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TOM TAT

Bién dong chét lwgng nwéc mét trong lwu viee séng Ma giai doan 2019-2024 dwoc danh gia dwa trén di liéu
quan trac tai 22 vi tri dai dién cho cac doan thwong lwu, trung lwu va ha lwu. Cac théng sé chinh gédm DO, BODs, COD,
TSS, N-NH,*, N-NO,~ va N-NO;~ dugc phan tich thong qua théng ké md ta, kiém dinh xu thé Mann-Kendall va phan
tich thanh phan chinh (PCA) nham xac dinh déc diém bién déng va cac yéu tb chi phdi chat lwong nuwéc. Két qué cho
thay phan I&n gia tri BODs va COD nam trong gi¢i han cho phép cla quy chuan chét lwong nwdc mat, véi hon 96%
sb mau dat mrc chét lwong tét, trong khi ndng d6 DO tai tat ca cac diém quan trac déu duy tri trén 4 mg/L. Sy khac
biét khéng gian thé hién & viéc khu v thwong lwu ghi nhan mét sb gia tri BODs va COD cao hon, trong khi khu virc
ha lwu c6 xu hwéng tich tu mot sb chat 6 nhiém do diéu kién thiy dong lwc yéu hon. Phan tich xu thé cho thay BODs
va COD c6 xu huéng gidm trong giai doan nghién ctru, trong khi N-NO;~ ¢6 xu hwéng gia tang. Két qua PCA xac dinh
ba nhém yéu t6 chinh giai thich khoang 64,9% téng phuong sai ctia b di liéu, bao gédm ngudn thai hitu co, qua trinh
x6i mon-rlra tréi trong mua muwa va tac déng tir hoat déng ndng nghiép. Nhivng phat hién nay cung cap co sé khoa
hoc quan trong cho cong tac quan ly va bao vé tai nguyén nwéc trong lwu viee song Ma.

Tir khéa: Chét lwgng nwéc mét, sdng M4, Bién dong khong gian-thoi gian, Mann-Kendall, PCA

Assessment of Spatiotemporal Variations in Water Quality
in The Ma River Basin during 2019-2024

ABSTRACT

Variations in surface water quality in the Ma River Basin during the period 2019-2024 were assessed using
monitoring data from 22 stations representing the upstream, midstream, and downstream sections of the river. Key
water quality parameters, including DO, BODs, COD, TSS, N-NH,*, N-NO,~, and N-NO;~, were analyzed using
descriptive statistics, the Mann-Kendall trend test, and Principal Component Analysis (PCA) to identify spatiotemporal
patterns and the main factors influencing water quality. The results indicate that most BODs and COD values remained
within the permissible limits of the national surface water quality standards, with more than 96% of the samples
classified as good quality. Dissolved oxygen concentrations at all monitoring sites consistently remained above 4 mg/L.
Spatial differences were observed, with relatively higher BODs and COD values in upstream areas, whereas the
downstream section showed a tendency for pollutant accumulation due to weaker hydrodynamic conditions. Trend
analysis revealed decreasing tendencies in BODs and COD over the study period, while N-NO;™ concentrations showed
an increasing trend. PCA results identified three principal factors explaining approximately 64.9% of the total variance
in the dataset, including organic pollution sources, erosion and runoff processes during the rainy season, and
agricultural activities. These findings provide an important scientific basis for water resource management and
protection in the Ma River Basin.

