DANH GIA DIEN BIEN CHAT LU’O’NG NU’O’C MAT VA XAC DINH NGUON O
NHIEM THEO TIEU VUNG & PONG BANG SONG CU'U LONG GIAI DOAN
2017-2024

Poan Thanh Vi, Tran Pang An®,

Nguyén Dirc Nhat Treang®, Phan Thi Thuy Duong®
@Trwdong BDH Tai nguyén va Méi trirdng Thanh phé H6 Chi Minh
@Trweng Bai hoc Thay loi
BICéng ty TNHH Dich vu Méi trurong Dai Lo

Ngay nhén bai: 17/8/2025; ngay gtti phdn bién: 18/8/2025; ngdy chép nhén déng: 9/9/2025

Tém tat: Nghién ctru nay ddnh gid hién trang, phdn héa theo khéng gian - thoi gian va cdc yéu té chi
phéi chét lwong nudc mdt tai Pdng bdng Séng Ciru Long (PBSCL) giai doan 2017-2024, trén bén tiéu ving:
Tt gidc Long Xuyén (TGLX), Bdn ddo Ca Mau (BBCM), giitta Séng Tién-Hau (G2SO) va Té Séng Tién (TST). Két
qud cho thdy hdu hét théng s6 (trir NOs~) vt QCVN 08-MT:2015 Al; ghi nhén gid tri trung binh hitu co
khd cao (BODs 10 mg/L; COD 25 mg/L) kém vi sinh va kim loai, gdy rdi ro cho cdp nwdc sinh hoat. WQl rét
thép & kénh néi déng (6-29) nhuwng dat mire trung binh-khd trén truc séng chinh (50-65), phdn dnh vai tro
pha lodng/tw lam sach cda S6ng Tién-Hau. Phdn tich PCA chi ra sdu nhém ngudén chinh (hitu co-kim loai, dia
hod/phén, mdn-oxy hod, vi sinh, dinh dudng, va pH-Hg). AHC phdn cum hon 2.500 mgu thanh cdc cum 6
nhiém hitu co-kim logi cao, cum nén phé bién, va cum dj thuong nhé cén gidm sdt. Lan dau tién, WQI theo
mua cho thy miua muwa cdi thién chdt lwong trén séng chinh nhung lam xéu nuwdc néi ddng, con mia khé
thi nguoc lai. Két quéd cung cdp co' s& nhan dién “diém néng” va dé xudt kiém sodt ngudn thdi thich tng thiy

vdn - khi hgu cho DBSCL.

Tir khéa: Chi sé WQl, Mann-Kendall, Sen’s Slope, phén tich PCA, AHC, BBSCL.

1. Dat van dé

DBSCL 13 khu vyc c¢é hé théng sdng ngoi day
déc, 1a trung tAm ndng nghiép, thiy san I&n nhat
ca nudce véi khoang 17 triéu dan, nhung dia hinh
thap, bang phang khién khu vuc dé t6n thuong
truwdc bién ddi khi hau (nudc bién dang, I, han
han, xam nhap madn) [1-3]. Bén canh d¢6, tham
canh ndng nghiép, m& réng nudi trong thiy san,
céng nghiép hoa - dd thi héa cung ha tang x{r
ly chat thai han ché d3 lam tinh trang & nhiém
nghiém trong hon [4]. Ngoai ra, thay dién thuong
ngudn Mekong lam giam phu sa, dong chay, gia
tang x6i 1& va xdm nhap man, de doa an ninh
ngudn nudc va phat trién bén virng vung [1], [3].

Viéc danh gid toan dién va xac dinh nguyén
nhan 6 nhiém ngudn nudc |a cap thiét cho quan
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ly bén virng [5]. Trong d6, chi s6 WQI gilp téng
hop nhiéu thdng s6 thanh mét gia tri duy nhét,
hd tro phan loai nhanh tinh trang ngudn nuwéc.
Cac phuwong phéap théng k& da bién nhu PCA
va AHC cho phép nhan dién yé&u té chi phéi va
ngudn 6 nhiém chinh [1], [5]. Nhiéu nghién
clru trudc day da két hgp WaQl véi PCA/AHC
dé phan tich bién déng khong - thoi gian chat
lwgng nudc. Dong thoi, phan tich xu thé thoi
gian ciing rat quan trong. Do d4, nghién clru nay
nham (i) Panh gid hién trang va bién dong khong
- thdi gian chat lvgng nwdc mat DBSCL giai doan
2017-2024, (ii) Phan tich xu thé bang kiém dinh
Mann-Kendall, va (iii) Nhan dién nhdm nguyén
nhan 6 nhiém, qua dé dé xuat dinh huéng giai
phdp quan ly. So v&i nghién ctru truwdc cla ching
t6i [4], nghién clru nay cap nhat thém dir liéu
cla ndm 2023 va ndm 2024 dé phan anh rd hon
xu hudng trong nhitng ndm gan day.

TAP CHi KHOA HOC BIEN P81 KHi HAU || =29
$6 36 - Thang 12/2025 || m—




2. Phuwong phap va tai liéu nghién ctru
2.1. Pham vi nghién cuu

Nghién ctru dugc thyc hién trén dia ban
13 tinh/thanh phé DBSCL (nay 13 6 tinh nhung
khdng bao gdbm dién tich cua Tinh Tay Ninh

trwdc day) va tap trung vao bdn tiéu ving dac
trweng: (1) tiéu vung TGLX, (2) tiéu ving BDCM,
(3) ti€u vung G2S0, va (4) tiéu vung TST dai dién
cho céc khu vy dia ly - thay van khac nhau cda
DBSCL (Hinh 1).
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Hinh 1. Ban db vj tri viing nghién ctru dwoc phdn chia theo 4 tiéu ving ddc trung: (1) T Gide Long Xuyén, (2)
Bdn dédo Ca Mau, (3) Gitra Séng Tién - Séng Héu, (4) Té Séng Tién va so db vj tri cdc diém quan trdc chdt luong
nwoc mdt

