinh do, nghlen ctu [31] da
phan loai hé sb tai 1a “manh”, “trung binh” va “yéu” tuong tmg véi cac gia tri tai tuyét dbi
an lugt 1a > 0,75, 0,75-0,50 va 0,5-0,3. Phan tich nhan t6 (FA) trén PCA bang céch 4p dung
phép xoay VARIMAX, phép xoay nay giliip phan phéi hé s6 tai cua thanh phan chinh sao cho
d6 phan tan ctia ching dugc tdi da hoa bang cach giam thleu sO lwgng hé s6 16m va nho [32],
tir d6 tao ra mot nhom bién moi, dugc goi la cac nhén t6, ttr ma trén hiép phuong sai cua tap
dir liéu gbc. Cac bién xoay co hé s tai cao nhét tai nhan t6 chinh (F) nao thi s& dai dién cho
nhan t6 d6 dé xac dinh cac ngudn 6 nhiém [25, 33].

Phén tich PCA/FA theo quy trinh dugc mo ta boi cac nghién ctru trude day [34, 35].
Trude khi thyc hién PCA/FA, tat ca dir liéu can duoc chuan hoa [34], sau d6 thir nghiém
Kaiser - Meyer - Olkin (KMO) va Bartlett’s Sphericity dugc sir dung dé kiém tra tinh chinh
X4c clia ma tran twong quan ddi véi PCA/FA [36]. KMO la mot chi sO gitip xac dinh xem
liéu cac bién trong tap dir liéu c6 du mdi quan h¢ (twong quan) dé thyc hién phan tich PCA
hay khong, KMO > 0,5 la ngudng chap nhan dé thyc hién PCA [36]. Kiém dinh Bartlett duoc
sir dung dé kiém tra gia thuyet vO hiéu rang ma trin twong quan cia tap dir liéu xuat phat tir
mot tong thé trong d6 cac bién khong c6 moi twong quan [33], v6i gia tri p < 0,05 gia thuyét
v6 hiéu bi bac bo, cac bién c6 dit mbi tuong quan dé thyc hién phén tich PCA [29].

Phan tich hoi quy boi dé dinh lwong phan tram déng gOp cua cac nguon 0 nhiém riéng 1¢
chinh (cac nhan t6 F1-F4) duoc xac dinh tir PCA/FA, va dé tinh toan phan trim déng gop
cua tung kim loai nang vao vigc giai thich HPI va Hl [2 14, 33]. Phan tich phuong sai
(ANOVA) duogc thlet ké hoan toan ngiu nhién v0i hai yéu t6 (phan ving va mua) va thuc
hién trén dir liéu nong d6 ctia cac kim loai va chi s6 6 nhidém KLN (HPI). Khi két qua ANOVA
chi ra tac dong dang ké & mirc P < 0,05, kiém dinh sy khac biét dang ké cta Tukey da dugc
stt dung dé phan biét cac gi tri trung binh. RStudio 2023.06.0 Build 421 sir dung dé phan
tich thong ké, v& biéu d6 bang Excel 2016.

2.5. Chi s6 6 nhiém KLN (HPI) va danh gid riii ro sirc khée (HI, CI)
2.5.1. Chi s6 6 nhiém kim loai ning (HPI)

Chi s nay dua ra hiu ing két hop ciia timg KLN riéng 1¢ 1én chat luong nude mat [37].
HPI dugc tinh toan bang phuong phap cua [38], nhu thé hién trong phuong trinh (1):

S QW,

HPI=L (1)

n

2 W,

i=1
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Trong d6 n 1a s luong KLN dugc kiém tra; Wi bang 1/S., Si 14 tiéu chuan chit luong
nude cia kim loai thir i theo quy chuén Viét Nam [39]; Qi = = x 100; Vila ndng do do duoc

cug kim loai tht i. Gia tri HPI nhé hon 100 cho biét nudc co nguy co 6 nhiém kim loai ning
thap; nguoc lai, nguy co €ao.

2.5.2. Banh gia rui ro suc khoe

Danh gia riii ro stc khoe con ngudi, dia theo tinh toan cia USEPA [16], phat trién boi
Xiao va cong su [23], bang cach x4c dinh mirc d6 phoi nhidm va doc tinh, va phan loai rui
ro. Xac dinh phoi nhiém dugc udc tinh bang cach lién quan dén gia tri phoi nhiém hang ngay
ctia co thé con ngudi ddi voi KLN qua hai con dudng chinh 13 qua dn udng va qua da, vi day
12 hai con duong quan trong ctia phoi nhiém KLN tir hé sinh thai dudi nuée [1, 16, 23]. Panh
gia phoi nhiém dugc tinh toan nhu sau:

ADD, _ G xIRxEFxED @)
BFx AT
ADD _ G xSAxK xETxEFxXEDxCF 3)
T BWx AT

Trong d6 ADDiI (ug/Kg/ngay) va ADDd (ng/Kg/ngay) lan luot 1a lidu trung binh hing
ngay qua duong tiéu hoa va hép thu nu6e qua da. Trong cac phuong trinh (2) va (3), Ci la
noéng do KLN (ng/L), IR 1a tdc do tiéu hoa, EF biéu thi tan suat phoi nhiém, ED 1a thoi gian
phoi nhiém, BW biéu thi trong luong co thé, AT la thoi gian trung binh d6i voi chat khong
gy ung thu, SA biéu thi dién tich da tiép xuc, Kp 13 hé s6 bam dinh cua da, ET biéu thi thoi
gian phoi nhiém va CF la hé s6 chuyén d6i don vi [23].