Keywords: Surface water quality; Ma River Basin; Spatiotemporal variation; Mann-Kendall test; PCA
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1. PAT VAN PE

Luu vuc Séng Mi 1a mot trong nhiing hé thong séng 16n & khu vuc Béc Trung B véi dién
tich khoang 28.400 km?, trong d6 phan 16n dién tich ndm trén dia ban tinh Thanh Hoa. Ha luu song
Ma chay qua cac khu vuc d thi, ndng nghiép va nudi trong thiy san trude khi d6 ra Vinh Bic Bo,
dong vai trd quan trong trong viéc cung cap nudc cho sinh hoat, san xuat néng nghiép, cong nghiép
va cac hoat dong kinh té-xa hoi ctia khu vuc. Trong nhitng ndm gan ddy, qua trinh d6 thi hoa, phat
trién cong nghiép va mo rong san xuit néng nghiép da 1am gia ting ap luc 1én ngudn nude mit tai
khu vuc ha luu song M. Cac ngudn thai tir sinh hoat, ndng nghiép va cong nghiép c6 thé 1am gia
tang tai lwong chat hitu co, dinh dudng va vi sinh vat trong ngudn nudc, anh huéng dén hé sinh
thai thay sinh ciing nhu kha ning khai thac va sir dung nudc cho phat trién kinh té-xa hoi.

Trén thé gi6i, danh gia chat lugng nudc mit da duoc nghién ciru rong rii nham hd trg quan
1y tai nguyén nudc va bao vé moi truong. Trong do, phan tich bién dong khong gian-thoi gian
dugc xem 13 phuong phap hiéu qua dé nhan dién xu huéng thay doi chat luong nudc va mdi lién
hé véi cac yéu t6 moi truong (Pratama & cs., 2020; Molekoa & cs., 2021; Chen & cs., 2019).
Nhiéu nghién ctru di tng dung cac phuong phéap théng ké da bién nhu phan tich thanh phan chinh
(PCA) va phan tich cum (CA) nham xéc dinh cac thong s6 quan trong, nhan dién ngudn 6 nhiém
va hd tro t6i vu hoa mang ludi quan tric (Shishaye & cs., 2020; Uslu & cs., 2024). Gan day, Jordan
& cs. (2024) ciing nhan manh vai tro ciia phan tich khong gian-thoi gian trong viéc nhan dién cac
khu vuc suy giam chat lugng nudc, gop phan nang cao hiéu qua quan Iy méi truong nudc.

Tai Viét Nam, nhiéu nghién ctru da dugc thyc hi¢n nham danh gia chét luong nudc mat tai
cac luu vuc song va hé thdng thity vuc quan trong. Cac nghién ctru tai khu vuc Pong bang song
Ciru Long cho thay nuwdc mat tai nhiéu khu vuc bi anh hudng béi 6 nhiém hitu co, dinh dudng va
vi sinh vat, thé hién qua néng d6 BOD, COD, NH4" va coliform cao (Nguyen Thanh Giao & cs.,
2021; Nguyen Thanh Giao & Huynh Thi Hong Nhien 2022; Tran Thi Kim Hong & Nguyen Thanh
Giao., 2022). Ngoai ra, mot s6 nghién ctru da két hop céc chi s6 chat lugng nudc va phuong phép
phan tich thong ké dé danh gi4 hién trang va xu hudng bién dong chat lwong nurde tai cac thiy vuce
ndi dia va vung ven bién (Pham Luu Thanh & cs., 2022; Le Viet Thang & cs., 2023).

Déi véi luu vue song M3, mot sb nghién ctru dd danh gia rai ro moi truong nude va hién
trang 6 nhiém tai mot s6 khu vuc thudc tinh Thanh Hoa. Ngoai ra, cac nghién ctru gan day da thir
nghiém tmg dung cac md hinh hoc may trong giam sat chat luong nudce tai thuong luu song M4,
cho thay tiém ning ctia cac phuong phép phan tich hién dai trong quan Iy tai nguyén nude (Ngo
Thanh Son & Huu Duong Nong 2024; Ngo Thanh Son & Nguyen Duc Loc, 2024). Tuy nhién, céac
nghién ciru ndy chu yéu tap trung vao mot s6 khu vuc hodc cac khia canh riéng 1¢ ciia chét lugng
nude. Mic di di c6 mot sd nghién ciru lién quan dén chat lugng nuée song Ma, nhung van con
tdn tai mot s han ché. Trude hét, luu vuc song Ma c6 dién tich 16n va diéu kién tu nhién da dang,
dan dén su khac biét dang ké vé diéu kién thuy van, str dung d4t va cac hoat dong kinh té - x4 hoi
trong luu vyc. Bén canh do, dir li¢u quan trac chat lugng nude thuc do tai khu vuce van con han
ché va thiéu tinh d@)ng bo vé khong gian va thoi gian, déc biét tai khu vyc ha luu-noi chiu tac dong
manh tur cac hoat dong do thi, cong nghi€p va ndong nghiép.