2.2. Di¥ liéu va thu thdp méu

Nghién ctu st dung tap di¥ liéu quan trac
chat lvgng nuwdc mat giai doan 2017-2024
lén t&i 2.548 mau (Bang 1) do B6 TN&MT, Bo
NN&PTNT va S& TN&MT cua 13 tinh DBSCL thuc
hién. Cac mau trén duoc thu tai cac diém co
dinh trén hé théng sdng kénh cta vung DBSCL
cho cd mua khd va mua mua, vdi tn suit thang
hodc quy. Mau ldy & d6 sadu =0,3 m vao budi
sang (8-10 giv), bao quan lanh 4°C va phan tich
trong phong thi nghiém theo TCVN va SMEWW
(APHA) cho céc théng sé pH, nhiét dg, TSS, DO,
BODs, COD, NH4*, NOs~, PO437, NO,~, Coliform...
Két qud duwoc so sdnh véi QCVN 08-MT:2015/
BTNMT dé danh gid mrc do 6 nhiém. D& dam
bao chat lwgng, khodng 5% s6 mau la mau trang
va mau lap; di¥ liéu dudi ngudng phat hién duoc
thay thé& bang 1/2 gid tri LOD. Cac bién l&ch phai
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duoc logl0, toan bd dit liéu chudn hda z-score
trwdc khi phan tich PCA/AHC. Do han ché tiép
can va chia sé, mang luéi quan tric chwa dong
déu, gay thiéu hut va gidm d6 tin cdy khong
gian; dé khac phuc, nghién clru ap dung phan
tich thdng ké da bién nham nhan dién cum 6
nhiém va xu thé theo vlung.
2.3. Phwo'ng phdp phén tich va ddnh gid sé liéu

So sdnh v&i quy chudn: K&t qua phan tich
duoc d6i chiéu véi Quy chuan ki thuat quéc gia
vé chat lugng nudc mat (QCVN 08-MT:2015/
BTNMT) cot Al dé dénh gid mic dd 6 nhiém.
DU quy chudn nay dugc cip nhat tir ndm 2023
nhung nghién ctru van st dung phién ban 2015
nham dam bao théng nhat cho toan giai doan
2017-2024.

Chi s& chat lvgng nwdc (WQI): Chi sd chat
lvgng nwéce (WQI) dugce tinh theo Quyét dinh




1460/QP-TCMT (2019) cha Téng cuc Méi trudng
va xem thém nghién cru cla [4]. V&i cc thong
s6 dau vao gébm 16 thdng s6 thudc 4 nhém:
Nhém | (pH), nhém Il (kim loai ndng), nhém IV
(httu co va dinh dudng), nhém V (Coliform); moi
théng s6 duoc gan trong sé theo mirc dd dnh
huwédng. Trwdong hop thiéu dit liéu, viéc tinh todn
duoc x& ly theo huwéng dan clia QP 1460, bao
dam s6 liéu dé tinh todn WQI phai bao gom t6i
thiéu 03/05 nhém thdng s6, trong dé bat budc
phai c6 nhém IV va trong nhdm 1V cé t6i thiéu
03 théng s duoc sir dung dé tinh toan. Két qua
WQl duoc phan hang theo ngudng: 91-100 (rat
tét), 76-90 (t6t), 51-75 (trung binh), 26-50 (xau),
10-25 (kém), <10 (6 nhiém rat ndng). Trong
nghién ctru [4] chi tinh WQI chung cho toan giai
doan, nghién ctru nay tinh riéng cho tirng mua
(mua, khd) dé 1am rd yéu t6 mua vu cla khu vue.

Phan tich thanh phan chinh (PCA) dwoc 4p
dung dé gidam chiéu dit liéu va xac dinh cac
thanh phan chinh (cac PC) giai thich phan lén
phuong sai cla tap dit liéu chat lwvong nuwdce [1].
K&t qua PCA cho phép phan nhém céc théng s6
theo céc tdc nhan 6 nhiém tiém &n nhu 6 nhiém
hitu co (BODs, COD), dinh du&ng (N, P), vi sinh
(Coliform, E. coli) hay nudc man (d6 man, CI7)
tuy dir liéu [4]. Déng thoi, phuwong phap phan
cum phan cap (Ward, khoang céch Euclid) dwoc
sir dung dé gom céc diém quan trac thanh cum
cé chat lvong nudc twong tu, nhan dién cac
vung dong nhat vé 6 nhiém [1]. Cac phan tich
duwoc thye hién bang phan mém SPSS, cong cu
XLSTAT, v&i kiém dinh y nghia & murc tin cay 95%
(a=0,05).

Kiém dinh xu thé thoi gian: Puoc thyc hién
bang phuong phap phi tham s& Mann-Kendall
(MK) két hop hé s6 Sen’s Slope trén chudi 6 liéu
quan trac 2017-2024 tai tirng diém quan trac.
MK gilp xac dinh xu huéng tdng hodc giam cé
y nghia théng ké (p < 0,05), cdn Sen’s Slope uwdc
lwgng d6 I&n cha xu hudng [8]. Phuwong phap
nay phé bién trong nghién ctru mbi trudong do
khéng yéu cau phan phdi chudn va phu hop vdi
dit liéu bién dong that thuong.

Nghién ctru da két hop danh gid dinh luvong
(WaQl) véi phan tich dinh tinh - chdn doan (PCA,
CA, xu thé) trén bd dit liéu quy mé I&n DBSCL
giai doan 2017-2024. Cach ti€p cin da chiéu nay
giup nhan dién toan dién dién bién chat luvong
nudc, lam rd ngudn géc & nhiém theo phan vung
va theo ddi xu huwéng bién déi, tir d6 ho tro canh
bdo va quan ly hiéu qua trong tuong lai.

