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Tém tat: Hé thong thuy loi Quan Lo Phung Hiép nam ¢ phia Nam song Hau thugc DPong bang
Séng Ciru Long, véi nhiém vu cdp mede cho hoat dong san xudt cia nguoi ddn cdc tinh Bac Liéu,
Soc Trang, Ca Mau, Kién Giang va Hau Giang. Hién nay, cht lweong nguon nude & day cé dau
hiéu suy giam, nén viéc quan Iy, giam sat hién trang nguon nuoc la rdt can thiét. Nghién ciru sir
dung phwong phdp thong ké dé danh gid dién bién chdt hrong nweée tai hé thong thiyy loi Quan Lé -
Phung Hiép trong giai dogn 2015 2022. Két qud cho thay, trong giai doan 2015- 2022, ¢6 su gia
tang tinh trang o nhiém phén sdt tai cong cau Sap (OL1), cong Vinh My (OL2), cong Lang Tram
(OL5), cong Ca Mau (OL6) va cong bDa (OLY9), suy giam phit sa, gia tang 6 nhiém hitu co, dinh
dudng tai tat ca cdc vi tri ldy mau. Pong thoi, ¢é sw giam thiéu 6 nhiém vi sinh trong khu viee.
Ngodi ra, két qua kiém dinh Granger quan hé nhén qua giita d¢ man véi cdc théng sé chdt lwong
nude khdc cho thday dé mén c6 tac dong dén 5 théng sé la pH, DO, COD, NHa4*, Fe (p < 0,05). ¢
mdn co tac dong qua lai véi POs> va doc ldp véi TSS, NOs', NOz va Coliform.

Tir khéa: Phurong phdp thong ké, kiém dinh Granger

Summary: The Quan Lo Phung Hiep irrigation system is located in the south of the Hau in the
Mekong Delta, with the task of supplying water for production activities of people in Bac Lieu,
Soc Trang, Ca Mau, Kien Giang and Hau Giang provinces. Currently, the quality of water
sources is showing signs of deterioration, so the management and monitoring of water resources
is very necessary. The study used statistical methods to assess water quality changes in the Quan
Lo - Phung Hiep irrigation system in the period 2015-2022. The results showed that, there was
an increase in iron alum pollution at Cau Sap culvert (QL1), Vinh My culvert (QL2), Lang Tram
culvert (QL5), Ca Mau culvert (QL6) and Da culvert (QL9), a decrease in alluvium, and
increase in organic and nutrient pollution at all locations in the period 2015-2022. But a
positive sign is the reduction of microbiological contamination in the area. In addition, the
results of Granger's test of causality between salinity and other water quality parameters showed
that salinity had an impact on 5 parameters: pH, DO, COD, NHs*, Fe (p < 0.05). Salinity
interacts with PO% and is independent of TSS, NOs, NO2™ and Coliform.

Keyword: Statistical method, Granger’s test

1. PAT VAN BPE thuoc Chuong trinh phat trién thiy loi Dong
Hé théng thiy loi (HTTL) Quan L - Phung 0ang song Ciu Long (DBSCL) do By Nong
nghi¢p va Phat trien Nong thon (NN&PTNT)
dé xudt dau tu tir nhitng nam 1990, véi 5
nhiém vu chinh: Tudi, cip nudc ngot va ngin
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Hiép (QLPH) 1a mét trong ba tiéu hop phan
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san ving chuyén ddi tinh Bac Liéu; Kiém soat
man phuc vu lta va tom-lta vung chuyén ddi:
Tiéu ung, x6 phén; phong, chéng 1d, ngap lut,
ung cho khu vuc; Bao dam giao thong thuy va
cac nhu cau dung nudce khac.

Cong tac giam sat chat lugng nude tai HTTL
QLPH da thyc hién tor nam 2015 nhim danh
gia cac tac dong cla cong trinh dén moi truong
nude. Trong thdi gian gan ddy, chit luong
ngudn nudc dang cd chidu hudng suy giam. Vi
vdy viéc quan tric, danh gia dién bién chét
luong nudce tai khu vuc nham dua ra céc cin
ctr phuc vu cong tac chi dao, diéu hanh liy
nudc phuc vu cho san Xuét nong nghiép la rat
quan trong.

