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Tém tat: Nghién citu ddanh gid tong hop chdt lwong nude hé thong thiy loi Bic Nam Ha giai
doan 2021-2022 dwa trén 13 théng s6 méi truong tai 20 diém quan trdc, bang cdch két hop chi
s6 WOI va phén tich da bién PCA-FA. Két qua cho thay WOI dao dong tir 13 dén 91, suy giam
r6 & ha leu va mia khé, nhiéu diém & mirc “6 nhiém nang”. PCA xdc dinh 4 thanh phd}n chinh
phdn dnh 6 nhiém hitu co — vi sinh, dinh dwéng, do man va vét Iy — lo liing, véi tong phirong sai
gidi thich dat trén 70%. Phan tich FA cing cé cdc nhém tac nhén chi phoi va méi lién hé voi
WOIL Nghién ciru dé xudt khung tiép can tich hop WQI-PCA—FA phii hop cho gidm sdt chat
lirong nude theo khong gian — thoi gian trong cdc hé thong kénh ngi dong, lam co sé phan ving
quan 1y va kiém sodt diém néng é nhiém.

T khéa: Chdt lwong nuée, WOI, PCA, FA, phén tich da bién, Bic Nam Ha.

Summary: This study presents a comprehensive assessment of water quality in the Bac Nam Ha
irrigation system during 2021-2022, based on 13 environmental parameters collected at 20
monitoring sites. The approach integrates the Water Quality Index (WQI) with multivariate
statistical methods including Principal Component Analysis (PCA) and Factor Analysis (FA).
Results show WQI values ranging from 13 to 91, with clear degradation in downstream areas
and during the dry season. PCA identified four principal components representing organic—
microbial pollution, nutrients, salinity, and suspended solids, explaining over 70% of the total
variance. FA confirmed the dominant influencing groups and their association with WQI
variation. The study proposes an integrated WQI-PCA—FA framework suitable for spatio-
temporal water quality monitoring in in-field canal systems, providing a scientific basis for
zoned management and pollution hotspot control.

Keywords: Water quality, WQI, PCA, FA, multivariate analysis, Bac Nam Ha.

1. PAT VAN PE vé thyc vat, lang nghé va chin nudi quy mé
16n [2]. Dong chay thap va tich tu 6 nhiém

O nhiém nuéc mat dang 13 van dé cap bach - X .
theo mua cang lam tram trong tinh trang nay.

toan cau, anh hudng nghiém trong dén an ninh
nguon nude va phat trién bén vimg [1]. Tai  Chi sé chat lugng nudc (WQI — Water Quality
Vigt Nam, cac h¢ thong thuy loi ving dong  Index) la cong cu danh gia tong hop da duogc
bang song Hong, trong d6 c6 h¢ thong thuy 101 4p dung rong ri tai nhiéu quoc gia nhu My,
Bac Nam Ha hién dang chiu ap lyc tr nu6c  Ap g, Thd Nhi Ky, Algeria [3-5], va duoc
thai sinh hoat chua xtr 1y, phan bon, thudc bdo . 4n héa tai Viét Nam theo Quyét dinh
] 1460/QD-TCMT (2019) [6]. Tuy nhién, WQI
Ngay nhan bai: 07/8/2025 cha yéu phan anh muc d6 6 nhidm téng hop tai
Ngay thong qua phan bién: 20/9/2025 U yeu phan 1ue €o 0 niiem tong hop
Ngay duyét dang: 03/11/2025 thoi diém tinh todn, chua xac dinh rd céc
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nguyén nhan chi phdi chat lugng nude, nhat 1a
trong hé thdng chiu tac dong da ngudn va bién
dong manh theo khong gian — thoi gian.

Céc k¥ thuat thong ké da bién nhu Phan tich
thanh phan chinh (PCA) va Phén tich nhan t4
(FA) giup rat gon s6 chiéu dit liéu, nhan dién
nhém yéu t6 chi phdi (6 nhidm hiru co, vt
ly, dinh dudng), va hd trg phan ving quén ly
[7-10]. Cac phuong phap nay da dugc ung
dung thanh cong tai nhiéu luu vuc trong va
ngoai nudc nhu song Hau, song Nhué (Viét
Nam), song Gorganroud (Iran), va song Fuji
(Nhat Ban).

Tuy nhién, phan 16n nghién cru van tap trung
vao luu vuc song 16m, it chi y dén cac hé
thdng kénh noi dong da chirc ning nhu Bic
Nam Ha, noi dong thoi chiu anh hudng tir cap
— thoat nudc va nguodn thai nodi sinh. Trén co
s& do, nghién ctru nay tich hop WQI, PCA va
FA dé danh gia chat lugng nudc hé thong thuy
loi Bic Nam Ha (2021-2022), nhan dién nhém
nhan t6 chi phéi va dé xuat dinh huéng quan
1y theo khong gian — thoi gian.