3. Két qua va thao luan
3.1. Két qué

3.1.1. Pdc diém hod hoc cia nwdc mdt

K&t qua tong hop duoc trinh bay tém tat tai
Bang 1. C4c thdéng s6 quan trac cho thay tinh
trang 6 nhiém hitu co, dinh dudng va vi sinh
twong ddi nghiém trong, riéng pham vi réng,
v3i nhiéu chi tiéu cé gid tri trung binh va cuc
dai vuot xa gidi han cho phép cla quy chuan ky
thuat quéc gia vé chat lvong nwdc mat (QCVN
08-MT:2015, c6t Al), nhu: BODs, COD, TOC,
NH4*, NO,~, PO,3, trong khi NOs™ nam trong gidi
han (£2 mg/L). Cac trudong hop cao bat thudong
c6 thé |a ngoai [& dén tir nudc thdi ndbng d6 dam
dac tai mot kénh néi dong.

Bdng 1. Téng hop cdc théng s6 chét lwong nude cho toan viing PBSCL

Chitiéu | Tong s6 mau | Nhé nhat | Lén nhat | Trung binh | Do léch chuan | QCVN 08-MT:2015
pH 2.548 3,1 9,0 7,0 0,6 6,5-8,5
DO 2.548 2 11 6 1 26
BOD5 2.548 4 173 10 8 4
CoD 2.548 6 473 25 19 10
TOC 2.548 6 160 16 7 4
NH4+ 2.548 0,05 2,8 0,5 0,4 0,3
NO3- 2.548 0,1 2,0 0,4 0,3 2
NO2- 2.548 0,04 1,00 0,37 0,24 0,05
PO43- 2.548 KPH 45,8 1,8 5,0 0,1
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Chi tiéu | T6ng s6 mau | Nhé nhat | Lén nhat | Trung binh | D6 léch chudn | QCVN 08-MT:2015
Coliform 2.548 KPH 45.100 4.552 2.978 2.500
TSS 2.548 1 913 38 41 20

As 2.548 0,01 0,03 0,02 0,003 0,01
Cd 2.548 KPH 0,863 0,010 0,023 0,005
Pb 2.548 KPH 0,02 0,004 0,003 0,02
Cré+ 2.548 KPH 1,96 0,02 0,05 0,01
Cu 2.548 KPH 0,05 0,004 0,003 0,1
Hg 2.548 KPH 0,142 0,002 0,006 0,001
D6 man 2.548 0,1 39,40 4,76 8,76 -
Cl 2.548 0,15 42.186 1.425 4.207 250

Céc don vi tinh: Hau hét 1a mg/L, riéng Coliform 1a MPN/100 mL, pH Ia khdng don vi, KPH la khéng phét hién.

Coliform va TSS déu vuot chuan, phan dnh d6
duc cao va nguy co vi sinh I&n. Mét s8 kim loai
nang cling dang lo ngai, vdi As, Cd, Cré*, Hg vuot
chuén, trong khi Pb trung binh 0,004 mg/L (duwdi
nguwdng 0,020). D6 man dao dong 0,1-39,4%o
(trung binh 4,8%o) va ndng do6 Cl~ nhiéu noi vuot
250 mg/L, cho thay xdm nhap man vin dién bién
phirc tap. Nhin chung, hadu hét thdng s6 trung
binh (trir NOs~) déu cao hon QCVN cét Al, phan
anh tinh trang 6 nhiém da thanh phan. Két qua
nay phu hop véi nghién ctru trwdce, khang dinh
6 nhiém hitu co - vi sinh nghiém trong (BODs t0i
da 173 mg/L, COD t6i da 473 mg/L), tiém &n rui
ro I&n cho cap nuéce sinh hoat [4], [9].

3.1.2. Chi s6 chét lvong nuwdc (WQ)

Chi s& WQI dugc tinh cho céc tiéu vung dac
trung cta DBSCL, k&t qud WQI trung binh ndm,
mua khd va mua mua tai cac diém quan tric
duoc thé hién & Hinh 2. Nhin chung, WQl ndm
dao déng trén pham vi réng, t&r mire rat thap (tir
6 dén 29) tai mot s& diém kénh ndi déng, dén
murc trung binh khd (tir 50 dén 65) trén cdc truc
séng chinh. Phan bd khéng gian cho thay chat
lwong nwdc suy giam nhiéu & cac vung triing,
khu viee ndi déng noi xa cac tuyén soéng 1én va
khu d6 thi, trong khi cac vi tri trén dong Song
Tién, S6ng Hau ¢ WQI cao hon nho kha nidng ty
lam sach va pha lodng I&n.
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Hinh 2. Két qua tinh todn chi s6 WQI cho nwd'c mdt tai 4 tiéu ving clia BBSCL trong mua khé (a) va mia mua (b)
tir 2017 dén 2024. Cdc diém quan trdc cé chdt luong Rat tét ¢é s6 diém tir 91-100 (Xanh nudc bién), chdt luvong
Tt c6 s6 diém tir 76-90 (Xanh 16 cdy), chét lwong Trung binh ¢6 s6 diém tir 51-75 (Vang), chét lwgng Xédu ¢ sé
diém tir 26-50 (Da cam), chdt luwgng Kém cé s6 diém tir 10-25 (D6) va chdt lvong O nhiém rét ndng c6 s6 diém
<10 (Néu)
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K&t qua cho thay chat lvgng nudc khic biét
rd gitra cac tiéu vung: Tiéu vung BBCM cé WQl_
ndm chd yéu khoang 40-60 (kém-trung binh),
nhiéu k&nh ndi dong 6 nhiém ning, trong khi
cum OMXN dat cao hon (55-64). Tiéu viung TGLX
duy tri mdc trung binh 45-56, WQl mua mua
thuwong cao nhe [l pha lodng, nhwng vung pheéen
va ndng nghiép chi 44-50. Tiéu vung G2SO tét
hon, WQl 53-63 (trung binh kha), it bién déng
mua, trir diém NMTO013 6 nhiém (43). Tiéu vung
TST phan héa manh: Séng chinh 50-53 (trung
binh), kénh ndi déng 26-40, riéng Vam Co6 cb
noi rat thap (6) do phén hoat déng, tuong déng
nghién clru trwdc day [10].