C6 nhiéu phuong phap dugc sir dung dé danh
gia chat lugng nuéc nhu danh gia théng qua
cac chi sd riéng 1¢ [2], cac chi sé tong hop chat
luong nude [4]-[5], bang phuong phap thong
ké [6]-[7], phuong phap mo hinh hoéa [3], tri
tué¢ nhan tao [8]. Mdi phuong phap cé cach
thtrc tinh toan khac nhau nhung cung mot cach
tiép can van dé. Chinh 1a sir dung gid tri quan
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trac ctia cac thong so chat luong nudc, xu 1y
thng ké, tinh toan céc chi sd thanh phan tir d6
dua ra cac danh gia vé chit luong, dién bién va
xu thé.

Trong nghién ctru nay, phuong phap phéan tich
théng ké dé danh gia dién bién chat luong
nude tai khu vyc nghién cuu duge st dung,
v6i cac muc tiéu bao gdm:(1) Panh gia duoc
dién bién xu thé chit lwong nudc tai ving
HTTL QLPH tir ndm 2015 dén 2022. (2) Panh
gid moéi quan hé nhan qué giita d6 midn va cac
thong s chat luong nudc khac.

2.DU LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. Pham vi nghién ciru

Ving QLPH gom dién tich cua 3 tiéu ving 1a
Ba Rinh-Ta Liém (BR-TL), QLPH va Long
Phu-Tiép Nhat (LP-TN). Dién tich tu nhién
ctia ving nghién ctru 1a 403.335 ha, bao gdm
dat dai chu yéu cua 3 tinh 13 Soc Triang, Bac
Liéu va Ca Mau, mot ph?m nhd khoang 4%
dién tich cua Hau Giang va Kién Giang [1].
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Hinh 1: Ban do cdc vi tri gidm sdt chat lwong mede ving QLPH

Ving dy 4n ndm & phia Nam song Hau cua
PBSCL, dugc gidi han boi kénh Chic Bang,

rach Xéo Chit, doan dau kénh QLPH & phia
Bic; kénh Soc Trang - Phung Hiép, kénh
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Santard va song Hau ¢ phia Dong; song M¥y
Thanh, song Nhu Gia va Qudc 10 1A & phia
Nam; sébng Ca Mau, song Trém Trem ¢ phia
Tay (Hinh 1). Pia hinh bang phang (v6i d6 cao
trung binh 1a 0,44 m), thip dan tir Dong sang
Tay, tr Nam Ién Bic véi hé théng kénh rach
chang chit. Ving QLPH chiu anh hudng cia
thiy triu va xAm nhdp min tir hai phia bién
DPoéng va bién Tay.

Dién tich dat nong nghiép ving QLPH khoang

[ KHOA HQC
328.808 ha, chiém 81,52% tong dién tich ving
du an [1]. Trong d6, chu yéu 1a dat laa (71%),
thity san (24%), con lai 13 cdy trong khac va
rimg (5%). V& phan bd khong gian, dit nong
nghiép tap trung nhiéu nhat ¢ tiéu ving QLPH,
sau dén LP-TN, cudi cting 1a BR-TL.

Mang lugi giam sat chat lugng nudc hang nim
trén ving QLPH duoc thiét 1ap bao gom 12
diém c6 dinh nam sau cac cong 16n va trén
kénh rach chinh trong khu vuc (xem Bang 1).

Bang 1: Céc vi tri giam sat chéat lwgng nwée ving QLPH

Ki hiéu Tuyén kénh Ki hiéu Tuyén kénh

QLO1 | Trudc céng Cau Sap trén | QLO7 | Trén kénh QLPH giao v6i kénh Canh

kénh Ngan Dira — Cau Sép Pén - Phd Sinh va kénh Phé Sinh -
Gia Rai

QLO02 | Trudc céng Vinh My trén | QLO8 | Piém lay mau sau au thuyén Ninh Quéi
kénh  Phuéc Long - trén kénh QLPH
Vinh My

QLO3 | Truéc céng Gia Rai trén | QLO9 | Tai cong D4 trén kénh QLPH
kénh Pho Sinh - Gi4 Rai

QLO4 | Tru6c cong HO Phong trén | QL10 | Trén kénh Ngan Dira giao vé6i rach Xéo
kénh Chu Chi - H) Phong Chit (song Cai Lon)

