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Abstract: According to the master plan for Da Nang city until 2050, the main water sources for the
city's activities are the Cu De, Yen, Tuy Loan, and Cau Do - Cam Le rivers. A study of the current
of water quality from 2015 to 2023 shows that most of these rivers are showing signs of declining
quality, characterized by BODs, COD, NH4-N, and Coliform parameters. In the Cu De river basin,
during the dry season, COD and BODs concentrations exceed the standards by 0 to 1.5 and 1.4 to 2
times, respectively; during the rainy season, they exceed the standards by 1.1 to 1.6 and 1.5 to 2.25
times, respectively. In the Yen river basin, water quality shows signs of improvement but still
exceeds QCVN 08:2023/BTNMT for Class A in both seasons. In the Tuy Loan river basin, the water
quality is unsatisfactory, with BODs and COD indicators exceeding standards by 1.1 to 2.25 times
and showing signs of increasing in the last two years of the study period. In the Cau Do - Cam Le
river basin, BODs content in river water at most monitoring times from 2019 to 2023 exceeded the
QCVN 08:2023/BTNMT standard and tended to increase during the study period. At all monitoring
times in 2023, COD exceeded the standard by 1.4 to 1.6 times. Coliform in water samples monitored
during the dry season basically met the requirements for class A sources, while during the rainy
season it was generally higher than the dry season and exceeded the standard by 2-4 times. Regarding
the NH4-N indicator, the rivers studied met QCVN 08:2023/BTNMT standards at most monitoring
points in both the rainy and dry seasons.
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Dién bién chat luong moi trudng nudc nude ha luu sdng
Vu Gia doan chay qua thanh pho Pa Nang

P4 Hong Anh*, Nguyén Lan Huong
Truong Dai hoc Xdy dung Ha N¢i, Gidi Phong, Ha Noi, Viét Nam

Nhan ngay 26 tha'}ng 02 nam 2026
Chinh stra ngay 4 thang 4 nam 2026; Chap nhan dang ngay 14 thang 8 nam 2026

Tém tit: Ngudn cung cAp nude chinh cho hoat dong ciia thanh phd Pa Ning theo quy hoach t6i
nam 2050 1a cac song Cu Dé, song Yén, song Tuy Loan va song Cau D6 - Cam Lé. Nghién ctru hién
trang chat lvong moi trudng nude giai doan 2015 — 2023 cho thay hau hét cac song nay dang c6 diu
hiéu suy giam vé chét lugng, dac trung boi cac chi tiéu BODs, COD, NHs-N va Coliform. Luu vuc
song Cu P&, vé mua kho COD va BODs vugt quy chuan tir 0 toi 1,5 va 1,4 t6i 2; vé miia mua vuot
quy chuén tir 1,1 — 1,6 va tir 1,5 dén 2,25. Luu vuc song Yén, chét luong nudc co dAu hiéu cai thién
tuy nhién van vuot qua QCVN 08: 2023/BTNMT d6i véi nguodn loai A & ca 2 mua. Luu vic séng
Tuy Loan, chat luong nude song khong dat yéu cau, chi tiéu BODs va COD, vuot quy chuén tir 1,1
dén 2,25 1an va c6 dau hiéu tang lén trong 2 nam cudi ctia giai doan nghién ctru. Luu vyc sdng Cau
D6 - Cam L&, ham luong BODs trong nudc song tai hau hét cac thoi diém quan tric tir nim 2019
dén nam 2023 déu vuot quy chuian QCVN 08:2023/BTNMT, va c6 xu hudng tang lén trong giai
doan nghién ctru, tai moi thoi dlem quan tric nim 2023 chi tieu COD déu vuot qua quy chuén tir
1,4 den 1,6 lan, Coliform trong mau nudc quan tric vé mia kho co ban dap ung yéu cau déi voi
ngudn loai A va mua mua thudng cao hon mua khé va vuot qua quy chuan tir 2 — 4 1an. D6i véi chi
tiéu NH4-N cdc song nghién ctru déu c6 chét luong dap tng QCVN 08:2023/BTNMT tai hau hét
cac diém quan tric vé ca mia mua va mua kho.

Tir khéa: Moi trudng nude, song Vu gia, 6 nhiém hiru co, ha luu, Pa Ning.

1. Mé dau

Pa Ning 1a mot trong nhiing trung tdm kinh
té 16n cua khu vuc mién Trung - Tay Nguyén.
Mic du chi bang khoang 0,8% dién tich nhung
Thanh phd Da Ning tap trung hon 1/6 sé doanh
nghiép toan ving, tao ra gan 1/13 GRDP va hon
1/9 tong thu ngan sach trén dia ban 19 tinh mién
Trung - Tay Nguyén vao nim 2020, Pa Ning
hién c6 ty 1¢ d6 thi hoa lén dén 87,3%, cao gap 2
lan binh quén toan ving. Trong vong 10 nim
(2011-2020), co cAu kinh t& van dira vao khu vuc
dich vu la khu vuc cha chdt, chiém ty trong lon,
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cac nganh phi nong nghiép tang Ién, ty trong cac
nganh ndng, 1am nghiép va thily san giam xubng
dudi 2,4%. Cac nganh dich vu da c6 dong gop
chu dao cho tang truong kinh té, song ciing chira
dung yéu to d& bi tong thuong trudc cac tac dong
clia cac yéu td phi truyén thdng [1, 2].