Tom lai, WQI cho thay chat lvgng nudc mat
DBSCL phan hoa rd theo khoéng gian, t6t nhat

trén Séng Tién, Hau va kém nhat & vung xa
ngudn, dat phén hodc d6 thj chua x{r ly nuéc
thai. Mua khdé thudng lam chat lwong nuwdc
ving ven bién xau di (do man) nhung giam 6
nhiém noi déng. Nguoc lai, mua mua cai thién
nudc trén song chinh (do pha lodang) nhung cé
thé lam xau nudc ndi déng (do rira troi) [9].
3.1.3. Phén tich da théng ké (PCA, AHP)

+ K&t qud phan tich PCA: Cho thay 6 thanh
phan dau tién da gidi thich khoang 70% téng
phuong sai cla bé dit liéu (xem Bang 2). Qua
d6 cho thay sy ton tai cda 6 nhdm nguyén nhan
6 nhiém dic trung chi phdi chat lvong nuwéc
mat ving DBSCL. K&t qud nay cling twong tu vdi
nghién ctru cta [4] trwdc do trén pham vi toan
vung DBSCL.

Bdng 2. Gid tri riéng, phdn phéi phurong sai, tich luj phurong sai cla cdc thanh phdn chinh va ma trdn xoay
thanh phén cua PBSCL giai dogn 2017-2024

Céac thanh phan chinh PC1 PC2 PC3 PC4 PC5 PC6
Gia tri riéng 4,612 2,273 1,902 1,790 1,544 1,252
Phuong sai (%) 24,274 11,966 10,009 9,419 8,125 6,590
% tich luy 24,274 36,240 46,249 55,668 63,793 70,383

Cac chi tiéu Ma tran xoay thanh phian
pH -0,018 0,166 0,140 0,023 -0,011 0,811
DO 0,295 0,867 -0,010 0,054 0,000 0,225
BOD5 0,958 0,153 0,029 0,021 0,032 -0,031
COD 0,949 0,201 0,031 0,027 0,017 -0,015
TOC 0,854 0,463 0,037 0,035 0,005 0,075
N-NH, 0,074 0,190 -0,148 0,025 0,083 -0,058
N-NO, -0,007 0,004 -0,013 0,019 0,934 -0,018
N-NO, -0,077 0,001 0,519 0,061 -0,115 0,003
P-PO, 0,128 0,388 0,662 0,021 0,001 0,014
Coliform 0,019 0,045 0,009 0,982 0,026 0,019
TSS 0,012 -0,586 -0,303 -0,012 0,028 0,147
As 0,271 0,865 0,000 0,055 -0,008 0,241
Cd 0,859 -0,001 -0,011 -0,020 0,010 0,049
Pb 0,053 0,031 -0,019 0,014 0,938 -0,014
Cré+ 0,048 0,089 0,775 0,080 -0,012 -0,013
Cu 0,018 0,065 0,080 0,979 0,010 0,016
Hg 0,046 -0,020 -0,014 0,007 -0,032 0,797
D6 man 0,296 0,021 0,413 0,023 0,120 0,256
Cl -0,009 -0,144 0,738 -0,083 0,093 0,073
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Thanh phan chinh th& nhat PC1 (=24%
phuong sai) cé tai trong rat cao & BODs (0,958),
COD (0,949), TOC (0,854) va Cd (0,859), dai dién
cho nhém 6 nhiém hitu co kém kim loai ndng tir
nwdc thai sinh hoat - cdng nghiép va ché bién
ndng/thly san; nhém nay gan vdi rdi ro suy
giam DO cuc b khi tai hitu co tang. PC2 (=12%
phuong sai) néi bat véi DO (0,867) va As (0,865)
(kém pH tai lén PC6: 0,811), phan anh tic dong
dia hda - dat phén va tuong tac tram tich - nudrc,
trong d6 bién thién oxy hoa tan lién quan dén
diéu kién nén va qua trinh man - ngot theo thoi
gian. PC3 (=10% phuwong sai) ghi nhan tai cao &
Cr%*(0,775), ClI~ (0,738), d6 man (0,413) va NO,~
(0,519), PO4™ (0,662), ham y tin hiéu oxy-hda/
khir va anh huwdng ion chloride (man) cung tich
|Gy nitrit trong diéu kién hiém khi va nguén phan
|an rlra troi dau mua mua, titm an nguy co phu
dudng thdy vire ndi dong. PC4 (>9% phuwong sai)
co6 Coliform (0,982) va Cu (0,979) cao hon cac
chi tiéu con lai, dic treng cho 6 nhiém vi sinh di
kém vét kim loai (Cu) - thuong gdp & khu dan cuw
ndng thdn/dd thi, viing nudi va khu sdn xuat st
dung ché& phdm chira Cu. PC5 (>8% phuong sai)
tap trung NOz™ (0,934) va Pb (0,938), thé hién
ngudn dinh dudng vé co (nitrat) clng kim loai
nang (Pb) tir nwdc riva trdi do thi - giao théng
- néng nghiép. PC6 (>6% phuong sai) gan pH
(0,811) va Hg (0,797), biéu thj nén axit-kiém cda
thay v kém vét thly ngan, diu hiéu nay hitu
ich d€ nhan dién nhitng khu vuc nhay cam khi
pH bién dong (xem Bang 2).

