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ABSTRACT

The purpose of this paper is to present the water quality trend at downstream
segment of the Cu De River by statistical approaches. Different water quality
parameters including Temperature, Dissolved Oxygen (DO), Biochemical
Oxygen Demand (BODs), Chemical Oxygen Demand (COD) and Total
Dissolved Solids (TDS) were sampled and analysed. The monitoring stations
were identified by the flow direction from West to East, including stations at
Truong Dinh Bridge, Hoa Lien, Hoa Vang (S1) and Nam O Bridge, Hoa Hiep,
Lien Chieu (S2). The studied results are analyzed and tested by linear
regression model and Mann-Kendall nonparametric statistical method. The
trends of DO level at the monitoring stations SI and S2 increase 10.5 and
13.3% per year, respectively (p<0.05). In contrast, the contents of COD at
monitoring stations S1 and S2 decrease -5.0 and -5.8% per month, respectively
(p<0.001). Regarding changing trend of BOD:s level in monitoring station S2,
the Mann-Kendall nonparametric statistical test results has a decrease value
of approximately -34.3% per year (p<0.001). Overall, the situation of
changing water quality at down stream segment of the Cu De River has
presented positive signs in recent years. However, to maintain this situation, it
is required to prevent the direct flows of wastewater into the Cu De River
basin.

TOM TAT

Muc dich cia bai bdo nay nham trinh bay cdc két qua phan tich xu huong bién
dong chat lwong nude hg heu song Cu Dé bang phuwong phap théng ke. Cac
thong $6 chat heong nude dwoc nghién ciru tién hanh ldy mdu, quan trdc bao
gom Nhiét do, ham lwong oxy hoa tan (DO) nhu cau oxy sinh héa (BODs), nhu
cau oxy hoa hoc (COD) va t6ng chat rdn hoa tan (TDS). Nghién ciru lya chon
cdc tram quan trdc theo hwéng dong chdy tir tdy sang dong, cu thé tai cau
Truong Dinh, Hoa Lién, Hoa Vang (S1) va cau Nam O, Hoa Hiép Bac Lién
Chiéu (S2). Két qua nghién cvuu dwoc phan tich va kiém dinh tham s6 bang mo
hinh héi quy tuyén tinh va phwong phdp phi tham s6 Mann-Kendall. Ham
luong DO co xu huong tang ¢ muc 10,5 va 13,3%/nam lan lwot & cdc tram
quan trac SI va 82 (p<0,05). Nguoc lai, ham luong thong $6 COD ¢ cdc tram
S1 va S2 giam theo xu huéng lan leot -5,0 va -5,8%/thdng (p<0,001). Déi voi
toc dé xu huéng bién dong ham luong BODs o tram quan trac S2, két qua kiém
dinh thong ké phi tham sé Mann-Kendall c6 gid tri gidm twong img -
34,3%/nam (p<0,001). Nhin chung, thuc trang dién bién chat lwong nudc o ha
leu séng Cu Dé ¢6 xu hiedng bién doi tich cuc trong nhirng nam gan day. Tuy
nhién, dé duy tri tinh trang trén doi hoi can tiép tuc nhitng bién phdp nham
ngan chan cdc nguon nweée thai dé triee tiép vao luu viee séng Cu Pé.
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1 GIOI THIEU

S6éng Cu Pé dugc bat ngudn tir diy nai Bach
Ma, chay qua dia ban cac xa, phuong cia huyén
Hoa Vang va quan Lién Chiéu roi sau d6 db ra vinh
Da Néng théng qua ctra bién Nam O. La mét trong
hai con song chinh & Pa Nang, song Cu Dé voi
tong chiéu dai 1én téi 37 km, bao gébm 2 nhanh
song chinh 14 song Bac va song Nam, ¢6 tong dién
tich Ivu vuc 1a 426 km?. Song Cu Beé c6 vai tro
quan trong trong viéc cung cap ngudn nude sinh
hoat va phuc vu cho cac hoat dong san xuét cho
toan bo ving dan cu rong 16n & Pa Nang. Khu vuc
ha luu song Cu D€ 1a vung sinh thai nhay cam c6
hé sinh thai thuy sinh ty nhién bao gdm cac loai ca,
tom, dong thyc vat day nude ngot, nudc lg va nude
man sinh séng. Nhin chung, chit luong ngudn
nudc mit tir hé théng séng ngdi co vai tro quan
trong trong viéc cung cip ngudn nudc sinh hoat,
san xuat, phuc vu moi mit ctia doi sdng xa hoi.

