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Tém tat. Chét luong nudc (CLN) song Huong duoc dénh gid so bd qua so sanh cac thong s quan tréc
v6i quy dinh ky thuat Viét Nam vé CLN mét. Tiép theo, CLN song duoc danh gia qua Chi s8 chét luong
nuée (WQI). Phuong phép phén tich thanh phan chinh (PCA) dwgc dp dung cho dit liéu CLN song giai
doan 2017-2020 d€ xac dinh trong s6 (wi) ctia thong s6 CLN i trong tinh toan WQIL. Chi s6 chét lugng
nude dugc tinh tir ca trong s6 va chi s6 phu (gi). Céc thong s6 duoc lya chon d€ tinh WQI gom (n = 11):
pH, EC (d% dan dién), DO, TSS, BODs, COD, N-NHzs*, N-NOs-, P-POs*, Fe (t6ng sét tan) va TC (t6ng
coliform). Céc théng s6 dé dugc quan trdc & 8-10 vi tri trong 4-5 dot (thang 2, 5, 8 va 11). Két qua cho
thay, 95% céc gia tri WQI nam trong khoang 90-100, tmg véi CLN loai ‘t8t’ va ‘rat tot’; chi 5% céc gid tri
WOQI ndm trong khoang 49-77 (chu yéu vao thang 11/2020), ting v6i CLN loai ‘xau’ dén ‘t6t". Vao mua
mua 1{i, ndng do TSS va Fe ting 1én, nong dd DO giam, dan dén lam giam WQIL Chat luong nudc song
khong khac nhau ¢ y nghia thdng ké theo khong gian/vi tri quan trac (p > 0,05) véi WQI trung vi 97—
100 nhung khéac nhau theo thoi gian: nam 2017 va 2019 c¢6 WQI trung vi (99) 16n hon nam 2018 va 2020
(WQI trung vi 97) véi p <0,01.
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Abstract. Huong River’s water quality was preliminarily assessed by comparing the parameters
monitored with the Vietnam Technical Regulation on Surface Water Quality. The river water quality was
then assessed based on Water Quality Index (WQI). Principal Component Analysis (PCA) was applied
to the river water quality data during 2017-2020 to determine the weighting (w:) of the ith water quality
parameter for WQI calculation. The WQI was calculated both from wi and subindex (gi). The parameters
selected (n = 11) for WQI calculation consisted of pH, EC (electric conductivity), DO, TSS, BODs, COD,
N-NH+*, N-NOs-, P-PO+*, Fe (total dissolved iron), and TC (total coliform). The parameters were
monitored at 8-10 sites in 4-5 sessions (February, May, August, and November). The results show that
95% of WQI at 90-100 corresponds to water quality level ‘good” and “excellent’; only 5% of WQI values
at 49-77 (mainly in November 2020) corresponds to the level from ‘bad’ to ‘good’. In the flood-rainy
season, the increase in concentrations of TSS and Fe and the decrease in DO concentration lead to a
reduction in WQI. The river water quality was not significantly differed by space/monitoring sites (p >
0,05) with median WQIs of 97-100 but varied over time: the years 2017 and 2019 had median WQIs (99),

higher than that in the years 2018 and 2020 (97) with p <0,01.
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1 M6 dau

Hé thdng song Huong bit ngudn tir cac day
nui phia Bong huyén A Ludi thudc day Trueong
Son Bic, c6 dién tich luu vue 2.713 km?, chiém hon
60% dién tich tu nhién ctia tinh Thitta Thién Hué.
Hé thong song Huong la hé thong song 16n nhat ¢
tinh Thira Thién Hué, gobm 3 nhanh chinh la nhanh
song Ta Trach, nhanh song Httu Trach va song Bo.
Nhanh Ta Trach chay tit nti Vang va nhanh Htu
Trach béat dau tir nti Ruy, gdp nhau & nga ba Tuan
(cach thanh phé Hué 15 km vé phia Tay) tao thanh
dong chinh s6ng Huong, roi hop luu véi song B6 6
nga ba Sinh (cach thanh phd Hué 8 km vé phia Béc)
va d6 vao pha Tam Giang trudc khi chay ra bién
Dong & ctra bién Thuan An. Chiéu dai dong chinh
song Huong tir nga ba Tuan dén dap Thao Long la
33 km. Do dia hinh hep, ddc, nén vao mua mua 1o
(thang 9-12, luong mua chiém 60% luong mua ca
nam va phan bd khong déu), su tap trung nuwdc va
truyén lit nhanh gay ngap lut vung ha luu. Vao
mua kho (thang 1-8, luong mua thap, chiém 40%),
thuy triéu tir bién gay xam nhap mén vao sau trong
song. Tinh trang ngap lut va xam nhap man da
giam dang ké tir khi cac cong trinh chinh tri long
dan di vao hoat dong: H6 chiva nwde Ta Trach trén
nhanh Ta Trach (dung tich 646 triéu m?, di vao hoat
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dong tr 2013); HO chita ciia nha mdy thuy dién
Binh Dién trén nhanh Hru Trach (dung tich 423,7
triéu m? v4i cong sudt phat dién 44 MW, di vao
hoat dong nam 2009); H6 chita cia nha may thay
dién Huong Dién trén song B6 (dung tich 820,7
triéu m? voi cong sudt 81 MW, di vao hoat dong
nam 2010); Pap Thao Long ¢ ha ltu nga ba Sinh (di
vao hoat dong nam 2006), c6 tac dung ngdn xam
nhap mdn va cho tau thuyén qua lai khi triéu

xudng [1].