Trén dia ban thanh phd Da Ning gdm nhiéu
hé théng song ngoi trong do dic biét 1a cac song
thudc ha luu séng Vu Gia gém: song Yén, Lac
Thanh, Qua Giang, La Tho, Thanh Quyt, C6 Co.
Séng Tay Loan ¢6 Iuu vyc ndm trén lanh thd
thanh phé (118,3 km?) [3, 4]. Séng Cau Do la
hop luu cua song Yén va song Tuy Loan, ¢ ha
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lwu con goi song Cam Lé&. Séng Vinh Pién 1a
doan song nbi giira song Thu Bén va séng Han.
Song Han la song tiép nhan dong chdy cua song
Cau Do va song Vinh Dién, d ra cira bién qua
song Han. Ché d6 dong chay cua séng Han chiu
anh huong manh mé& boi ché do thuy triéu ving
bién Pa Ning. Ngudn cung cip nude chinh cho
thanh phd 1a song Cu Pé va thuong luu song
Yén. Cung voi song Cu D€ thi séng Phu Loc 1a
nhanh so6ng ndi tinh, hién nay song Phu Loc da
bi 6 nhiém do tiép nhan nudc thai tir cac khu
cong nghiép, khu dan cu vai viéc dam nhan dién
tich thoat nudc thai cua khoang 3.400 ha va dac
biét 14 tiép nhan nudc thai tir khu lién hop xu ly
rac Khanh Son véi téng lugng nude thai ude tinh
khoang 2000 m’/ngay dém, chi s0 NHs-N va
COD vuot tir 2-3 1an so vé6i quy chuan [5]. Céc
ngudn tac dong t6i chét luong nguon nude nude
mat tir hoat dong cua thanh pho P4 Nang gom.
1) Hoat dong thuy dién vai 08 nha may thuy dién
trén 30MW Theo quy hoach thiy dién vira va
nho da duoc tinh Quang Nam phé duyét, s€ xay
dung 40 nha may thuy dién c6 cong suét tir 1-50
MW [1]. Viéc phat trién cac dy an thiy dién trén
thuong ngudn d3 anh hudng dang ké ngudn nude
& vung ha luu Pa Nang; ii) Xam nhap man; iii)
Do hoat dong cong nghiép, mac du ty 1¢ dau ndi
nude thai tr khu cong nghiép voi mang ludi
thoat nuéc dat 98%, nhung cht lwgng nudc thai
sau xu ly tap trung chua giam sat chat chg, nhiéu
thoi diém vuot quy chudn cho phép, trong giai
doan 2021 — 2023, thong qua cac dot kiém tra
dot xuat tai khu cong nghi¢p Hoa Khanh va co
s& san xuat nho I¢ ven song Phu Loc, cac trung
tam giét mo gia suc tai Hoa Vang, sO vu xa nu'oc
thai vuot quy chuan k¥ thuat chiém téi 60% s6
vu [6]; iv) Hoat ddng cua dd thi, Téng lugng
nudc thai sinh hoat toan thanh phd hién nay wdc
tinh khoang 141.078 m’/ngdy dém, nudc thai
duoc xu ly tap trung tai 5 tram xu ly tap trung:
Phu Lgc, Hoa Cudng, Son Tra, Ngii Hanh Son
va Hoa Xuén véi tong cong suit 1a 167. 100

m®/ngdy [4]. Nudc thai sau xir 1y dat yéu cau
duoc thai ra song Han va vinh Pa Nang. Tinh

trang xa nuoc thai sinh hoat ra ngoai moi truong
khong qua hé théng hodc qua hé thong thoat
nudc chung con phé bién, ty 1€ d4u ndi cua mang
éng céip 3 con th?ip, cua quan Hai Chau 1a 65%,
Lién Chiéu, Cam L& 1a 75% va cac quan Thanh
Khé va Son Tra la 50% [4]; va v) Cac ngudn
khac nhu hoat dong cua tau thuyén ving cira
song Han va au thuyén Tho Quang, khai thac cat
soi thiéu kiém soat, chat thai tir san xuit nong
nghiép, hoat dong nudi trong thuy san,. ..

Bén canh viéc xay dung va phat trién thanh
phé theo quy hoach phé duyét tai Quyét dinh s6
1287/QD-Tgg ngay 2/11/2023, viéc danh gia
din bién xu thé chit lvong méi truong nu:orc luu
vuc song Vu Gia Han 1a mdt viéc lam cap thiét
tlr d6 tim ra nguyén nhan gy 6 nhiém va co giai
phap bao vé phu hop cho ving ha Iuu séng Vu Gia
Han doan chay qua trung tAm thanh ph6 Da Ning.

2. Pbi twong va phwong phap nghién ciru

Déi twong nghién ciru: 1a chit lwong nude
song duoc quy hoach 1a ngudn cép nudc cho
thanh phd giai doan 2021 — 2030, tim nhin dén
nam 2050 gdm: song Cu Dé, séng Yén, song Tuy
Loan va séng Cau D6 - Cam Lé [1].

Dia diém tién hanh nghién ciru: cac diém
quan tric chat luong nude ciia Chi cuc bao vé
moi truong, S6 Nong nghiép va Moi_ trudng
thanh ph6 Pa Ning. So d6 vi tri cac nguon nudc
mat thudc pham vi nghién ctru dugc thé hién &
Hinh 1.

Phuong phap nghién ctru: thu thap thong tin
thir cap, hdi ciru s6 liéu tir Chi cuc Bao vé moi
truong, S6 Nong nghiép va Mbi truong Da Nang
tr ndm 2015 dén nam 2023. Quan tric moi
truong dugc thuc hién theo ké hoach cia S&
Noéng nghiép va Mdi truong Da Ning va tién
hanh tir thang 01 dén thang 12 tai 13 vi tri ngudn
nudc mat, quy trinh quan tric dugc thuc hién
theo huéng dan tai Thong tu 10:2021/TT-
BTNMT, phuong phap phan tich dugc thuc hién
theo hudng dan tai TT01:2023/TTBTNMT.
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Hinh 1. Vi tri cac ngudn nudc mat phuc vu cap nude sinh hoat thudc pham vi ctia nghién curu.

3. Két qué nghién ciru va thio luin
3.1. Dién bién chat lwong nuéce trén séng Cu Dé

3.1.1. Khu vuc thuong luu

Diém quan tric chit lugng nudc khu vuc
thuong luu song Cu Dé 1a vi tri hop luu gilra
song Nam va song Béc, bat ngudn tir ving nui
cao phia T4y day Truong Son ndm trén dia phan
xd Hoa Bic, hop luu tai xa Hoa Bic, thanh phé
Pa Ning. Chat lugng nude khu vuc thuong luu
cua song Cu Dé duogc trinh bay trong cidc Hinh 2
dén Hinh 9.

Trong giai doan 2015-2023, gia tri pH nudc
mat tai khu vuc thuong nguén song Cu D€ co su
dao ddng khong lon gilta cac ndm va giita hai
mua. Vao mua mua, pH trung binh (TB) dao
dong trong khoang 6,5-7,1 con gia tri pH vao
mua kho trung binh dao dong tir khoang 6,7-7.
So sanh véi quy chuan k¥ thuat quc gia vé chét
luong nudc mat — QCVN 08:2023/BTNMT (cot
A), quy dinh gidi han pH trong khoang 6,0-8,5,
cho thiy toan bo gia tri pH quan tric trong ca
mua mua va mua kho déu nam trong gidi han cho
phép. Khong ghi nhan truong hop vuot quy
chuan trong giai doan nghién ciru. Nhu vay, xét
theo chi tiéu pH, chat luong nuéc tai thuong

nguon song Cu Dé co ban 6n dinh va dap ung
yéu cau cua quy chuin hién hanh déi véi muc
dich cip nudce sinh hoat sau xur 1y.