Phan 16n cac nghién ctru trude day chu yéu tip trung vao danh gia hién trang hodc rai ro moi
truong, trong khi cac nghién ctru phan tich xu hudng bién dong dai han dua trén chudi dir liéu
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quan trac hé thdng van con han ché. Tinh trang thiéu hut dit liéu quan tric dong bo ciing 1a thach
thirc phd bién trong nghién ctru chat lugng nudc tai nhiéu qudc gia dang phat trién, anh huong dén
d6 tin cdy cua cac phan tich xu hudéng (Shishaye & cs., 2020; Le Viet Thang & cs., 2023). Xuét
phat tir cac van d& trén, nghién ctru nay nhim danh gia hién trang va xu huéng bién dong khong
gian-thoi gian cua chét luong nude mat tai khu vuc thuong luu va ha luu vue song Ma, trong giai
doan 2019-2024. Nghién ctru st dung bo dit liéu quan tric dinh ky do co quan quan 1y méi trudng
dja phuong thuc hién, két hop véi cac phuong phép phan tich thdng ké da bién nham xéc dinh céac
thong sb chat lvong nude quan trong, nhan dién xu hudng bién dong va cac yéu t6 anh huong dén
chat luong nudce. Két qua nghién ctru cung cp co so khoa hoc phuc vu cong tac quan 1y, bao vé
ngudn nudc va hd trg xdy dung cc giai phap quan 1y tai nguyén nude bén viing cho khu vuc ha
luu song Ma.

2. PHUONG PHAP NGHIEN CUU
2.1. Pia diém nghién ciru

Luu vire Song Mi 1a mot trong nhiing hé thong séng 16n ¢ khu vuc Bac Trung Bo Viét Nam
v6i dién tich khoang 28.400 km?, trong d6 mot phan thugng ngudn nam trén lanh tho Lao va phan
16n dién tich con lai thudc Viét Nam. Séng Ma bat ngudn tir khu vuc nui cao phia tdy, chay qua
cac khu vue mién nui, trung du va dong bang trude khi do ra Vinh Bac Bo tai khu vuc Cira Héi
thudc tinh Thanh Hoa.

Tuyen Quang

RUT 4 | . Yen Bal
AN N
a0t ' o1, ; Thai Nguyen
2 ;
Y
‘

Vinh Phuc

Bac Ninh

Hanol

Ha Nam

’ Nam Dinh

i Ninh Binh

Hinh 1. Vi tri cic tram quan tric chit lwgng nwée sdng Mi dinh ky trén linh thé Viét Nam
Trong nghién ctru ndy, hé thong diém quan tric dugc bé tri doc theo truc chinh ciia song M3,
bao g6m cac khu vuc thugng luu, trung luu va ha luu nham phan anh sy bién ddi cua chét luong

nude theo khong gian. Tong cong c6 22 diém quan tric dugc sir dung trong phén tich, trong d6 7
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diém thudc khu vuc thugng luu, 7 diém thudc khu vuc trung luu va 8 diém thudc khu vuc ha luu-
ctra séng (Hinh 1). Cac diém quan tric ndy dai dién cho cac diéu kién thuy van va dic diém sir
dung dét khac nhau trong luu vuc. Tuy nhién, do han ché vé dir lidu quan tric tai khu vuc trung
lwu nam trén ldnh thd Lao, bd dit liéu chu yéu tap trung vao cac diém quan tric thudc phan lwu
vyc trén 1anh thd Viét Nam.