Heé thong song Huong la nguoén cap nude cho
nhiéu hoat dong cua thanh phd Hué noi riéng va
tinh Thtra Thién Hué néi chung nhw sinh hoat, nong
nghiép, cong nghiép, nudi trong thuy san, giao
thong thuy... Tuy nhién, song Huong cling la noi
ti€p nhan cac nguén nudc thai tir cac hoat dong
trong luu vuc: nude thai sinh hoat, cong nghiép,
nuoi trong thay san... [1]. Cong trinh thu gom va xt
ly nudc thai phia Nam song Huong di vao hoat
dong nam 2018-2019 (thudc giai doan 1 cua “Dy an
cai thién moi treong nudc thanh phd Hué” do Co
quan Hop tac Qudc té€ Nhat Ban/JICA tai trg) da gop
phan lam giam nhiing lo 1ang vé 6 nhiém nuwdc song
Huong. D& ho tro cong tac quan ly ngudn nudc,
Vién Tai nguyén — M6i treong, Dai hoc Hué da thuc

hién nhiém vy “Quan trac va phan tich chat luong
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modi treong nrde song Huong” giai doan 2011-2016
(quan trac 17 thong s6 chat leong nudc, 2 thong s&
thay van ¢ 12 vi tri véi tan sudt 1 dot/thang). Mat
khac, Trung tdm Quan trac Tai nguyén va Mai
truong (TNMT), thuéc S6 TNMT Thira Thién Hué
cling tién hanh quan trac chat lwong nudc (CLN)
song Huong tlr ndm 2010 dén nay (quan trac 12-14
thong s& & 8-11 vi tri v6i tan suat 1-2 dot/quy). Cac
hoat dong d6 chu yéu danh gia CLN duya vao viéc
so sanh két qua quan trac moi thong sd riéng biét véi
gia tri giéi han duwoc quy dinh trong QCVN 08-
MT:2015/BTNMT (viét tit 1a QCVNOS — Quy chuan
ky thuat quoc gia vé CLN mdt) [2]. Riéng Vién
TNMT, Pai hoc Hué ¢ danh gid CLN séng Huong
dua vao Chi s6 Chat luong nuéc (WQI/Water
Quality Index) theo huwéng dan tai Quyét dinh
879/TCMT nam 2011 [1].

D¢ danh gia CLN song mot cach dinh luong
(theo thang diém) va tdng quat (cho da muc dich st
dung), nhiéu quéc gia trén thé gidi da ap dung
WQI. Hién nay c6 trén 30 mo6 hinh WQI da va dang
duoc ap dung d¢ danh gid CLN song [3-5]. O Viét
Nam, Téng cuc Moi treong da ban hanh md hinh
WQIvn ttt ndm 2011 va dwoc diéu chinh lai ndm
2019 dé€ ap dung trong ca nudc [5]. Tuy nhién, do
chua tap huan st dung va chwa kiém ching khi ap

dung vao thuec té, nén viéc ap dung con han ché.

Mot cach tong quat, WQI la ham cua chi s6
phu gi va trong s6 wi cia cac thong sd chat lugng
nudce i [3], [4]: WQI = f(gi, wi). Trong d06, i = 1+n v6i
nla s6 thdong s6 CLN lya chon dé€ tinh WQI gi: Chi
s0 phu (subindex) thé hién chat luong ctia thong s6
i (thong thuong g: = 1+100) va dugc tinh toan ttr cac
phuong trinh hodc d6 thi hodc tra bang (i cang gan
100, théng s6 c6 chét lwong cang tot va nguoc lai);
wi: Trong sO (weighting/weightage) thé hién tam
quan trong ctia thong s6 i, véi Zwi =1 (thong s6 co
wi cang 1on, cang dong gdp nhiéu hay cang quan

trong trong WQI va nguoc lai).