Trong giai doan 2015-2023, ham luong tong
chét ran lo lung (TSS) tai khu vuc thuong ngudn
song Cu Dé c¢6 sy bién dong theo mua va theo
nam kha ro rét. Vao mua mua, gia tri TSS trung
binh dao dfng trong khoang tir khoang 740
mg/l. Giai doan 2015-2018 ghi nhan xu hudng
giam nhe, dat muc thép nhét vao khoang nam
2018. Tir nam 2019 dén 2021, TSS ¢6 xu huéng
gia tang tr¢ lai va tang manh vao nam 2022, véi
gi tri trung binh xap xi 40 mg/l va gia tri cuc dai
1én dén gan 95 mg/l — ddy 1a mirc cao nht trong
toan bo chudi quan tric, dan sd, di cu va qué trinh
d6 thi hoa da gy ra stc ép vé chat thai va xir 1y
nude thai do thi, lwgng CTRSH phat sinh nam
2022 trén dia ban thanh phd Pa Nang cao hon so
v6i nam 2020 khoang 14% diéu nay duoc 1y giai
1a do cac hoat dong cua thanh phd dugc kich hoat
tro lai sau dai dich Covid [2, 4]. Sang nam 2023,
TSS giam dang ké, tré vé muc tuong duong cic
nam trudc 2020, trong qua trinh ra soat hién
trang moi truong giai doan 2015 — 2022 phuc vu
cho cong tac thyc hién db an quy hoach TP. Pa
Néng di c6 nhitng anh huéng dang ké toi viée
kiém soat 6 nhiém CTR va nudc thai tai nguon
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[1]. Gia tri nho nhat trong mua mua dao dong Min va Max kha 16n, cho thay sy bién dong
twong doi thap nhung bién do chénh Iéch gilra manh dudi tac dong cia mua va dong chay mat.
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Hinh 2. Xu hudng bién doi chat lvgng nude thugng luu song Cu D€ theo pH va TSS.
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Hinh 3. Xu huéng bién déi chét lwong nudc thugng luu séng Cu Dé, theo COD va BODs(mg/l).
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Dbi véi mua kho, TSS ¢6 xu hudng 6n dinh hon,
véi gia tri trung binh dao dong trong khoang 6—
18 mg/l. Giai doan 2015-2017 ghi nhan xu
huéng giam, sau d6 ting nhe va duy tri twong ddi
6n dinh tir 2018 dén 2023. Gid tri cuc dai mua

kho cao nhit vao khoang 35-40 mg/l (ghi nhan
cac nam 2015 va 2019), thip hon dang ké so véi
mirc dot bién cua mua mua nam 2022. Bién do
dao dong giira gia tri nhé nhat va 16n nhét trong
muia kho nhin chung thap hon so véi mua mua.
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Hinh 4. Xu huéng bién ddi chit lvong nudc thuong luu song Cu Dé theo NH,-N (mg/l).
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Hinh 5. Xu huéng bién d6i chét lwong nudc thugng luu song Cu Dé theo Coliform (MPN/100 ml).

Hinh 7 dén Hinh 9 cho thay vé mua kho giai
doan 2015 dén 2020 chat luong nude song khong
dap tng QCVNO08:2023/BTNMT theo chi tiéu
COD, NH,-N va Coliform d6i véi nguén loai A,
tham chi ¢6 xu huéng ting dan tir dau dén cudi
giai doan [7]. Tuy nhién trong 2 ndm gan day
chat lugng nude song theo cac thong sO nay déu
da dan duoc cai thién va dap ing quy chudn tham
chi ddi véi chi tiéu NH,-N da duoc cai thién dang
ké & murc dao dong tir 0,04 — 0,1 mg/l, thap hon

nhiéu so v&i quy chuan. Bén canh d6 thiy ring
gia tri clia cac thong s nay ciing c¢6 khoang dao
dong hep hon rat nhiéu so voi giai doan 2015 —
2020, diéu do6 cho thdy cac nguon thai da duogc
quan 1y t6t va 6n dinh hon trong cac nam gan
day, mo hinh cong ddng dan cu bao vé ngudn cap
nude sinh hoat cho trén song Cu D€ duoc trién
khai tir dau ndm 2023 cho phép giam sat tot hon
cac nguén thai, cac du an ke chéng sat 16 tai xa
Hoa Phu va Hoa Bic va cong ty thoat nudc va
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xtr Iy nude thai Pa Nang da trién khai thuc hién
duy tu bao dudng hé théng thoat nude va xu 1y
nudc thai trén dia ban thanh phd theo dé an thanh
phé Moéi trudong duoc phé duyét nim 2021 la
nhitng nguyén nhan chinh ciia viéc chat lwong
nudc song Cu D€ dugce cai thién [8]. Tuy nhién
theo nhu dién bién tai Hinh 3, chét lwong nudc
song chua dap ung QCVN 08:2023/BTNMT
theo chi tiéu BOD ddi v6i ngudn loai A. Xét ty
1¢é BOD/COD nim trong khoang tir 53% dén
60% (>50%) cho théy nuée thai ¢6 chira nhiéu
hop chét hitu co de phan huy sinh hoc, diéu do
cho thdy cac ngudn thai co nguon goc tir nuge
thai sinh hoat chua dugc kiém soat tt, can déay
nhanh viéc thuc hién thu gom va quan 1y tét nudc
thai sinh hoat trudc khi x4 ra ngudn tiép nhan
nhém cai thién chit luong nguén nudc dam bao
cap nudc cho thanh pho Da Nang trong tuong lai.
Vé mua mua chit lugng nuée song Cu Dé
khu vire thuong luu ¢6 ham luong cac chit hiru
co kha cao va vuot qua quy chudn, mic di c6 cai
thién trong 2 nim gan ddy tuy nhién khong dang
ké, COD va BOD5 dao dong trong khoang 1an
lugt tir 9,0— 14,7 mg/1 va 5,5 — 8,0 mg/1, vuot quy
chuén tir 0 i 1,5 déi véi COD va 1,4 t6i 2 lan
dbi v6i BODS, luong nudc trén song Cu Dé vé
muia mua thuong chiém tir 70 - 90% téng luong
nudc ca nam, qua trinh rira troi tir thuong ngudn
g6m chu yéu 1a rimg dic dung va rimg phong ho
(vuon qudc gia Bach Ma, Khu bao ton thién
nhién Ba Na — Nui Chua), cong véi dia hinh dde
khién cho chat lugng nudc vé mua mua bi suy
gidm so vdi mua kho. Hon nira, khi so sanh gia
trj trung binh vé mia mua nim 2021 - 2023 ty
16 BOD/COD trong nudc song dao dong tir 40 -
60% (Hinh 3) cho thay dong chay bé mit luu vue
xung quanh ciing gép mot phan dang ké nguon
thai tir sinh hoat d6 thi vao luu vuc séng [9]. béi
v6i chi tiéu dinh dudng NH4-N va chi ti€u vi sinh
vat Coliform, chét lwgng nudce song Cu Bé khu
vuc thuong ngudn kha tt va dugce cai thién déng
ké trong 2 nam gan day gia tri ciia cac chi tiéu
nay thip hon quy chuén tir 4 t6i 6 1an ddi véi
NH,-N va tir 2,5 dén 10 1an ddi véi Coliform.

