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TGM TAT

Trong bii canh da thi haa, bign ddi khi hau va gia tang 6 nhim ngudn
nure, chat lrgng ngudn nudc cdp cho cac da thi tai Viet Nam dang
chiu nhiéu &p luc va thach thire nghiem trong. Quén Iy chét legng
ngudn nuéc theo huéng ddm béo cap nude an toan (Water Safety
Plan - WSP) trir thanh yéu céu cap thigt nhdm kiém soét rii ro, bao
vé strc khae cang ddng va ddm bao an ninh ngudn nudc bén vimg.
Bai bao sir dung phuong phap tdng hop, phén tich tai liéu va so séanh
kinh nghiém qudc t& dé nghién ctu céc ma hinh quén |y chét lrgng
ngudn nudc theo tiép can quan Iy ting hop tai nguyén nudc va ing
dung cang nghe hién dai trong giam sat, cénh bao sam chét lrgng
nurde. Ket qua nghién ciu cho thay xu hudng quan Iy hign dai tap
trung van quén |y theo lru vire, ting cuang phdi hop lign nganh, img
dung cong nghe quan tréc thai gian thue, Internet van vat (loT) va
tri tué nhan tao (Al) trong giam sat va du bao chat lrong ngudn
nude. Trén co siv danh gia thuc trang quén Iy tai Viet Nam, bai bao
d& xudt mat sd gidi phap trong tam vé thé ché, ki thuat va cang
nghé nham nang cao higu qué quan Iy chat lvgng nguén nudc va
dam ban cép nudc an toan cho cac da thi trang béi canh phat trién
bén virng.

Tir khéa: Cap neac da thi; ke hoach cép nudc an toan; quan Iy chat
|rgng ngudn nude; quan tréc chét legng nide; quén ly ting hop tai
nguyén nuwac.

ABSTRACT

In the context of rapid urbanization, climate change, and increasing
water source pollution, the quality of urban water sources in
Vietnam is facing significant pressures and challenges. Water
source quality management towards the Water Safety Plan (WSP)
approach has become an essential requirement to control risks,
protect public health, and ensure sustainable water security. This
study applies literature review, synthesis, and comparative
analysis methods to examine international experiences in
integrated water resources management and the application of
advanced technologies in water quality monitoring and early
warning systems. The results indicate that modern management
approaches emphasize river basin management, inter-agency
coordination, real-time monitoring technologies, the Internet of
Things (loT), and artificial intelligence (Al) for water quality
assessment and prediction. Based on the assessment of current
management practices in Vietnam, the paper proposes several key
institutional, technical, and technological solutions to improve
water source quality management and enhance urban water supply
safety in the context of sustainable development.

Keywords: Urban water supply; Water Safety Plan (WSP); water
source quality management; water quality monitoring; integrated
water resources management.

1. DAT VAN DE

Tai nguyén nudc la moét trong nhimg yéu té nén tang cla phat
trién bén ving. Bén canh tritluong, chat lugng nudc dong vai trod rat
quan trong [1]. Do d6, mét trong nhiing méi quan tdm hang dau cua
cac nha quan ly va co quan chiic nang phu trach cung cap nuéc sach
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la viéc giam sat cac rdi ro tiém an, xac dinh va kiém soat cac diém
trong yéu va mdi nguy hiém de doa hé théng cap nudc tir ngudn
cap nudc dén diém tiéu thu [2]. Tai Viét Nam, qua trinh d6 thi héa
nhanh chéng da day nhu cau s&r dung nudc 1én cao. Nhu cau s
dung nudc cho sinh hoat, cong nghiép tai cac dé thi dat khoang 13-
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14 trieu m*/ngay dém vao nam 2025 [1]. Tuy nhién, tinh trang 6
nhiém nguén nudc mat tai cac luu vuc séng 16n (nhu song Nhué -
Day, séng Cau, séng Boéng Nai - Sai Gon), xam nhap man vung clia
s6ng (nhu s6ng Thai Binh, séng Da Do) va suy gidm chat lugng nudc
ngam (thong qua moét s6 khao sat va bao cao vi du amoni & phia
nam Ha Noi hoac asen tai mot sé khu vuc thudc Bong bang séng
Héng) dang tao ra ap luc khéng 16 [1]. Chinh vi vay, viéc gidm sat va
du bao chinh xac chat lugng nguén nudc dugc lua chon la ngudn
cap cho céac d6 thj déng vai trd hét siic quan trong trong dam bao
stic khoe cdng dong cling nhu dam bao cap nudc an toan, lién tuc
cho ngudi st dung. Viéc nghién ctu kinh nghiém quéc té vé quan ly
chat lugng ngudn nudc theo hudng dam bao cap nudc an toan la
yéu cau cdp thiét nham hoan thién chién lugc quan ly tai nguyén
nudc tai Vit Nam. Hién nay, cac nghién ctu chl yéu tap trung vao
danh gia hién trang chat lugng nudc hodc cac gidi phap céng nghé
xU ly nudc, trong khi cac nghién ctu vé quan ly chat lugng ngudn
nudc theo ti€p can quan tri rdi ro, quén ly téng hop tai nguyén nudc
va K& hoach cap nudc an toan con tuong déi han ché, dac biét trong
b&i cdnh (ng dung cong nghé s6 va canh bao sém chat lugng
nguodn nudc. Bai bao nay tap trung nghién cttu kinh nghiém quan ly
chat lugng ngudn nudc thdé cung cap cho cac nha may xt ly nudc
tai cac dé thi 8 mot s6 quéc gia, dong thai dé xuat mot sé giadi phap
nang cao hiéu qua quan ly chat lugng nguén nudc cap tai Viét Nam.