QLO5 | Trudc cong Lang Tram trén | QL11 | Tai Ngi Ba Dinh trén séng Cai Lén giao
kénh Lang Tram véi song Nga Ba Cai Tau

QLO6 | Tai cong Ca Mau & cudi | QL12 | Trén kénh Phong Thanh Tay giao véi
kénh QLPH song Bach Nguu

2.2. Dir liéu Vé thoi diém lay mau nuéc trong mua kho

Nghién ciru st dung sé liéu quan trac chat lugng
nuoc dinh ki 14 ngay trong giai doan 2015 —
2022 tai 12 diém quan tric trong nim 2022
(Bang 1) dugc tong hop nhu Bang 1. Thong sb
giam sat bao gom: pH, d6 man, Sat (Fe), Tong
chit ran lo lung (TSS), Oxy hoa tan (DO), Nhu
cau oxy hda sinh hoc (BODs), Nhu cau oxy héa
hoc (COD), Amoni (NH4"), Nitrat (NO3’), Nitrit
(NOy), Phosphate (PO4®) va Coliform.

va diu mua mua cu thé: tir thang I11-VI
(2015-2017); thang 1-VI (2018-2019); thang
I1-VI1I (2020); thang I-V (2021) va théang II-
VI (2022).

Vé tan suat: mau liy dinh ki 2 lan/thang vao
cac ngay triéu cuong véi tong sb 8 dot (2015-
2017 va 2021), 12 dot (2018-2019), 10 dot
(2020) va 9 dot (2022).
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Bang 1: Bd s6 liéu quan tric chét lwong nwéc trong giai doan 2015-2022

) Nam 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | Téng | Thoi gian
Pieém

QLO1 8 8 8 12 | 12 | 10 8 9 75 | 2015-2022
QL02 8 12 | 12 | 10 8 9 59 | 2017-2022
QLO3 8 12 | 12 | 10 8 9 59 | 2017-2022
QL04 8 8 12 | 12 | 10 8 9 67 | 2016-2022
QLO5 8 8 8 12 | 12 | 10 8 9 75 | 2015-2022
QLO06 8 8 8 12 | 12 | 10 8 9 75 | 2015-2022
QLO7 8 12 | 12 | 10 8 9 59 | 2017-2022
QLO8 8 12 | 12 | 10 8 9 59 | 2017-2022
QLO09 8 8 8 12 | 12 | 10 8 9 75 | 2015-2021
QL10 8 12 | 12 | 10 8 9 59 | 2017-2022
QL11 8 12 | 12 | 10 8 9 59 | 2017-2021
QL12 8 12 | 12 | 10 8 9 59 | 2017-2022
Tong 32 | 40 | 96 | 144 | 144 | 120 | 96 | 108 | 780

2.3. Phuwong phap

Dir liéu mau nudc sau khi duoc ldy tai hién
truong duge phan tich miu nudc tai phong thi
nghiém. Tiép d6, ding phuong phap thdng ké
hoi quy dé danh gia dién bién chat lugng nudc
trong giai doan 2015-2022, véi y nghia gia trj R?
14 cho biét mo hinh d6 hop véi dir liéu & mic
bao nhiéu %. Sau cing, st dung kiém dinh
Granger dé danh gia mbi quan hé nhan qua giita
dd man voi cac thong sO chat luong nudc con
lai, duoc thyuc hién 1an lugt cac bude sau:

- Budc 1: Kiém dinh tinh dung cta chudi dir
liéu bang kiém dinh ADF

- Bu6c 2: Kiém dinh méi quan hé nhan qua
gitta cac bién nghién ctru

(1) Dung kiém dinh ADF (Augmented Dickey
Fuller- kiém dinh nghiém don vi) dé kiém dinh
tinh dimg cta chudi dir liéu. Kiém dinh nay
déu c6 mo hinh duge viét dudi dang nhu sau:

k
AYt = (ZO + .BYt—l + z ®] AYt—l + Et (1)
j=1

70

Gia thuyét kiém dinh: Ho : Yt 1a chudi dit liu
khong ding; Hi : Yt 1a chudi dir liéu dung.