Ap dung hé sé nguy co (HQ) cua Kurma va cong su dé xac dinh cac rui ro khong gay
ung thu [1]. Tong rui ro khong gy ung thu cia mot KLN duoc trinh bay dud6i dang chi s6
nguy co (HI) cho hai tuyén phoi nhiém va dugc tinh nhu sau [1]:

ADD, ,
HQi/d = rD./d 4)
=HQ, +HQ, 5)

Trong d6 RfDj va RfDy 1an Iuot 13 liéu tham chiéu qua dudng tiéu hoa va duong uéng/da
(Mg/kg/ngay), HQi la hé s6 nguy co qua dudng tiéu hoa va HQq 14 hé s6 nguy co qua hap thu
qua da. Chi 5O nay phan loai rui ro sirc khoe thanh hai loai: HI <1 biéu thi tac dong co hai
thap ciia KLN ddi vai st khoe con nguoi, trong khi HI > 1 biéu thi kha ning gay ra tic dong
¢6 hai cao.

Kha niang mic bénh ung thu trong sudt cudc doi ciia mot ngudi do tiép xuc véi cac chat
gdy ung thu tiém an thé hién qua chi s6 Rui ro gy ung thu (CR) cia KLN. Hé s6 d6 dbc (SF)
(mg/kg/day) 14 gia tri doc tinh mo ta mbi lién hé giita liéu lwong va phan tng, pham vi cho
CR duoc quy dinh boi USEPA [16] 12 1x10°% d¢én 1x1074, Néu CR va TCR > 1x10*: rtii ro
khong thé chdp nhan dugc; CR < 1x107%: nguy co duoc coi 1a khong dang ké ddi voi stc
khoe; 1x10 < CR < 1x10°®: riii ro nam trong gidi han cho phép [1, 19]. CR dugc tinh nhu
sau:

CR,, =ADD, , xSF (6)
ClI=CR, +CR, (7)

Trong d6 CI 1a chi s6 ung thu, CR i va CR ¢ 1an luot 13 rui ro gdy ung thu qua dudng tiéu

hoa va hip thu qua da.

3. Két qua va thio luin
3.1. Thong ké nong do KLN

Néng d6 trung binh va dg Iéch chuin caa 10 ‘Ehéng s6 KLN giai doan 2016-2020 trinh
bay tai Bang 1. Gia tri trung binh cua KLN giam dan tir Fe > Mn > Zn > Cu > Ni > Cr > Hg
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>Pb > As > Cd. Néng do Fe vuot khoang 5 14n, Mn vuot khoang 3 lan, va Hg vuot khoang
2 1an khi so sanh véi Quy chuan chat luong nude mat Viét Nam [39]. Nghién ciru [40] vé
chit lwong nude mat tai ving DPBSCL ciing ghi nhan diéu nay. Fe va Mn 1a hai kim loai da
vuot quy chuan trong nudc mit Kénh Doi, Song Cho Dém va Song Bén Lirc theo nghién ctru
¢ tai liéu [22]. Fe va Mn la hai kim loai thuong di kém véi nhau va 1a nhitng kim loai phong
phu nhét trong 16p vo trai dat, va tuy thudc vao dia chit cua khu vuc ma néng do cua ching
tai cac viing nude c6 thé khac nhau [41], do d6 bude dau co thé gia thuyét day 1a hai kim loai
c6 thé chiu sy anh hudng tir dic diém dia chit trén dia ban tinh, danh gia va nhan dinh chi
tiét s& duoc thé hién 6 myc 3.2 trong nghién ctru nay.

Céc thong sb con lai co gia tri trung binh déu dat quy chuan nhung mirc do bién thién
(CV%) ciia céc thong sb KLN c6 thé chia 1am 3 mirc: Cac thong s0 ¢6 gia tri bién dong manh
(CV: > 400%) theo thir ty giam dan bao gdm 05 thong sb: Cr, Hg, Ni, Zn, Cu; cac thong sd
co gia tri bién dong trung binh (CV: 50- -400%) bao gém Fe, Cd, Pb, Mn; va 01 thong sO bién
dong yéu la As (CV < 50%) (Bang 1). Sy bién thién ndng do cac thong sd KLN tai 106 dia
diém quan tric trong 4 nam c6 thé lién quan den mirc d0 xa thai cua cac nguon 0 nhlem (nhan
tao, tu nhién) va phu thudc vao nhiéu yéu t6 nhu: luu luong, nong dg, cac ycu to phu thude
vao dong lyc thuy van nhu: kha nang léng dong/tich ty, kha nang lam sach lién quan dén khoi
nude va van toc dong chay. Dic biét, d01 v6i cac ngudn 6 nhiém nhan tao thi mirc do bién
thién s€ co kha nang cao hon so véi nguon tu nhién, vi vay co thé gia thuyet cac ngudn bién
thién & mirc d6 cao va trung binh ¢ thé chiu sy anh hudng béi cac ngudn nhan tao & muc do
khac nhau, va ty 1¢ thuan theo gia tri CV. Piéu nay s& dugc danh gia rd rang hon tai cac muc
bén dudi.

Bang 1. Thong ké nong do cua 10 thong sé KLN (2016-2020).

) Gia tri - QCVN
Thong so Do vi Trung binh Py lech chuan ¢ Sz’é’\'/";,z)th'e” 08:2023/BTNMT

Fe Lo/ 242331 8.480,56 350 500
Pb Hg/L 1,85 4,70 253 20
cd Hg/L 0.44 1.27 288 5

Cu Hg/L 61,14 249,54 408 100
Zn Hg/L 83,05 39235 472 500
As Hg/L 1,05 0,42 40 10
Hg Hg/L 198 19,93 1.009 1

Ni Hg/L 4273 226,88 531 100
Mn Hg/L 275,96 555,36 201 100
Cr ug/L 6,52 83,96 1.287 50

3.2. Xac dinh va dinh lwong cdc nguén 6 nhiém KLN
3.2.1. Xéc dinh cac ngudn 6 nhiém KLN theo PCA/FA

Str dung PCA/FA dé xac dinh ngudn gdc cua cac KLN trong nude mit & tinh Long An

[23]. Gia tri Kaiser-Meyer-Olkin (KMO) 12 0,58 va y nghia ctia phép thir Bartlett bang 0, cho
thay dir liéu trong nghién ciru nay phu hop dé phan tich PCA [36]. Bén nhan t6 chinh (F1-
F4) duoc chiét xuét tir 10 nguyén t6 KLN trong nudc mat voi cac gia tri riéng > 1 giai thich
lan luot 21,3%, 14 ,5%, 12,4% va 12,1% cua 60,4% tong phurong sai. Cac nhan t6 chinh twong
{ig, tai trong thay ddi va phan trim giai thich phuwong sai dugc trinh bay trong Bang 2.