Hai phuong phap tinh WQI dang dwgc ap
dung phé bién [3-5]: Phuong phap (1) - WQI tinh
dén ca gi va wi va Phwong phap (2) — WQI chi tinh

DOI: 10.26459/hueunijns.v130i1C.6346

dén g, ma khong tinh dén wi. Thuc t&, tuy thudc vao
ddc diém cta sdng, cac thong sd CLN ¢6 tam quan
trong khac nhau, nén WQI tinh theo phwong phap
(1) sé phan anh CLN dai dién hon so v6i phuong
phap (2). M6 hinh WQI dau tién do Quy vé sinh Hoa
Ky (US-NSF/United States — National Sanitary
Foundation) dé xudt dwoc tinh toan tit 9 thong s6
CLN theo phuong phap (1) v6i gi duoc xac dinh tie
cac do6 thi twong tng; cac wi dwoc xac dinh dua trén
két qua diéu tra cac chuyén gia theo phuong phap
Delphi (ttc la 1ay y kién cht quan ctia ca nhén) [7].
WQIvn (ndm 2011 va 2019) dwgc tinh theo phuong
phap (2) tix 29 thong s6 CLN [6]. D€ phan anh dac
diém thuc t€ CLN soéng khao sat, nhiéu tac gia da ap
dung phuong phap phan tich thong ké da bién cho
cac dit liéu CLN, dién hinh la phuong phap phan
tich thanh phéan chinh (PCA/principal component
analysis) dé nhan biét cac nhém thong s6 CLN ¢6
teong quan véi nhau va gan wi cho cac nhom do
theo y kién chuyén gia va cé tinh dén mtc d6 anh
hudng cta cac thong s6 CLN dén stic khoe va hé
sinh thai [3, 4, 8, 9]... O Viét Nam, nhitng nghién
cttu 4p dung phuong phap PCA d€ xac dinh trong
s0 wi khi tinh WQI hau nhu chwa duoc quan tam.
Nhu vay, can thiét phai phat trién phwong phap xac
dinh wi sao cho khach quan va phan anh thuc t€
CLN song khao sat.

Bai bdo nay dé cap dén cac két qua nghién ctru
ap dung phuong phap PCA dé xac dinh trong sd wi
va tinh toan WQI theo phurong phap (1), &p dung cho
dong chinh s6ng Huong (chiéu dai 33 km).

2 Phuwong phap

2.1  Dir liéu chit lwgng nuwéc song Huong giai
doan 2017-2020

Dt liéu CLN song Hwong trong giai doan
2017-2020 (4 nam) duogc cung cap bdi Trung tam
Quan tric TNMT, S6 TNMT Thira Thién Hué (dit
liéu chi tiét khong dwa ra & day). Tap dir liéu gom
13 thong s6 CLN co ban: nhiét d9, pH, do dan dién
(EC), d6 duc (TUR), tong chat ran lo ling (TSS),
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DO, BODs, COD, N-NH+*, N-NOs-, P-POs*, tong
coliform (TC) va tong sat tan (Fe). Mot s& kim loai
nang khac (Hg, Cd, Pb, Cr, Cu...) cling dwgc quan
trac, nhung do hau hét déu rat nho, tham chi nho
hon gidi han phat hién cua phwong phap phan tich,
nén chung khong duwoc dua vao tinh toan WQI
trong nghién ctru nay. Cac thong s6 trén dugc quan
trdc 6 10 vi tri trong 4-5 dot: thang 2, 5, 8 (thudc
mua kho) va thang 11 (thudc muia mwa). Nam 2017,
quan trac trong 4 dot, giai doan 2018-2020, quan
trdc 5 dot/nam. Céc vi tri quan tric duoc néu o
Hinh 1. Tai mdi vi tri, mau thu duoc 1a mau t& hop
tir ba diém theo mat cit ngang va tai mdi diém, 13y

mau & do sau 50 cm.
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Do thong s6 TUR va nhiét d¢ khong duoc
quy dinh trong QCVNO0S, nén khong duoc dua vao
tinh WQI (trong giai doan 2017-2020, nhiét d¢ nudc
song chi dao dong trong khoang hep: 29,3 + 2,7 °C,
n=180). Nhu vay, d6i véi song Huong, “dir liéu dau
vao” hay dix liéu g6c cho phuong phap PCA (d€ xac
dinh trong s6 wi) chi gom 11 thong s6: pH, EC, TSS,
DO, BOD5, COD, N-NH4*, N-NOs-, P-PO+*, Fe va
TC. Khi tinh toan theo PCA, cac thong s CLN (hay
bién) xij (thdng s6 i & vi tri quan tréc j) cta tap dit
liéu dau vao duoc bién ddi thanh bién chuan hoa zi:
zij= (xij—TB)/S; trong d6, TB va S twong ting la trung
binh s6 hoc va d¢ 1éch chuan cuia cac xi; i la cac thong
s6 CLN (hay cac bién), i = 1+11; j la cac vi tri quan
tréc, j = 1+180, gom: (ndm 2017: 10 vi trf x 4 dot = 40)
+ (nam 2018, 2019: 10 vi tri x 5 dot x 2 nam = 100) +
(nam 2020: 8 vi tri x 5 dot = 40).