2.2. Dix liéu chit lwgng méi trudng nwéc
2.2.1. Dit liéu nghién curu

Dir lidu chét lugng nudce st dung trong nghién ciru dugc thu thap tir chwong trinh quan tric
moi truong do co quan quan 1y moi truong dia phuong thuc hién theo quy dinh k¥ thuat tai Thong
tu 10/2021/TT-BTNMT ciia B6 Tai nguyén va Mai trudng. Bo dir liéu bao gdm céc két qua quan
trac chat lugng nudc tai cac diém quan trac thudc luu vuc séng M3 trong giai doan 2019-2024.
Téng cong co 16 thong s chat luong nude duge phan tich, bao gdbm cac nhom thong s vat 1y,
hoa hoc va sinh hoc nhu: pH, nhiét 6, d6 duc, tong chat rin hoa tan (TDS), téng chét ran lo lung
(TSS), d6 dan dién, oxy hoa tan (DO), nhu cau oxy sinh hoa (BODs), nhu cau oxy héa hoc (COD),
amoni (N-NHa4"), nitrit (N-NO2"), nitrat (N-NOs"), clorua (CI"), xyanua (CN"), thuy ngan (Hg) va
photphat (PO.*). Céc thong s6 ndy dugc so sanh vé6i cac gid tri gidi han quy dinh trong QCVN
08-MT: 2023/BTNMT nham danh gia mirc d6 dap tng tiéu chuan chat luong nudc.

Bang 1. Vi tri cac diém quan tric chit lwong nwéc dinh ky trén song Ma

Tén tram Kinh d6 Vido Phén doan séng Vi tri hanh chinh
Na Su 103.271 21.114 Thwong lwu Tuan Gi4o, Dién Bién
Chéng Sw 103.280 | 21.209 Thwong lwu Tuan Gido, Bién Bién
Mwong Luan 103.341 21.242 Thwong lwu bién Bién Bong, Dién Bién
Cau sbéng Ma 103.748 | 21.053 Thuong lwu Séng M4, Son La
CAu treo Chiéng Khuong 103.923 | 20.939 Thuwong lwu Séng M4, Son La
Cau phao Chiéng Khoong 103.796 | 21.025 Thwong lwu Séng M3, Son La
Bén pha Trung Chau 103.854 | 20.948 Thuong lwu Séng M4, Son La
Bén pha Chiéng Cang 103.854 | 20.957 Thwong lwu Séng M3, Son La
Chiéng Cang 103.921 | 20.942 Thuwong lwu Soéng M3, Son La
Cau Na Sai 105.126 | 20.372 Trung lwu Quan Héa, Thanh Hoéa
CAau La Han 105.209 20.355 Trung lwu Quan Hoéa, Thanh Hoéa
Cau treo Cam Lwong 105.378 | 20.238 Trung lwu Quan Héa, Thanh Héa
Cau Cam Thay 105.482 | 20.213 Trung lwu Quan Héa, Thanh Héa
CAu Ban Lat 105.491 20.191 Trung lwu Quan Hoéa, Thanh Hoéa
Nam Xuan 105.363 20.259 Trung lwu Quan Hoéa, Thanh Hoéa
Céu Kiéu 105.590 | 20.026 Ha lwu Quan Héa, Thanh Hoa
Céu Hoi Xuan 105.088 | 20.393 Trung lwu Quan Héa, Thanh Hoa
Ba Thuoc 105.267 | 20.365 Trung lwu Quan Hoéa, Thanh Hoéa
Ctra Hoi 105.933 | 19.781 Halwu/Clraséng | Thanh phé S&m Son, Thanh Hoéa
Na Su 103.271 21.114 Thuwong lwu Tuan Gido, Dién Bién
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Trong giai doan nghién ctru 2019-2024, téng cong 946 lugt quan trac da dugc thuc hién tai 22
diém quan tric doc theo luu vyc (Bangl, hinh 1). Tan suit quan tric khoang 6 dot/nim trong niam
2019 va ting 1én khoang 8 dot/nam tir nim 2020 dén nam 2024, twong dwong trung binh khoang 43
lan quan tric tai mdi diém trong toan bd giai doan nghién ciru. Tan suat nay cho phép phan anh
turong dbi ddy du cac bién dong theo muia, bao gdm sy khac biét gitta mia mua va mua kho.