Bang 2. Tai trong ctia 10 thong s6 KLN trong nudc mit theo phan tich PCA/FA.
Nhan té chinh

Thong sé6 KLN

F1 F2 F3 F4
Fe 0,07 0,63 0,32 0,45
Pb 0,08 021 0,57 0,10
cd -0,03 0,01 0,33 0,42
Cu 0,80 0,21 0,04 -0,14

Zn 0,75 0,06 0,10 0,35




Tap chi Khi twong Thiiy vin 2025, 774, 35-52; doi:10.36335/VNJHM.2025(774).35-52 41

Nhan té chinh

Thong sé6 KLN

F1 F2 F3 F4

As -0,07 0,54 -0,19 -0,24

Hg 0,04 -0,16 0,78 -0,15

Ni 0,91 -0,03 0,02 -0,01

Mn 0,06 -0,03 -0,19 0,78

Cr 0,27 0,80 0,12 0,06

Gia tri riéng 2,13 1,45 1,25 1,21

% Phuong sai 21,3 14,5 12,4 12,1

% Phuong sai cong don 21,3 35,8 48,2 60,4

Ghi cht: Chit s6 t6 dam thé hién cac thong sé dai dién ctia cic nhén t6 chinh (F1-F4).

Céc thong s6 Cu, Zn, va Ni c6 tai trong cao trong F1 va c6 thé giai thich 21,3% phuong
sai. Nhan t6 nay c6 thé dai dién cho ngudn 6 nhidm phat sinh khi thai dét chay do con ngudi
hoic bui duong phd bao gom khi thai giao théng, va cong nghiép. Cu va Zn 1a nhiing nguyén
t6 dugc tim thay trong khi thai giao thong va cong nghiép tai mot sé dat nudc do thi hoa va
cong nghiép hoa cao nhu: Trung Qudc [42], An D6 [12]. Nghién ciru tai tinh Khanh Hoa
cling ghi nhan diéu nay [2]. Khi thai giao thong 1a ngudn chinh giy ra Zn va Ni theo cac
nghién ctru [43]. Cac khu vyc méi va cong nghiép héa cao phan anh sy lam giau nong do
kim loai trong nudc mat dic biét v6i cac nguyén té nhu Zn va Cu theo mot nghién ciru tai
Luu vuc séng Thi Vai [44]. Twong tu ¢ nghién ciru ndy, ndng do cac kim loai trén & Ving 1
(noi ¢o téc do do thi hoa va cong nghiép hoa cao) ciing cao hon dang ké tai so voi Vung 2
(noi mat d6 dan so thap, va chu yu phat trién nong nghlep) (Hinh 2). Pac biét tai khu vire
kénh rach 12 noi gan nhirng ngudn thai: cong nghiép, giao thong, d6 thi, do d6 dé dang tiép
nhan cac sol khi chira cac KLN trong khi thai ctia cac phuong tién giao thong, cong nghiép,
lam gia tang dang ké(p<0 ,05) néng do cac kim loai Cu, Zn va Ni so v61 khu vyc song chinh
- noi chii yéu tiép nhan thir cip cac chét thai phat sinh tir cac hoat dong trén. Phan tich twong
tac riéng 1¢ tai Hinh 2, biéu thi & diéu nay. Vao mia mua, bui ling dong c6 kha ning bi x6i
mon va van chuyén dén cac ving nudc, dan dén néng do kim loai cao hon so v6i mua kho,
nhu thé hién ¢ thong sé Ni (v6i tai trong cao nhéat 0,91 & nhan t6 F1) (Hinh 2¢). Tuy vay, ¢
thong s6 Cu va Zn su thay doi theo muia nay 1 khong rd rang & cac phan ving nghién ctru (p
> 0,05).

(a) Cu Anh huéng: (b) Zn Anh huéng:
Tuong tac = NS Tuong tac = NS
= Mua Mua Phan ving = * = Mua Mua Phan viing = *
EIMua Khb Mua = NS @Mua Kho Mua = NS
800
400
200 600
— —
= 200 = 400
= =
100 -l- 200 a a i
ab ab ab ab
o I ;é ZI o e S
KR1 KR2 sc1 sc2 KR1 KR2 sc1 sc2
Khu vuc Khu vuc
(©) Ni
B Mua Mua < M N A N
_ o Hinh 2. Anh huong theo phén ving
600 B Mua Kho N . N < L. s A X
500 o i khbng gian va theo mua vai cac thong sé
r nh huéng: - a A 4
Tuong tac —Ns  CU, Zn, Ni thuéc Nhén t6 F1.
400 Phan vang = *
o Mua = NS
=300 |
=
200 |
a
b
100 | ape
FE)C c ¢ bc be
0 ——
KR1 KR2 sc1 sc2
Khu vuc