+ K&t qua phan tich AHC: Phan tich AHC

a) Dendrogram
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(Ward-Euclid) trén 2.548 quan sat chudn hda
d3 chia di¥ liéu thanh ba cum vdi hai kich ban:
(a) C6 xét dén y&u td& man/Cl- va (b) Loai bd
y&u t6 nay. K&t qua cho thay:

Trong kich ban (a), Cum 1 chiém 66,48%
mau, dic trung bai gid tri CI- (+0,341) va TSS
(+0,271) cao hon trung binh, trong khi cac
bién khac gan 0. Pay duoc xem la cum nén
phd bién cla hé théng séng kénh, chiju anh
huédng ion/duc nhe nhung khéng cuc doan.
Cum 2 (28,81%) néi bat bai TOC (+0,949), COD
(+0,857), BODs (+0,823), DO (+0,775) cung As/
Cd duwong (~+0,66-0,74), dong thoi cé TSS va
Cl~ &m. Cum nay phan &nh céc ngudn thai hiru
co-kim loai cao tlr d6 thi, cong nghiép hoac
nudi trong, ché bién thay san, song it lién quan
dé&n man. Cum 3 (4,71%) thé hién nhiéu bién
am manh (Cr®* -4,052; PO,3" -2,572; Cl- -1,757;
NO,™ -1,392) nhung TSS dwong (+0,708), dai
dién cho cum dj thwdng hiém gap véi dic diém
ion-oxy héa khéc biét, cdn duwgc gidm sat chat
ché& (xem Hinh 3a va Bang 3). Trong kich ban (b),
khi loai bd man/Cl~, Cum 1 (38,27%) tr& thanh
cum hitru co-kim loai ndi tréi (TOC, COD, BODs,
DO va As/Cd déu duong), phdn anh cac kénh
d6 thi va khu vuc san xudt. Cum 2 (57,03%)
c6 hitu co-kim loai va DO am nhe, TSS duong
(+0,331), cho thay nén pha lodng bun cat gan
hon véi trang thai “ty nhién” khi khéng chiju
tdc ddng man. Cum 3 (4,71%) tiép tuc gilr dau
am manh & Cr®*, PO,3~ va NO,~, cling TSS cao,
tuong dong véi cum di thwong trong kich ban
(a) (xem Hinh 3b va Bang 4).

b ) Dendrogram
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Hinh 3. Két qud phédn tich cum chdt lwong nwdc mét tai DBSCL bédng phuong phdp phén tich AHC: (a) c6 xét va
(b) khéng xét dén yéu té mdn
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Bdng 3. Gid trj trung binh cua tirng chi tiéu trong mdi cum vdi trurong hop cé xét dén yéu té mdn

Cac cum Cum1 Cum 2 Cum 3 Cac cum Cum1 Cum 2 Cum 3
pH -0,039 0,234 -0,878 Coliform -0,076 0,210 -0,210
DO -0,285 0,775 -0,718 TSS 0,271 -0,742 0,708
BOD, -0,330 0,823 -0,374 As -0,266 0,735 -0,734
cobD -0,348 0,857 -0,334 Cd -0,277 0,660 -0,127
TOC -0,371 0,949 -0,568 Pb 0,010 -0,030 0,036
N-NH, -0,071 0,145 0,114 Cr&* 0,218 0,160 -4,052
N-NO3 0,048 -0,106 -0,024 Cu -0,051 0,224 -0,655
N-NO, 0,100 -0,003 -1,392 Hg -0,059 0,200 -0,395
P-PO, -0,105 0,663 -2,572 DO man -0,026 0,160 -0,613

Cl 0,341 -0,499 -1,757
Cac théng sd Cum1 Cum 2 Cum3
Téng s6 quan sat 1.694 734 120
Téng phuong sai ndi cum 14,351 18,413 11,021
% s6 quan sat 66,48 28,81 4,71

Bdng 4. Gid trj trung binh cua tirng chi tiéu trong mdi cum vdi tridng hop khéng xét dén yéu té mdn

Cac cum Cum1 Cum 2 Cum 3 Cac cum Cum1 Cum 2 Cum3
pH 0,267 -0,107 -0,878 Coliform 0,287 -0,175 -0,210
DO 0,803 -0,479 -0,718 TSS -0,580 0,331 0,708
BOD, 0,669 -0,418 -0,374 As 0,776 -0,460 -0,734
CcoD 0,712 -0,450 -0,334 Ccd 0,548 -0,357 -0,127
TOC 0,827 -0,508 -0,568 Pb 0,095 -0,067 0,036
N-NH, 0,218 -0,155 0,114 Cr6+ 0,187 0,209 -4,052
N-NO, 0,050 -0,031 -0,024 Cu 0,299 -0,147 -0,655
N-NO, 0,006 0,111 -1,392 Hg 0,179 -0,087 -0,395
P-PO, 0,506 -0,127 -2,572

Céc théng sd Cum1 Cum?2 Cum3
Téng s6 quan sat 975 1.453 120
Téng phwong sai ndi cum 14,05 12,92 10,34
% s6 quan sat 38,27 57,03 4,71

So sanh hai kich ban cho thdy yéu t& man/
CI™ 6 vai tro tach rieng mot cum nuwdc lg-man,
doéng thoi 1am suy gidm tin hiéu vé ngudn thai
hitu co, dinh duwdng va vi sinh. Do dé, man/Cl~
can duoc xem xét doc 1ap dé tranh che khuat
ban chat 6 nhiém. Nhin chung, hai “truc” phan
hda chinh dwgc nhan dién gébm: (i) Cum hitu co-
kim loai cao va (ii) Cum nén phd bién, bén canh
mot cum di thudng én dinh (P-NO,-Cr®* thap,

TSS cao) can tiép tuc gidm sat dinh ky.
3.1.4. Kiém dinh xu thé (MK, Sen’s Slope)

Phan tich xu thé thai gian (Mann-Kendall va
hé s6 Sen) dugc thyc hién cho tirng tiéu vung
dé danh gia dién bién chat lwong nudc giai doan
2017-2024. Két qua phan tich cho thdy moét sé
xu hudng dién bién dang chi y véi do tin cdy cao
(p < 0,05), cu thé nhu sau:

Phan tich Mann-Kendall va Sen’s slope cho
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thdy su phan hda rd gilta cac tiéu vung. Tai
TGLX, nhiéu théng sé tang manh: BODs (+373,
p = 6,8x107%, +0,14 mg/L/ndm), COD (+205, p
= 0,014), TOC (+140, p = 0,009), NHs* (+373, p
= 6,8x107%) va PO,3> (+164, p = 0,044), trong
khi NOs™ gidm (-255, p = 0,002). DO trung binh
toan vung dat 6 mg/L nhung trung vi tai TGLX
chi 4-5 mg/L, cho thay méi trudrng yém khi, kho
oxy héa amoni. Coliform tang manh (+355, p =
1,85%107%), trong khi TSS giam (-221, p = 0,008),
phU hop vdi xu thé suy gidm phu sa do thly dién
va dé bao. Cd cé xu hudng tang, Cr* bién déng
nhe, con As, Cu, Hg 6n dinh; man va Cl~ giam
nhung khéng y nghia.

O BHDCM, DO gidm (-291, p = 0,031), BODs
(+323, p = 0,016) va NH,* (+517, p = 1,18x107)
tang, NOs™ gidm manh (-583, p = 1,41x107®),
trong khi PO43~ giam déng ké (-545, p = 5x107%).
Coliform tang vot (+785, p = 5x107°), TSS giam
nhe, d& man va CI~ tiép tuc gidam nh& céng trinh
kiém soat. Cau hinh nay phan anh cai thién quan
ly dinh du&ng nhung kiém sodt hitu co-vi sinh
chua hiéu qud. Tai G2S0, da s6 théng sé khéng
cé xu thé rd (p > 0,1), ngoai trir Cr®* tdng nhe
(p = 0,019) va CI~ gidm (p = 0,009), phu hop vdi
tac dong céng trinh kiém soat man. O TST, nhiéu
théng sé cai thién: NHs* (-90, p = 0,038), NOs~
(-114, p =~ 0,008) va Pb (-114, p =~ 0,008) déu
gidm; man va CI~ giam manh (p < 0,001), trong
khi pH va DO tang nhe nhung chua y nghia.

Téng thé, TGLX va BDCM dang chiu ap lwc
hitru co, dinh dudng va vi sinh gia tang; G2SO
8n dinh; TST c¢6 dau hiéu phuc hdi. Xu thé giam
man rong khap va suy giam mot s6 kim loai doc
phan dnh hiéu qua quan Iy ngudn nudc va thai.
Tuy nhién, nguy co phu dudng ngay cang ro, doi
hoi cac gidi phap kiém soat tai hitu co va dinh
dudng trong tuong lai.

3.2. Théo luén

3.2.1. Hién trang chdt lvong nudc

Két qud théng ké toan vung (Bang 1) cho
thay 6 nhiém da thanh phan tir sinh hoat, néng
nghiép va cdng nghiép. Nhém hiru co vuot chuin
nhiéu lan (BODs TB 10 mg/L, t6i da 173; COD
25 mg/L, t8i da 473; TOC 16 mg/L, t6i da 160),
phan &nh 4p luc thai Ién va ton tai diém ndng.
Dinh dudng v6 co (NHs* TB 0,5 mg/L; PO,3>" TB
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1,8 mg/L) vuot chudn 1,5-18 lan; NO,™ cao bat
thuong (0,37 mg/L, gdp 7 lan), goi y yém khi
kéo dai va nguy co phu dudng - doc tinh nitrit.
O nhiém vi sinh nghiém trong véi Coliform TB
4.500 MPN/100 mL, nhiéu diém > 45.000, lién
quan truc ti€p dén xa thai sinh hoat. Vé kim loai,
As (0,02 mg/L) va Cd (0,01 mg/L) vuot chuln,
Cré* cé noi 1,96 mg/L, phan anh diém néng cong
nghiép; Pb, Hg, Cu dwdi ngudng nhung tiém an
nguy co tich Idy. Xam nhap man rd rét vaoi do
man trung binh la 4,76%o, Cl~ la 1.425 mg/L
(chun 250), de doa tryc tiép cap nudc va sinh
k& ndng-ngu nghiép.

Téng thé, nudc mat ving DBSCL dic trung
b&i 6 nhiém hitu co - dinh dudng - vi sinh cao,
kém As, Cd vuot chudn va anh hudng man/Cl-
trén dién rong. K&t qua nay phu hop vai cac PC
chinh tir PCA, phan anh sy chi phéi manh cla cac
nhém yéu t8 dén bién déng chat lwgng nuwdc.
Day la thach thirc 1&n cho quan ly tai nguyén va
strc khoe cong dong, dong thoi khang dinh tam
quan trong cua viéc nhan dién dic trwng theo
khong gian-thoi gian.

3.2.2. Dién bién chét lwong nuwdc theo khdng
gian va thoi gian

WQI giai doan 2017-2024 cho thay phan hda
ro rét. Song chinh (G2S0) duy tri m&c kha (50-
65), trong khi vung ndi dong, dat phén va ven
bién thudng thadp hon (30-50, thdm chi <30).
MuUa mua giup cai thién chat lwong trén truc
séng nho pha lodng, nhung lam tang tai hitu co,
dinh dudng, vi sinh tai kénh ndi déng; nguoc lai
mua khd chiu tdc déng man, lam suy gidm chat
lwgng vung ven bién va kénh nhay cam. Theo
tiéu vung, TGLX chju anh hudng dat phén va
ké&nh noi déng, dé phat sinh pH thap va Coliform
cao vao mua mua. @ BDCM, min/Cl- chi phdi
mua kho, con mua mua gia tang rlra troi hiru
co - dinh dudng, lam WQI phan héa manh tu
ven bién dén ndi dia. G2SO nho dong chinh pha
lodng nén chat luvgng t6t hon, song van ton tai
diém néng dd thi. TST thé hién rd tinh dac thu:
S6ng chinh cai thién mua I8, nhung kénh néi
dong van thap do pheén va tich tu 6 nhiém trong
diéu kién khép kin. Phan tich mua vu cho thay
tac dong hai mat: Mua mua cai thién séng chinh
nhuwng lam x3u ndi déng; mua khé nguoc lai,




kém xdm nhap man nhiéu noi >10%o (nhw ndm
2016, 2020) buéc nha may nwdc phai dirng hoat
dong. Sau ndm 2016, d6 man c6 xu huwdng giam
nhung nguy co van cao duwdi tac ddng BDKH.