2. QUAN LY CHAT LUGNG NGUON NUGC VA KE HOACH CAP
NUGC AN TOAN

Quan ly chat lugng nudc la mét van dé cét 16i trong codng tac
quan tri tai nguyén thién nhién, cé su chuyén déi linh hoat giita cac
mo hinh quan tri khac nhau; bao trum cac khia canh tur bao vé tai
nguyén nudc, thuc thi cac chi thi phap ly, giam sat va duy tri cac tiéu
chuén chat lugng nudc, cho dén khic phuc tinh trang 6 nhiém nudéc
[2]. Quan ly hiéu qua chat lugng nudc doi hoéi phai co su am hiéu
toan dién vé cac yéu t6 tac dong dén qua trinh xar ly nudc, tir dé lam
€d s& dua ra nhiing quyét dinh chuin xac nhdm dam bao an toan
nguén nudc va bao vé sutc khée cong dong [3], [4], [5]. Trong dé,
cdéng tac du bao chinh xac chat lugng nudc dong vai tro then chét,
giup céc bén lién quan va cac nha hoach dinh chinh sach cha déng
chuén bi ting phé véi cac ri ro tiém an; déng thai tao budc chuyén
dich ti viéc phu thudc vao kinh nghiém vén hanh thu cong sang
phuong phép tiép can dua trén dir liéu nham kiém soat cac cong
doan xU ly t&i han.
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Hinh 1. Gac budc thuc hién ké hoach ¢dp nudc an toan [7]
Ké hoach cap nudc an toan dong vai tro thiét yéu trong quan ly
chét lugng nguén nudc. Theo téng hgp va tém tat trong nghién clu

cia Amin Kishipour va céng su, ké hoach cap nudc an toan la mot
cdng cu cung cdp cac nguyén tic cho cong tac quan ly rai ro, dién
hinh nhu hé théng phan tich méi nguy va diém kiém soat t6i han
(HACCP), mo6 hinh da rao can, va danh gid rai ro [6]. Cac budc thuc
hién ké hoach cap nudc an toan nham dam bao chat lugng nguén
tai nguyén nudc bao goém tich hgp phan tich cac yéu t6 dac thu tai
tiing dia diém, xem xét moi mai de doa tiém &n c6 thé tén tai trong
hé théng, dé xuat va danh gia cac bién phéap can thiép, déng thoi
xay dung céc chién lugc méi nhdm ngan ngua va/hodc gidm thiéu
rdi ro xuébng muic tuan tha cac gisi han quy dinh [7].