2. PHUONG PHAP NGHIEN CcUU

2.1. Khu vwc nghién ciu va dir li€u
quan trac

Hé théng thuy lgi Bic Nam Ha nam trén dia
ban tinh Ninh Binh, dong vai tro quan trong
trong cdp — tidu nudc phuc vu néng nghiép,
sinh hoat va phong chdng thién tai. Hé thong
bao gém mang kénh chinh — nhanh va cac
cong trinh dau mdi didu tiét tir song Hong,
song Pay va cac phu luu [2].

[__KHOA HOC
Nghién ctru str dung bo dit liéu quan tric chat
lugng nudc do Vién Quy hoach Thuy loi thuc
hién trong hai nam 2021-2022 tai 20 vi tri (ky
hiéu PO1-P20) doc theo cac tuyén kénh cip —
tiu chinh, dai dién cho ba vung: thuong luu,
trung luu va ha luu. Cac diém quan tric duoc
lya chon dya trén dic diém dia hinh, hién
trang st dung dat va ngudn thai. Vi tri cac
diém do duogc thé hién trong Hinh 1 va Bang 1
[11-12].
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Hinh 1: Ban dé vi tri cac diém quan trdc chat
lwong nuwoc hé thong thuy loi Bac Nam Ha

Bang 1: Théng tin vi tri liy miu nuwéc

Vitrididmdo| Toads X | ToaddY | < |Vitridiémdo| ToaddX | Toadsy |
i pa d pa dg hicu | V! 0a d 0a d hicu
Cong Nhw 1) 564384 | 106.138397 | po1 | CA%duome 101 0 310064 | 106.055494 | P11

Trac vi song Sat

Céng Hiru Bi | 20.479886 | 106.180106 | P02 | Pap AnBai | 20.527862 | 106.034402 | P12

Céng Cbc Pau kénh
o 00| 20378069 | 106152341 | P03 CGle 20477091 | 106.145793 | P13
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. 7 e R A A Ky . 7 e R A A K)”
Vitridiemdo| Toado X | ToaddY - Vitri diem do | Toa do X ToadoY n
i pa d{ 0a d{ hicu | V! 0a d{ 0a d{ hiéu
CA A
‘gfaiing 20292784 | 106.131056 | P04 | Dap LaChg | 20.457764 | 106.114031 | P14
Cbng Nham A1
Teing 20.442474 | 105.901979 | P05 | PAu kénh S48 | 20.280376 | 106.032529 | P15
Céng Kinh o
Thanh 20.370663 | 105.934613 | P06 Pap Vua | 20.527653 | 106.127916 | P16
Cong C6 Pam | 20.357158 | 105.955255 | P07 Ciu Chu 20.526330 | 106.075756 | P17
Cbng Vinh Tri | 20.264080 | 106.046795 | P08 |Cau Yén Trung| 20.412010 | 105.975036 | P18
Piu kénh T3 | 20.391899 | 106.131327 | P09 | Piukénh C19 | 20.335688 | 106.115419 | P19
Dau kénh C9 | 20.357019 | 106.116311 | P10 | Paukénh T6 | 20.392223 | 106.065947 | P20

Dir liéu bao gém 13 thong sé méi truong: pH,
DO, BODs, COD, TSS, NOs~, NO;", NH4",
PO4*, Coliform, EC, do duc va nhiét do, duoc
thu thap dinh ky véi 10 dot mdi nim, tin suét 2
lan/thang, tap trung vao mua kho va dau mua
mua. Dua trén diéu kién khi hau khu vuc va
chudi sé liéu quan tric, nghién ctru phan chia
thoi gian thanh hai mua chinh: mua kho (thang
1-4) va mua mua (thang 5), lam co s& danh gia
bién dong chat luong nudc theo thoi gian. Viée
bb tri thoi gian va tan suat lay mau phu hop véi
dic diém thuy vin va khi hau Bic Bo [13-14].

2.2. Phwong phap tinh chi sé chiat lwgng
nuwéc WQI

Chat lugng nudce tai cac diém quan trac dugc

100

WQLy [1 % 1v
woQlI = Ez WQI, x 52 WQl, x WOQI,
a=1 b=1

trong d6: WQI, (DO, BODs, COD, N-NH4" va
PO.+*), WQI, (TSS, do duc), WQI. (Coliform),
WQI,u (pH) 14 céc chi s con.