3.1.2. Khu vuce ha luu

Trong giai doan 2015-2023, gia tri pH tai
khu vuc ha nguon song Cu Bé — Cau Nam O nhin

chung dao dong trong khoang trung tinh dén
kiém nhe va c6 xu huéng twrong d6i on dinh giita
cac nam (Hinh 2). P6i v6i mua mua, pH trung
binh dao dong khoang 7,3—7,6 con mua kho, pH
trung binh dao dong khoang 7,4-7,8, nhin chung
cao hon khéng dang ké so v6i miia mua. So sanh
v6i quy chudn k§y thuat quéc gia vé chat luong
nudc mat — QCVN 08:2023/BTNMT (cot A),
trong d6 gi6i han pH cho phép nam trong khoéng
6,0-8.5, cho tha‘iy toan bd cac gia tri pH trung
binh, 16n nhit va nho nhét trong ca hai mua déu
nam trong giéi han cho phép. Khong ghi nhan
truong hop vuot ngudng quy chuan trong subt
giai doan quan tréc.

Nhu vay, xét theo chi tiéu pH, chét lugng
nuéce tai khu vuc ha nguén song Cu bé — Cau
Nam O giai doan 2015-2023 co ban 6n dinh, duy
tri trong khodng trung tinh dén kiém nhe va dap
img yéu cau cua quy chuin hién hanh déi véi
muc dich cdp nude sinh hoat sau xtr 1y.

Trong giai doan 2015-2023, ham luong téng
chét rén lo lumg (TSS) tai khu vie ha ngu6n song
Cu bé — Cau Nam O ¢6 sur bién dong theo mua
va theo nam tuong dbi rd rét. Chét luong nudc
tai ha ngudn séng Cu Pé — Cau Nam O c6 xu
huéng bién dong manh hon trong mua mua va
xudt hién mot sd thoi diém bién dong rat 16m 1a
vao mua mua 2022 véi gia tri cao nhat 16n hon
70 mg/l, déc biét tir nam 2021-2023.

Chét lwong nudc ha luu séng Cu Pé vao mua
kho c6 dién bién suy giam trong giai doan nghién
clru, dic biét trong 2 nam gan day cac chi tiéu 6
nhiém hitu co va vi sinh vat gay bénh ting manh
va vuot qua quy chuan tir 1,1 — 1,4 1an ddi véi
chi tiéu COD va tir 1,25 — 2,0 1an déi v6i BODs,
va tir 3 — 5 lan ddi véi chi tiéu Coliform (Hinh 7
dén Hinh 9). Tuy nhién vao mua mua, COD,
BODs va Coliform va c¢6 xu huéng ting dan
trong giai doan nghién ciru va trong 2 nim gan
day c6 gia tri ting dot biét cao hon quy chuan tir
1,1 — 1,6 1an ddi v6i COD, tir 1,5 dén 2,25 d6i
voi BODS, tir 2,0 dén 3,0 1an d6i véi chi tiéu vé
vi sinh vat gdy bénh. Diéu dé cho thiy can co
nhitng bién phap cap bach phu hop dé timg budc
quan 1y cac ngudn thai dién (cac khu dén cu, cac
ao nudi trong thuy hai san va chan nudi,...) thude
ha luu song Cu B¢ tranh sy xam nhap cua cac
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ngudn thai vao luu vuc song vé miia mwa. Ham
luong cac chi sé nay trong nudc song cao hon
nhiéu so véi giai doan 2010 — 2012 tai nghién
ciru ciia Nguyén Thi Kim Thoa va cs, 2014,
nguyén nhan do qua trinh d6 thi hoa cua thanh
phé dén téi sy qua tai cia hé théng thu gom nude
thai sinh hoat kém theo ty 1¢ lap day ngay cang
16n cua khu cong nghiép Hoa Khanh, Hoa Khanh
mo rong, Lién Chiéu va CCN Thanh Vinh m&
rong [10]. Mic du c¢6 dau hiéu x4u di trong giai
doan tr 2015 — 2021 tuy nhién, chét lugng nudc
ha luu song Cu Dé theo chi tiéu NHs-N, trong 2
nam gan ddy da duoc cai thién rat dang ké, NH,-
N dao dong trong khoang tir 0,04 mg/l dén 0,14
mg/l, didu d6 cho thiy viéc quan 1y tét viéc nudi
trong thuy san trén luu vuc ha luu song Cu Dé
cua thanh phé di cai thién dang ké chét luong
nudc o day.

Ciing gidng nhu quy ludt & phia thuong luu
nhu da phan tich ¢ trén, vé muia mua tai ha luu

(a) TB pH mua mua
20
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song Cu Dé, chat luong nudce séng theo cac chi
tiéu hitu co twong duwong hodc cao hon so voi
mua khé. Pidu d6 cho thiy nudc mua di cudn
theo mét lugng 16n cac chét 6 nhiém tir mat phu
thudc Iuu vyce song Cu bé khién cho néng do cac
chit nay vé mua mua khong thay doi ma tham
chi con cao hon so véi mua kho tai mot vai thoi
diém quan tric. V& miia mua chit lugng nudc &
ha luu song Cu Dé khong dat quy chudn ngudn
loai A theo QCVN 08:2023/BTNMT d6i véi chi
tiéu hitu co. Két qua nay ciing tuong dong véi
nghién ciru ciia Phuong va cs, 2025 dy bao dién
bién chit luong méi trudng nude va kha ning tu
lam sach tai cac cira song Cu Dé va song Han
cho thy vé co ban WQI nhin chung giam tir nim
2019 dén nam 2030 trong d6 BODs 1a mét trong
hai chi s6 suy giam manh nhit trong khi do6
COD va Coliform van nam trong gi6i han cho
phép [11].