Ghi chti: Thanh error bar: d6 1éch chuén cua gia tri trung binh. Su khéc biét c6 y nghia théng ké (p <0,05): cac
chir céi a, b, ¢, .... Dau hoa thi (*): hidu ing twong tic giita phan ving va mua duoc thir nghiém c6 y nghia théng
ké, va NS: hiéu umg tuong tic khong c6 ¥ nghia thong ké (p > 0,05). Luu ¥ néu hiéu mg tuong tac giita phan
viung va mua khong c6 y nghia (NS), hiéu tng don 1€ ctia 04 phan viung (KR1, KR2, SC1, SC2), va ctia 02 mua
(mua va kho) s€ duoc thu nghiém.
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Nhan t6 thir hai F2 bao gdm Fe, Cr va As c6 thé giai thich 14,5% phuong sai, va duoc
din giai 1a su két hop giira qua trinh phong hoa tr nhién cua dat d4, va qua trinh nhan tao
ching han nhu: hoat dong khai thac mé dat sét, nude thai cong nghiép, nudi tréng thuy san
do tai trong cao di vai Cr, tai trong trung binh ddi véi Fe, As trong PCA/FA. Ghi nhan cua
mot s6 nghién cttu cho thay, Cr c6 thé bat ngudn tir nhiéu hoat dong nhan sinh va qué trinh
tu nhién [45-47]; Khai thac mo va ché bién kim loai, san xuét thép va hop kim kim loai, san
xut son, xi ma va nhudém cé thé gop phan giai phong Cr vao méi truong [48]. Su 6 nhidm
boi Cr do cac hoat dong nudi tom ciing dugc ghi nhan ¢ cac vung cira séng ¢ Dong Bic
Brazil [49]. Trong khi d6 nudi tom 14 hoat dong nudi trong chinh & vung cura sdng ven bién
tinh Long An [20] Phong héa ty nhién cua da siéu mafic cling gop phan 1am ting ndng do
Cr trong dat va tram tich lién quan cling nhu nude ngam [50]. Nong d6 Cr cao thuong duoc
tim thdy & cac vi tri ¢6 ty 1& phan trim cao cua thanh phan sét tir thuong ngudn dén dong
bang ha luu song Hong [51]. Tai Long An, sét dugc khai thac ¢ 9/15 don vi hanh chinh cap
huyén nhu:ng chu yéu tap trung tai huyén Duc Hoa (xa Loc Giang) [20]. Pic biét ngudn do
con ngudi la tdc nhén chinh gay 6 nhiém Cr trong nhiing nim gan day tai khu vuc Nam Bo
[46]. Diéu nay ngu y rang muc do tic dong cao tir cac hoat dong nhén sinh da lam gia tang
phat thai Cr vao mdi truong, Hinh 3.c chimg t6 nhén dinh trén khi chi ra rang tai khu vuc
kinh té phat trién - ving 1 ¢6 nong d6 Cr trong kénh rach cao hon danh ké ving 2.

Trong nhan t6 F2 thi Fe va As ghi nhan ty trong trung binh theo phén tich PCA/FA. Fe
co nhiéu trong dat va can thiét cho cac sinh vat séng [52]. Cac hoat dong nhan tao ciing la
nguon phat sinh Fe vao nudc mat theo ghi nhan [23]. Tai luu vuc song Sai Gon, lugng déng
ké Fe dua vao LVS bat ngudn tir dat phén hodc chat thai tir cong nghiép va sinh hoat [14].
Trong khi do, dat phén 1a nhom dat chinh chiém 46,41% dién tich cua tinh Long An. Do
ngudn Fe da dang trén dia ban, nong d6 Fe ciing khong cho thdy su khac biét dang ké (p >
0,05) gitra bon vung nudc duge kiém tra hodc giita hai mua trong nghién ctru hién tai (Hinh
3a). Vi vay, nong do sat do duoc trong nudc mit tai khu vue déu vuot quy chuén nudc mat
ctia Viét Nam xét theo bon ving khong gian, va theo mua. Nhimg diéu nay cho thay rang
viéc quan 1y 6 nhlem Fe doi hoi nhitng cach tiép can hi¢u qua do sy tham gia cua nhiéu nguon
khac nhau. As cd san trong 16p vo trai dat va do do cé trong dat, da, c6 thé duoc giai phong
vao cac ving nudc miat thong qua nhiéu qué trinh khac nhau nhu khai thac mo, phong héa tu
nhién va qua trinh oxy hoa cac khoang chat chtra As [23, 38]. Mot nghién ctru toan dién vé
tong quan As trong méi truong cua Patel va cong sy cho thdy As dugc dua vao nguon nudc
thong qua su két hop clia qua trinh tw nhién va hoat dong con ngudi nhu: cac tram tich tu
nhién va tir nude thdi ndng nghiép va cong nghi¢p [53]. Hinh 3b cho thay nong do As tai cac
phén vung nghién ctru chénh 1¢ch khong nhiéu va déu thap hon quy chudn nudc mat Viét
Nam (10 pg/L). Phan tich Anova cho thay su khac bi€t c6 y nghia théng ké (p < 0,05) gitra
phan viing KR1 va SC1. Diéu nay ham y rang, sy gia ting nong do As trong nud6ce kénh rach
s0 v0i song chinh tai vung 1 do sy tac dong két hop gitra cac nguon tu nhién va nhan tao.
.Nguyén nhan do cac kénh rach c¢é véan téc dong chay va thé tich thip két hop véi viée khai
thac va x4 chét thai qua muc 1am tich tu va ling dong cao chat 6 nhidm [40]. Trong khi d6
tai cac song chinh véi luu luong dong chay cao, thé tich nudc 1on lam ting qua trinh lam
sach, pha lodng chit 6 nhiém trong khdi nudc. Sy thay dbi theo mua ctia ndng do As trong
nude mit khu vyce nghién ctru 1a khong 16 rang thé hién ¢ gia tri p > 0,05 trong phan tich
Anova.