Gia tri WQI cudi cung duge lam tron thanh sb
nguyén, phan loai theo thang 5 murc, tir “rat
t6t” (91-100, pht hop cap nude sinh hoat tric
tiép) dén “6 nhidm rat niang” (<10, can khac
phuc khén cép), lam co s& nhan dinh téng hop
chat luong nuéc.

danh gia bang chi sé tong hop WQI (Water
Quality Index) theo Quyét dinh 1460/QD-
TCMT ngay 12/11/2019 cia Téng cuc Moi
truong [6], dua trén 9 thong sb: pH, DO,
BODs, COD, TSS, NOs;-, POs*, NH4* va
Coliform.

Quy trinh tinh gém 3 budc: (1) Xac dinh chi
s6 thanh phan (WQIs)) cho timg thong sb bang
ndi suy tuyén tinh tir nong do (BP;) dén diém
chét luong (qi); (2) Ap dung cong thirc riéng
cho pH va DO (% bido hoa); Cac thong sd
khong c6 ngudng (nhu nhiét do, EC) duogc
danh gia qua xu hudéng dao dong; (3) Tong
hop WQIsi theo cong thire tich hop chuan héa
dé tinh WQI cudi cung:

1/3

2.3. Phan tich thong ké da bién

Pé xac dinh cac nhom thong sb chi phdi chat
lugng nudce, nghién ctu dp dung hai ky thuat
thong ké: Phan tich thanh phan chinh (PCA)
va Phén tich nhén t6 (FA) — cac cong cu phd
bién trong nghién ctru moi truong nham rit
gon dif liéu, phat hién cau tric tiém 4n va phan
nhom tac dong [7-8]. Viéc ap dung PCA va
FA duoc dit trén dic diém cta bo dit lidu gém
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13 thong s6 (dd néu & Muyc 2.1), dugc chuin
hoa theo Z-score dé loai bo don vi va quy mo
do ludng [15]. Phan tich duoc trién khai theo
ba budc chinh:

(1) Kiém dinh diéu kién phén tich:

DPé dam bao co s¢ théng ké cho phan tich da
bién, bd dir liéu duoc kiém dinh bang: (i) Chi
s6 KMO (Kaiser-Meyer-Olkin): Panh gia
murc do thich hop cua tap dir li¢u cho phan tich
nhan td. Gia tri KMO > 0,6 duoc xem la dat
yéu cau [16]; (ii) Kiém dinh Bartlett’s Test of
Sphericity: Xac dinh xem ma tran tuong quan
giita cac bién c¢6 di manh dé cu tric thanh
nhan t6. Két qua c6 y nghia théng ké véi p-
value < 0,05 cho phép bac bo gia thuyét Ho
(khong c6 twong quan giita cac bién), tir d6 du
diéu kién tién hanh PCA [17-18].

(2) Phan tich thanh phan chinh (PCA):

Phan tich thanh phan chinh (PCA) duoc thuc
hién @ trich xuét céc thanh phan co gia tri riéng
(eigenvalue) > 1 theo tiéu chi Kaiser, phan anh
cac nhom bién c¢6 bién dong tuong dong. Phép
xoay truc giao Varimax dugc 4p dung nham don
gian héa ciu tric tai trong, 1am rd vai trd cia
timg bién trong timg thanh phan va ting kha
nang giai thich cac nhan t6 [16-17].

(3) Phan tich nhan td (FA):
Phéan tich nhan t& (FA) duoc thyc hién sau

[__KHOA HOC
PCA, dua trén cac thanh phian dd xoay
Varimax nhim xac dinh cac nhém nhan td
tiém 4n. Cac bién c6 hé sb tai trong > [0,35]
dugc gom vao cung mdt cum, phan anh cac
loai hinh tac dong dic trung nhu: 6 nhiém hiru
co — vi sinh, dinh dudng v6 co, vét chat lo
limg, hodc nén tu nhién. Ngudng tai trong nay
phii hop v6i quy mé dir liéu (13 bién, 400
quan sat), ddm bdo do tin cdy trong nhan dién
cac mdi lién hé thong ké [17-18].

3. KET QUA VA THAO LUAN

3.1. Hién trang chit lwong nuéc

Két qua phan tich 13 thong sb tai 20 diém
quan tric trén hé thong thay lgi Bic Nam Ha
(2021-2022) cho thay chat lugng nudc suy
giam 1o theo khong gian va thoi gian — dac
biét tai ha luu trong mua kho. Dir li¢u thu thap
tor Vién Quy hoach Thuy lgi [11-12] dai dién
cho cac ving co dic diém st dung dat va
ngudn thai khic nhau (khu d6 thi, lang nghé,
nong nghiép...).

Mot sé thong sé nhu COD, BODs, NHs* va
Coliform vugt QCVN 08:2023/BTNMT (Loai
B) — cho thiy nguy co 6 nhidém hitu co — vi
sinh nghiém trong, nhét 12 tai cac diém ha luu.
Béang 2 tom tit ddc trung thong ké cac thong
s6 moi truong, phan anh xu hudng gia ting 6
nhiém rd rét trong nim 2022.

