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Tran Thanh Hung!, Ngd Sy Hec!, Hac B4 Thanh?, Tran Thi Thanh Huyén?,
Hoang Ngoec HUNg?, Vii Thi Phuwong?

TOM TAT

Ung dung Internet of Things (10T) dé xay dung hé théng giam sat méi #ruweong nurdc
nham canh bao nguon nuwéc cd & nhiém & mét trong cac phirong phap dang dwoc sir dung
réng rai. Ngoai cac cam bién, hé thang pin nang lwong mat troi, bé thu va phat di liéu,
hé théng con phan tich dir liéu giri vé Webserver dé canh bdo qua SMS, email t6i nguoi ding.
Cam bién theo ddi pH, nhiét @3 va DO. Trong nghién cizu nay, nhém tac gia da trién khai
ving dung IoT tai Tram quan trdc & huyén Ngoc Lic cung cdp cdc chi s quan trong dé gidm sat
chdt liwong nguon nuéce, ¢ thé so sanh véi cac tiéu chudan vé méi triong dé xac dinh mic
dé 6 nhiém, tir 46 bao cao va duwa ra khuyén nghi cho cac nha quan Iy moi truong, co quan,
t6 chirc ¢6 lién quan nham duwa ra céc gidi phap hiéu qud, kip thoi.

Tir khoa: Hé thang quan tric moi trweong nuréc, song Am, canh béo 6 nhiém nguon nuéc.
DOI: https://doi.org/ 10.70117/hdujs.71.2024.687

1. PAT VAN BE

Hién nay, diéu kién tu nhién va kinh té xa hoi trén cac luu vuc séng dang thay doi
nhanh chéng, dic biét 1a do bién d6i khi hau va su gia tang tan sut 1d Iut, anh huong nghiém
trong dén tai nguyén nudc. Sy phét trién nhanh chong cia néng nghiép, cong nghiép va do thi
da dan dén khai thac tai nguyén nudc qua mirc, gdy mat can bang va thiéu nuée & nhiéu khu vuc.

Nghién ciru nay tap trung vao viéc xay dung hé théng canh bao 6 nhiém nuéc dua trén
viéc do dac lién tuc cac thong s6 nhu nhiét do, pH va DO tai céc vi tri xung yéu. Céc quy chuan
vé chat luong nudc gom QCVN 08:2023/BTNMT - Quy chuan ky thuat Qudc gia vé chat lugng
nudc mit va Thong tu s6 01/2023/TT-BTNMT ngay 13 thang 03 nam 2023 cta Bo truong
Bo6 Tai nguyén va Mbi truong & duoc ap dung dé danh gia mirc do 6 nhidm [1][2]. Cong nghé
IoT duoc sir dung dé tao ra mot hé théng quan trac tu dong, két ndi qua mang khong day va
duoc cung cap nang luong tir nang lwgng mat troi, nham cung cap théng tin quan trong cho
céac nha quan ly méi truong [3][7].

Huyén Ngoc Lic 1a 1 trong 20 vi tri xung yéu di khao sat can c6 bién phap theo doi,
lip dat hé thong quan tric méi truong nudc. Theo bao cao cua UBND huyén Ngoc Lic,

! Trung tAm Quan trdc va Bao vé méi trwong Thanh Hod, S Tai nguyén va Mdi trieong
2 Trung tam Ho tro Khoi nghiép va Poi méi sang tao, Truong Pai hoc Hong Dirc;
Email: hoangngochung@hdu.edu.vn
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UBND x4 Van Am cho thayz khu vuc thuong ngudn séng Am, doan chay vao huyén Ngoc Lic,
tinh Thanh Ho4 dang dugc xem 13 diém néng moi trudng trén dja ban tinh, thuong xuyén
xay ra tinh trang ca chét hang loat do nguén nudc bi 6 nhim. Ngoai ra, tai vi tri ciu phao dan
sinh qua song Am doan chay qua thon Gioi, xa Van Am, huyén Ngoc Lac, tinh Thanh Ho4,
toa do vi tri: X: 20060442; Y: 105288923 c6 nhiéu thuan loi dé lya chon diém dat hé thong
quan tric méi truong nudc tu dong, lién tuc nhu: thuan loi vé phuong an gia ¢b phao quan tric
trén sdng dé bao vé an toan cho hé théng quan tric trong trudng hop co6 mua, 1i; dam bao
quan tric dai han; thuan lgi vé giao thong, dién, vién thdng; an toan trong qua trinh van hanh,
bao dudng hé thdng tram quan tric méi trudng nudc; nam trén doan sdng thang, ¢ chat luong
nudc dong déu; c6 khoang céach trong ban kinh 1 km vé phia thuong luu 1a cac diém xa thai,
dam bao tinh dai dién khi lap dat; van toc va ché do dong chay 6n dinh trong ngay binh thuong.