Su 6 nhlem hé théng séng ngoi & cac quoc gia
dang phat trién 1a mot trong nhiing van dé mang
tinh thoi su. Mot trong nhiing muc ti€u quan trong
cua cac chuong trinh quan trac d6 1a xac dinh dugc
thuc trang dién bién cac thong sb chit 6 nhiém,
tinh trang chat lwong ngudn nuge. Cac nghién ciru
truge day ¢ song Cu B¢ chu yéu tap trung quan
tric danh gia chat lugng nude dua trén Quy chuin
K§ thuat Qudc gia vé nude mit (N.T.Tién va nnk,
2006; N.T.A.Nguyét va nnk, 2010), chi s6 sinh hoc
(N.V.Khanh va nnk, 2011), mo hinh chat lugng
nude (T.X.Vi, 2013). RO rang, sy danh gia thuc
trang chit lugng nude nhu trén khong thé cho ' phép
ta biét duoc xu hudng bién dong cac thong sb chat
lugng nude. Hién nay, Tong cuc Moi truong Viét
Nam ciing dd c6 Quyét dinh sb 879/QD-TCMT vé
viéc ban hanh sb tay huéng dan tinh toan chi sb
chat lwong nuéc. Tuy nhién, phuong phap nay
cling rat han ché trong viéc chi ra birc tranh bién
dong chét lugng nude mdt cach cy thé. Trong khi
d6, phan tich xu hudng bién dong chat lwgng nudc
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¢6 ¥ nghia quan trong trong viéc dé ra cac chinh
sach bao vé nguén nudce, duy tri stc khde, bao vé
dong song sach dep. Phuong phap ap dung k¥ thuat
thong ké bang phan tich xu hudng 1a giai phap hiru
hiéu cho vén dé nay. Thong qua d6 c6 thé bibt
duoc chiéu hudng bién dong tich cuc hay ti€u cuc
thuc trang chét lugng stic khée cua nguén nudc
quan trac. Phuong phap phan tich xu huéng da
duogc dé xuit kha sém tir gitra thap nién 70 cua thé
ky trudc, nhu cia cac tac giad Lettenmaier (1976)
va Hirsch et al. (1982). Ngay nay, viéc danh gia
bién dong chét lugng nude sir dung k¥ thuat théng
ké phan tich xu huéng van duoc sir dung phd bién
trén thé gi¢i nhu Heejun Chang, 2008; Bouza-
Deano R. et al. (2008); Chiueh P.T. et al. (2011);
Faridah Othman ez al. (2012). Muc dich cua nghién
clru nay la ap dung phan tich thong ké tham sb va
phi tham s6 kiém dinh xu huéng cac théng sd
chat lugng nuée ¢ ha luu séng Cu Dé, Thanh phd
Da Ning.

2 PHUONG PHAP NGHIEN CUU
2.1 Dbi twgng nghién ciru

Poi twong nghién ciru: Trong nghién ciru danh
gia hién trang chit lugng moi truong nudc song,
thong thuong thyc hién quan tric nhiéu thong s6
theo nhu B6 Quy chuén K§ thuat Qubc gia veé nude
mit, S6 tay Hudng dan thyc hanh quan tric chét
luong nuée cuia UNEP/WHO... nhim lam co s&
danh gia. Hodc khong, ciing c6 thé ap dung chi s6
chét lugng nudec WQI, mo hinh thiy luc, logic mo,
thong ké da bién... dé danh gia thyc trang chat
luong nudc. Tuy nhién, vi nhitng han ché vé mat
kinh phi nén trong nghién ctru nay tac gia chi tap
trung danh gia xu huéng bién dong & mot s6 thong
sd nhat dinh. Céac thong s6 chit lugng nuédc duoc
giéi han va lga chon bao gém: Nhiét 3o, DO,
BODs, COD va TDS.