DPé dam bao do tin cay cua phan tich, chudi sb liéu quan tric duoc kiém tra va xir 1y trude khi
thuc hién cac phuong phéap théng ké. Trudce hét, dit lidu duoc ra soat vé tinh ddy da va nhat quan,
loai bo cac gié tri thiéu hodc bat hop 1y (vi du: gia tri 4m ddi voi cac thong s6 khong thé am, sai khac
16 rét do 161 nhap liéu). Cac gia tri ngoai lai duoc x4c dinh thong qua phuong phap théng ké dua trén
khoang tir phan vi (IQR), trong d6 cac gia tri nam ngoai khoang [Q1-1.5xIQR;Q3+1.5xIQR] dugc
xem la ngoai lai tiém nang. Cac diém nay khong bi loai bé mot cach co hoc ma dugce kiém tra chéo
v6i nhat ky quan tric va diéu kién thuc té (mua 10n, xa thai dot bién,...); chi nhitng gié tri dugc xéac
dinh 1a sai léch do 156i do dac hozc xir Iy méi bi loai khoi tap dir licu.

2.2.2. Phwong phap phan tich

Dia diém nghién clru
Luu v Séng Ma

!

Thu thap dir liéu

}

Dir liéu quan trac chét lvgng
nwéc 2019-2024 tai 22 tram

!

Xt ly div liéu

}

Kiém tra, téng hop va chudn
héa di lieu

I

Phan tich dir ligu

S

Phan tich xu hwéng Phén tich da bién
Mann—Kendall va Sen's slope PCAva CA

!

Danh gia bién déng chét luvgng
nuéc theo khéng gian/thoi gian

Théng ké mo ta

Hinh 2. Quy trinh nghién ctru
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Nghién ctru sir dung két hop cac phuong phap phan tich thong ké va phén tich khong gian
nhim danh gia bién dong chét luong nude theo khong gian va thoi gian trong luu vue Song Ma
(Hinh 2). Trudc hét, thdng ké mé ta duoc sir dung dé xac dinh dic trung phan bd cua cac thong sb
chét luwgng nudc tai cac diém quan tric, bao gé)m cac gia tri trung binh, cuc dai, cuc tiéu va do léch
chuan. Két qua nay giup nhan dién so bo cac khu vuc c6 dau hiéu suy giam chat lvong nude.

Tiép theo, phan tich bién dong theo khong gian dwoc thuc hién théng qua viée so sanh gia
tri trung binh cta cac thong s6 chat lugng nude gitra cac khu vye thuong luu, trung Iuu va ha luu
nham danh gia 4nh hudng cua cac yéu t6 sir dung dét va hoat dong kinh té-xa hoi dén chat luong
nudc doc theo dong song.

Ngoai ra, phan tich bién dong theo thoi gian dugc thuc hién dwa trén chudi dit liéu quan tric
giai doan 2019-2024 nham xac dinh xu huéng thay d6i ctia cic thong sd chat lwong nude trong
thoi gian nghién ctru. Xu hudng bién doi cua cac thong sd chat lwong nude duge danh gia bang
kiém dinh phi tham s6 Mann-Kendall, mot phuong phap dugc sir dung rong rai trong phan tich
chudi thoi gian méi truong do khong yéu cau dir liéu tudn theo phan bd chuén va it bi anh hudng
boi cac gia tri ngoai lai. H¢ s6 do dbc Sen (Sen’s slope estimator) dugc str dung Kkét hop voi kiém
dinh Mann-Kendall dé uéc lugng tdc d6 va chidu hudng bién ddi ciia cac thong sé chét luong nude
theo thoi gian. Y nghia théng ké ctia xu huéng duoc danh gia tai muc tin cdy 95% (p < 0,05).