(b) TB pH mua kho

9,0

8,5

8,0

. ® 782
as ® 7,64 ® 767 @ 763 77 ’
’ ® 740

E 7.0

65  emm——————c————————————————————

6,0

55

5,0

2015 2016 2017 2021 2022 2023
® TBpH === QCVN08-2023(A)
(d) TB TSS (mg/L) mua kho

40,0 80

350 70

300 60
—
5 250 50
g
v 200 L4 40
w
= .
£ 150 ° 30

10,0 . 20

v
o
=)

2
=)
=)

2015 2016 2017 2021 2022 2023

® TBTSS(mgL) === QCVNO08-2023(A)

Hinh 6. Xu huéng bién d6i chit lwong nudc ha luu séng Cu Dé theo pH va TSS (mg/L).



D. H. Anh, N. L. Huong / VNU Journal of Science: Earth and Environmental Sciences
CLN mua mua CLN mua kho
- Ha Ivu song Cu Dé - Cau Nam O - Ha lwu song Cu Bé - Cau Nam O
80 80
70 o
60 60
2 2
o 50 Bh 50
E E
8 40 ® 37,50 8 0
O o]
m 30 m 30
= =
20 ¢ 18,33 20
8 14,67 & @ 1575 § 13,00
10 i B e 10 FPom—mm——————e———g - -
® 625 T F3i - P ¥ osa 9,35~ = =F 758
0 0
2015 2016 2017 2021 2022 2023 2015 2016 2017 2021 2022 2023
® TBCOD === QCVNO08-2023(A) ® TBCOD === QCVNO08-2023(A)
Hinh 7. Xu hudng bién d6i chat lugng nude ha luu song Cu Bé vé mua kho theo COD (mg/L)
CLN mua mua CLN mua kho
- Ha nguon song Cu bé - Cau Nam O - Ha nguon song Cu Dé - Cau Nam O
3,0 3,0
25 25
na |
B0 20
Z.: ® 1,77 z
'g 15 5 15
g
2 Lo =10
@ #os7 @~ ® 089 ® 055
0.5 05 ¢ 02
o T TTTTT TR Hows e P Y A
0.0 ® 0,11 00 ® 0.09 ® o012 ® o0
2015 2016 2017 2021 2022 2023 2015 2016 2017 2021 2022 2023
® TBAmoniN(mg/ll) === QCVN 08-2023(A) ® TB Amoni-N(mgl) === QCVN 08-2023(A)
Hinh 8. Xu hudng bién d6i chat lvong nude ha luu song Cu Dé theo NHs-N (mg/L).
CLN mua mua CLN mua kho
- Ha nguon song Cu Dé - Cau Nam O - Ha nguon song Cu D¢ - Cau Nam O
10000,0 10000,0
® ® ° : .
o ® 20000 9 22767 ¢ 19750 $10000 ¢ ® Rl 1.670,0
g 1000.0 - - - - - - - - § 1000.0 - ————— - - - -
= ® 6460 @ = ® 5750 9 6006
Z ® 2683 z ’ $ 3157
g = 9 1640
- 1000 - 1000
g g
& <
© °
S 100 o 100
= =
Lo L0
2015 2016 2017 2021 202 2023 2015 2016 2017 2021 207 2023
® TB Coliform(ngl) e == QCVN08-2023(A) ® TB Coliform(mgl) === QCVN08-2023(A)

Hinh 9. Xu hudng bién dbi chit lvong nudc ha luu song Cu Bé theo Coliform (MPN/100 ml).
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3.2. Dién bién chat lwong nuéc séng Yén

Bang 1 du6i ddy biéu thi dién bién chat
luong nudc ¢ song Yén 02 nam gan day tai diém
quan tric tai ddp An Trach.

Trong giai doan nam 2022-2023, gia tri pH
tai khu vue song Yén nhin chung dao dong trong
khoang trung tinh va twong ddi 6n dinh giita cac
mua. Cu thé, pH trung binh (TB) trong cac dot
quan trac mua kho va mia mua dao dong khoang
6,8-7,0. So sanh véi quy chuén ky thut quéc gia
vé chat luong nuéc mat - QCVN
08:2023/BTNMT (cot A), trong d6 gidi han pH
cho phép nam trong khoang 6,0-8,5, cho thiy toan
b6 céc gia tri pH quan tric tai song Yén trong giai
doan 2022-2023 déu ndm trong gi6i han cho phép.
Khéng ghi nhan truong hop vuot quy chuén.

Trong khi d6 ham lugng téng chit rin lo
limg (TSS) tai song Yén co su bién dong tuong
dbi 15 gitra cac mua va giira hai nam quan tric.
Cu thé, nam 2022, gia tri TSS trung binh dao
dong khoang 22-25 mg/1, trong d6 mua kho cao
hon nhe so v4i mua mua. Gia tri cuc dai (Max)
ghi nhan khoang 45 mg/1 ¢ ca hai mua, trong khi
gia tri nhé nhat (Min) dao dong khoang 8-10
mg/l, cho thiy bién d6 dao dong ¢ muc trung
binh. Sang nam 2023, TSS trung binh ting dang
ké vao mua kho (khoang 45 mg/l), dong thoi gia
tri cuc dai tdng dot bién lén khoang trén 110
mg/l, phan anh sy gia ting manh tai luong chat
rin lo limg trong thoi ky nay. Giai doan 2021 —
2023, cac hoat dong gém: trién khai manh mé&
khu du lich sinh thai doc séng Yén va Tuy Loan,
khai thac dich vu du lich néng nghiép tai Hoa
Vang [12], [13], thi cong hé théng thu gom nudc
thai doc tuyén dudng ven séng Tuyén Son — Tuy
Loan va dac bi¢t day la khoang thoi gian ma
tuyén duong cao tdc Hoa Lién — Tuy Loan budc
vao giai doan cao diém cua hoat dong dén bu va
giai toa I cac nguyén nhan co ban khién cho nén
TSS trung binh trén séng Yén cé xu hudng ting
1én [14]. Pén mua mua 2023, TSS trung binh
giam xudng khoang 28-30 mg/l, tuy nhién van
cao hon mtc nam 2022; gia tri cyc dai duy tri &
mirc khodng 45 mg/I. Gia tri nhé nhét trong nim
2023 dao dong khoang 12—18 mg/l, cao hon so
v6i ndm 2022, cho thiy nén TSS chung c6 xu
huéng tang, tinh hinh mua Iii bat thuong nim

2022 va 2023 khién cho nhiéu khu vuc c6 dia
hinh déc bi sat 16 nghiém trong khién di giy nén
hién tugong nay [15].