Tém lai, chat lvgng nudc PBSCL phan hda
manh theo khéng gian (t8t nhat & séng chinh,
kém nhat vung ven bién) va theo mua (mua tét
hon trén sdng, khoé dé suy giam). K&t qua phu
hgp PCA/AHC, cung cdp co s& khoa hoc quan
trong cho quan ly - kiém sodt trong bdi canh
BDKH va phat trién kinh té-x3 hoi.
3.2.3. Phdn tich xdc dinh nguyén nhdn gdy 6
nhiém ngudn nudc mdt

Phan tich PCA va AHC d3a nhéan dién r6 cac
ngudn 6 nhiém chi phoi chat lvgng nudc mét
DBSCL. Tai TGLX, dat phén hoat tinh gy nudc
chua dau mua mua (pH 3-4), Coliform ting manh
(MK +355, p=1,8x1075), PO,3~ téng (p=0,044) va
TSS gidm (p=0,008). Cac ngudn chinh gdbm dat
phén ty nhién (Fe, As), nuwdc thai néng nghiép
- NTTS va sinh hoat; nhiéu diém WQJ <30 trung
v&i cum 6 nhiém ndng trong AHC. o} BDCM, mua
khé d0 man 5-30%o., mua mua BOD va COD
tdng; PO43~ van cao nhung gidm theo thoi gian,
As >0,01 mg/L va Cr®* t&i 1,36 mg/L (p=0,004).
Kénh xang ven bién, nhu QLPHO2 (2/2016), tirng
dat man 39,40%o.. Cac ngudn gdm thai NTTS -
ndng nghiép, sinh hoat, xdm nhap man lam tang
As, Cr va anh hudng dat phén U Minh, trong d6
van hanh c6ng kiém sodt man co vai tro quyét
dinh. G2SO it chju man nh& dé bao va cong,
WAQI cao (~¥60) nhung van 6 nhiém cuc bo quanh
do thi, khu céng nghiép vadi BODs =10,9 mg/L,
COD =29,7 mg/L. Tai TST, nwdc phén mua mua
lam WQI ndi déng thap (pH <4, Fe, Al, Mn cao),
ngudn tir dat phén, phan bon - thudc BVTV va
chat hitu co néng thén. Téng hop toan vung,
nam nhom nguyén nhan chinh duoc xac dinh:
(i) © nhiém hitu co tir nwdc thai sinh hoat, cong
nghiép va ché bién v&i BODs trung binh 10 mg/L
(t6i da 173) va COD 25 mg/L (t6i da 473); (ii) O
nhiém dinh dudng (N, P) do phan bén du thira,
vung lta-tém con ton duw Hg; (i) O nhiém vi
sinh tlr thai sinh hoat va chan nudi vai Coliform
vuot xa chuan; (iv) XAm nhap man va BDKH lam
tang As, Cr®* & ven bién, nhiéu noi mua kho
man >10%o; (v) O nhiém téng hop tai viing nudi

tréng - ndng thon tir sw cong hudng gitta thai
sinh hoat va rira tr6i néng nghiép.

Nhin chung, két qua nghién ciru phu hop
véi nhiéu tai lieu trwdc day, cho thay 6 nhiém
da thanh phan 13 van dé n6i cdm cla nwdc mat
DBSCL, v&i ham lwgng hitu co, dinh dudng va
vi sinh vat vugt chuan trén dién réng [11], [12].
So vai qud khir, mirc d6 mét s chat doc hai da
tang dang ké. So sanh vé&i cac chau thé 16n &
chau A nhu séng Hang, Chao Phraya, sdng Chau
Giang cho thdy mé hinh 6 nhiém twong dong:
hitu co va vi sinh cao do han ché x{r ly nwdc thai,
dinh dudng tang t&r tham canh néng nghiép,
kim loai tir c& ngudn ty nhién va cdng nghiép
[4], [12-14]. Piéu nay nhan manh tinh phrc tap,
c4p bach va yéu ciu giadi phap quan ly tdng hop,
ph6i hgp da nganh dé gidm & nhiém va thich
trng BDKH.

3.2.4. Gidi phdp qudn ly chét lwong nwdc

K&t qua nghién cru trén cho thay mdi tiéu
vung tai DBSCL cé nhitng tac nhan gay 6 nhiém
khac nhau, tlir ty nhién dén con ngudi, chung
mang tinh dac thu, nghién clru xac dinh cé nam
nhém gay 6 nhiém chinh. D& cac giadi phap bao
vé, quan ly ngudn nudc mat thyc sy bam sat
thuc té€ cda vung nghién ctru cling nhu ddm bao
tinh kha thi cao. Trong nghién ctru nay, cac nhém
gidi phap dwoc dé xuat gan vdi tirng nhém 6
nhiém cu thé: (i) Ngudn thai sinh hoat va cong
nghiép: M& rong hé théng x{r ly tap trung, ap
dung céng nghé tién tién, ting gidm sat xa thai,
nhan réng biogas, hé sinh hoc & ndng thén; (ii)
Ngudn thai ndng nghiép (tréng trot, chdn nudi
va thuy san): Gidm du thira N, P bang phan hitu
co, luan canh, ving dém cay xanh, ao/ho lang,
ap dung tuan hoan nudc trong nudi trong; (iii)
Xam nhap man hoa tan kim loai (As, Cr): Xay
cong, dap diéu tiét, quan trac nuwdc, xi ly As
bang hap phu, diéu chinh mua vu va cay trong
chiju man; (iv) Uu tién theo tiéu vung: BDCM tap
trung kiém soat man, Cr®* va hitu co - vi sinh;
TGLX va TST chu trong x& ly phén, dinh duwdng
va vi sinh; G2SO can giam sat nghiém ngat diém
xa d6 thi va khu céng nghiép.