3. KINH NGHIEM QUAN LY CHAT LUGNG NGUON NUGC CAP
TU MOT SO NUGC TREN THE GIGI

3.1.Kinh nghiém quan ly tng hop tai nguyén nudc tai Trung
Quéc

Trung Quéc la mét trong nhitng quéc gia d6i mat véi thach thic
nghiém trong nhat vé tai nguyén nudc trén thé gidi, bén canh tinh
trang khan hiém nudc, qua trinh cdng nghiép hoéa va dé thi hoa kéo
dai nhiéu thap ky da gay 6 nhiém nghiém trong céac luu vuc séng va
hé I16n. Truéce ap luc d6, Trung Quédc budc phai chuyén déi tt moé
hinh quan ly nudc phan tan, thién vé khai thac sang mé hinh quan
ly téng hgp, nhan manh bao vé, s& dung hiéu qua va tai tao tai
nguyén nudc. Cai cach thé ché |a mét tru cot trung tdm trong quan
ly tai nguyén nudc & Trung Qudc, trong d6 Nha nudc gitr vai tro chi
dao trong hoach dinh chién lugc, ban hanh tiéu chudn va diéu phéi
lién vung, lién luu vuc. Vai trd nay dugc thé hién ré trong khung
phap luat qudc gia, dac biét la Luat Phong chéng 6 nhiém nudc,
theo d6 trach nhiém quan ly chat lugng nudc dugc giao cu thé cho
chinh quyén dia phuong va gén véi muc tiéu phat trién kinh t& - xa
hoi. Mot chuyén d8i quan trong 1a viéc tiing budc chuyén tir quan ly
theo dia gidi hanh chinh sang quan ly theo luu vuc séng, tiéu biéu
théng qua viéc trién khai co ché “Trudng séng” trén pham vi toan
quéc (Hinh 2). Theo co ché nay, lanh dao cac cap dugc giao trach
nhiém truc ti€p ddi vai giam sat chat lugng nudc, ki€ém soat 6 nhiém
va phéi hop lién dia phuong, qua d6 gép phan cai thién cac chi tiéu
chat luogng nuéc. Song song vai do, trach nhiém gidi trinh dugc tang
cudng théng qua viéc gan cac chi tiéu méi truong lién quan dén
nudc véi danh gia két qua cdng tac cla can bo, déng thai thuc day
c6ng khai théng tin va su tham gia clia cdng dong. Cac cong cu kinh
té theo nguyén tac én”

%

c“ngudi gay 6 nhiém phai tra tién” cling ngay cang
dugc ap dung, budc cac chd thé gay 6 nhiém phai ndi héa chi phi
moi trudng va qua dé nang cao hiéu qua thuc thi chinh sach quan
ly tai nguyén nudc [8].
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Hinh 2. Mi tuong quan gitia co cdu quan Iy hanh chinh va hé thong “Trudng song” [9]

Kinh nghiém cia Trung Quéc cho thay quan ly chat lugng nguén
nudc hiéu qua can dugc thuc hién theo tiép can quan ly téng hop
luu vuc séng thay vi phan chia theo dia gigi hanh chinh. Bong thai,
viéc gén trach nhiém cu thé cho ngudi ding dau dia phuang trong
kiém soat 6 nhiém ngudn nudc va tang cudng chia sé dit liéu gitia
cac coquan quan ly la nhiing yéu t6 quan trong nham nang cao hiéu
qua giam sat va diéu phéi lién nganh trong bao vé nguén nudc cap.
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3.2.Kinh nghiém quan ly t6ng hgp nguén nuéc luu vuc séng
Minnesota-My

Tai luu vuc séng Minnesota, chinh quyén dua ra giai phap quan
ly téng hop chat lugng nudc séng do van dé 6 nhiém nudc nghiém
trong. Cac nha quan ly cho rang, luu vuc séng Minnesota khéng thé
gidi quyét triét dé néu chi quan tam dén viéc kiém soat nguén thai
tap trung ma bé qua nguédn thai phan tan. B&i vay, can phai hiéu r6
muic dé, pham vi & nhiém, thai gian xuat hién & nhiém cta nguén
nudc. Qua phan tich, danh gia, ngudn nudc séng Minnesota dang
bi & nhiém bai vi khuan, phét pho, nita cling nhu ¢6 su bién déi chu
ky dong chay trong hé thng sdng, ho. Su suy gidm chat lugng nudc
cta luu vuc séng Minnesota la nguyén nhan gay ra nhimng van dé vé
chat lugng nudc & ha luu nhu hién tugng phd dudng hé chia Pepin,
dac biét vao mua khé khi ma dong chay trong séng nhé. D& phuc
hoi chat lugng nudc séng Minnesota, co quan quan ly luu vuc séng
Minnesota tap trung vao quan ly cac ngudn thai cé ham lugng va tai
lugng nito, phét pho va vi khuan 16n. Két qua la van dé da duoc giai
quyét, dem lai su phuc héi cho luu vuyc song [5].