Bang 1 cho thdy COD dao dong trong
khoang tir 6,7 dén 7,1 mg/l vao mua kho va 6,6
dén 7,4 mg/l vao mua mua. So sanh v6i QCVN
08:2023/BTNMT cot A (COD < 10 mg/l), toan
bd gia tri COD quan tric dugc déu nim trong
gidi han cho phép.

Dién bién nong d6 N-NH4" cua nudc song
Yén theo mua tai Bang 1 cho thay gi4 tri N-NHq
dao dong trong khoang tir 0,15 dén 0,31 mg/l vao
mua kho va 0,05 dén 0,2 mg/l va miia mua. Néng
d6 amoni c6 xu hudng cao hon vao mua mua tuy
nhién c6 xu hudng giam theo thoi gian. So sanh
v6i QCVN 08:2023/BTNMT cot A (N-NH4" <
0,3 mg/l), cho thiy c6 mot sb thoi diém vuot quy
chudn vao mua kho nim 2022. Tuy nhién dén
nam 2023 thi khong co gia tri quan trdc nao vuot
quy chuin. Bang 1 ciing cho thay chét luong
nude song Yén tai diém quan tric da c6 déu hiéu
dugc cai thién trong nam 2023, ham luong NHs-
N trong nudc song tai diém quan tric giam thap
hon so véi nam 2022 tir 2,4 dén 2,7 lan, tai cic
thoi diém quan tric vé mua mua ciing nhu vé
mua kho chét lwong nudce séng Yeén tai dap An
Trach déu dat yéu cau db6i voi nguén loai A theo
QCVN 08:2023/BTNMT. Gia tri Coliform dao
dong manh trong khoang tir 200 dén 2.400
MPN/100 mL vao mua khé va tir 190 dén 2.300
MPN/100 mL vao muia muwa. Chi s6 Coliform co
xu huéng ting cao va bién dong manh vao mua
mua, do anh hudng cua nudc chdy tran mang
theo chét thai tir khu dan cu, chin nudi va cac
ngudn 6 nhiém vi sinh khac vao ngudn nudc. So
sanh v6i QCVN 08:2023/BTNMT cot A
(Coliform < 1,000 MPN/100 mL), cho thiy
nhiéu thoi diém vuot quy chuan cho thdy su 6
nhiém vi sinh 1 dang ké. Xét ddi véi cac chi tiéu
COD, Nito va Coliform cho thiy chit luong
nudc song Yén cod cung quy ludt voi luu vuc
song Cu Dé.

Ham luong cac chat 6 nhiém hitu co trong
nude vé miia mua déu xap xi hodc cao hon so véi
mua kho va chat lugng nude song nam 2023 co
dAu hiéu cai thién so v&i ndm 2022 vé ca mua
mua va mua kho. Chat luong nudc song Yén vé
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mua mua va mua kho déu chua dat yéu ciu theo
QCVN 08:2023/BTNMT dbi v6i ngudn loai A
theo cac chi tiéu hitu co va vi sinh vét gay bénh.
Chi tiéu BODs cao hon quy chudn cho phép tir
1,2 dén 2,0 1an vé mua kho va tir 1,5 dén 2,2 lan
vé muiia mua. Nghién ctru ctia Duong va cs, 2022
cho théy tinh trang khan hiém nuéc tai khu vue
ha luu song Vu Gia toi nim 2030 s& ting gap doi
so v&inam 2020, tinh trang thiéu nudce sé bt dau
som hon va kéo dai hon, bét dau tir thang 2 dén
thang 9 [16]. Thanh pho can co bién phap tich
cuc dé bao vé ngudn cap nude cho thanh phd, khi
ma dap An Trach 1a diém iy nudc dy phong cho
nha may nuéc Cau D6 khi séng Cau Po - Cim

L¢ bi anh huong boi nude bién dang va xap nhap
madt ngdy cang vao siu trong dat 1ién va hon nita
day ciing 1a diém ldy nude ctia nha mdy nudc An
Trach duoc quy hoach véi cong sudt 120.000

m’/ngdy t6i nim 2030 va 420.000 m’/ngay t&i
nam 2050. Chat luong nude song Yeén tai diém
quan tric dd c6 dau hiéu duoc cai thién trong
nam 2023, ham lugng NHs-N trong nudc sdng
tai diém quan tric giam thip hon so véi nim
2022 tr 2,4 dén 2,7 1an, tai cac thoi diém quan
tric vé mua mua ciing nhu vé& mua kho chat
lugng nudce sdng Yeén tai dap An Trach déu dat
yéu ciu ddi voi ngudn loai A theo QCVN
08:2023/BTNMT.

Bang 1. Chat lugng nude song Yén mua mua va mua kho

. . ) ‘ Trun Lon Nho CVN 08:2023/
Thong 56 Bonvi | Nam Mua binh | ohit | nhit lgTNMT (Cot A)
2022 Mua kho 6.97 712 | 685 6,5-8.5
H ) 2022 Mua mua 6.858 7.3 6.6
P 2023 Mua kho 6.835 6.9 6.72
2023 Mua mua 6.855 6.97 6.75
2022 Mua kho 2425 46 10 25
2022 |  Muamua 22.63 44 12
TSS me/L 2023 Mua kho 44.75 114 19
2023 Mua mua 27.75 44 16
2022 Mua kho 11.00 | 1400 | 8.00 10
2022 | Muamua 13.63 | 15.00 | 12.00
cob me/L 2023 Mua kho 1325 | 17.00 | 10.00
2023 | Muamua 1325 | 15.00 | 12.00
2022 Mua kho 0.24 031 0.19 0,30
N 2022 | Muamua 0.10 020 | 0.5
NH4-N me/L 2023 Mua kho 0.19 0.23 0.15
2023 | Muamua 0.07 008 | 0.05
2022 Mua kho 723.8 1600 | 240 1000
Coliform | MPN/100 [ 2022 | Muamua 1340 2300 | 920
mL 2023 Mua kho 1190 2400 | 630
2023 | Muamua 677.5 1700 | 230

*Gia tri in ddm thé hién vuot quy chuin cho phép.