Pham vi nghién c;t’m: Khu vuc ha luu song Cu
B¢, Thanh pho Pa Nang.
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Hinh 1: So' do6 khu vue nghién ciru va vi tri cac tram quan trac

2.2 Phwong phap nghién ciru trac nguon nudc mit theo hudng dong chay tir tay
sang dong bao gdm S1 tai cau Truong Pinh, Hoa
Lién, Hoa Vang va tram quan tric S2 tai ciu Nam
O, Hoa Hiép Béc, Lién Chiéu. Nghién ctru tién
hanh quan tric trong giai doan 2009- 2013 véi tan
sut 1y mau dinh ky 2 thang/lan vao cac thang I,
IV, VI, VIII, X va XII.

Dé thyc hién nghién ctru nay, tac gia tién hanh
khao sat thuc dia va thiét lap cac tram quan tréc
nham phan tich, danh gia xu huéng bién dong mot
s6 thong sd chat lwong nuéc ha luu séng Cu Dé.
Cu thé, nghién ctru lya chon dia diém léy mau quan

Bang 1: Théng tin vi tri tram quan tric chat lwong nuéc

TT Tram quan tric Vi tri Vi do Kinh do
1 St Tai cau Truong Binh, Hoa 16°06°29”°N 108°05°13"°E
Lién, Hoa Vang
2 2 Tai cau Nam O, Hoa Hiép 16°07°17°°N 108°07°217E

Bic, Lién Chiéu
Quy cach lcfy mdu, bdo quan va van chuyén: van chuyén theo TCVN 6663-3:2008.

Ngl}ién.cﬁ'u liy miu theo quy dinh ctia Tiéu chuin Phuwong phdp phan tich: MAu duoc phan tich
Quoc gia TCVN 5992 — 1995, TCVN 6663-1:2011 theo Tiéu chudn Viét Nam va Tiéu chuén quic té
Chat lugng nudce- Lay mau. Mau duoc bdo quan va ciia APHA ban hanh nam 1998.

Bing 2: Phwong phap phan tich chit lwong nuéc
STT Théngsd  Ponvi  Phuwong phap phin tich - Thiét bi

1 Nhiét do oC May do hién truong da chi tieu WQC-24/TOA

2 DO mg/l May do hién truong da chi tiéu WQC-24/TOA

3 BOD: mg/l ULmEu (”,y 20°C, 5 ngay; do Oxy hoa tan (DO) dau va sau 5 ngay

bang may do DO
4 COD mg/1 Tric quang - COD Bicromat— hdi luu kin
5 TDS mg/l May do hién truong da chi tiéu WQC-24/TOA
Danh gié xu huéng bién dong chat hrong nwdc: Shapiro-Wilk nham kiém dinh phén phoi chuan véi

Nghién ctru danh gid xu huéng bién dong chit cac thong so chat luong nudce ha luu séng Cu De.
lugng nudc & mot sd thong sé nhu DO, BODs, Dir liéu nghién ctru dugc tién hanh logarit hoa co

COD va TDS béng phuong phép théng ké. Dé xéc s6 10 nhén} ddng nhét s6 li¢u cling nhu dam bao ti
dinh va lya chon phuong phap kidm dinh tham s6 WU hoa dieu kién phan tich thong ké. Trong do,
hay phi tham sb, nghién ctru st dung thi tuc kiém dinh xu hudng bién dong bang md hinh hoi
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quy tuyén tinh dugc 4p dung cho trudng hgp miu
dam bao diéu kién phan phdi chudn bang phan
mém SPSS 13.0. M6 hinh hdi quy tuyén tinh dugc
mo ta theo cong thic (2.1):
Y=f,+pht+e (i

Trong d6, Y 1a dai lugng thong sb chat luong
nudc, t la dai lugng thoi gian, o va fi la hang sO
hoéi quy va do doc h01 quy, & la sai s0 chuan mo
hinh. Gia thuyet Hy can kiém dinh véi hé s6 dbc Bi
= 0. Thong ké t v&i Bi s& xac dinh ¥ nghia théng ké
ctia gia thuyét. Trong trudng hop hé s6 déc B # 0,
gia thuyét bi loai bo va c¢6 thé két luan ton tai xu
hudng theo thoi gian véi toe do .