2.2 Phuong phap PCA xac dinh trong s6 wi

PCA la phuong phéap chiéu (projection) cho
phép giam dir liéu tir khong gian m chigu (mdi
chiéu ung véi mot bién/thong s6 CLN) thanh
khong gian it chiéu hon: k chiéu (k < m), mdi chigu
duoc goi la mét thanh phan chinh (PC/principal
component) — la t6 hop tuyén tinh cta cac bién goc
(xij), ma cac thanh phan chinh (PC) van giai thich
duoc da s6 bién dong (hay phuong sai) cua tap dir
liéu goc [3, 8, 9]. D€ thuc hién cac tinh toan theo
phuong phap PCA, nghién ctu nay da st dung
phan mém R — phan mém mién phi va duoc ap
dung phd bién trén thé gidi: R version 4,0,3/64-bit
(10-10-2020) véi module R-Studio, dung package
Factoextra (version 1.0.7). Phdan mém R cho phép
tinh duoc thong s6 thé hién phan dong gop hay tai
lwong ctia mdi bién trong cac PC (con goi la cos?
hay R2 - hé sd xac dinh). Bién c6 dong gdp cang lon
sé cang quan trong khi phan anh CLN song khao
sat. Tlr phan déng gép ctia mdi bién trong cac PC,
sé tinh dwgc trong s6 (wi) ctia bién i khi tinh WQL
Trén thé gidi, da s6 cac nghién cttu phét trién WQI
da dung phuong phap Delphi d€ xac dinh trong sd;
mot s6 nghién cttu ap dung phuong phap phan
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tich da bién dé€ nhan ra cac nhém thong s6 CLN
twong quan véi nhau va gan trong s6 khac nhau
cho mbi nhém dua vao y kién chuyén gia [3, 4]. Tuy
nhién, cho dén nay, viéc ap dung phuong phap PCA
dé€ xac dinh wi mét cach khach quan va phan anh
thuc t&€ CLN song chua dugc nghién ctru.

2.3  Phuong phap xac dinh chi s6 phu g

Cé nhiéu cach xac dinh chi s& phu gi khac
nhau nhu: sit dung d6 thi (duoc xdy dung theo
phuong phap Delphi) [7], sit dung cac phuwong trinh
(duwgc xay dung tir cac dir liéu chét luong nudc va
cac huéng dan/tiéu chuan CLN) [4, 11]. Trong
nghién cttu nay, xac dinh chi s6 phu gi cia bién i tir
cac phuong trinh (duoc thiét lap dya vao QCVNOS):
gi=1khi bién i c6 chat lugng kém nhat hay t6i nhat
(khong dat mue B2); gi =100 khi bién i ¢6 chat lugng
t0t nhat (dat mic A1). D6 thi biéu dién sy phu thudc
gitta gi vao nong dd/ham luong ctia bién i c6 dang
tuyén tinh — 1a mot duong thang di qua hai diém:
mot diém tng voi gia tri tung d6 (gi) = 1 va hoanh
do (gia tri bién i) > mirc B2 cia QCVNO8 (tiic bién co
chat luong rat kém); mot diém tng voi tung do gi =
100 va hoanh d¢ (gia tri bién i) < mic Al cua
QCVNOS (ttic la bién c6 chat luong rat tot).

Do QCVN 08 khong quy dinh bién (thong
s0) EC, nén ham chi s6 phu cho bién EC duoc xay
dung dwa vao QCVN 01:2009/BYT (quy dinh vé
chét lvong nudc dung d€ &n udng, quy dinh TDS
(tong cén tan) < 1.000 mg/L (tng véi EC < 1.538
uS/cm) va QCVN 39:2011/BTNMT (quy dinh vé
chat lwgng nude dung cho tudi tiéu, quy dinh TDS
< 2,000 mg/L ting véi EC < 3.077 pS/cm) [10]. EC
duoc xac dinh dwa vao tuwong quan gitta EC va
TDS: TDS (mg/L) = 0,65 x EC (uS/cm) [10]. D& véi
théng s6 DO, QCVNO8 quy dinh mtc Al (nude dat
yéu cau dé cap cho sinh hoat) phai c6 nong d6 DO
> 6 mg/L. Tuy nhién, trong thuc t& nhiéu khi nong
do DO vuot qua bao hoa, Chfmg han 10-12 mg/L,
trong khi nong d6 DO bao hoa trong nudce (¢ 20 °C,
ap suat 760 mmHg, TDS = 0 mg/L) 1a 9,1 mg/L.
Diéu d6 chting to réng, thuc vat nudc (cht yéu la
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tao), khi phét trién manh, s& quang hop, dan dén
lam téng nong d6 DO va nhw vay, chat lwong nudc
khong tot. Do vay, 6 day chdp nhan rang, g = 100
khi néng d6 DO nam trong khoang 6-9 mg/L (dat
mtrc Al caa QCVNO8); ngoai khoang nay, gia tri g
s€ giam xudng va nhuw vy, do thi g d6i véi DO ¢
hai nhanh: Nhanh trai — khi DO < 2 mg/L (khong
dat mtec B2), g =1; Nhanh phai — khi DO > 12 mg/L;
g = 1. Gia tri pH dwoc quy dinh trong QCVNOS la
6-8,5 (murc Al) va nhu vay, ¢ nhitng pH thdp hon
6 va 1on hon 8,5, gid tri ¢ giam xudng. D6 thi g la
ham ctia pH cling c6 2 nhanh: khi pH < 5,5 hoac >
9 (khdng dat mitc B1 va B2), g = 1; khi pH = 6+8,5
gia tri g = 100.