Bén canh d6, cac phuong phap thong ké da bién nhu phan tich thanh phan chinh (PCA) va
phan tich cum (CA) duogc ap dung nham xéac dinh cac nhém thong s6 c6 moi quan hé chat ché va
phan loai cac diém quan tric c6 dic diém chat luong nudc twong dong. Cac phuong phap nay cho
phép nhan dién cac yéu t6 chinh chi phdi su bién dong chét lugng nude trong luu vuc.

Qua trinh xtr ly s6 liéu, phan tich va biéu dién két qua dugc thuc hién trén Python 3.14 véi
cac thu vién pandas va numpy.

3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Panh gia chit lwong nwée mit lwu vue song Ma giai doan 2019-2024

Két qua phén tich dir liéu quan tric chat lugng nudc giai doan 2019-2024 theo QCVN 08:
2023/BTNMT cho thay luu vyc song Ma nhin chung duy tri duoc nén chét lugng nude tuong dbi
6n dinh. Phan 16n cac théng sb hiru co nhu BODs va COD nam trong gidi han cho phép ctia cac
murc chat luong nude loai A va B (Hinh 3-4). Hon 96% trong tong sb 946 miu quan tric doc theo
dong song dat tiéu chuan chit luong t6t hodc trung binh, phan anh kha ning ty 1am sach dang ké
ctia hé thong song thong qua cac qué trinh pha lodng, suc khi tw nhién va phan huy sinh hoc.

Dbi v6i oxy hoa tan (DO), toan bd cic miu quan tric déu duy tri gia tri 16n hon 4,0 mg/L
tuong Gmg voi ngudng ti thiéu cua loai C theo quy chuan qubc gia (Hinh 5). Diéu nay cho thiy
hé sinh thai thity sinh trong luu vuc van duoc duy tri ¢ trang thai twong ddi 6n dinh va chua xut
hién hién twong thiéu oxy dién rong.

Tuy nhién, mdt sb thong s6 van ghi nhan cac gia tri vuot ngudng cuc bg. Khoang 2,4% )
mau BODs va 3,3% s mau COD vuot qua gidi han ctia cac muc chat lugng nude thap (Class C
va D), cho thay su ton tai ctia cac diém 6 nhidm cuc bd. Cac trudng hop vuot ngudng nay thuong
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xudt hién tai cac khu vuc thuong ngudn giap bién gidi hodc ving ctra séng noi dong chay suy giam
va kha ning pha lodng bi han ché.
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Hinh 3. Phén bo ty 1€ cac mirc chat lwgng nuéc
dua trén nong do BODs song Ma (2019-2024)
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Hinh 5. Phan bo ty 1¢ cic mirc chit hrgng nuée dwa trén nong do DO Mai (2019-2024)
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Thong sb thé hién mirc d6 suy giam rd rét nhat 1a tong chit rin lo limg (TSS). Khoang 31,2%
dit liéu quan tric vuot ngudng 100 mg/L, phan 4nh tinh trang x6i mon va rira tréi dt manh tai khu
vuc thugng ngudn. Ham lwong TSS cao lam giam do trong ciia nudce, han ché qua trinh quang hop
cua thyc vat thuy sinh va c6 thé van chuyén kém theo cac chit 6 nhiém khéc nhu kim loai nang va
dinh dudng. Diéu nay cho thiy yéu té dia hinh, st dung dt va x6i mon dat dong vai trd quan trong
trong bién dong chat lvong nude cua luu vuc.

3.2. Phan b6 khong gian va dwong lan truyén 6 nhiém

Phén tich phan b6 khong gian ddi cac thong sb chit lugng nude (vi du BODS, COD, pH,
Hinh 6-8) cho thdy su khéac biét rd rét giita cac khu vuc thuong luu, trung luu va ha luu cta séng
Ma. O khu vuc thuong luu, mot sé tram quan tric gan bién giéi nhu Chiéng Khuong, Na Su va
Mudng Luan ghi nhan nong ¢6 BODs va COD cao hon so véi cac khu vuc khéc.