4. K&t luan

Nghién ciru d3 4p dung céich tiép can tich

hop gilta danh gia dinh lwgng bang chi s Wal,
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phéan tich théng ké da bién (PCA, AHC) va phéan
tich xu th& (Mann-Kendall, Sen’s Slope) nham
vlra lwvong hda téng thé chat lwong nuwdc, vira
nhan dién ciu trdc nguyén nhan va phan loai
theo khdng gian.

(1) V& hién trang va dién bién chat luvong
nwdc: Chat lwvgng nwdc mat DBSCL nhin chung &
murc trung binh, phan hda rd gilra vung ven song
I&n (WQI > 60) va vung ndi dong (40-55), c6 noi
6 nhiém nang (WQl chi 6, BODs t&i 170 mg/L).
Trong 8 nam, BDCM ghi nhan DO giam, NHs* va
Coliform tang, trong khi PO43~ va TSS gidm nhe,
phan dnh giam du thira phan bon nhung rii ro
vi sinh - hitu co ngay cang l&n.

(2) Vé nguyén nhan va ngudn gy 6 nhiém:

Cac ngudn chinh gbm: (i) Cha yéu tlr nwdc thai
sinh hoat - céng nghiép chuwa x& ly; (ii) Nwdc
chay tran néng nghiép mang N, P, thuéc BVTV;
(iii) Xam nhap man hoa tan kim loai (As, Cr); (iv)
Dat phén tu nhién; (v) va Van hanh céng trinh
kiém soadt man/triéu chua hop ly gay tu dong.

(3) Vé giai phap quan ly: Can déng bd cac
bién phap: (i) Van hanh linh hoat hé théng céng
dé gidm tu dong; (ii) Xay dwng hé théng xu ly
nwdc thai tip trung & d6 thi, khu sdn xuat, nudi
thay san; (iii) Thuc ddy néng nghiép thédng minh,
kinh t& tuan hoan; (iv) Pdng thoi tdng cudng
quan trac, cAnh bdo s&m va 16ng ghép quan ly
chat lvong nwdc vao quy hoach tai nguyén nuwdc
va thich &ng BDKH.

Doéng gdp cua tirng tdc gia trong bai bdo: Xdy duwng nghién ciru y twdng: Boan Thanh Vi, Trén Bdng
An; phurong phdp nghién ciu: Poan Thanh Vi, Trén Ddng An; phdn tich tai liéu, viét ban thdo bai bdo: Podn
Thanh Vi, Phan Thj Thily Duong, Nguyén Birc Nhat Trirdng; chinh sira bai bdo: Phan Thi Thily Duong.

L&’i cdm orn: Nhém tdc gid xin trdn trong cdm on Cuc Thay loi (B6 NN&PTNT nay la B6 NN&MT), Vién Ky
thudt Bién, Vién Quy hoach Thuy lgi mién Nam (nay ld Trung tdm Quy hoach va Piéu tra tdi nguyén nuwdc
quéc gia) dé hé tro cung cdp s6 liéu quan trdc quy bdu trong giai doan 2017-2024. Xin chén thanh cdm on
B6 NN&MT dd hé tro kinh phi thurc hién dé tai cdp B6 md sé: TNMT.PL.2025.05.03 dé nhdm tdc gid cd thé
khai thdc sé liéu, tai liéu phuc vu nghién ctru nay.

Lori cam doan: Tap thé tdc gid cam doan bdi bdo nay la céng trinh nghién ctru cua tép thé tdc gid, chua
duoc céng bé & déu, khéng duroc sao chép tir nhitng nghién ciru trirde déy; khéng cd tranh chép lgi ich trong
nhoém tdc gia.
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Abstract: This study evaluates the status, spatio-temporal differentiation, and key drivers of surface water
quality in the Mekong Delta (2017-2024), focusing on four sub-regions: the Long Xuyen Quadrangle (TGLX),
Ca Mau Peninsula (BBCM), the interfluvial area between the Tien and Hau rivers (G250), and the left bank
of the Tien River (TST). Results indicate that most parameters (except NOsz~) exceeded the QCVN 08-MT:2015
A1 threshold; mean concentrations of organic matter were relatively high (BODs ~10 mg/L; COD ~25 mg/L),
accompanied by microbial and metal contamination, posing risks to domestic water supply. Water Quality
Index (WQI) values were very low in inland canals (6-29) but moderate to fair along the main rivers (50-65),
highlighting the dilution and self-purification capacity of the Tien-Hau system. Principal Component Analysis
(PCA) identified six dominant pollution groups: Organic-metal, geochemical/acid-sulfate, salinity-redox,
microbial, nutrient, and pH-Hg. Agglomerative Hierarchical Clustering (AHC) of more than 2,500 samples
classified the dataset into three clusters: High organic-metal pollution, widespread background conditions,
and a small anomalous cluster requiring monitoring. For the first time, seasonal WQI analysis demonstrated
that water quality improved in the main rivers during the wet season but deteriorated in inland canals, while
the opposite occurred in the dry season. These findings provide a scientific basis for identifying pollution
“hotspots” and for proposing adaptive source-control strategies tailored to the hydrological and climatic
conditions of the Mekong Delta.
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