24 Phuong phap tinh WQI va danh gia chat
Iwong nudc theo WQI

Pa s6 cac cong thirc tinh WQI c6 dang tong
hodc tich hoac trung binh hinh hoc [3, 4]. Theo mo
hinh WQI ctia Quy vé sinh Hoa Ky (US-NSF) — mot
trong nhiing mé hinh noi tiéng va duoc nhiéu qudc
gia ap dung, WQI duoc tinh theo cong thitc dang
tong hodc dang tich. Tuy nhién, nhiéu nghién ctru
cho rang, cong thizc dang tich nhay hon so véi cong
thitc dang tong [3-5], nén nghién cttu nay dung
cong thiec dang tich d€ tinh WQI:

war= []a" )
i=1

Chat luong nude sdong duoc danh gia theo
thang diém WQI Nghién cttu nay stt dung thang
diém WQI tuong tu nhu huéng dan ctia Téng cuc
Moi treong Viét Nam vé WQIvn. Theo d6, CLN
duoc chia thanh nam loai (hay nam mitc) theo WQI
nhuw sau: loai I (rat tot): WQI = 91+100; loai II (t6t):
76+90; loai III (trung binh): 51+75; loai IV (x4u):
26+50; loai V (rdt xau): 1+25 va néu WQI < 10, nwéc

bi 6 nhiém rat nang [6].

2.5  Phuong phap phan tich thdng ké

St dung cong cu Real Statistics ctia phan

mém Microsoft-Excel (mién phi) dé tinh cac dai
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luong thong ké mo ta, thuc hién phan tich phwong
sai (ANOVA) dé danh gia bién dong CLN song
theo khong gian va thoi gian.

3 K&t qua va thao luan

31 Panh gid so lwgc chit lugng nudc
song Huong dua vao cac thong sd riéng biét
Tong hop cac thong s6 CLN song Huong
giai doan 2017-2020 cho thay (Bang 1):

— Céc thong sd dat mic Al cia QCVNO08 gom
(so sanh khoang tin cay 95% hoéc trung vi + MAD
véi miee Al): pH, TSS, BOD (viét tit ctia BOD5), TC,
NO3 (viét tit caa N-NOs-), NH4 (viét tit caa N-
NHz#*) va PO4 (viét tit ctia P-PO4*); cac thong s6 dat
muc A2 gom: DO, COD va Fe. Tuy vay, trong nhiéu
truong hop, thong s DO va TC (vao mua kho) chi
dat mtc B1 hoac B2; vao muia mua lii (thang 11),

trong nhiéu treong hop, thong s6 TSS chi dat muic

B2; thong s0 Fe chi dat mic B2 va tham chi c6 truong
hop khong dat mikc B2.

— Vé murc bién dong (thé hién qua CV, %): cac
thong sd bién dong manh (co S xap xi trung binh s
hoc hodc 16n hon) gom: TC (CV = 236%) > TSS
(156%) > NH4 (104%) > NO3 (97%) > EC (94%) = Fe
(94%) > PO4 (93%); thong s6 bién dong trung binh
(c6 S xdp xi 50% cta trung binh s& hoc) la BOD
(43%); cac thong so it bién dong (co S xap xi 25% cua
trung binh s6 hoc) gobm: COD (17%) > DO (14%) >
nhiét d6 (9%) > pH (5%). Tuy thong sd EC bién dong
manh, nhung trong giai doan 2017-2020, su nhiém
médn vao song Huong la khong dang k& voéi TDS
khoang 23-833 mg/L (chdp nhan TDS = 0,65 x EC
nhuw néu 6 Muc 2.3). Nong d6 TDS d6 thoa man yéu
cau cua QCVN 01:2009/BYT vé CLN dung d€ an
udng (quy dinh TDS < 1.000 mg/L). Biéu nay chiing
to réng, cac hoat ddong ctia h6 Ta Trach, ho Binh Dién
va dap ngan mdn Thao Long da han ché duoc su

xam nhap mdn vao song.