Nguoc lai, dbi véi tap dir liéu khong dam bao
diéu kién ap dung mo hinh hoéi quy tuyén tinh,
nghién ctru st dung kiém dinh phi tham s6 Mann-
Kendall phan tich va danh gia xu huéng bién dong
dya vao dd déc Theil-Sen (Kostas Voudouris &
Dimitra Voutsa, 2012) bang phan mém ProUCL

VAR(S) = é n(n—1)(2n+5) -

O cong thirc (2.3), g 1a s6 cac nhom co cac gia
tri dir liéu giéng nhau, tp la sb6 cac diém dit lieu
trong nhom thtr p. Tuan theo luat phan phéi chuan
trung binh 0, phuong sai 1, chi s6 Mann-Kendall Z
duoc tinh nhu cong thice (2.4):

— L S > 0
[VAR(S)]*’
Z=0,5=0 (2.9)
Z :S;ll_.,, S<0
[VaARr(S)]*

Két qua kiém dinh bac bo hay chap nhan gia
thuyét ton tai hay khong xu hudng bién dong thong
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4.1. Klem dinh Mann- Kendall la phuong phap phi
tham s dung xac dinh xu huong theo chudi dit liéu
theo thoi gian. Xét chudi gia tri X, X2, X5 ... Xn.1, Xn
biéu dién n diém dir liéu, trong d6 x; la gié tri dir
lidu tai thoi diém j. Khi d6 chi sé thong ké Mann-
Kendall S dugc tinh boi cong thic (2.2):

N—1

S = Z isgn(xj —X,) @2

=l =i+l

Trong do, sgn(x) dugc xac dinh nhu sau: sgn(x)
=1 neu x>0; sgn(x) =0 néux =0 va sgn(x) = -1
néu x<0. Gia tri ban dau cia théng ké Mann-
Kendall S 12 0 va twong tng véi viéc khong ton tai
xu huéng. Gia tri S>0 (dwong) 1a chi s6 cho mot xu
huéng ting, gia tri S<O (dm) 1a chi s cho mdt xu
huéng giam. Tuy nhién can phai tinh todn xac xuat
di kém v6i S va n dé xac dinh mirc ¥ nghia cta xu
huéng. Phuong sai ciia S dugc tinh theo cong thirc
(2.3):

Mo (t,-)2t, +5)| @3
p=l

s6 chét lugng nudc dya vao gia tri cua chi $6
Mann-Kendall Z. Néu Z>Za: Bac bo gia thuyét Ho,
ttre 12 tOn tai xu hudng; nguoc lai, néu nhu Z<Za:
Chap nhan gia thuyét Hy (khong ton tai xu huéng
bién dong).

3 KET QUA VA THAO LUAN

3.1 Mo ta tém tat két qua quan tric chit
lwgng nwéc ha luu song Cu bé

Bang 3 va 4 trinh bay tom tit két qua quan tric
mot s6 thong sb chat luong nude song Cu Dé trong
giai doan 2009-2013. Cac két qua tai tram quan
traic S1, ham lugng COD trung binh giai doan
2009- 2013 twong Ung gia tri 10,1 £ 7,12 mg/l
(n=27).

Bang 3: Két qua quan tric chéit lrgng nwéc giai doan 2009- 2013 tai S1

Théng s6 Pon vi N Min Max Mean SD
Nhiét do °C 27 23,4 31,0 26,4 1,62
DO mg/1 27 3,0 5,6 43 0,64
BOD:s mg/1 26 3,0 14,0 5,0 3,23
COD mg/1 27 3,1 31,0 10,1 7,13
TDS mg/l 22 5,3 76,0 29,8 17,39

Gia tri BODs quan tric c6 két qua trung binh
bang 5,0 + 3,23 mg/l (n=26) va c6 sy bién thién
trong khoang 3,0 dén 14,0 mg/l. Ham lugng oxy
hoa tan va TDS c6 két qua quan tric trung binh lan
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luot 4,3 + 0,64 mg/l (n=27) va 29,8 £ 17,39 mg/l
(n=22). Ngoai ra, nhiét d0 do duoc tai tram quan
trac S1 c¢6 két qua trung binh bang 26,4 + 1,62°C
(n=27).
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Béng 4: Két qua quan tric chét lwgng nwéce giai doan 2009- 2013 tai S2