2. PHUONG PHAP NGHIEN CUU
2.1. Tinh hinh nghién céu

Mot s6 nghién ctu gan day da duoc thyc hién dé xay dung hé thong giam sat moi
truong nudc dua trén nén tang l1oT. C4c nghién ciru nay 1a co s dé nhdm tac gia tham khao,
lya chon xay dung md hinh hé théng quan tric méi trudng nudc phuc vu hoat dong giam sat
va canh béo sém ngudn nudc ¢6 6 nhidm trong khudn khé thuc hién dé tai.

Kirankumar va Ramesh (2013) da dé xu4t hé thong giam sat khu viuc nudi ca dua trén
mang cam bién khong day. Hé théng duoc bao gom bai mot tram gdc va cac cam bién. Gia
tri cac thong sé pH, nhiét d6 s& duoc truyén dén tram quan sét thong qua mang khong day
va duoc giam sét bai ngudi quan ly. Hé thng ¢ chire ning canh béo, khi bt ky théng sé
nao vuot qua gid tri ngudng, mot canh béo béo s& dugc dua ra. Hé thong c6 nhimg wu diém
nhu tiéu thu dién ning thap, trién khai linh hoat hon [5].

Shruti Sridharan va cong su (2014) da dé cap dén viéc phat trién mot hé thong giam sat
chat luong nuéc dya trén mang cam bién khdng day hiéu qua, nham kiém tra chat lugng nudc
tai cac khu vuc st dung nudc dé bi ton thuong nhu tudi tiéu va sinh hoat [8]. Céc théng sé
lién quan dén gidm sat chét luong nuée nhu d6 pH, do duc va nhiét do duoc do trong thoi gian
thyc hién boi cac cam bién gui dir liéu dén phong diéu khién. Hé thdng giam sat nhu vay cd thé
dugc thiét 1ap nhan manh vao céc khia canh chi phi thap, d& dang cai dat, dic biét dé dang
xt Iy va bao tri. Viéc str dung hé théng khong day cho muyc dich giam sat s& khong chi giam
chi phi hé théng giam sét tong thé vé thiét 1ap co s vat chat va chi phi nhan céng ma con
mang lai su linh hoat vé& khoang cach hoic vi tri [8].

Twong tw, Karthik Kumar va cong su (2014) d4 nghién ciru mang cam bién khéng day
dé giam sét chat lugng nude bang cong nghé mang cam bién khong day két hop tim pin
mat troi. Dé giam sat chat lugng nude trén cac dia diém khac nhau dudi dang wng dung
thoi gian thuc, mot tram goc va hé théng mang ludi cac cam bién duge dé xuat. Théng qua
mang cam bién khong day, dit liéu pH, TSS, DO duoc thu thap bai cac cam bién khac nhau
va giri dén tram gdc. Tai tram géc, dit liéu thu thap duoc hién thi duéi dang truc quan va dugc
phan tich bang céc cong cu md phong khac nhau. Uu diém cua hé thdng nay 1a tiéu thy dién
nang thap, khéng phat thai carbon, linh hoat hon dé trién khai ¢ dia diém cac viing héo lanh [4].
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Sugapriyaa va cong su (2018) dé xut hé thdng giam sat chit luong nudc bao gdm
mot bd vi diéu khién va cac cam bién co ban, nho gon va rat hiru ich dé phat hién d6 pH, do
duc, myc nudc, nhi¢t do... gui dir lidu lién tuc va thoi gian thuc qua cong ngh¢ khong day
dé giam sat chat lugng moi trudng nude [10].

Trong nghién ciru gan day, Sathish Pasika va Sai Teja Gandla (2020) da thiét lap hé
thdng gidm sat moi truong nude théng minh, chi phi thap trén nén tang IoT. Hé thong dugc
dé xuét bao gém mot sb cam bién dé do cac thong s6 khac nhau nhu gia tri pH, d¢ duc trong
nude, muc nudce trong bé. Ngoai ra, bo vi diéu khién da giao tiép voi cac cam bién nay va
qué trinh xir 1y tiép theo dwogc thuc hién trén may tinh. Dit liéu thu dwoc gui dén dam may
bang cach sir dung img dung ThinkSpeak dua trén IoT dé theo ddi chat luong nudéc [6].