Kinh nghiém tUr luu vuc séng Minnesota cho thay viéc ki€ém soat
chat lugng nguén nudc can dong thdi quan ly ca nguén thai tap
trung va nguén thai phan tan trong luu vuc. Cach ti€p can quan ly
dua trén danh gia téng hop muc dé, pham vi va thsi gian xuat hién
6 nhiém 1a cg s& quan trong dé xay dung céc giai phap kiém soat
chat lugng nudc phu hgp véi dac diém ting luu vuc séng tai Viét
Nam.

3.3.Kinh nghiém ap dung cac mé hinh hoc mdy (ML) va
Internet van vat (loT) trong giam sat va du bao chat lugng nudc
tai An D6 va Malaysia

Cac phuong phap danh gia chat lugng nudc truyén thong
thudng dua vao viéc Idy mau tha cong va xét nghiém trong phong
thi nghiém. Mac du dam bao dé chinh xac, quy trinh nay tiéu tén
nhiéu thdi gian va khéng thé cung cap di liéu theo thai gian thuc,
lam can trd viéc phat hién kip thdi cac su ¢ 6 nhiém ciing nhu tinh
ch( ddng trong cac quyét dinh quan ly. D€ gidi quyét bai toan nay,
su tich hop gira loT, dién todn dam may va cac moé hinh Hoc may
cung cap mét co sé ha tang tu dong, lién tuc va c6 kha nang du bao
cao [10].

Tich hop loT trong thu thap va xt ly di liéu thoi gian thuc. Hé
thong gidam sat hién dai van hanh dua trén nén tang loT, trong dé
cac thiét bi cdm bién dugc trién khai dé lién tuc thu thap di liéu vé
cac théng s6 hoéa ly cot 16i clia nudc nhu do pH, nhiét do, lugng oxy
hoa tan (DO), va do duc. Khéi dir liéu nay sau dé dugc truyén truc
ti€p dén mot hé théng ca s& dit lieu dam may dé luu trir va xd ly béi
cacmé hinh hoc may [10]. Mét s6 cadc mé hinh hoc may dugc nghién
clru 4p dung trong giam sat va du bao chat lugng ngudn nudéc & luu
vuc séng Kelantan (Malaysia) nhu Random Forest, Gradient
Boosting... da cho thdy dugc nhiing uu viét trong du bao chét lugng
nudc. Béc biét, thuat toan Gradient Boosting mang lai d6 chinh xac
téng thé |én tGi 94,90%, véi dd nhay 80,00% va chi s6 f-measure dat
86,49%, dong thai duy tri ty I& phan loai sai & muc thap nhat. Dua
trén cac du bao chuan xac vé chat lugng nudc, két qua thu dugc cé
thé gop phan hoan thién Chinh sach moéi trudng quéc gia vé tai
nguyén nudc théng qua viéc khéng ngiing nang cao chat lugng
nguén nudc [11].

Viéc ing dung cédng nghé loT, dif liéu thai gian thuc va cac moé
hinh tri tué nhan tao trong gidm sat va du bao chat lugng nudc cho
thay tiém nang I6n trong canh bdo sém cac su c6 6 nhiém nguodn
nudc. Bay la dinh hudng quan trong dé Viét Nam tiing budc hién dai
héa hé théng quan trdc chat lugng nudc, nang cao kha nang du béo
va cht dong Ung pho véi cac rdi ro moi trudng trong hé théng cap
nudc do thi.
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4. MOT SO THACH THUC TRONG QUAN LY CHAT LUONG
NGUGON NUGC CAP TAIVIET NAM