(2) Kiém dinh nhan qua Ganger duoc thé hién
theo m6 hinh sau:

k k
Vi =a +Z. ﬁth—i‘le ViYi; + Uy
j=1 j=1

k
Xe=a1 + 6; Yy
j=1

(2)

k
+Z. O+ Ua ()
j=

Vi sy thay doi ctua cac hé so hoi quy Bj, i,
moi quan hé gitra hai bién X¢ va Y dugc xac
dinh nhu sau:

- Néu Bj # 0 va ¢ ¥ nghia théng ké (p < 0,05),
nhung oi khong cé ¥ nghia (p > 0,05) thi sy
bién dong ctia X 1a nguyén nhan gy ra sy bién
dong cua Y.

- Néu Bj khong c6 y nghia thng ké (p > 0,05),
nhung di # 0 va c6 y nghia (p < 0,05) thi su
bién dong ctia Y 1a nguyén nhan gy ra sy bién
dong cua X.

- Néu Bj # 0, & # 0 va co ¥ nghia théng ké
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(p <0,05) thi X va Y tac dong qua lai 1an nhau.

- Néu Bj, 8 déu khong c6 y nghia théng ké (p >
0,05) thi X va'Y 1a doc 1ap voi nhau.

[ Thu thjp diF lidu ]

" DdF lifu guan tric m3u T
el murdh tir 2015-2003 7

I: Phién tich miu nuwdc 1

:.- Pham tich théng k& hoi quy k]
e "

Dénh gid difgn bién chat luong
mirdrs wing OLPH

l(F Kifm dinh Granger \>

Banh gia nhan qQua gitka dd |
man va cac thang 55 khac J

Hinh 2: Lwoc dé quy trinh phwong phdp
nghién cuu

Nghién ctu st dung phan mém RStudio,
Microsoft Excel dé so sanh, v& dd thi cac sb
liéu thyc do tir nam 2015 dén 2022, véi cac
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quy chuin v& nudc mit (QCVN 08 -
MT:2015/BTNMT, cot Al, Bl), nudc dung
cho thuy lgi va nudi trong thuy san. Tur do,
danh gia cac dién bién chit luong nude cho 2
nhom vi tri giam sat, bao gom: tiéu ving ngot
hoéa bao gém cac diém QL1,2,8,9; tiéu vung
chuyén ddi bao gém cac diém QL3,4,5,6, 7,
10, 11, 12.

3. KET QUA NGHIEN CUU
3.1. Panh gia dién bién chét lwgng nuwéc
a) bo pH

Déi v6i ving ngot hoa, trong giai doan 2015-
2022, pH c6 xu thé tang nhe tai QL2 nhung
giam tai cac diém con lai. P6i voi ving chuyén
d6i, pH c¢6 xu thé giam tai QL7 nhung ting tai
cac diém con lai trong giai doan tir 2015-2022.
Cac gia tri do dac pH ciia nguon nudc van nam
trong ngudng phu hop bao ton dong thuc vat
thiy sinh va cac muc dich khac nhu tudi tiéu,
thay loi, giao thong thuy (cot Al).
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Hinh 3: Dién bién pH tai tiéu ving ngot héa (a) va chuyén doi (b) trong 2015-2022

b) Bé nhiém mdn

DP6i voi ving ngot hoa, trong giai doan
2015-2022, d6 man c6 xu thé giam tai QLI,
8, 9 nhung tang tai QL2; dd man tai QL2
cao nhit vao dot han mian lich st 2019-

2020. Poi voi vung chuyén ddi, 6 min co
xu thé ting nhe tai QL10, 12 va giam tai céc
diém con lai; d0 man tai tit ca cac diém cao
nhit vao hai dot han min lich st 2015-
2016, 2019-2020.
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Hinh 4: Dién bién do man tai tiéu viimg ngot héa (a) va chuyén doi (b) trong 2015-2022

con lai; sét tai QLS cao nhit vao dot han man
lich str 2019-2020. Piéu nay cho thiy su gia ting
tinh trang 6 nhidm phén sat trong ving, trong d6
ham luong sat tai QL2, 5, 6, 8, 9 vuot ngudng
ot B1 & hau hét cac thoi diém quan tric.