Bang 2: Thong ké mé ta cac thong sé méi truong tai 20 diém quan tric (2021-2022)

Min Max Trung binh Trung vi Dbanh gia theo

Thong so | Pon vi QCVN

2021 | 2022 | 2021 | 2022 | 2021 | 2022 | 2021 | 2022 08:2023/BTNMT
Nhiét do °C_ 16,79 15,6 | 31,2 | 31,8 | 21,48 | 23,2 | 21,7 | 23,25 |Khdéng quy dinh
pH - 6,01 | 6,48 | 8,12 | 849 | 7,14 7,5 7,14 | 7,45 |Patloai A/B
EC uS/cm | 15 | 174 | 3200 | 4470 | 491,77 | 477,8 | 436 | 416 |Khdng quy dinh
b6 duc NTU | 6,5 | 9,6 86 117 | 24,44 | 38,0 | 20,95 36,05 | Khong quy dinh
DO mg/L | 249 | 1,5 7,9 7,63 | 5,47 5,1 5,34 | 5,01 |Loai B-D
COD mg/L | 2,7 | 13,5 45,7 | 51,6 | 24,67 | 31,4 |24,75| 31,65 |Vuotloai C
BOD:s mg/L | 47 | 92 | 31,5 | 36,8 | 15,51 | 22,1 |15,25]| 21,85 |Vuotloai C/D
NH4" mg/L | 0,05 ] 0,07 | 1,53 | 2,11 0,5 0,5 0,45 | 0,4 |Vuotloai B
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Min Max Trung binh Trung vi banh gia theo
Thong sé | Pon vi QCVN
2021 | 2022 | 2021 | 2022 | 2021 | 2022 | 2021 | 2022 08:2023/BTNMT
NOy mg/L 0 0,01 | 0,23 | 0,45 0,05 0,1 0,04 | 0,1 |Khong quy dinh
NOs mg/L | 0,04 | 0,29 | 9,15 | 7,78 1,52 1,8 1,2 1,53 |Patloai A
Mot s6 dié ot
POS | mgL | 0,02 | 001 | 042 | 0,72 | 017 | 01 | 0,17 | 0,12 | o 50 MV
loai A
TSS mg/L | 10 12 78 65 31 29,2 30 28 |Patloai B
MP
Coliform 10 OII:£ 1700 | 3000 | 11000 | 11000 | 7085,4 | 7311,1 | 7000 | 7000 | Vuot loai C

Ghi chii: Panh gid nguong dwa trén QCVN 08:2023/BTNMT: Logi A - cdp nueée sinh hoat sau xu Iy don
gidan; Logi B — tuoi tiéu; Logi C/D — giao thong thiuy hodc muc dich khac. Cac théng so khong co quy
dinh nguong dwoc danh gia theo xu huong va murc do dao dong tu nhién.

Nhin chung, chit lugng nudc nim 2022 ¢ xu
hudng suy giam, dac biét tai ha luu. Cac thong
s6 ¢6 gia tri vuot quy chuan dang ké gom:
BOD:s tang trung binh tr 15,5 1én 22,1 mg/L,
nhiéu diém vuot loai D (15 mg/L), cho thiy &
nhiém hitu co tir sinh hoat va lang nghé gia
tang. COD tang tur 24,7 1én 31,4 mg/L, vuot
loai C, tién sat ngudng loai D. NHa* duy tri
trung binh 0,5 mg/L, nhung gia tri cyc dai lén
toi 2,11 mg/L, vuot loai B, dac biét tai vung
chan nuo6i — ndong nghi¢p tham canh. Coliform
trung binh nam 2022 1a 7311 MPN/100mL
(vuot loai C), cuc dai dén 11.000. DO giam,
nhiéu diém dudi 4 mg/L (muc loai B), thip
nhat 1,5 mg/L, cho thiy tinh trang yém khi
nghiém trong ¢ ha luu mua kho. Cac thong sb

78

con lai (TSS, PO4*, NOs-, pH...) bién dong
nhe hodc vuot cuc bo.

So sanh voi QCVN 08:2023/BTNMT cho
thdy: thuong luu (P01-P02 nhu Nhu Tréac, Hiru
Bi) thuong dat loai A/B, phu hop tudi va cap
nude sau xu 1y; ha luu (P15-P20 nhu Dap Bién
Hoa, Cau Chu) chi dat loai C/D, dic biét xau
vao mua kho nam 2022.