3.3. Dién bién chdt lwong nuéc séng Tuy Loan

Bang 2 cho thay chit lugng nudc song Tuy
Loan vé mua kho khong dat yéu cau theo QCVN
08:2023/BTNMT, cac chi ti€u hitu co vuot qua
quy chuan cho phép tir 1,25 dén 2,25 theo BOD
va tir 1,1 dén 1,7 1an theo COD va nam 2023 ¢
dau hiéu ting 1én so voi giai doan 2021- 2022.

Két qua quan tric tai

Vé mua mua, doi véi chi tiéu BODs, COD va
coliform trong 2 nam gan ddy chat luong nudc
song co xu hudng suy giam dong thoi vuot qua
quy chuan lan luot tir 1,75 2,25 1an, tir 1,2— 1,7
lan va tir 1,5 — 3,5 lan. Tuy nhién vao mua mua
cac chi tiéu NH4-N dép tmg QCVN 08:2023, hau
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hét tai cac thoi diém quan tric vé mua mua chit
hrong nudc song c6 gia tri thap hon quy chuin
ngoai trir mot vai thoi diém quan tric nim 2022
ham lwong NH,-N cao hon quy chuén 1,1 1an.
Theo céc chi tiéu vé dinh dudng chit luong
nude séng tai diém quan tric dat yéu cau theo
quy chuan, c6 diém luu y 14 chi tiéu NHs-N co
du hiéu ting 1én trong hai nim 2022 va 2023.
Nguyén nhan cta viéc suy giam chét luong nudce
song Tay Loan 1a do viéc kiém soat chua tt cac
ngudn thai tir khu dan cu xa tryc tiép ra séng ma
chua qua xur 1y cling nhu hoat dong ndng nghiép
(ving trong rau Ty Loan) tiéu nudc ra séng hay
ving nudi trong thuy san tap trung. Do vdy can

¢6 nhitng bién phap kiém soét cac ngudn thai doc
luu vuc song Tuy Loan dac biét 1a cac nguén thai
n6ng nghiép, nudi tréng thuy san va khu vuc dan
cu dong duc tai xa Hoa Vang, Hoa Nhon, Hoa
Ninh bao vé ngudn cip nudc cho thanh phd Pa
Ning theo quy hoach t¢i nam 2050.

Vé co ban chat lugng nudc séng Tuy Loan
vé mua mua tot hon mua kho tuy nhién khong
dap (mg quy chuin déi v6i ngudn cap nude loai
A dbi v6i chi tiéu hitu co BODs va COD. Trong
giai doan nghién ciru tir 2015 dén 2023 séng Tuy
Loan cé xu hu0’ng suy giam chat lugng, ngoai
trir chi ti€u v€ vi sinh vat gdy bénh c6 déu hiéu
cai thién trong 3 ndm gan day.

Bang 2. Chét lwong nudc séng Tay Loan mula mua va mua kho

. . ) ‘ Trun Lon Nho CVN 08:2023/
Thongso | Ponvi | Nam Mua binh | nhit | nhit lgTNMT (Cot A)
2022 | Mua kho 6,74 7.16 6,35 6,585
H i 2022 Mua mua 6,63 6,89 6,20
P 2023 | Mua kho 6,58 6,90 6,40
2023 | Miamua | 6,06 6,25 5,66
2022 | Muakho | 18,13 | 26,00 | 14,00 25
2022 | Miamua | 29,50 | 40,00 | 22,00
TSS mg/L 2023 | Muakho | 20,13 | 36,00 | 11,00
2023 | Miuamua | 27,25 | 47,00 | 10,00
2022 | Muakho | 11,50 | 14,00 8,00 10
2022 | Miamua | 14,00 | 17,00 | 12,00
CoD mg/L 2023 | Muakho | 15,63 | 17,00 | 14,00
2023 | Miamua | 1525 | 18,00 | 14,00
2022 | Muakho | 00263 0,31 0,15 0,30
. 2022 | Muamua | 0,225 0,30 0,12
NH4-N mg/L 2023 | Muakho | 0,146 0,26 0,05
2023 | Muamua | 0,120 0,15 0,09
2022 | Muakho | 1.431 | 2.200 920 1.000
Coliform | MPN/100 | 2022 | Miamua | 3.550 | 5400 | 2.200
mL 2023 | Muakho | 2.025 | 3.500 | 1.300
2023 | Miamua | 3.475 | 5.400 | 2.400

*Gia tri in ddm thé hién vuot quy chuin cho phép.

3.4. Dién bién chat hrong nuéc séng Cau Do
Cam L¢

Céch nha may nuéc Cau D6 khoang 500 m
vé phia thuong luu c6 khu coéng nghiép Hoa
Cam. Trung binh mdi ngay khu cong nghiép thai
khoang 700-800 m* nude sau xir Iy va hé thong
song Vu Gia Han. Song Tuy Loan va song Yén

6 phia ha luu déu c6 dau hiéu bi 6 nhiém hitu co,
trong may nam gan day chat luong cia cac song
nay c6 xu thé xau di, do d6 song Cau Do - Cam
Lé ciing bi anh huong theo quy luat tat yéu do.
Hinh 10 dén Hinh 13 dudi ddy cho thdy xu
huéng dién bién ciia chat lugng nudc song Cau Do
- Cam Lé vé mua mua va mua kho tai diém quan
tric — diém lay nudc vao nha méay nude Cau Do.
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Hinh 10. Xu hudng bién ddi chat luong nude song Cau D6 - Cam Lé theo pH va TSS.

CLN song Cam L¢ - mua mua
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Hinh 11. Xu hudng bién ddi chat luong nude song Cau D6 - Cam Lé theo COD (mg/l).