¢) O nhiém phén sat

Déi v6i ving ngot hoa, trong giai doan 2015-
2022, sit co xu thé tang tai QLI1, 2, 9 nhung
giam tai QLS. Ddi véi ving chuyén dbi, st co
xu thé ting tai QL5, 6 nhung giam tai cac diém
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Hinh 5: Dién bién Fe tai tiéu viing ngot héa (a) va chuyén doi (b) trong 2015-2022

d) O nhiém, phi: sa trong Vung QLPH c6 xu thé giam tai tat ca cac

Trong giai doan 2015-2022, ham lugng TSS diem. Bleu nay cho thiy su suy giam ph sa
trong nguon nudc tai vung.
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Hinh 6: Dién bién TSS tai tiéu viing ngot héa (a) va chuyén doi (b) trong 2015-2022

e) O nhiém hiru co

Déi vé6i tiéu ving ngot hoa, trong giai doan
2015-2022, DO ¢6 xu thé tang tai QL2, 8, 9,
giam tai QL1; DO tai QL1 thap nhat vao dot
han min lich s 2019-2020. Pbi voi tiéu
ving chuyén doi, DO c6 xu thé ting tai tat ca

cac diém, ngoai trir QL3. Trong khi do6, ¢ ca
hai tiéu ving ham luong BODs va COD c6
xu thé ting tai tit ca cac diém, nhung hau
nhu vin nim trong ngudng cot B1. Dicu nay
cho thiy su gia ting tinh trang 6 nhiém hitu
co tai vung.
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Hinh 7: Dién bién DO tai tiéu viing ngot héa (a) va chuyén doi (b) trong 2015-2022
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Hinh 8: Dién bién BODs tai tiéu ving ngot héa (a) va chuyén doi (b) trong 2015-2022
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Hinh 9: Dién bién COD tqi tiéu viing ngot héa (a) va chuyén doi (b) trong 2015-2022

/) O nhiém dinh dwéng

D6i v6i tiéu ving ngot hoa, trong giai doan
2015-2022, amoni ¢ xu thé ting tai tit ca cac
diém; amoni tai QL2 cao nhét vao dot han man
lich str 2019-2020. Ham luong nitrat c6 xu thé
tang nhe tai hau hét cac diém; nitrat tai QLI1,
QL2 cao nhat vao dot han man lich sir 2019-
2020. Ham lugng nitrit ¢6 xu thé giam tai hau
hét cac diém. Ham luong phosphate c6 xu thé
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tang tai tit cdc cac diém; phosphate tai QLI
cao nhat vao dot han mn lich sir 2019-2020.

Dbi v6i tiéu vung chuyén d6i, amoni c6 xu thé
tang tai tat ca cac diém; amoni tai QL5 cao
nhét vao dot han man lich sir 2019-2020. Ham
lugng nitrat c6 xu thé tang tai tat cac cac diém;
nitrat tai QL4, QL6 cao nhét vao dot han man
lich sir 2019-2020. Ham lwong nitrit c¢6 xu thé
giam tai QL10, 12, tang tai cac diém con lai.
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Ham luong phosphate c6 xu thé ting tai tit caic ~ g) O nhiém vi sinh
cac diém. Phosphate tai QL6 cao nhét vao dot
han man lich str 2019-2020.

Trong giai doan 2015-2022, coliform trong
ving QLPH déu c6 xu thé giam tai tat ca
Qua dién bién clia cac thong sb trén, cho théy cac diém; coliform tai QLI, 4, 6, 8 cao
su gia ting tinh trang 6 nhiém dinh dudng tai nhit vao dot han min lich sir 2019-2020.
ving. Trong do, nitrit vurot ngudng cot Bl trén  Piéu nay cho thdy su giam thiéu tinh trang

50% s0 lan quan trac tai hau hét cac diém. 0 nhiém vi sinh.
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Hinh 10: Dién bién NHs" tai tiéu ving ngot héa (a) va chuyén déi (b) trong 2015-2022
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Hinh 11: Dién bién NO3 tai tiéu ving ngot héa (a) va chuyén doi (b) trong 2015-2022
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Hinh 12: Dién bién NO2 tqi tiéu ving ngot héa (a) va chuyén doi (b) trong 2015-2022
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Hinh 13: Dién bién POs* tqi tiéu ving ngot hoa (a) va chuyén doi (b) trong 2015-2022
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Hinh 14: Dién bién Coliform tai tiéu viing ngot héa (a) va chuyén doi (b) trong 2015-2022

3.2.Anh huwéng cia min dén chat
lwgng nuwédce

Pé kiém dinh gia thuyét vé mdi quan hé
nhan quéa gitta d6 man va cac thong sd chat
luong nudce khéc, kiém dinh Granger duoc
st dung. Kiém dinh Granger yéu cdu cic
chudi dir liéu phai co tinh ding (stationary).