2.2. Pé xuét hé thdng img dung IoT trong xiy dung hé théng quan tric méi truong
nuwée phuc vu hoat dong giam sat va canh bio sém ngudn nwée ¢6 6 nhiém

Hé thong quan tric moi truong nude ty dong lién tuc bao gdm céc thiét bi quan trac
mdi truong nudc va cac md dun phan mém kém theo nham thu nhan, xtr 1y va luu trir cac
thong tin lién quan dén madi truong lam viéc tai vi tri can giam sat thong tin vé chat lugng
nude. Hé théng phan mém quan tric moi trudng nudc cho phép quan 1y cac thiét bi quan
trac moi trudng, thu nhan théng tin moi trudng tir cac tram vién théng va hién thi truc quan
trén nén cac tmg dung. Cac thiét bi quan tric phai dugc kiém soat vé trang thai va hiéu nang.
Thong tin phai duoc cap nhat lién tuc & dang thoi gian thuc. Cac thong tin vé méi truong
can dugc biéu dién dudi dang truc quan, dé hiéu, dé chuyén ddi. Co sé dir liéu can duge
xay dung & dang mo, co thé tich hop duoc véi cac dang co so dit lidu khéc.

Hé thdng quan tric mdi trudng nudc s& trd nén hiéu qua khi két hop vai hé théng
canh bao tuy dong vé chat lugng cua nudc tai cac vi tri do. H¢ théng canh bdo ty dong cho
phép canh bao su ¢d vé 6 nhidm co thé xay ra & cac ngudn nude thong qua viée danh gia
chi sb 6 nhiém va tu dong lua chon céach guri thong tin canh bao su c¢b cho nguoi co trach nhiém.

Dé phuc vu qua trinh quan 1y, cac bao cdo vé& 6 nhiém va tinh hinh khic phuc rui ro s&
duoc cap nhap dén nhimg ngudi 6 trach nhiém va cac bén lién quan théng qua thu dién tir va
tin nhan. Cac bao cao thudng ki vé chét lwong méi truong nude ciing dugc tao ra phuc vu cong
tac quan ly va kiém tra khi ¢6 yéu cau. V& cong nghé, hé théng duoc xay dung dua trén nén web
nham hd tro cong tac quan tri phan tan, moi luc, moi noi, trén moi nén tang phan cimg hién co.

Giai phép chung cua hé thang

Hinh 1 m6 ta mo hinh chung ctia hé théng quan tric moi trudng nude ty dong. Hé thong
bao gém cac thiét bi do, thiét bi doc/ guri dir li¢u, cong nghé truyén dir liéu, bo Iuu trit dir liéu,
co so dif liéu va cac tmg dung. Cu thé: cac thiét bi do do thong tin vé do pH, DO trong moi
treong nudc va chuyén thanh tin hiéu c6 thé hiéu duoc. Thiét bi doc/ gui dit li€u thu thap
dir lidu tir cac thiét bi do, sau d6 giri vé may chu qua cac duong truyén dir liéu. Giao thirc
MQTT cung cép cac phuong thirc truy cap dit liéu cho phép dit liéu dugc giri vé tir cac thiét
bi do. Sau khi dit liéu duge xur 1y, s€ luu trit trong co s¢ dit liu MongoDB va céc co s¢ dit
liéu lién quan. Hé théng cung cp cac giao dién dé twong tac voi nguoi dung qua cac giao
dién web, cung cap cac thong tin thong ké qua cac Dashboard.
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Hinh 1. M6 hinh gii phap hé théng quan tric méi truong

2.3. Thiét ké phan cing cho cac node

B6 quan tric moi trudng bao gom cac thiét bi cam bién, thiét bi nguon va cac thiét bi
lién quan gidp thiét bi quan trac cé thé ty noi tai cac dia diém can quan trac. Danh sach cac
thict bi cu thé trong bang 1.