Nhan t6 chinh F3 ~dong gop 12,4% vao tong phuong sai, ¢ tai trong cao dbi véi Hg, va
tai trong trung binh dbi voi Pb, dai dién cho nudc thai cong nghiép, va cac bai chon lap Hg
c6 thé phat sinh tir cac co 8¢ san Xuét cong nghiép nhu dién tir, phy ting 6 t6, san xuat hoa
chat, ché bién kim loai va cac nganh lién quan dén y té [54] hodc tir cac bai chén 14p rac thai
chira Hg nhu: bong dén huynh quang, rac thai 'y té.... Qua trinh ddt rac thai chira Hg sau d6
chén 14p tro bay du kién sé& phat thai Hg twong duong voi truong hop chon lap truc tiép [55].
Ham lugng thiy ngan cao duoc ghi nhan tai mot s6 diém quan tric kénh rach tiép, noi nhan
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nudce thai tir cac khu cong nghiép - cum cong nghiép. Giai doan 2011-2020, co ciu kinh té
tinh ¢6 sy dich chuyén kha manh sang cong nghiép - xay dung véi ty trong 1én t&i 54% vao
nam 2020 [20]. Tinh hién c¢6 16/37 KCN trong quy hoach da di vao hoat dong va 21 CCN
dang hoat dong tap trung chu yéu tai cac huyén buc Hoa, Bén Luc, Can Pudc, Can Giudce
[20] thudc Ving 1, 1y giai cho ndng d6 Hg tai Vung 1 cao hon dang ké Ving 2 (Hinh 4b).
Dic biét, ndong d6 Hg tai cac kénh rach nhan truc tiép nudc thai tir cac KCN, CCN di vuot
quy chuan cho phép (> 1,0 pg/L cua quy chuin), trong khi tai cac song chinh (< 1,0 pg/L).
Diéu nay ciing duoc giai thich boi qua trinh tich ty ling dong chit 6 nhiém trong khéi nude
twong ty nhu giai thich & Nhan t6 F2 phia trén.

(a) Fe Anh huéng: (B)AS  avia Mua Anh huéng:
m Mia M Tuong tic = NS Tuong tac = NS
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Khdi lugng chét thai ran ngay cang tang cung vdi gia tang dan 5O (trung binh 1,55%/ndm)
[20], nhung rac sinh hoat van chua dugc phan loai tai nguon, dan dén mot lugng CTNH
chiém ty 18 tir 0,02-0,82% nhu: pin, ac quy, dén huynh quang, nhiét ké thily ngan ,... cd trong
CTRSH duoc dua dén cac bai chon lap, hodc nha may dot rac cia tinh [21]. Nghién ctru tai
bai rac Kiéu Ky, Ha Noi [56] cho thiy nong d6 Pb va Hg trong nudc ri rac cao hon QCVN
40:2011/BTNMT Cot B [57]. Trong khi do, tai Viét Nam c¢6 téi 80% cac BCL la khong hop
vé sinh [58], d4n dén qua trinh phat tdn KLN c6 trong nudc ri rac vao méi truong nude mat.
Tai Long An, ghi nhan ctia S6 TNMT cho thay tinh trang qua tai, gy 6 nhiém nudc ri rac do
CTR ton dong tai mot sb nha may xir Iy CTR chinh [59]. Hon nita, ddt réc ciing ¢6 thé lam
phat tan cac kim loai nang (nhu Hg, Pb) theo tro bui vao mdi truong [60]. Bui ling dong va
nudc ri rac chira KLN Hg c6 kha ning phat tdn dén cac kénh rach gan khu xir 1y chat thai
ran, dan dén ndng d6 Hg cao hon vao mia mua, nhu thé hién trong Hinh 4.b.

Méi quan hé rat tich cyc gitra ndng do Pb va Hg trong nudc ciing duoc phat hién tai cong
trinh [61]. O ndng d6 thap Hg va Pb ciing doc hai 1a nhiimg nguyén t6 khong phan huy duoc
va tich ty trong chudi thic an [1]. Pb chu yeu phat sinh tir nguon nhan tao [23], dac biét la
trong cac nganh cong nghiép [62], nhu san xuat pin, luyén kim [63]. Him luong Pb c6 nhiéu
trong Pin, trong khi d6 Pin 1a mot trong nhitng CTNH c6 nhiéu trong rac sinh hoat [21].
Tuong tu nhur ngudn gdc Hg nhu trinh bay & trén, thi Pb ciing 13 mét trong nhimng kim loai
nong do cao trong nudc ri rac, va dét CTR. Tuy vay, nguoc lai voi Hg, ndng do Pb trong
nudc mit trong nghién ctru ndy vao mua mua thip hon so véi mua kho, va danh gia nay 1a
c6 y nghia thong ké (p < 0,05). Nguyén nhén c6 thé do sy phat tan cua kim loai Hg va Pb vao
moi truong dién ra khac nhau do tinh chit vat 1y, héa hoc va co ché twong tac v6i moi truong



Tap chi Khi twong Thiiy vin 2025, 774, 35-52; doi:10.36335/VNJHM.2025(774).35-52 44

cua tung kim loai. Hg ton tai & dang 10ng tai nhiét d6 phong, d& hoa tan vao nude va chuyén
hoa thanh cac hop chat methyl thuy ngan dé tich tu sinh hoc trong dong vat thuy sinh, voi tbe
d6 phat tan nhanh vao moé1 truong dan dén thuy ngén di chuyén kha xa tir cdc ngudn tiép nhan
chinh (chu yéu 1a cac kénh rach) dén cac song chinh dudi su tic dong cua luu luong nudce
16n vao mua mua, 1am ting ndng do Hg trong séng chinh vao mua mua so v6i mua kho
(nguoc lai tai cac kénh rach) (Hinh 4b). Trong khi dé, Pb ton tai & dang ran, khi vao moi
truong, Pb thuong gén két voi cac hat dit sét hodc chit hitu co, 1am han ché sy di chuyén
trong méi truong nude. Didu nay dan dén su lan truyén cham trong cac ving nudce khac nhau
cua thuy vuc, do d6 voi su tich tu léng dong cao hon vao mua kho do Iuu lugng nude thép
da lam tang ham luong Pb trong khéi nude so v6i mua mua.

(a) Pb 7 (b) Hg ,
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Hinh 4. Anh huong theo phan viing khdng gian va theo mua vai cac thong sé Pb va Hg thuoc Nhan té F3.