BODS5 Spatial Gradient (Ma River)
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Nguyén nhan chi yéu lién quan dén cac hoat dong sinh hoat va san xut néng nghiép tai cac
khu vuc dan cu thua thdt & ving bién gidi, noi hé thong xir Iy nude thai con han ché. Bén canh do,
dia hinh dbc két hop v6i mua 16n vao mua mua 1am gia ting qua trinh x6i mon dat, din dén ham
lwong TSS cao tai cac vi tri nhu Bén pha Trung Chau. Tai khu vuc trung Iuu, noi dong song md
rong va nhan nudc tur nhiéu phu luu 16n, chét lugng nudce nhin chung dugc cai thién nho hié¢u ung
pha lodng va qua trinh tu 1am sach. Cac thong s6 BODs, COD va DO chii yéu duy tri trong gidi
han loai B, cho thay khu vuc nay dong vai trd nhu mot ving dém sinh thai gitip giam tai 6 nhiém
tir thugng ngudn. O ha luu va ving ctra séng, cac chat 6 nhiém c6 xu huéng tich tu do toc do dong
chay giam va chiu anh hudng cua thuy triéu. Cac tram quan tric tai khu vuc Ctra H6i ghi nhan mot
s6 gia tri COD va TSS cao, ddng thdi DO c6 xu hudng giam so véi khu vire trung luu. Diéu nay
phan anh vai trod ciia ving cura song nhu mot khu vyc tich tu céac chét 6 nhi®m tir toan b luu vuc.

pH Average by Year vs Station
7.29 7.62 7.62 7.69

Ba Thuoc - 7.38

7.42

Ben pha Chieng Cang T a5

Ben pha Trung Chau sl
Cau Ban Lat

Cau Cam Thuy - =

Cau Cong -
Cau Hoi Xuan - 7233 7.35
Cau Khe Ngang - 7.45 7.38 7.47
Cau Kieu - TiElE 7.34
Cau La Han - 1Lzl 7.31
Cau Na Sai - 7.35 7.39

pH ()

Cau phao Chieng Khoong 7.72 7.53 7.42 7.29 7.41 7.29

Station Name

Cau song Ma 7.65 7.49 7.38 7.34 7.36 7.27

Cau treo Cam Luong - TLEE 5 7.51 - 7.5
Cau treo Chieng Khuong . 7.37 7.40
Chieng Cang 7.29 7.46 E22
Chong Su 7.42 7.41 7.32 -7.4
Cua Dat - 7.38 7.40 7.49

Cua Hoi
Muong Luan -7.3

Na Su

Nam Xuan - 7.45 7.39

l '
2019 2020

Year

Hinh 8. Phan bd khéong gian va thoi gian ciia pH theo cac tram quan triic
trong lwu vuc song Ma (2019-2024)

3.3. Bién dong theo mula va dnh hwong ciia diéu kién khi twong

Bién dong chét lugng nude song Ma chiu anh hudng manh cua ché d6 khi hau gi6 mua. Hai
giai doan thuiy van chinh 1a mua mua va mua kho, tao ra cac dac trung khac biét trong cac thong
s6 chat luong nudc (Hinh 8-10). Trong mua mua (thang 6-10), lvong mua 16n 1am gia ting dong
chay mat va qua trinh x6i mon dét tai khu vuc thuong ngudn, din dén sy gia ting dang ké cua
TSS. Nhiéu gia tri TSS vuot xa gidi han cho phép, tham chi dat t6i hang nghin mg/L trong cac sy
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kién 1ii 16n. Nude duc 1am giam kha ning xuyén sang, han ché hoat dong quang hop va co6 thé anh
huong dén hé sinh thai thuy sinh. Nguoc lai, trong muia kho (thang 1-4), luu lwong dong chay giam
lam suy giam kha ning pha lodng cac ngudn thai. Trong diéu kién dong chay cham va nhiét do
cao, cac chét hitu co ¢o xu hudng tich ty, 1am ting COD va giam DO cuc b tai mot s6 vi tri. Hién
tuong phan téng nhiét va thiéu oxy cuc b co thé xudt hién tai cac doan song chay cham hoac vung
clra song.