Ma tran tuwong quan Pearson (Hinh 2) cho
thdy cac thong sé6 COD, BODs, NH4",
PO4*~ va Coliform ¢6 mdi twong quan cao
(r > 0,6), phan anh cling ngudn phat sinh 6
nhiém. Nguogec lai, DO c6 tuvong quan am 1o
rét voi cac thong sd nay, cho thdy anh
huong yém khi.
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Hinh 2: Ma trdn twong quan Pearson giita cdc thong sé

Két qua khang dinh anh huéng rd tir ngudn
thai phan tan va dong chay yéu, dong thoi dat
tién dé cho phan tich PCA/FA nham nhan dién
nhém nhan té chi phdi va hd tro dé xuat giai
phap quan ly.

3.2. Chi s6 chat lwgng nuée (WQI)

Chi s6 WQI duoc tinh tai 20 diém quan tric
trong hai nam 2021-2022 nhim d4nh gi4 tong
hop chét lugng nudc mat hé théng thuy lgi
Bic Nam Ha. Két qua cho thay WQI dao dong
tir 13 dén 91, phan anh sy phan hoa theo
khong gian (thugng - trung - ha luu) va thoi
gian (mua mua - mua kho).

Theo khong gian, thugng luu (PO1-P02) duy
tri WQI trung binh tur 75-91, tuong rng muc
“tt dén rat tot”, dat loai A/B theo QCVN
08:2023/BTNMT, phu hop cho tuoi tiéu va
cdp nudc sinh hoat sau xu 1y don gian.
Trung luu (P03-P10) c6 WQI tu 50-70,

thugc mutrc trung binh (B/C), bi anh hudéng
boi nude thai lang nghé va nong nghiép. Ha
luu (P15-P20) ghi nhan WQI < 45, dic biét
thap vao mua kho, phan anh tinh trang o
nhiém niing, chi con phu hgp cho giao thong
thay hodc can xur 1y nghiém ngit trude khi
st dung.

Theo thoi gian, WQI gidm 10 trong mua kho
(thang 1-4) do luu luong dong chay thap va
tich tu chat 6 nhiém, trong khi mua mua (thang
5) ¢6 xu hudéng céai thién nho hi€u ung pha
lodng. So sanh giita hai nam cho thdy chat
lugng nude ndm 2022 suy gidm rod rét hon ndm
2021, ddc biét tai cac diém ha luu.

Bang 3 tom tit phan ving chat lwong nudc
theo WQI trung binh; Bang 4 va Hinh 2 thé
hién chi tiét sy bién dong theo mua tai tung
diém quan tric.

Bang 3: Phan ving chét lwgng nwéc theo chi s6 WQI (2021-2022)
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Khu vuc M3 diém WQI trung binh Phan loai QCVN | Nhén dinh quan 1y
Thuong luu P01-P02 75-91 A/B Tot, uu tién duy tri
Trung luu PO3-P10 50-70 B/C Can kiém sodt phan bén,

nudc thai lang nghé
O nhiém nang, can xu ly
trudc khi str dung

Bang 4: Chi s6 WQI tai 20 diém quan tric theo mua (2021-2022)

WOQIkns 2021 WOQlnuwa 2022 | WQIkns 2022
72 75

72 69 73

Ha luu P15-P20 <45 C/D

Piém |Piém quan tric
P01 Cbng Nhu Tréac
P02 |Cbng Hitu Bi

WOQlnua 2021

P03 | Cdng Cdc Thanh 70 56 57
P04  |Cdng song Chanh 53 51 61
P05 |Cdng Nham Trang 59 70 56 62

P06 | Cdng Kinh Thanh
P07 Cbng C6 Pam
P08 |Cbng Vinh Trj
P09  |Piu kénh T3

P10 |Paukénh C9

P11 | Céiu duong 10 v6i song Sét
P12 Pap An Bai

P13 |Paukénh CG16
P14 bap La Cho

P15  |Paukénh S48
P16 bap Vua

P17 |Céiu Chu

P18 |Céu Yén Trung
P19  |Paukénh C19
P20  |Paukénh T6
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Hinh 2: So sanh chi s6 WQI mia khé tai 20 diém quan trdc (2021-2022)

Mot sb diém dién hinh cho 6 nhiém ning nhu
P15 (Bién Hoa) va P17 (Cau Chu) chi dat
WQI chi dat 13-15 trong mua khé ndm 2022,
dong thoi ghi nhan COD > 40 mg/L, BODs >
8 mg/L, va Coliform > 10.000 MPN/100mL,
déu vuot ngudng QCVN loai C/D. Nguoc lai,
P01-P02 (Nhu Trac, Hiru Bi) duy tri WQI >75
trong cd hai mua va hai nam, phan &nh vung
nude c6 chat lugng on dinh.