Hinh 10 cho thdy pH nudc song Cau Do -
Cam Lé co su bién dong nhe theo thoi gian
nhung nhin chung dao dong trong khoang 6n
dinh. Cac gia tri pH khong c6 su thay doi dot
bién, cho thay chat luong nudc sdng xét theo chi
tiéu pH twong dbi on dinh va van nam trong gidi

han cho phép, chua giy anh huong 16n dén moi
truong nudc. So sanh  véi QCVN
08:2023/BTNMT, cho thdy gia tri pH ctia nudc
song Cam Lé chii yéu nam trong khoang 6,5-8,5,
phu hop véi cap do A ciia quy chudn. Diéu nay
cho thiy chat luong nudc séng xét theo chi tiéu
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pH dat muc tt, co ban dap g yéu ciu bao vé
hé sinh thai thiy sinh va cac muc dich st dung
nude c¢6 yéu cau chat luong cao. Ham luong TSS
trong nudc song Cau P - Cam Lé c6 su dao
dong theo thoi gian, tuy nhién mirc bién dong
khong qué 16n. Diéu nay phan anh sy thay doi
ctia chat ran lo limg trong nude chiu anh huong
cua diéu kién dong chay va cac tic dong tw nhién,
nhung nhin chung chua c6 déu hiéu bién dong
bét thuong.

Dua trén Hinh 11 va so sanh vdi QCVN
08:2023/BTNMT, ham lugng COD trung binh

CLN song Cim Lé - mua mwa
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$013 $013 4 0.0 fo014

ctia nude song Cau Po - Cam Lé nam trong gidi
han cho phép cua cip A (COD < 10 mg/l), tuy
nhién giai doan gan déy tir 2022-2023 ham luong
COD vuot qua tiéu chuin & ca gia trj TB va min.
Diéu nay cho thdy mirc d6 6 nhidm hitu co trong
nuée séng nhimg ndm 2020 trd vé trude & mirc
thip nhung c6 sy ting 1én ¢ giai doan sau, chat
luong nude xét theo chi tiéu COD nhin chung dat
mure tot, phi hop cho cac muc dich str dung nudc
¢6 yéu cau chit lugng cao va bao vé hé sinh thai.

CLN sdng Cam Lé - mua kho
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Hinh 12. Xu hudng bién ddi chat lwong nuée song Cau Do - Cam Lé theo NHs-N (mg/1).

CLN séng Cém Lé - muia mua
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Hinh 13. Xu huéng bién dbi chat lugng nude song Cau Do - Cam Lé theo Coliform (MPN/100 ml).

Hinh 11 cho thdy ham luong chét hitu co tai
diém lay nudc nha may nudce trén song Cau Do -

Cam L¢ vé mua kh6 va mua mua c6 xu thé tang
1én tor ndm 2015 dén nam 2023. Ham lugng COD
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trong nudc song tai hau hét cac thoi diém quan
trac tir nam 2019 dén nam 2023 déu vuot quy
chuian QCVN 08:2023/BTNMT, va c6 xu huéng
tang 1én theo thoi gian, tai moi thoi diém quan
trdc ndm 2023 chi tiéu COD déu vuot qua quy
chudn tr 1,4 den 1,6 lan. Coliform trong mau
nude quan tric vé mua kho dap tmg yéu cau ddi
v6i ngudn loai A con mia mua cao hon mua kho
va vuot qua quy chuén tir 2 — 4 1an. Qua trinh d6
thi hoa va ty 1¢ 1dp day ciia KCN ngay cang ting
gdy nén st €p 16n dbi v6i luu vuc séng Cau Do
- Cam L¢, do d6 can co  nhung bién phap phu hop
dé kiém soat cac ngudn thai dac biét la ngudn
thai tir chan nudi va nudi trong thuy hai san ven
bo, nguén thai tir d6 thi va khu dan cu can duge
thu gom va xir 1y triét dé hon nita nhdm cai thién
va phuc hdi chét luong nudce song Cau Do - Cam
Lé, dam bao chit lwong va trir lugng cho nha
may nudc Cau Do trong thoi gian t6i.

4. Két luan va kién nghi

Nghién ctru cho théy, vé co ban cac song
nghién ctru déu c6 chét luong dap img QCVN
08:2023 tai hau hét cac diém quan tric vé ca mua
mua va mua kho ddi véi chi tiéu NH;-N, ¢ xu
hudng thay doi t6t hon ddi véi chi tieu COD,
Coliform, riéng song Tuy Loan (thuong luu song
Cau Do - Cam Lé c6 dau hiéu suy giam chat
lugng do qua trinh d6 thi hoa dién ra manh mé
va gia tang hoat dong nong nghiép phuc vy nhu
cau cua thanh pho

Chinh quyén thanh phé phai c6 nhiing bién
phéap chat ché hon trong viéc quan ly giam sat
van hanh cac tram xt ly nudc thai khu cong
nghiép ciing nhu chat luong nudc tai cac diém
xa thai ctia khu cong nghiép; Kiém soat chit ché
cac hoat dong khai thac va sir dung nudc, x4 thai
nudc thai, va bao vé nguén nude véi sd lugng va
chat lugng cao nham ngin ngira 6 nhidm, suy
thoai ngudn nudc sau cac du an dau tu; Som xay
dung 10 trinh thuc hién cac duy an dau tu ha t?mg
thoat nudc va xtr Iy nude thai nham hoan thién
mang ludi thu gom nudce thai trén pham vi toan
thanh phd dic biét 1a hé théng céng bao thu gom
nude thai khu vuc dan cu hai bén bo song, két
hop véi viéc giam thiéu cac cong trinh vé sinh

ho gia dinh khong dam bao vé sinh nhu xi thim
doi nudc.

Kiém soét viéc st dung phan bén va hoa chit
bao vé¢ thuc vat trong ndng nghiép, nghién ctru
ung dung cac loai phan bon va thudc bao vé thuc
vt moi than thién v6i moi truong; Trién khai céc
giai phéap trong ciy hay ving dém ven song dbi
v6i cac khu vye ngudn nude mat da bi 6 nhiém
hodc ¢6 nguy co bi 6 nhidm ngudn thai dién.

Thiic dy viéc ung dung cong nghé thong tin
trong quan ly, thu thap, xtr Iy va cung cép thong
tin tai nguyén nudc.

Loi cam on

Nhom tac gia xin cam on S& Nong nghiép va
moi truong thanh phd Pa Ning di tao diéu kién
gitip d& thu thap thong tin, sb liéu quan tric chat
luong nudc song trén dija ban thanh phd Da
Néng, dong cam on t6i nhém nghién ciru manh
WASCO cutia Truong Pai hoc Xay dung Ha Noi
da hd tro thu thap $6 liéu trong qua trinh thuc
hién nghién ctru.
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