DO by Year DO by Reach
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Hinh 9. Phin b6 ndng d9 DO theo nim (hinh trai) va theo cac doan song (hinh phai)
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Hinh 11. Bién déng theo thoi gian ciia ndng dd COD (2019-2024).
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3.4. Phan tich xu thé bién dong chit lwong nwéc giai doan 2019-2024

Két qua kiém dinh Mann-Kendall cho chudi dir liéu quan tric giai doan 2019-2024 cho thiy
mot s6 xu thé dang cha y trong cac théng sb chat luong nude cua luu vuc. Cac thong sé BODs va
COD c¢6 xu hudng giam c6 ¥ nghia thdng ké theo thdi gian (Hinh 12). D6 ddc Sen cho thay BODs
giam khoang -0,032 mg/L mdi dot quan tric va COD giam khoang -0,048 mg/L mdi dot. Xu thé
nay phan anh hiéu qua cta cac bién phap quan Iy moi trudng va hé thong xir Iy nude thai duoc
trién khai tai cac khu vuc do thi va cong nghiép trong luu vuc.

Ma River: Sen's Slope (Red = Statistically Significant p<0.05)
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Hinh 12. Phén tich xu thé Man-Kendall va Sen’s slope cho cac thong so chit lwgng nudéc

Déi voi DO, két qua phan tich cho thay xu hudng twong d6i 6n dinh va khong c6 sy thay d6i
dang ké theo thoi gian. Piéu ndy cho thiy kha ning ty 1am sach cta hé théng song van duoc duy
tri & muac 6n dinh. Tuy nhién, nitrat (N-NOs") lai cho thdy xu hudng gia ting c6 y nghia thong ké,
v6i do doc Sen khoang +0,0073 mg/L mdi dot quan tric. Sy gia ting nay duoc cho 13 lién quan
dén viéc sir dung phan bon trong san xuat néng nghiép tai khu vuc trung luu, din dén hién tugng
rira troi dinh dudng vao hé thong song. Trong khi d6, TSS khong thé hién xu hudng ting hoic
giam 10 rét do bién dong manh theo cac su kién mua li. Tuy nhién, d dbc Sen duong cho théy xXu
huéng gia ting nhe vé dai han, phan anh tinh trang x6i mon dat va suy giam tham thyc vat tai khu
vuc thuong ngudn.

3.5. Phén tich thanh phan chinh (PCA) va ngudn gbc 6 nhiém

Két qua phén tich Principal Component Analysis (PCA) cho thay ba thanh phan chinh giai
thich phan 16n bién dong chat lwong nudc trong luu vyce séng Ma (Hinh 13).Thanh phéan chinh thir
nhat (PC1) lién quan chil yéu dén cac thong s hitu co nhu BODs va COD, phan 4anh anh hudéng
clia cac nguon thai sinh hoat va d6 thi. Thanh phan nay chiém ty 18 16n nhét trong tong phuong sai
cua bo dir liéu.

Thanh phan thtr hai (PC2) lién quan dén TSS va amoni, phan anh cac qua trinh x6i mon dét
va rira troi trong miia mwa. Sy gia ting TSS thuong di kém véi sy suy giam DO do han ché qua
trinh quang hgp va tai oxy hoda trong nude.

Thanh phan thir ba (PC3) chiu anh hudng chil yéu béi nitrat, phan anh tic dong cta hoat
dong noéng nghiép va viée str dung phan bén trong luu vuc. Piéu nay phu hop véi két qua phan
tich xu thé, cho thiy nong d¢ nitrat dang c6 xu hudng gia ting theo thoi gian.
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