Quan ly tai nguyén nudc tai Viét Nam dang gdp tinh trang "phan
manh" quyén luc. Theo quy dinh hién hanh, Bé Néng nghiép va Moi
trudng chiu trach nhiém quan ly nha nudc vé tai nguyén nudc, trong
dé c6 quan ly quy hoach, khai thac, s dung va bao vé nguén nudc;
trong khi B Xay dung quan ly nha nudc vé linh vuc cdp nudc, trong
dé bao gém tur quy hoach cap nudc, dinh hudng, hoat dong xay dung,
san xudt, cung cap va tiéu thu nudc sach, trong d6 c6 quan ly hoat
déng clia cac cong ty cap nudc. Su phan vai nay dan dén hién tuong
dun day trach nhiém khi xay ra su c8 6 nhiém ngudn nudc. Qua trinh
chia sé dir liéu gilta cac s@, ban, nganh con cham tré, thi€u mot hé
thong co s& ditliéu chung vé tai nguyén nudc dugc cap nhat theo thai
gian thuc. Tai nhiéu thanh phd, chdng han nhu TP Hai Phong, hién
chua c6 nghién ctu xay dung mé hinh quan ly chat lugng nudc nguén
cho cac nha may nudc do thi I6n theo ti€p can rai ro va phéi hop lién
nganh trong béi cdnh quan ly luu vuc lién tinh.

- Han ché vé nang luc quan tric chat lugng nguén nudc: Hé
théng tram quan trdc nudc mat tu dong, lién tuc da dugc dau tu
nhung mat d6 con thua thét, chua bao phi hét cac diém néng vé xa
thai. Phan Ién di liéu van phu thudc vao quan trac thu cong dinh ky,
dan dén dé tré trong viéc phat hién va canh bdo sém céac su c6 moi
truong (vi du: xam nhap mdn dot ngot hodc xa thai trai phép vao
ban dém). Nhiéu tram cap nudc van thiéu thiét bi quan trac tu dong,
chu yéu dua vao kinh nghiém van hanh va cac phép tht nhanh don
gian déi véi mét sé chi tiéu nhu do duc. Nhiing han ché nay khién
cac nha may xt ly nuéc thudng & thé bi ddng trudc cac sy co.

5. DE XUAT GIAI PHAP CHIEN LUGC CHO QUAN LY CHAT
LUONG NGUON NUGC CAP PO THI TAI VIET NAM HUGNG TGl
DAM BAO CAP NUGC AN TOAN

R o o

E e

— "

- ——

i ¥ [ ] | L ]

LT b o P B, 3, 3, P,
ek ' b e i | Tl e M el ey
' X ' I
ﬁ o T i e ] T e ¢ et < e

P pieciaged ey | Deees | Howipdes g e i Sy, ik
' LT i T T T N [ —r—"—

Hinh 3. Khung quén Iy chdt lugng ngudn nudc cap do thi theo ti€p can ké hoach cap
nudc an toan

Dé dam bdo cap nudc an toan va dat muc tiéu SDG 6 (Nudc sach
va Vé sinh), Viét Nam can déng bd héa cac gidi phap. Nghién ciu tap
trung dé xuat mot sé giai phap lién quan dén thé ché, ky thuat va
cong nghé nhu sau:

- Hoan thién thé ché va quan ly téng hgp tai nguyén nudc: Can
ddy nhanh tién d6 ban hanh Luat Cap thoat nudc dé déng b véi Luat
Tai nguyén nudc. Hoc tap kinh nghiém cia My (song Minnesota) va
Trung Qudc (séng Duang Tu), can thiét lap co quan quan ly luu vuc
s6ng vai su hgp tac da nganh nhdm kiém soat nguén xa thai phan tan
tUr ndng nghiép va nguén xa thai tap trung ti cdng nghiép. Hién nay,
Bo Xay dung dang xay dung Luat Cap thoat nudc dau tién &Viét Nam
va du kién trinh Chinh phti vao thang 10/2026 [12].