Nhén t6 F4 déng gop 12,1% tong phuong sai, va c0 tai trong cao d6i v6i Mn, tai trong
yéu dbi v6i Cd. Nhan t6 nay c6 thé dai dién cho qua trinh rira troi dat. Mn la mot trong nhimng
kim loai c¢6 nhiéu nhat trong 16p vo trai dét, thuong xuat hién ciing véi Fe. Tuy thudc vao dia
chit ctia khu vye ma nong dd Mn trong nudc tw nhién cia cac ving nudc khac nhau [41].
Qua trinh rira troi, hoa tan dat phén da 1am giai phong luong 16n ndng do Mn vao méi trudng
nude [64], va Long An 1a dia phuong co dién tich dat phén chiém toi 46,41% dién tich dat
[20], dan dén nong do Mn trong khdi nudc tai khu vue déu vugt quy chuan nudc mit Viét
Nam (100 pg/L) tai bén phén vung khong gian, cling nhu hai mua (Hinh 5b). Nghién ctru
[65], chi ra rang Mn bét ngudn tir dong chay nudc mit qua ving dat do thi cudn theo cac chét
thai bé mat, co thé giai thich cho ham lugng Mn tai cac kénh rach cao hon séng chinh trong
nghién ctru hién tai, vi kénh rach 1 noi tiép nhan dau tién cac chit thai cua dong nudc mua
chay tran qua bé mat dat dé vao thuy vuc. Pong thoi, cling 14 nguyén nhan dan dén nong do
Mn trong nudc mat cao tai Vung 1 (noi do thi hda manh) so vai Vung 2 (Hinh 5b). Vao mua
kh6 nong 6 Mn thap hon dang ké (p < 0,05) so voi mua mua, do dong nudc mua chay tran
qua bé mit dat cudn theo cac chat 6 nhiém lam gia ting ndng d6 Mn trong nudc.

Nghién ctru tai Khanh Hoa cho thiy Cd c6 ngudn gbc lién quan dén x6i mon dét hoic
dong chay tir it nong nghiép, va Fe 1a mot trong nhimng nguyén té di kém Cd trong phén
tich PCA/FA [2]. C6 su tuong dong gilta nghién ctru trén [2] va trong nghién ctru nay, vi déu
chimg to6 Cd di kém véi mét nguyén t kim loai c6 nhiéu trong dat (Fe trong [2], Mn trong
nghién ctru nay) va dai dién cho ngudn 6 nhiém KLN trong thiy vuc nghién ciru. Hon nita,
phan tich theo muia tai 02 nghién ciru déu cho thdy nhiing khac biét dang ké theo mua, véi
ham luong Cd cao hon trong mua kho va Fe/Mn cao hon trong muia mwa. San xuit lta c6 thé
1a nguyén nhan lam Cd cao trong mua khd, do viéc bon phén trong laa co thé 1am ting nong
do Cd do dong chay bé mit tir rudng c6 phan bon chira Cd [2, 66] Long An la tinh ¢6 dién
tich dét trong lta dimng thir 04 cua ving PBSCL [2], do d6 ¢ thé gop phan cung c¢b cho nhan
dinh trén.
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(a) Cd o (b) Mn ,
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Hinh 5. Anh huéng theo phan viing khdng gian va theo mua véi cac thong sé6 Cd va Mn thuoc Nhan t6 F4.
3.2.2. Panh gi4 6 nhiém, va dinh lugng cac ngudn 6 nhiém déng gop vao chi sé HPI

Két qua tinh toan chi s6 6 nhiém HPI trén toan dia ban nghién ctru tai Bang 3 ghi nhan
gia tri 147 > 100, ching to nudc mit tai khu vuc di bi 6 nhiém ning KLN va khong thich
hop dé dung cho myc dich dn ung néu khong duoc xir 1y voi cong nghé thich hop.

HPI cao hon dang ké tai khu vuc kénh rach so véi song chinh (Hinh 6a) va c¢6 y nghia
théng ké tai Vung 1 (p <0,05). Gia tri HPI >100 tai khu vuc kénh rach chirmg to nudc dang
bi 6 nhiém KLN, trong khi HPI tai khu vyc song chinh < 100, ham y rang viing song chinh
van chua bi 6 nhiém KLN. Cac song chinh véi khdi lwong nudc 16n s& lam ting hiéu tmg pha
lodng va giam nong do KLN trong khéi nudc so véi kénh rach [14, 40]. Vao mia mua, KLN
cao hon so v6i mua kho theo chi sb HPI, nhung khac biét khong c6 y nghia thdng ké (p >
0,05). Mua c6 thé c6 tac dong kép dén nong do kim loai trong nuéc mat. Tac dong dau tién
c6 thé lién quan dén qua trinh van chuyén kim loai nhanh va manh tir nguon 6 nhiém ciia
chung dén cac ving nudc trong mua mua, din dén 6 nhiém KLN nhiéu hon. Tac dong nay
da dugc quan sat thay ré rang ¢ Ni, Fe, Hg va Mn, cho thdy nong d cao hon trong mila mua
(Hinh 2b-2d). Hg déng gop 16m 97,1% vao tong phuong sai HPI ciia Hg (Bang 4), chimg t6
n6 1a kim loai quan trong nhét trong muoi kim loai dugc nghién ctru & khu vuc, diéu nay lam
HPI (Hinh 6a) mua mua cao hon mua khod. Nguoc lai, tac dong thir hai c6 lién quan dén hiéu
Umg pha loang vao mua mua. Luong nudc mua nhiéu hon trong miia mua co thé lam lodng
va 1am giam ndng d6 KLN trong nhiéu ngudn nudc khac nhau [67], va dugc quan st thiy
tai cac kim loai nhu: Cu, Pb, Zn, As, Cr va Cd (Hinh 2-5). Sy anh huong theo mua khac dén
nong do cac kim loai trong nuéc ciing duoc ghi nhan ¢ [2] va [67]Anh hudng theo mua chi
dugc ghi nhan c6 ¥ nghia théng ké (p < 0,05) dbi v6i Mn va Pb nghién ctru nay. Diéu nay
ngu v hai kim loai trén dai di¢n theo mua & khu vuc nghién ctru. Theo thoi gian chi s6 HPI
nam 2018 cao hon dang ké (p <0,05) cac nam khac (Hinh 6b), cac nam 2017, 2019 va 2020
su khac biét la khong dang ké. Nguyén nhan c6 thé nam 2018, cac ngudn thai trén dja ban
tinh x4 thai nhiéu KLN vao ngudn nudc.