Thongso _ Ponvi N Min Max Mean SD
Nhiét do C 27 23,7 30,0 26,4 1,49
DO mg/l 27 3,2 5.8 43 0,74
BODs mg/l 26 3,0 17,0 5.4 3,76
COD mg/l 27 3,2 36,0 10,2 8,56
TDS mg/l 25 5.3 66,5 27.9 15,03

Dbi véi ham lugng COD tai tram quan tric S2
¢6 gia tri trung binh bang 10,2 + 8,56 mg/l (n=27).
Thong s6 BODs tai tram S2 dao dong trong khoang
3,0 d&én 17,0 mg/l va co trung binh bang 5,4 + 3,76
mg/l (n=26). Ham luong chat rin hoa tan TDS c6
két qua trung binh 27,9 £ 15,03 mg/l (n=25). Trong
khi d6, nhiét 46 quan tric tai tram S2 c6 su bién
dong tir 23,7 dén 30,0°C.

3.2 Panh gia xu huéng bién dong chit
lwgng nuée ha luu séng Cu bé

Céc thong sb chét lugng nuée DO, COD va
TDS (¢ tram quan trdc S1) dam béao phan phéi
chudn véi gia tri kiém dinh Shapiro-Wilk 1an luot:
df=27, p=0,503 (DO); df=27, p=0,442 (COD) va

df= 22, p=0,316 (TDS). Tuong tu, ddi véi tram
quan trac S2, két qua kiém dinh Shapiro-Wilk phéan
phdi chuan cho thdy cac théng sé6 DO, COD va
TDS ciing dam béo tiéu chi phan phdi chuén voi
lan luot cac gia tri kiém dinh: DO (df=27,
p=0,549); COD (df=27, p=0,052) va TDS (df=25,
p=0,293). Xu hudng bién dong chit lwong nudc
dbi v6i cac thong s6 dam bao tiéu chi phan ph01
chuén nhu DO, COD va TDS & cac tram quan tric
S1 va S2 dugc mé hinh hoa bang phuong phap
phan tich hoi quy tuyén tinh st dung phan mém
SPSS 13.0. Sy bién dong chét lugng nude ha luu
song Cu Dé giai doan 2009- 2013 dugc trinh bay
cu thé & cac hinh 2, 3 va 4.

Xu hwéng bién déng DO - S1 Xu hurdme bién dong DO - 52
0 = . u hwéng bign dong DO -
0,7 - O’B 1
ue A 8" 07 /’Aw_’ﬁ'__’)
_ 05 - 0.6 -
2 g4 | . 5 o5 )
% 03 = DRD °“3¥1§5775 - % 04 4 y=0,0048x + 05601 >
3 —— Linear (DQ) e o3/ R1=0.3196 —— Linear(DO)
0,2 -
01 | 0,2
0,1 -
bo T T (Ihang) 0+ T (Thang)
L 8 5 &9 AL3A510921.28:25 270D 1 3 5 7 9 11131517 19 21 23 25 27 29
Hinh 2: Bieéu do xu hwéng bien dong DO giai doan 2009- 2013 & S1, S2
Xu hwéng bign ddéng COD - S1 Xu huéng bién déng COD - S2
1,6 1,8
i y=-00223x+ 1.2433 L6 .
/ R2 = 0,5080 y=-0,0259x+ 1,2767
12 —+—COD 14 R?= 0,5637
= 1 —— Linear {COD) A 12
8 o ! —+—COD
T °° g o8 —Linear (COD)
< 1
= 06 3 0,6 \ad
0,4 0,4
0,2 0,2
o 0 T T L ing)
. Ang
1357 0111315171921 23252720 1 (Thang) 1357 911131517192123252729

Hinh 3: Biéu d6 xu huéng bién dong COD giai doan 2009- 2013 & S1, S2
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Xu huéng bién ddng TDS - S1
2,0
18 4
16 * ‘}
14 » *
2\ 12 4
2 10 ——TDS
% 08 - y=-0,0122x+ 1,6009 .
Eﬁ 0 2z 01414 —Linear(TDS)
04 |
02
0.0 \\\\\\\\I\I\I\I\\\I\\\\\\I\\\T(Th;ing)
1 2 5 7 9 11131517 19 21 23 25 27 29

1,8 1
1,6 1
14 4
12 ]

08 -

Log(TDS)

04 -
02 -

y=-0,0007x+ 1,385
06 R2=0,0006

Xu huwéng bién dong TDS - 52

/

—+=TDS
——Linear(TDS)