Bang 1. Danh sach thiét bi hd tre' qua trinh ndi tw déng cia thiét bi quan triic

STT | Loai thiét bi (Model) Thong s S0
luong
1. Pong ho do da thong sb ¢ nap day trong sudt.
MPG-6099 2. Kich thudc bé ngoai 1a: 320x 270 x 121mm, xép
1 Wall-mounted hang chéng nudc IP65. 1
Multi-parameter | 3, Hién thi: man hinh cam tmg 7 inch
Analyzer 4. RS485 USB
5. Phan mém quan Iy nén tang, cam bién va dit liéu
6. Daido:0.0~14.0
7. Do léch : +0.1pH
BH-485-pH digital 8. Nhié;[ d(f)ilélm viéc: 0-50°C
2 oH sensor 9. Nguon cap : 24V DC 1
10. Communication mode: RS485 (Modbus RTU)
11. Material: ABS
12. Cable: 5 meters
Dai do: 0~20mg/L
3 BH-485-DO | Sai s6: 1% , 1
Digital DO Sensor | Nguon dién cung cap: 12V DC
Cong két ndi: RS485
Dién ap: DC 12V / 24V Pau vao nang luong mit troi toi
. -, | da: it hon 50. Dong hoat dong dinh murc: nho hon 20A.
4 Pin nal‘lg luong mat Pau xa két ndi lai: 25,2V Nhiét d6 hoat dong: -35°C -| 3
tro1 400w 60°C. Dién ap dAu ra: 12V/24V tu dong phan biét dién
ap Mau sdc: den Chét liéu: Nhyua
5 Pin dc quy Ac quy dién ap 12vdc 50A 2
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B nap va Ngudn t6 ong DC24v.

A A= A < \ - - s 2
chuyén doi Sac nguon ac quy tur pin mat troi
Chat ligu: Chup dén bang nhua PC, dé bang nhom
Mau séc: D6
Cong suat: 0,3 (W)
Di¢n ap hoat dong : 1,2 (V)
Sac pin: Bang nang lwong mat troi 1
Ché d6 sang: Nhap nhay. Co cong tac bat/mo
Thoi gian sac: 8h, thoi gian sir dung 40h
. Khoang cach c6 thé thay: 200m
Tudi tho: 3 - 5 nam

V& thiét ké, thiét bi quan tric duoc thiét ké nhu sau:

beén canh bao dién ap
cho nudi ngudn

NogokrwdhE

= '
D 1 SRR

=
N

=i

|
minaim

8
.. ™ II} ’
I ~
| w | l‘ ’ >
|
Hinh 2. Ban vé thiét ké caa thiét bi quan tric Hinh 3. Chiéu tir trén xuéng thiét
mdi treong nuwéc bi quan trac méi treong nwéc

Ndng lwong mat troi va pin (dc quy)

Hau hét cac tram quan tric tu dong, lién tuc nay dugc dit & nhimg noi xa ngudn dién ludi.
Giai phap cho viéc nay 1a ting dung ngudn ning lwong mit troi, dong thoi dung lwong pin
(4c quy 24v/24Ah) dé lwu giir va duy tri hoat dong caa hé théng tram quan tric, dugc nap
dién tu pin nang lwong mat troi thong qua IC sac UC3906, thoi gian nap 6 - 8 gio.

UC3906 c6 hai kiéu hoat dong l1a: Dual Level Float Charger va Dual Step Current
Charger. Tir d6 tim ra dwoc gid tri cac dién tré Ra, Rs, Re, Rs cho mach nap ac quy.

3. KET QUA NGHIEN CUU VA THUC NGHIEM
3.1. H¢ théng sau khi hoan thién

Hé thdng thue hién nhu hinh 4 véi cac thiét bi nhu: hé thdng phao néi, pin ning lwong
mat troi, ta dién, dc quy, hé thdng thiét bi diéu khién, thiét bi cam bién, thiét bi két ndi
khong day, man hinh Led hién thi.
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3.2. Giao di¢n hé théng giam sat va canh bao

Hinh 4. Hinh anh thyc té hé théng giam sat méi treong nwéc

Giao dién hé thdng cung cap thong tin cho ngudi ding thdng qua giao dién wng dung,
email va SMS.