Nhimng s6 liéu trén cho thdy WQI khong chi
phan 4nh chinh xac muc d6 6 nhidm tong hop,
ma con c6 mdi lién hé rd rét véi cac thong sb 6
nhiém hitu co - vi sinh. Do d6, viéc phan ving
chat luong nude theo WQI 1a cong cu hiéu qua
dé xéac dinh cic diém néng 6 nhiém va vu tién
kiém soat, déng thoi tao co s& khoa hoc cho
phan tich PCA va FA trong muc tiép theo
nhim nhan dién nguyén nhan va nhém tac
dong chinh.

3.3. Két qua phén tich théng ké da bién
PCA va FA

TAP CH
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3.3.1. Két qua kiém dinh diéu kién dp dung PCA

Trude khi thuc hién PCA, dir liéu dugc chuan
hoéa va kiém dinh sy phii hgp bang hai tiéu chi:

- Chi s6 KMO dat 0,786, thudc muc ‘kha’ theo
phan loai cia Kaiser (1974), cho thiy cac
thong s6 (COD, BODs, TSS...) ¢ muc tuong
quan dt manh dé thuc hién phan tich nhén t6,
dam bao d¢ tin cay cua PCA/FA [16].

- Kiém dinh Bartlett’s Test cho p < 0,001, bac
b6 gia thuyét ma tran twong quan 13 ma tran
don vi, xac nhan dir li¢u phu hop cho phan tich
PCA/FA [17].

3.3.2. Két qud phén tich thanh phan chinh PCA

Phan tich thanh phan chinh (PCA) duoc ap
dung trén tap dir liéu gém 13 thong sb moi
truong nham rat gon chiéu dir liéu va nhan
dién cac nhom bién chi phdi. Bang 5 trinh
bay gia tri riéng va ty 1€ phuong sai lily tich
ciia cac thanh phan chinh trong hai nim
nghién ctru.
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Bang 5: Gia tri riéng va phwong sai lity tich ciia cAc thanh phén chinh nim 2021-2022

e Ty 1€ phuong sai Téng lily tich cua ty 1& phuong sai
Thanh Gia tri riéng
phin (%) (%)
2021 2022 2021 2022 2021 2022
PC1 4,53 3,669 34,74 28,06 34,74 28,06
PC2 1,93 2,303 14,80 17,62 49,54 45,68
PC3 1,53 1,733 11,73 13,26 61,27 58,93
PC4 1,42 1,547 10,89 11,83 72,16 70,77
PC5 0,87 0,827 6,67 6,33 78,83 77,09
PC6 0,77 0,702 5,90 5,37 84,74 82,46
PC7 0,58 0,601 4,45 4,60 89,19 87,06
PC8 0,49 0,483 3,76 3,69 92,94 90,75
PC9 0,39 0,457 2,99 3,50 95,94 94,25
PC10 0,22 0,347 1,69 2,65 97,62 96,90
PCl11 0,16 0,328 1,23 2,51 98,85 99,41
PC12 0,12 0,057 0,92 0,44 99,77 99,85
PC13 0,03 0,020 0,23 0,15 100 100

Ca hai nim déu xéac dinh duoc 4 thanh phan
chinh (PC1-PC4) véi gid tri riéng > 1, phu hop
tiéu chi Kaiser [16], giai thich hon 70% tong
phuong sai.

- PC1 14 nhan t6 chi phdi chinh, mic du ty
trong giam tir 34,74% (2021) xudng 28,06%
(2022), chi yéu gin véi nhém thong s6 o
nhiém hiru co — vi sinh nhu COD, BODs,
Coliform.

- PC2 tang ty trong tur 14,80% 1én 17,62%,
phan anh xu hudng gia tang anh hudng cua
nhom thong sb vat 1y — lo ling (TSS, do duc),
c6 thé lién quan dén thay doi thuy van hoic
luong mua.

Co cau thanh phan tuong d6i 6n dinh giita hai
nam, goi y tinh 13p lai theo khong gian — thoi
gian cia cdc nhom tac dong moéi truong. Su
bién dong ty trong giita PC1 va PC2 la dau
hiéu cho thiy su thay doi vé ngudn gbc hoic
mtc do 6 nhiém, nhét 1a tai cac diém ha luu
mua kho.

Két qua PCA 1a co so dé tiép tuc phan tich
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nhan t6 (FA), nhim gom nhém cac bién c6 tai
trong cao vao tung nhan to dai dién, hd tro
phan vung chat lugng nudc va dé xuat giai
phap kiém soat 6 nhiém.