T (Thang)

13 5 7 9 1113151719 21 23 2527 29

Hinh 4: Biéu d6 xu hwéng bién dong TDS giai doan 2009- 2013 & S1, S2

Bang 5: Két qua mé hinh hdi quy tuyén tinh xu hwéng bién déng chit lwgng nuéc

Tram

M hinh hoi quy tuyén tinh

S1 Log[DO] = 0,0038(thoi gian) + 0,5775
Log[COD] = -0,0223(thi gian) + 1,2433
Log[TDS] = -0,0122(th&i gian) + 1,6009
Log[DO] = 0,0048(thdi gian) + 0,5601
Log[COD] = -0,0259(thoi gian) + 1,2767
Log[TDS] = -0,0007(thdi gian) + 1,385

S2

R?=0,2482; F=8,255; p<0,05
R?=0,5080; F=25811; p<0,001
R*=0,1411; F = 3,285 p>0,05
R?=10,3196; F=11,746, p<0,05
R?=10,5637; F=32,302, p<0,001
R?=0,0006; F=0,013; p>0,05

Ta c6 md hinh hdi quy dugc biéu dién béng
ham s Log[Ci] = B1*x + Py, trong d6 Ci: nong do
thong sb chat luong nude 1, Bi: do dbc mé hinh hdi
quy, Po: hang s6 hoi quy. Do vay, xu huéng bién
dong % theo thang ndng do cac thong s chat
lugng nudc dugce tinh theo cong thuc: (107p; -
1)*100. Can ctr vaio md hinh hdi quy tuyén tinh
ndng d6 cac thong sé chit luong nudc theo thoi
gian quan tric di chi ra xu huéng bién dong ham
lwong cac chat 6 nhiém theo chiéu hudng tich cuc
trong giai doan 2009- 2013 (xem thém Bang 5, 6).
Trong d6, ham lugng DO c6 xu hudng ting & murc
10,5%/nam & tram quan tric S1 va 13,3%/nam &
tram quan tric S2. Nguoc lai, cic thong sé6 COD
giam theo xu hudng -5,0% va -5,8%/thang 1an luot
& cac tram S1 va S2. C6 thé khing dinh rang, tinh
trang chat luong nude da co nhung chuyén bién
theo chidu hudng tich cyc. Sy gia ting ham luong
oxy hoa tan va xu hudng giam ham luong cic chat
6 nhidm hiru co 14 biéu hién cta qua trinh cai thién
chat luong nudce 6 ha luu song Cu Dé.

Bang 6: Mirc d bién dong ham lwong cac thong
s6 chit lwgng nudéc sdng Cu Dé

Thong S1 S2

s0 %/thang %/mim %/thing %/nim
DO 09 105 1,1 133
COD 50 -60,1 58 -69,5
TDS 2,8 332 02  -19
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Bén canh do, thong s6 TDS ciing ¢6 xu hudng
giam twong g -33,2%/ndm & vi tri quan tric S1
va -1,9/nam ddi véi tram quan tric S2. Nhu vay,
két qua & cac tram quan tric cho thiy muc do bién
dong cac thong sb moi truong theo chidu hudng
tang ham luong oxy hoa tan ¢ ca hai tram quan trac
thugc ha luu séng Cu DE. Trong khi do, két qua
biéu thi xu huéng giam vé ham luong thong so
COD va TDS. Tuy nhién, két qua mo hinh hoi quy
tuyén tinh ham lwong TDS khong ¢6 y nghia thong
ké (p>0,05). C6 thé thay rang, két qua quan tric
TDS cho thay su bién dong 16n ¢ ca 2 tram do,
ddng thoi sb 1an 14y mau ciing kha han ché (22 &
tram S1 va 25 & tram S2), diéu nay co6 thé dan dén
két qua m6 hinh hdi quy tuyén tinh ciia TDS khong
¢6 ¥ nghia thong ké.