Bang 1. Téng hop cac thong s6 chét lugng nude song Huong (2017-2020)

T
Dai luong H TSS EC DO BOD MPCN/ COD NO3 NH4 PO4 Fe
thong ké P mg/L uS/cm mg/L.  mg/L 100 mL mg/L mg/L mg/l mglL mg/lL
Min 58 2 36 3,2 1 3 9 0,008 0,013 0,016 0,09
Max 7,6 77 1282 74 5 15000 22 0,877 0,430 0,191 2,23
N (s8 s0 liéu) 180 180 180 180 180 180 180 180 180 180 180
Trung binh s6 hoc 6,7 8 113 55 1,6 571 9 0,128 0,068 0,021 0,42
Trung vi (median) 6,7 5 99 54 1,5 240 9 0,099 0,050 0,016 0,30
Do 1éch chuan (S) 03 13 106 0,8 0,7 1348 2 0,124 0,071 0,020 0,39
b6 léch tuyét déi
trung vi (MAD) 0,2 2 19 0,5 0,5 217 0 0,066 0,032 0 0,15
Hé s6 bién déng
(CV, %) 5 156 94 14 43 236 17 97 104 93 94
Bién gidi tin cay 95%
(e) 0,1 2 16 0,1 0,1 198 0,2 0,018 0,010 0,003 0,06
QCVNOS8: Al 6-8,5 20 - >6 4 2500 10 2 0,3 0,1 0,5
A2 6-8,5 30 - >5 6 5000 15 5 0,3 0,2 1
Bl 5,5-9 50 - >4 15 7500 30 10 0,9 0,3 1,5
B2 5,5-9 100 - >2 25 10000 50 15 0,9 0,5 2

® Trung vi va MAD (median absolute deviation) duoc dung khi tip s6 liéu khéng tuén theo phéan bd chuén, nén do
1éch chuén (S) > trung binh s6 hoc nhw déi véi cac thong s6 TSS, TC, NH4.
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So sanh voi két qua danh gia CLN song
Huong giai doan 2012-2016 do Vién TNMT, Dai
hoc Hué cong b [1], cac thong s6 CLN (trung binh
s0 hoc) tuong duwong véi giai doan 2017-2020 gom:
pH (62-7,2), EC (47-107 uS/cm ), COD (9-11
mg/L); Céac thong s6 (trung binh sd hoc) cao hon so
v6i giai doan 2017-2020 gom: TSS (32-60 mg/L),
DO (55-62 mg/L), BOD (32-4,3 mg/L), NH4
(0,15-0,17 mg/L), NO3 (0,31-0,33 mg/L), PO4
(0,033-0,10 mg/L) va TC (2.000-45.000 MPN/100
mL); Riéng thong s6 Fe (trung binh s6 hoc 0,36-0,47
mg/L) thdp hon so véi giai doan 2017-2020 (trung
binh nam khoang 0,32-0,66 mg/L). C6 thé thdy
rang, trong giai doan 2017-2020, mtic 6 nhiém cac
chit httu co (thé hién qua BOD), cic chat dinh
dudng (NH4, NO3, PO4) va vi khuédn (TC) giam so
vdi giai doan 2012-2016, nhung mttc 6 nhiém Fe lai
tang lén. Co thé su ting nong do Fe trong nudc
song la nguyén nhan lam giam néng d6 DO trong
nudc: nong d6 DO giai doan 2017-2020 (5,5 + 0,8
mg/L; N = 180) thap hon so voéi giai doan 2012—
2016. Hoat dong thu gom va xt ly nudc thai sinh
hoat 6 bo Nam song Huong (tit khi “Du an cai
thién moi treong nuwdce thanh phd Hué” di vao hoat
ddng nam 2018) 1a nguyén nhan chinh gép phan
lam giam muttc & nhiém hitu co, cdc chat dinh

dudng va vi khuan trong nudc song Huong.

Mit khac, két qua quan trdc ctia Vien TNMT,
Dai hoc Hué con cho thdy, trong giai doan 2012—
2016, tdc d6 dong chay (v) cua song Huong tuong
déi 6n dinh: trung binh 0,2-0,6 m/s va c6 xu thé
tang lén ttr 2012 dén 2016; nam 2016 do xa cac ho
chtta dau ngudn, nén vao mua mua lit v cao nhat
(tai vi tri SH8) 1a 0,76 £ 0,16 m/s; lvu lwgng song
(Q) trung binh trong giai doan 2012-2016 la 322-
534 m?¥/s va tang dan tir 2012 dén 2016: nam 2016
cao nhat (tai vi tri SH3) la 1182 £ 431 m3/s, thap nhat
(tai vi tri HT) 1a 84 + 39 m3/s [1]. Nhu vay, viéc diéu
tiét hoat dong cua ho chira Ta Trach va Binh Dién
trong nhiéu ndm qua da lam tang van toc va luu

luong dong chay song. Diéu nay da gép phan lam
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tang kha nang tw lam sach ctia song va do vay, da

lam giam mttc 6 nhiém song.