3.3.3. Két qud phdn tich nhén té (FA)

Nhiam nhan dién sau hon cac nhom yéu t chi
phdi chat lwong nudc, nghién ctru ap dung
phan tich nhan t6 (FA) trén 13 théng s moi
truong, ké thira tir két qua PCA. Phuong phap
xoay Varimax dugc sir dung, gitt lai 4 thanh
phan chinh (PC1-PC4) véi tong phuong sai
lity tich déu vuot ngudng 70% cho ca hai nim
khao sat.

Két qua ma tran tai trong (Bang 6) cho thay
cac thong sb co tai trong |> 0,35| phan anh
mbi lién hé dang ké véi ting thanh phan
nhan t6. Cau trac FA tuong d6i on dinh
gitra hai nim, tuy nhién mot sé thong sb
nhu pH, nhiét 6, PO+* va NH4* ¢6 su dich
chuyén gita cac thanh phan, phan anh anh
hudng cua yéu t6 mua vu, thuy van va hoat
dong bé mit.

TAP CHi KHOA HOC VA CONG NGHE THUY LOI SO 93 - 2025
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Bang 6: Ma tran tii trong cac thong s6 vao 4 thanh phan chinh nim 2021-2022

Thong s6 PC1 PC2 PC3 PC4

2021 2022 2021 2022 2021 2022 2021 2022
COD -0,418 | -0,424 0,070 0,288 -0,115 0,017 -0,102 | -0,166
BODs -0,415 | -0,426 0,129 0,278 -0,088 | -0,005 | -0,133 | -0,179
DO 0,387 0,318 0,016 -0,219 0,241 -0,122 | -0,021 0,210
NH4* -0,287 | -0,285 0,211 -0,061 0,091 0,179 -0,410 0,098
Coliform | -0,345 | -0,330 | -0,047 0,175 -0,245 0,207 -0,037 | -0,122
TSS 0,158 0,193 0,532 0,521 -0,278 | -0,166 0,268 0,210
Do duc 0,117 0,245 0,576 0,534 -0,315 | -0,063 0,198 0,168
NOs~ -0,268 | -0,244 0,264 0,127 0,379 -0,288 0,253 0,476
NO2~ -0,159 | -0,266 | -0,111 | -0,223 0,371 -0,039 0,200 0,110
pH 0,089 -0,232 0,234 -0,358 0,366 -0,065 0,033 0,257
Nhiét do -0,030 | -0,196 0,368 -0,048 0,199 -0,604 | -0,554 | -0,003
EC -0,259 | -0,166 0,137 0,021 0,388 0,124 0,415 0,660
PO4*- -0,299 0,027 -0,161 0,059 -0,266 0,640 0,326 0,243

Duya trén két qua Bang 6, bén nhoém nhéan to
chinh duoc xac dinh nhu sau:

- PC1 — O nhiém hitu co — vi sinh (nudc thai
sinh hoat): Gom COD, BODs, DO. Trong do,
COD va BOD:s c6 tai trong am cao, ddi nghich
v61 DO c6 tai trong duong, phan anh tac dong
tir nguon thai hiru co, sinh hoat va lang nghé —
dién hinh tai cac diém nhu Bién Hoa, Cau Chu
¢6 WQI thap va DO suy giam manh.

- PC2 — Tac dong vat 1y — thuy Iyc: Gom TSS,
do duc, pH va nhiét dg, la nhém phan anh anh
huong ciia x6i mon, dong chay yéu, do thi hoa
va bién dong nhiét — pH tai cac khu vuc nhu
Liém Tuyén. Twong ty nhom “vat ly — lo

lung” trong cac nghién ctiru song ngoi do thi
hoéa & Trung Qudc [19].

- PC3 — Du lugng nong nghi¢p va khoang hoa
tong hop: Gom NOs-, NO2, pH, EC, nhiét do,
PO4>. Pay la nhom nhén t6 thé hién anh huong
tir phan bon vo co, chat khoang trong dét va diéu
kién dia hoa, ndi bt trong mua kho, khi qua
trinh hoa tan va tich tu tang cuong.

- PC4 — Tich lily dinh dudng — nén thiy van:
GOom NHg4*, nhiét do, NOs~, EC. T6 hop nay
phan anh tac dong cua dong chay thap, tich
lily nito va ion khoang tai vung ha luu, dic
biét 1d rét trong diéu kién kho han kéo dai
nhu nam 2022.