Bang 3. Két qua tinh toan Chi s6 HPI.

Trung binh

Tén kim loai (ug/L) Si Wi Qi Qi x Wi
Fe 2.423,31 500 0,002 484,66 0,97
Pb 1,85 20 0,05 9,27 0,46
Cd 0,44 5 0,2 8,82 1,76
Cu 61,14 100 0,01 61,14 0,61
Zn 83,05 500 0,002 16,61 0,03
As 1,05 10 0,1 10,49 1,05
Hg 1,98 1 1 197,59 197,59
Ni 42,73 100 0,01 42,73 0,43
Mn 275,96 100 0,01 275,96 2,76
Cr 6,52 50 0,02 13,05 0,26

>TW, =1,40; > (W, xQ, ) = 205,92; HP1 = 146,67
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Bang 4. Phan tram dong gop cua timng kim loai trong viéc giai thich tong phuong sai cua HPI va HI
trong khu vuc nghién cau.

HPI HI - Nguoi lon HI - Tré em
Kim 2 . Pon; Tén L. . 2 . DPon;
loai Tongbinh 00 g(')pg binh Gl tri Dong -~ Tongbinh 0 i gépg
phuong (%) phwong p gop (%) phuong (%)
Fe 25443540  <0,0001 0,74 181  <00001 19,66 6,68 <0,0001 21,24
Pb 60.982.725  <0,0001 1,78 014  <00001 148 0,38 <0,0001 121
cd 4616666 <0000 014 000  <0,0001 0,01 0,01 <0,0001 0,02
cu 6.735 <0,0001 0,00 38  <00001 42,04 11,28 <0,0001 35,87
Zn 7151.906  <00001 021 015  <0,0001 167 0,52 <0,0001 1,66
As 93.266 <0,0001 0,00 016  <0,0001 1,76 0,44 <0,0001 1,40
Hg  3.318.730689 <0,0001 97,12 000  <0,0001 0,05 0,02 <0,0001 0,05
Ni 739 <0,0001 0,00 037  <0,0001 4,05 1,49 <0,0001 4,73
Mn 24.439 <0,0001 0,00 013  <00001 142 0,38 <0,0001 1,22
cr 5.654 <0,0001 0,00 257 <0001 27,87 10,25 <0,0001 32,60
Error 0 - 0,00 0,00 - 0,00 0,00 - 0,00
(loi)
Tong
Phuon  3.417.056.358 - 100,0 9,23 - 100,0 31,45 - 100,0
g sai

Ghi chu: P < 0,05 thé hién sy dong gop co ¥ nghia thong ké.

() Bién ddi theo khu virc (b) Bién ddi theo thoi gian
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Hinh 6. Bién ddi theo khdng gian va thai gian cia chi sé 6 nhidm KLN (HPI) tai khu vuc.

3.3. Danh gia rui ro suc khoe con nguoi

Rui ro strc khoe tiém an khong gy ung thu do KLN trong ngudn nudc mit duoc tinh
toan thong qua chi s6 nguy co HI qua hai con dudng tiéu hoa va qua da, vi ddy 1a hai con
duong tiép xuc chinh cia KLN [1, 16]. Bang 5 chi ra nhitng rui ro strc khoe do cac KLN. As,
Mn, Cr va Ni gdy ra rui ro cao hon thong qua duong ti€u hoa cho nguoi 16n va tre em. Tuy
vay chi sd nguy co tinh toan tai muoi thong sé6 KLN déu nho hon 1, ching to tac dong c6 hai
thap ciia cac KLN trén d6i véi ca tré em va nguoi 16n. Trong do, stc khoe tré em dé bi anh
huong do cac hoa chit doc trong méi truong hon [19], voi gia tri tong HI cao hon 1,49 lan
s0 voi nguoi 16n (Hinh 7a). Phan tich hoi quy boi dong gop ciia cac HI KLN riéng 1é cho
thdy Cu, Cr va Fe giai thich tong phuong sai ciia HI (Bang 4), ngu ¥ rang ba kim loai nay 1a
nguyén t6 quan trong nhat véi rui ro strc khoe ¢ tré em va nguoi 16n.

Rui ro ung thu ddi v6i ca tré em va ngudi 1on thong qua con duong tiéu hoa cao hon so
v6i duong qua da duoc xac dinh dbi véi Cr, Ni, As va Cd (Bang 6). Cac gia tri chi s6 ung thu
(CI) ddi véi Cd, As, Ni va Cr c6 gié tri cao hon pham vi dugc khuyén nghi bai [1, 16] tir 1
x107% dén 1x107* cho hai @i twong nghién ciu, trong dé Ni ¢ gia tri CI cao nhét, va nguy
co gay ung thu dbi véi tré em dugce danh gia 14 cao hon so véi ngudi 16n (Hinh 7b).
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(a) Chi s6 nguy co HI (b) Chi sb nguy co gay ung thu CI
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Hinh 7. Chi sé rui ro stc khoe cua cac KLN trong nuéc mit tai khu vyc.

Bang 5. Danh gia rui ro stc khoe tiém an do KLN trong ngudn nudc mit trén dia ban nghién cuu.