3.2  Trong s6 ctia cac thong s6 chat lugng nudce

Dé xac dinh trong so cua cac thong s6 CLN
lya chon (hay céc bién) i, & day ap dung phuong
phap PCA. Cac tinh todn PCA cho két qua sau:

(i) Cdc thanh phin chinh: Ap dung PCA cho
tap dix liéu goc zjj (i = 1+11, j = 1+180), thu duwoc cac
gid tri riéng (eigen value) va phan tram phuong sai
(variance percent) ctia mdi thanh phan chinh (PCi) -
tuwong tng la luong va phan tram phuong sai (hay
bién dong) cua tap dir liéu goc duogc giai thich boi
mbi PCi. K&t qua cho thay:

— Chi ndm thanh phan chinh dau tién (PC1-
PC5) da giai thich duoc da s6 bién dong (68,3%) cua
tap dit liéu gbc, do chung ¢ gid tri riéng >1 va phan
tram phuong sai twong tng nhu sau: PC1 = 1,93
(17,5%); PC2 = 1,77 (16,1%); PC3 = 1,41 (12,8%); PC4
=1,33 (12,2%) va PC5 = 1,1 (9,7%);

— Cac PCi con lai (PC6-PC11) déu co gia tri
rieng <1 va chi giai thich dwoc 31,7% phuong sai ctia
tap dir liéu gdc, nén duge coi 1a bién déng (hay
nhiéu) nén [8, 9]. Nhu vay, chi can dua vao 5 PC dau
tién (PC1-PC5) dé€ tinh trong s ctia cac bién.

(ii) Déng gop (tdi luong) mébi bién trong cdc
PC: D6 thi tai luong (loading plot) cac bién trong
khong gian cac PC (mdi bién duoc thé hién bang
mot mii tén) cung cap nhiéu thong tin: tvong quan
gifta cac bién (chang han, & Hinh 2a, Fe va TSS c6
teong quan thudn, TSS va COD c¢6 tuong quan
nghich); déng gdp ctia cac bién — bién c¢d mii tén
cang dai theo hudéng PC nao, thi né cang déng goép
nhiéu vao PC d6 va nguoc lai... Hinh 2a cho thay:
cac bién TSS va Fe déng gop nhiéu vao PC1 va &
muc d6 thap hon 1a TC va NH4; cac bién EC va
NH4 dong goép nhiéu vao PC2 va ¢ muirc d6 thap
hon la TC, NO3; Hinh 2b cho thay: déng gép nhiéu
vao PC3 1a BOD, DO, NO3 va pH; déng gép nhiéu
vao PC4 la COD, BOD va PO4. Biéu dién trong
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khong gian ctia PC5 khong dwa ra ¢ day, nhung
déng gép nhiéu vao PC5 la pH, TC va NO3.

1.0-

(iii) Trong s6 cuia cdc bién (théng s6 CLN):
Luong bién dong (hay phuong sai) ctia moi bién
dugc giai thich boi mdi PC (chinh 1a hé s xac dinh R?
hay cos?) dugc néu & Bang 2. Do cac bién gdc (phan
anh CLN so6ng) chu yéu duoc giai thich boi 5 PC
(PC1-PC5), nén bién duoc giai thich (hay déng gop)

PC2 (16,1%)
(:Il

cang nhiéu trong 5 PC, sé cang quan trong trong phan 0o i

anh CLN song. Tong luong bién dong (hay tong E i

déng gbp) ciia mdi bién trong 5 PC & Bang 2 cho thay: 1.0- i

déng gop it nhét 1a bién PO4 (tong dong gop = 10 05 00 05 10
0,5492). Gia tri nay dugc gan la x — trong s6 trung RS (;)7‘5%)

gian cua bién PO4. Ttr d6, xac dinh duoc trong s6
trung gian ctia mdi bién, tic 1 ti s6 gitta phan dong
gbp ctia mdi bién va bién PO4. Vi tong trong sd
trung gian cuia tat ca cacbiénlal, ticla 13,6549
x x =1, nén suy ra trong sd cua bién PO4 (x) = 0,0732
(lam tron thanh 0,07). Néu biét x thi sé tinh duoc
trong s6 w ctia mdi bién véi tdng trong s ctia tat ca
cac bién (¢ day la 11 bién) la 1.

PCA4 (12,2%)

So sanh trong sd ctia cac bién cho thdy (Bang
3), do phuwong phap khéac nhau, nén cac trong s6
cting khac nhau: trong WQI (ctia nghién cttu nay),
wi dugc xac dinh mot cach khach quan, dwa vao két
qua PCA; trong khi d6, NSF-WQI (ctia Quy Vé sinh

. , \ o PC3 (12,8%)
Hoa Ky) [7] va NSE-WQIcr (do Quynh cai tién NSF- b)

WQI d¢€ ap dung cho cac song ¢ tinh Thai Nguyén

Hinh 2. Tai luong cta cac bién trong khong gian cac

11]), wi ¢ dinh 20 v kién chuyén gi
[11]), wi dugc xéc dinh da vao y kién chuyén gia thanh phan chinh: (a) PC1 va PC2; (b) PC3 va PC4