Bang 7: Dién gii cac nhan t6 chinh chi phdi chit lwgng nuwéc theo FA

Nhén t6 Thong sb tai cao Dién giai dic trung

PCl COD, BODs, DO @) nkhlemw hu’uA ?0 — vi sinh tur sinh hoat, lang
nghé, chan nuoi

PC2 TSS. do duc, pH, nhiét do T?c d(??g v‘e{t ly; t}iuy lyc: x61 mon, dong chay
yeu, di€u ki¢n bé mat

PC3 NOs~, NOz, pH, EC, nhiét | Du lugng ndng nghi¢p va khodng hoa tir phan

do, POs>~ bon, tich tu hoa chat trong mua kho

PC4 NH.", nhiét do, NOs-, EC T}ch l‘uy dm%l du:ﬂrong‘—Anen' ihuy van, anh huong

cua dong chdy yéu va 6 nhiém nito

TAP CHi KHOA HOC VA CONG NGHE THUY LOI SO 93 - 2025
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Cac nhén té tir FA ¢6 mdi twong quan rd rét
v6i chi s& WQI. Trong d6, PCl va PC2
chiém ty trong phuong sai 16n va tuong ung
v6i cac diém 6 nhiém ning nhu Bién Hoa,
Cau Chu, Liém Tuyén. PC3 va PC4 phan anh
cac yéu t6 nén va bién dong theo mua, nhu
qua trinh khoang hoa, dinh dudng tich tu —
thuong tang cao trong mua kho hodc thoi ky
dong chay thép.

So v6i cac nghién cuu tai song Hau [9], song
Nhu¢ [10], hay song Gorganroud (Iran) [8], hé
Bic Nam Ha thé hién mirc d6 bién dong thanh
phﬁn FA 13 rét hon, do mang kénh day dac,
thiéu xr Iy tap trung va kiém soat lién tinh.

Nghién ctru nay ké thira phuwong phép tir Binh
Thuén [21], Klang River (Malaysia) [22], dong
thoi mé rong bang cach lién két PCA — FA —
WQI theo ca khong gian va thoi gian, gitp xéac
dinh cdc nhém nhan té chi phdi va ving uu
tién kiém soat chat luong nudc.

Tir d6 cho thay: chét lugng nudc Bic Nam Ha
bi chi phdi boi nhiéu nhém nguyén nhan két
hop, véi su twong tac manh giita yéu t6 dong
chay, ngudn thai va diéu kién thity van, nhan
manh sy can thiét cia giai phap phan ving
quan ly theo nhom tac dong.

4. KET LUAN VA KIEN NGHI

Nghién ctru di danh gia chat luong nudc mit
hé¢ thong thuy loi Bic Nam Ha giai doan
2021-2022 bang phuong phap tich hop chi sd
WQI va phan tich théng ké da bién (PCA,
FA). Két qua cho thay chét lugng nude co sy
phan hoa rd theo khong gian — thoi gian:
thuong Iuu (PO1-P02) duy tri mirc “tot dén rat

TAI LIEU THAM KHAO

t6t” (WQI > 75), trong khi ha luu (P15-P20),
dac biét trong mua kho ndm 2022, roi vao mirc
“6 nhiém nang dén rat ning” (WQI < 45).

Céc thong s6 COD, BODs, NH4* va Coliform
vuot ngudng quy chuén tai nhiéu diém, phan
anh 1o tdc dong tor nudc thai sinh hoat, lang
nghé va nong nghiép. Phan tich PCA xac dinh
4 nhom nhén t6 chinh (PC1-PC4), giai thich
hon 70% phuong sai, trong d6 PC1 (6 nhiém
hitu co — vi sinh) va PC2 (vat chit lo limg) co
anh huong 16n dén WQI tai cac diém 6 nhiém
nang nhu Bién Hoa (P15) va Cau Chu (P17).

Céch tiép can tich hop WQI-PCA-FA di cho
thdy hiéu qua trong nhan dién nguyén nhéan 6
nhiém va phan ving chét lugng nudc — 13 co
s¢ khoa hoc hiru ich cho cong tadc gidm sat va
quan 1y hé théng thiy loi.

Tir céc két qua nghién ctru, nhom tac gia dé
xuat mot sb kién nghi cu thé nhu sau: (1) Tang
cuong quan tric dinh ky mua khé, tip trung
céc thong s6 6 nhiém hitu co — vi sinh (COD,
BODs, NH4*, Coliform), ddc biét tai cac diém
ha luu c6 nguy co cao nhu Bién Hoa (P15),
Cau Chu (P17); (ii) Thi diém lap dit tram quan
tric tu dong tai 1-2 vi tri nhay cam (vi du P15
hodc P17), st dung cam bién theo doi pH, EC,
DO va nhiét do, nhim theo ddi lién tuc va
kiém ching hiéu qua trude khi nhan rong; va
(iii) Ung dung khung phan tich tich hop WQI-
PCA-FA két hop hé théng GIS dé xay dung
ban d6 phan ving chat luong nudc theo khong
gian — thoi gian, 1am cong cu hd trg quan 1y,
quy hoach va kiém soat 6 nhiém trong cac hé
thng kénh ndi dong ving dong bang.
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