Chi s6 nguy co

. Nguai lon Tré em Nguai lon Tré em
Kim loai RfDi (ug/kg/d) RfDd (ug/kg/d) HI
ADDi ADDd ADDi ADDd HQi HQd HQi HQd Lén Tré
Fe 700 140 1,001 0373 1,041 0,767 0,001 0,003 0,001 0,005 0,004 0,007
Pb 1,4 0,42 0,006 0,000 0,007 0,000 0,005 0,000 0,005 0,000 0,005 0,005
Cd 0,5 0,025 0,001 0,000 0,001 0,000 0,001 0,003 0,001 0,006 0,004 0,007
Cu 40 12 1,028 0,009 1,069 0,019 0,026 0,001 0,027 0,002 0,026 0,028
Zn 300 60 0,490 0,008 0510 0,016 0,002 0,000 0,002 0,000 0,002 0,002
As 0,3 0,123 0,029 0,000 0031 0,000 0,09 0,001 0102 0,003 0,099 0,105
Hg 0,3 0,3 0,000 0,000 0,000 0,001 0,000 0,001 0,000 0,002 0,001 0,002
Ni 20 0,8 0,050 0,026 0052 0,054 0,003 0,033 0,003 0,068 0,035 0,070
Mn 24 0,96 0,489 0,043 0508 0,087 0,020 0,044 0,021 0,091 0,065 0,112
Cr 3 0,075 0,007 0,003 0,008 0,006 0,002 0,040 0,003 0,083 0,043 0,085

Ghi chi: RfDig) = liéu tham chiéu qua dudng udng/da; ADD: lidu trung binh hang ngay; HQ = Hé sb nguy
co.

Bang 6. Nguy co giy ung thu (CR) do KLN trong ngudn nuéc mat trén dia ban nghién ciu.

. . Nguwoi lon Tré em Chi s0 nguy co ung thw (CI)
Kimlogi  SF(mg/kg/day) -, CRd CRi CRd Ngudi lén Tré em
Cd 15 0,010 0,001 0,010 0,002 0,011 0,012
As 15 0,044 0,000 0,046 0,000 0,044 0,046
Ni 1,7 0,086 0,045 0,089 0,092 0,130 0,181
Cr 0,5 0,004 0,002 0,004 0,003 0,005 0,007

4. Két ludn

Nudc mit tai tinh Long An dang c6 dau hiéu 6 nhiém KLN 6 3 thong sO Fe, Mn va Hg.
Trong do, Hg c6 ngudn gdc nhan tao, dugc xem la thong 5O quan trong nhat can phai giam
sat do chiém toi 96,1% trong chi 5O HPL Cac kénh rach, noi tiép nhan tryc tiép cac ngudn 6
nhiém KLN trén dia ban, dan dén nong do cao hon dang ké so véi cac song chinh, dac biét
1a tai ving 1 (gan bién). Mtc d6 6 nhiém KLN ting dan tir ving 2 (ndi dia) ra ving 1 (gan
bién), do ving 1 hoat dong kinh té cao hon dang ké. O nhiém KLN mua mua cao hon mua
kho, dic biét 1a & cac kénh rach, nam 2018 cao nhat. Phan tich PCA/FA xéc dinh 04 nguén
6 nhiém KLN chinh trong nuéc mit trong khu vuc gop phan giai thich khoang 60% tong
phuong sai, trong d6: khi thai tir qua trinh ddt chay/bui duong phd chiém 21,3%; qua trinh
phong hoa tu nhién, ciing vé6i cac hoat dong nhan sinh chiém 14,5%; nudc thai cong nghiép,
va bai chon l4p chét thai chiém 12,4%; qué trinh rira troi dat va dong chay dat nong nghiép
chiém 12,1%. HI cho thay tac dong c6 hai thap cia KLN ddi véi sirc khoe clia nguoi 10n va
tré em. Cu, Cr va Fe 14 ba thong so chinh c6 thé anh hudng dén suc khoe. Cd, As, Ni va Cr



Tap chi Khi twong Thiiy vin 2025, 774, 35-52; doi:10.36335/VNJHM.2025(774).35-52 48

dugc danh gia 1a c6 nguy co gdy ung thu khong thé chip nhin duoc. Qué trinh van chuyén
kim loai tir ngudn phét sinh dén cac khdi nuée phu thude vao tinh chit vat 1y, hoa hoc va co
ché twong tac véi moi truong cua timg kim loai, can dugc nghién ciru chuyén sau hon. Pong
thoi, 6 nhiém KLN trong nudc mit cd thé do yéu td tu nhién nhu: khi quyén, dia chét, thuy
van. Do d6 can ap dung céac giai phap tong hop kiém soat KLN gitp bao vé méi trudng va
suc khde ctia nguoi dan.

Loi cam on: Tac gid xin bay to 161 cam on chan thanh té1 S& Tai nguyén va Moi truong tinh
Long An d4 hd trg, gitip d&, gop phan hoan thanh cong trinh nghién ctru nay.

Loi cam doan: Tac gia cam doan bai bao nay 1a cong trinh nghién clru cua tac gia, chua
duogc cong bd & dau, khong duoc sao chép tir nhitng nghién ciru trude day; khong co su tranh
chap loi ich.
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Risk evaluation for human health from surface water polluted
with heavy metal in Long An province

Le Viet Thang'*

L Institute for Environmental Science, Engineering and Management, Industrial University
of Ho Chi Minh City; levietthangmt@gmail.com

Abstract: This study aimed to fractionate and quantify sources of heavy metal in surface
water and assess the associated human health risks in Long An province. The results of 10
heavy metal parameters in 4 years showed that the average values of Fe, Mn, and Hg exceed
the permissible standards. The heavy metal pollution index (HPI) increased gradually from
inland to coastal area and was significantly higher in canals than in main rivers. Principal
component analysis (PCA/FA) identified four main sources of heavy metal pollution: air
emissions from combustion/dust; natural weathering combined with anthropogenic
activities: clay mining and industrial - aquaculture production; industrial wastewater, and
landfills activities; soil and agricultural runoff. Hg was the most important heavy metal in
determining the HPI, while Cu, Cr, and Fe were the three main parameters affecting human
health. The non-carcinogenic risk index (HI) indicated a low adverse health impact of heavy
metals in adults and children. Meanwhile, the carcinogenic risk assessment (ClI) identified
Cd, As, Ni and Cr in surface water can be an unacceptable carcinogenic risk.

Keywords: Heavy metal; Pollution sources; Long An; Health risk.
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