Dbi véi thong sé BODs & cac tram quan tric c6
két qua kiém dinh Shapiro-Wilk khong thoa man
tiéu chi phan phdi chuan (p<0,05). Cu thé cac gia
tri kiém dinh 1an lugt & tram quan tric S1 1a
df= 26, p<0,001 va & tram quan tric S2 1a df=26,
p<0,001. Do viy, danh gia su bién dong ham
lwong théng sé BODs ha luu song Cu Dé dugc tién
hanh béng thu tuc kiém dinh phi tham s6 Mann-
Kendall bang phin mém ProUCL 4.1. Két qua xu
huéng bién dong cua thong sb BOD;s giai doan
2009-2013 duoc biéu dién & cac Hinh 5 va 6.
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Mann-Kendall Trend Test

Log10[BODS]
=]
[--]
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Hinh 5: Biéu d6 xu hwéng bién dong BODs & tram S1
Mann-Kendall Trend Test
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Théi gian (Thang)

Hinh 6: Biéu dd xu hwéng bién dong BODs & tram S2

Két qua qua trinh phan tich théng ké cho thiy
muc do bién dong theo chiéu hudéng giam co y
nghia thong ké dbi voi BODs (p<0,01). Phan chi
tiét két qua kiém dinh phan tich xu huéng Mann-
Kendall ham lugng BODs ha luu song Cu Dé duoc
trinh bay ¢ bang 7.

Dbi voi tram quan tric S1, két qua phan tich xu
hudng c6 cac gia tri S, Var(S), Z lan luot bang -
124, 39,49 va -3,115. Mic du ton tai xu hudng
giam ham lwong BODs c6 y nghia théng ké
(p<0,001), tuy nhién gia tri d6 déc Theil-Sen
khong dang ké (<0,0001). Riéng két qua do dbc
Theil-Sen & tram quan tric S2, quy dbi v& mirc do
bién dong % theo thang ham lugng ndng d6 BOD;
theo cong thic (10°(DO dbc Theil-Sen)-1)*100.
Téc d6 xu hudng bién dong ham lwong BODs &
tram quan tric S2 c6 gia tri giam -2,9%/thang
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(twong tmg -34,3%/nam). Nhu vy, bang kiém dinh
Mann-Kendall chi ra sy ton tai khuynh huéng giam
ham Iuong thong s6 BODs ha Iuu song Cu bé.

Bang 7: Két qua kiém dinh xu hwéng Mann-
Kendall ham luwgng BODs song Cu Dé

P . Log[BOD:s]
Keét qua ST S2
N 26 26
Min 0,477 0477
Max 1,146 1,230
Mean 0,630 0,657
Do léch chudn SD 0,226 0,240
Tris6 S -124 -158
Do léch chuén cua S (Var S) 39,49 41,48
Gié tri chuan cia S (2) -3,115  -3,785
Mtic y nghia 0,0009  0,0001
Do doc Theil-Sen <0,0001 -0,0126
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4 KET LUAN

Tir nhitng két qua ciia qua trinh quan tric, danh
gia xu hudng chét lwong nudc ha luu song Cu DéE,
nghién ctru ¢6 nhimg két luan: Nhin chung, dién
bién chét lugng nude ha luu song Cu Dé ¢ nhing
bién doi tich cuc trong giai doan 2009-2013. Qua
trinh phén tich xu huéng ham luong cac thong s6
chat lugng nudc & cac tram quan tric cho thiy xu
hudng gia tang ham luong oxy hoa tan, day 1a dau
hiéu tot va dong nghia véi viée chat luong dong
song dugc cai thién mot cach dang ké. Trong khi
do, ham luong chit 6 nhiém hiru co duge danh gia
boi thong s6 BODs ¢6 xu huong giam véi toe do
giam -2,9%/thang (tram quan tric S2). Tuong tu,
ham lugng COD ciing c6 xu hudng giam & muc -
5,0%/thang (S1) va -5,8%/thang (S2). Pdng thoi,
thong s6 TDS ciing ¢6 xu huéng giam tuong tng -
33,2%/nam & vi tri quan tric S1 va -1,9/nam déi
voi tram quan tric S2. Nhu vay, thuc trang chét
luong nude ha luu séng Cu BE ¢6 xu hudng bién
dbi tot dan theo thoi gian. Tuy nhién, dé duy tri va
cai thién chat luong ngay cang t6t hon can phai
tiép tuc thuc hién cac giai phap han ché nguon tiép
nhan x4 thai chat 6 nhiém vao luu vuc song Cu Dé
ndi chung va ha luu séng Cu D€ ndi riéng.
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