- Ap dung céng nghé tién tién trong quan ly chat lugng nguén
nudc cap: Can dau tu hé théng quan trac chat lugng nudc tu dong,
lién tuc theo thai gian thuc tai cdc nguén nudc cap chinh, cong trinh
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thu nudc va nha may xt ly nudc. Cac théng s6 can dugc giam sat
online bao gém pH, d6 duc, d6 dan dién, DO, COD, amoni, d& man,
Chlorophyll-a va Coliform tai cac vi tri c6 nguy co 6 nhiém cao. D{
liéu quan trac can dugc truyén lién tuc vé trung tam diéu hanh
théng qua nén tang loT va tich hop vao hé théng co sé dirliéu dung
chung phuc vy quan ly nguén nudc theo luu vuc. Trén co sé dir liéu
thdi gian thuc, cdc mé hinh tri tué nhan tao (Al) va hoc may (ML) cé
thé dugc ap dung dé€ phan tich xu huéng bién doéng chat lugng
nudc, du bdo s6m nguy ¢ 6 nhiém, xam nhap man hoac su ¢ bat
thudng tai ngudn nudc cap. Khi cac théng s6 vuot ngudng cho
phép, hé théng sé tu dong phat cdnh bao cho don vi quan ly nham
chli d6ng diéu chinh ché d6 van hanh, chuyén déi nguén cip hoic
trién khai cac bién phéap tng phé kip thai dé ddm bao cip nudc an
toan. Mot s6 thuat toan hoc may nhu CNN, SVM, Random Forest,
Gradient Boosting, XGBoost dugc ung dung dé€ du bao chi s6 chat
lugng nudc va phan loai nguén nudc c6 thé dung cho muc dich an
uéng, sinh hoat véi d6 chinh xac 1én t&i 94-95%.

- Gidi phap ky thuat thich ting bién déi khi hau: Quy hoach xay
dung hé théng hé trir nudc mua, doi diém thu nudc thé 1én thugng
ngudn va nghién ctu cdng nghé x ly nudc Ig trudc tinh hinh cac
ngudn nudc cap bi nhiém man.

- D&y manh hgp tac cdng tu trong quan ly chat lugng nguén
nudc: Nha nudc cung cap cac goi vay uu dai, mién giam thué dé cac
doanh nghiép tunhan manh dan dau tu vao cong nghé, 1ap dat cac
tram quan trac tu dong va két noi dit liéu thai gian thuc véi trung
tam kiém soat clia cc nha may x{ ly nudc, S& Néng nghiép va Moi
trudng, S3Y té, S& Xay dung nham tu dong héa qua trinh kiém soat
cac rdi ro chat lugng nguén nudc va canh bao sém sy cd.
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Hinh 4. Khung ting dund loTva Al tron;] gidm sdt, cdnh bao sém chat lugng nguon nudc
cdp do thi

6. KET LUAN

Quan ly chat lugng ngudn nudc cap dé thi la nén tang cét 16i dé
dam béo suc khée cong dong va muc tiéu phat trién bén ving.
Trong béi canh nguén nudc mat tai cac luu vuc séng 16n &Viét Nam
dang d6i mat vai su suy thoai nghiém trong do 6 nhiém hiu co, vi
sinh va tinh trang xdm nhap man, viéc trién khai toan dién K& hoach
Cap nudc an toan ti ngudn dén diém tiéu thu trd nén cap thiét hon
bao gi¢ hét. Bai hoc tir cdc qudc gia trén thé gidi chi ra rang mot
chién lugc quan ly hiéu qua doi hoi su két hgp déng bd gidia thé ché
va céng nghé. Cu thé, viéc x6a bd su phan manh quan ly théng qua
co ché "Trudng séng" tai Trung Quéc hay quan ly cadc nguodn thai tap
trung va phan tan nhu tai My la tién dé mang tinh quyét dinh. Bén
canh d9, viéc chuyén déi tir phuong thic |dy mau thi cong sang hé
théng giam sat tu déng theo thai gian thuc (IoT) két hgp thuat toan
Hoc may (ML) nhu kinh nghiém tai Malaysia va An D6 d minh
ching dugc khd nang canh bao sém vuot troi.

Tai Viét Nam, dau da c6 hanh lang phép ly coban, hé théng quén
Iy van bdc 16 nhiéu bat cap do su chéng chéo trach nhiém gitta cac
bé nganh va mang lugi tram quan trac tu ddéng con thua thét, khién
cac don vi cap nudc ludn & thé bi déng trudc su ¢é vé chat lugng
nguén nudc thoé. Nham khac phuc nhiing han ché nay, Viét Nam can

khan truong thuc thi d6ng bé ba nhém gidi phap vé mit thé ché, ki
thuat va cdng nghé. Viéc hién thuc hda cac gidi phap nay sé thiét lap
hé théng phong vé da I6p, tao lap nén tang viing chdc cho quan ly
chat lugng cac nguén nudc cap cho cac dé thi tai Viét Nam.
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