Vi vay, trudc khi st dung kiém dinh
Granger, kiém dinh ADF (Augmented
Dickey Fuller) dugc st dung dé kiém tra tinh
dung cua cac chudi dit liéu nay trong giai
doan 2015-2022 vé&i két qua nhu Bang 3.
Theo do6, ngoai trr BODs, 11 thong s6 con
lai déu c6 tinh ding (p < 0,05).

Bang 3: Két qua kiém dinh ADF tinh dirng ciia cic thong sé chét lwgng nuwéc

Théng s6 ADF p-value Két ludn
pH -5,7393 <0,01 Dimg
Do man -9,4155 <0,01 Dimg
Sét (Fe) -5,9815 <0,01 Dimng
Téng chét rén lo lung (TSS) -5,1182 <0,01 Dumng
Oxy hoa tan (DO) -5,0869 <0,01 Dung
Nhu cau oxy héa sinh hoc (BODs) -2,7415 > 0,05 Khoéng dung
Nhu cau oxy héa hoc (COD) -4,8614 <0,01 Dumng
Amoni (NHz") -6,9551 <0,01 Ding
Nitrat (NO3") -4,8166 <0,01 Dimg
Nitrit (NO2) -4,4486 <0,01 Dirng
Phosphate (PO4>") -6,9965 <0,01 Dirng
Coliform -7,7151 <0,01 Dung
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Két qua kiém dinh Granger quan hé nhan qua
gitta 40 man v6i 10 thong sb chat luong nude
duoc thé hién nhu Bang 4. Theo d6, d0 man c6

tac dong dén 5 thong sb 1a pH, DO, COD, NH4*,
Fe (p < 0,05). b6 man c6 tac dong qua lai voi
PO.* va doc 1ap véi TSS, NO3z', NO2, Coliform.

Bang 4: Két qua kiém dinh Granger quan hé nhin qua giira 6 min véi 10 thong sb

Bién nguyén nhan Bién hé qua F-statistic p-value Két luan
pH Do man 0,4879 >0,05 | dénpH
Fe Do min 1,168 > 0,05 dén Fe
Do man TSS 3,6709 > 0,05 ,
Hai bién doc lap
TSS D0 man 0,0002 > 0,05
DO D6 min 2,0072 > 0,05 dén DO
COD Do min 0,0242 > 0,05 dén COD
NH4* D6 min 3,5307 >0,05 | deén NH4'
P06 man NO3 2,2349 > 0,05 )
Hai bién dgc lap
NO3 D6 man 0,0496 > 0,05
P06 man NO2 1,3806 > 0,05 ,
Hai bién ddc lap
NO2 D6 man 0,2435 > 0,05
D6 man PO.* 9,5852 <0,01 Hai bién tic dong qua
PO, Do min 6,4552 < 0,05 lai lan nhau
P06 man Coliform 0,7842 > 0,05 ,
- Hai bién ddc lap
Coliform D0 man 0,4983 > 0,05
4. KET LUAN giam phu sa, gia ting 6 nhiém hitu co, dinh

Trong giai doan tir 2015 - 2022, chét luong
nuoc tai QLPH dat ¢ot B1 (phu hop tudi tiéu,
thity loi, giao théng thiy) tai hau hét cac diém
trong phan 16n thoi ki do dac. Sy xam nhap
mdn vao mua kho nam 2022 c6 xu hudng giam
s0 voi nam 2021. Can luu ¥ su gia ting tinh
trang 6 nhiém phén sét tai QL1, 2, 5, 6, 9, suy

dudng tai tat ca cac vi tri. Mot tin hiéu tich cuc
1a su giam thiéu 6 nhiém vi sinh.

Kiém dinh Granger quan hé nhan qua giita do
midn voi cac thong s6 chét lwong nude khac
cho théy dd man co tac dong dén 5 thong s6 1a
pH, DO, COD, NH4*, Fe (p < 0,05). B6 man
c6 tac dong qua lai véi PO4> va doc lap voi
TSS, NOs’, NO2, Coliform.
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