Trang chd

Thiét bi

Chiso do

Thong ké

Béo cdo

Ngudi ding

Cai dat hé thong

{2 / Caidatheé théng

Cai dat hé thong

STT Hotén

1 Tuan Anh

System Admin e

Danh sich thiét bi Tat ca chiso QTMT_001
Théng s6 mai nhat: 02:00 28/08/2024 Niy 503
o QTMT_001 Mat két néi
— BopH — DO = 6
sttt s e S ot
Bando  Vetinh [
ﬁ PH @
Leaflet | © OpenStreetMap contioutors 2 4 3 6 7 5 8

Hinh 5. Giao dién theo ddi gia tri sb cac tiéu chi

Cai dat thong bao

Email Dién thoai Guri mail GUi sms
anh@gmail.com v
1-1ctal

Hinh 6. Cai dit hé thong

=+ Thém ngudi ding

2 Chinh stfa 0 Xoa

III 10/ trang
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3.3. Hé théng canh béo

N

AR 53 X [ Y Locdiliéu

STT Thai gian Thiét bi Chisé Giatr
= Chisédo 21 12/03/2024 11:50 QTMT_001 DO 696
ﬁ T K ™ m 12/03/202410:15 QTMT_001 DO 365
213 12/03/202410:10 QTMT_001 DO 489
Théng ké vugt ngudng
214 12/03/2024 09:55 QTMT_001 DO 376 gudng cho phép
@ Bio cio v =
25 12/03/2024 09:50 QTMT_001 DO 405
Thong 6 theo phit 216 12/03/2024 09:45 QTMT_001 DO 396
Thang s6 theo gid 217 12/03/2024 09:40 QTMT_001 Do 408
218 12/03/2024 09:35 QTMT_001 DO 394
Théng s6 theo 8 gio
219 12/03/2024 0915 QTMT_O01 DO 422 VE ng
220 12/03/2024 09:00 QTMT_001 DO 2N Vuot ngudr g cho phép
Nhat ky vuot ngudng
211-220cta 449 < 1 20 212223 24 45 > 10/trang
Nhit ky két noi
= Thoéng s8 theo gid < Nhat ky vuot ngudng
Bo loc ~ BS loc ~
i i ate Thiét bi Thai gian
QTMT_001 ‘ Tuy chon ‘ QIMT_001 ‘ Tuy/chon
Tu ngay Dé&n ngay Tu ngay ‘Den ngay
12/03/2024 ‘ 13/03/2024 ‘ (202/2028 ‘ 1240572024

Y Loc dirligu Y Loc diF ligu

C NF Thai gian Thigt bi
12000 s s 5105 18:40 12/03/24 QTMT_001 Do
00 z 6.55 20.96 12:00 12/03/24 QTMT_001 Do
5 7/2(‘)(:);;?4 7.58 B65 20.81 11:50 12/03/24 QTMT_001 Do
3:00 7.56 6.72 20.65 10:15 12/03/24 QTMT_001 DO
12/03/24
dog 7.56 6.76 20.53 10:10 12/03/24 QTMT_001 Yo}
e Fee 6.71 20.4 9:55 12/03/24 QTMT_001 oY}
— Sias 6.51 203 9:50 12/03/24 QTMT_001 Do
12/7(‘)(?3?24 7.54 6.22 20.23 9:45 12/03/24 QTMT_001 Do

Hinh 7. Nhat ky vugt ngudng caa cac chi s6 man hinh Web, Mobile
3.4. Két qua do thuc nghiém tai tram quan tric

Sau qua trinh nghién ciru va xay dung hé théng quan tric tw dong, lién tuc, dua vao
lip ghép va chay thir nghiém tai song Am doan qua lang Gioi xa Van Am, huyén Ngoc Lic
cho két qua chay thir nghiém dat yéu cau, ddy 1a thanh cong budc dau ciia qua trinh van hanh
hé thdng. Hé thong giam sat ngudn nude bang cong nghé tu dong, lién tuc, truc tuyén tai
Iwu vuc sdng sir dung ngudn nudc cho muc dich cap nuée sinh hoat, nudi tréng thuy san va
viing san xuat néng nghiép, budc dau da gitp danh gid duoc chat lugng nuwdc phuc vu cac
ddi tuong str dung nudc, dua ra nhitg dé xuat giup danh gia hién trang va dién bién chat luong
nudc Kip, thoi dua ra canh bao dén cac ddi twong nay ciing nhu kiém soat cac nguon thai
gy nguy co 6 nhiém moéi truong nudce tai khu vuc. S6 liu quan trac cap nhat lién tuc 5 phat/lan
va duoc truyén lién tuc qua phan mém quan ly.
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3.5. Két qua do doi ching tai khu vuwc tram quan tric
Bang 2. Két qua do ddi chiing caa 1 ngay trong thang

Két qua Két qua Két qua do |Két qua do
KHM do may pH | do online pH KHM may DO |online DO
pH 1-04-01 7,30 7,41 DO 1-04-01 6,89 7,02
pH 1-04-02 7,29 7,43 DO 1-04-02 6,86 7,01
pH 1-04-03 7,34 7,48 DO 1-04-03 6,88 7,00
pH 1-04-04 7,38 7,49 DO 1-04-04 6,88 7,03
pH 1-04-05 7,42 7,56 DO 1-04-05 6,87 6,96
pH 1-04-06 7,48 7,62 DO 1-04-06 6,84 6,99
pH 1-04-07 7,55 7,67 DO 1-04-07 6,87 7,00
pH-1-04-08 7,50 7,65 DO 1-04-08 6,84 6,99
Ket qua tinh RA cho ket qua do doi chung ngay 1/4/2024
Két qua tinh RA Két qua tinh RA
thgng s pH 1,96 bat thc‘?ng s6 DO 2,13 bat
4. KET LUAN

Hé thdng quan trac tu dong, lién tuc moi trudng nudc nham giam sét mic do 6 nhidém
ngudn nudc trén cac hé théng sdng thong qua két ndi cac cam bién va hé théng truyén nhan
dir liéu khong day (I0T) vé Webserver dé ngudi ding c6 thé giam sat va nhan cac canh béo
thong qua SMS va Email. Céc thiét b cam bién cua tram quan tric nghién ctru do céc thong so:
Nhiét do, pH, DO. Bay la mét trong nhiing thong sb quan trong trong viéc giam st chat luong
nguon nuéc, tir d6 so sanh véi gia tri chuan dé dua ra cac két luan mac do 6 nhiém cua
nguoén nude, dong thai bao cao cho nguoi quan ly moi truong. Ngoai ra, hé thong con gidm
sét cac gla tri nhu muc nang lugng cung Cap (dc quy, nang luong mat troi, chat luong tin
hiéu nham gidp quan ly tinh trang cua hé thong theo thoi gian. Hé théng hoat dong 6n dinh,
chi phi van hanh thap, tinh linh hoat co dong. Hé théng con c6 thé ung dung dé nang cao
hiéu qua trong nganh nudi trong thuy san (tom, ca...) gitip nguoi nudi sém phat hién céc bat
thudng cua ngudn nudc nham kip thoi xu ly giam thiéu thiét hai.
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BUILDING A WATER ENVIRONMENT MONITORING SYSTEM
FOR MONITORING AND EARLY WARNING OF POLLUTED
WATER IN THANH HOA PROVINCE: A CASE STUDY OF VAN AM
COMMUNE, NGOC LAC DISTRICT, THANH HOA PROVINCE

Tran Thanh Hung, Ngo Sy Hoc, Hac Ba Thanh, Tran Thi Thanh Huyen,
Hoang Ngoc Hung, Vu Thi Phuong

ABSTRACT

The application of the Internet of Things (IoT) to build a water quality monitoring
system for detecting pollution is one of the widely used methods. In addition to sensors, the
system includes solar power panels, data transmitters, and receivers, and it also analyzes
data sent to a web server to send alerts via SMS and email to users. The sensors monitor
pH, temperature, and dissolved oxygen (DO). In this study, the authors implemented the l0T
application at the monitoring station in Ngoc Lac district, providing essential indicators for
monitoring water quality that can be compared with environmental standards to assess
pollution levels. This enables reporting and recommendations for environmental managers
and relevant organizations to develop effective and timely solutions.

Keywords: Water quality monitoring system, Am river, ealy warning for polluted water.
* Ngay nop bai: 28/5/12024, Ngay giri phan bién: 3/6/12024, Ngay duyét dang: 4 110/2024
Loi cam on: Bai bao thyec hién thuge dé tai khoa hoc cdp tinh: Nghién citu xay ding hé
théng quan trdc méi trwong nwéc hién dai va bén ving phuc vu hoat déng giam sét va

canh b&o sém nguon nuedc ¢6 6 nhiém trén dia ban tinh Thanh Héa. Pon vi chii tri: Trung
tam Quan trdac va Bao vé moi truong Thanh Hoa. Chu nhiém dé tai: ThS. Tran Thanh Hung.
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