(hay cha quan).
Bang 2. Dong gdp ctia mdi bién trong cc PC va trong s8 (w) ctia 11 bién )
Théngss  PC1 PC2 PC3 PC4 PC5  Téngdénggop U8 s Trong s6
trung gian (w)
pH 0,02747 0,01466 0,26586 0,02147 0,31714 0,64660 1,1773 x x 0,09
TSS 0,69318 0,12630 0,04527 0,01052 0,00439 0,87967 1,6017 x x 0,12
EC 0,00574 0,51241 0,01434 0,00423 0,04937 0,58610 1,0672 x x 0,08
DO 000389 014515 032132 001304 007116 055456 1,0097 x x 0,07
BOD 0,00018 0,06482 0,27461 0,29101 0,0457 0,67633 1,2314 x x 0,09
TC 0,20272 0,13858 0,01903 0,03813 0,28269 0,68116 1,2402 x x 0,09
COD 0,02469 0,00191 0,01331 0,51691 0,06594 0,62277 1,1339 x x 0,08
NO3 0,0179 0,18249 0,23811 0,02625 0,1888 0,65365 1,1902 x x 0,09
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. o T o T i
Théngs§  PCl PC2 PC3 PC4 PC5  Téng dong gop rong so rong so
trung gian (w)
NH4 0,22382 0,40323 0,10889 0,00055 0,01899 0,75548 1,3756 x x 0,10
PO4 0,00509 0,02207 0,09806 041157 0,01242 0,54921 1 0,07
Fe 0,72189 0,15508 0,00648 0,00514 0,00539 0,89397 1,6277 x x 0,12
Téng =
13,6549 x x Tong=1
© Ngoai trir cdc gia tri wi, sO con s6 sau dau phay cta cac s8 thap phén chi d€ phuc vu tinh toan.
Bang 3. So sanh trong sd trong mo6 hinh WQI (nghién cttu nay), NSE-WQI va NSF-WQIcr
D
pH TSS EC DO BOD TC COD NO3 NH4 PO4 Fe ATc TUR nf;
WQI 0,09 0,12 0,08 0,07 0,09 0,09 0,08 0,09 0,10 0,07 0,12 - - -
NSF-WQI 0,12 0,082 - 0,17 0,10 0,15b - 0,10 - 0,10 - 0,10 0,08 -
NSF-WQIcr 0,12 0,09 - 0,15 0,17 0,09 0,14 0,08 - 0,08 - - - 0,08

a Trong md hinh NSF-WQ)], khong tach riéng bién TSS va EC, ma gdp thanh bién TS (total solids) = TSS + TDS (bién TS ¢
w = 0,08); ® NSF-WQI khong quy dinh bién TC, ma thay bang coliform phan (fecal coliform) véi w = 0,15; < NSF-WQI quy
dinh AT (bién thién nhiét d0) = chénh léch nhiét d6 gitia 2 vi tri quan tric gan nhau; ddu (-) la khéng quy dinh

3.3 Chi s6 phu cta cic théng s6 chat lugng

nudc

Gitra chi s6 phu gi (y) va nong dé/ham luong
cuia bién i(x) c6 twong quan tuyén tinh dang y = ax +
b. Céc d6 thi va phuwong trinh twong quan gitta y va
x duwgc néu 6 Hinh 3. Tl phuong trinh nay, khi biét
x thi sé xac dinh duoc g ctia bién (két qua chi tiét vé
chi s6 phu ctia cac bién khong dwa ra ¢ day). Cach
xac dinh gi & day khac v6i moé hinh NSF-WQI (xac
dinh gi dwa vao d6 thi, duwgc xay dung theo phuong
phap Delphi) [7] va m6 hinh NSF-WQI cai tién (xac
dinh gi theo phuong trinh bac 1 hodc 2 hodc 3) [12].
34

Bién dong chit lwgng nuwéc song Huong
theo WQI

Ap dung cong thiic (1) v6i chi s6 phu gi va
trong sO wi xac dinh duwoc ¢ trén, tinh duoc WQI &

cac vi tri va thoi gian quan trac trong giai doan
2017-2020 ¢ Bang 4. Két qua ¢ Bang 4 cho thay:

- Hau hét cac truong hop (171 giad tri
WQI = 90+100, chiém 95%) ting v6i CLN loai “tot’

DOI: 10.26459/hueunijns.v130i1C.6346

(mte IT) va ‘rat tét’ (miec I); chi 5% treong hop CLN
song thdp hon (c6 WQI < 90);

— Thang 8/2019 tai vi tri SH5, do TC kha cao
(15.000 MPN/100 mL, khong dat mttc B2), nén CLN
song chi dat loai ‘trung binh’ (mtc III véi WQI =
66);

- Thang 11/2020 — thang mua 11 va xa cac ho
chtta & dau ngudn — CLN sbng giam manh & tat ca
cac vi tri do: nong dd TSS cao (52-77 mg/L, chi dat
muttc B2 caia QCVNO08), Fe cao (1,6-2,2 mg/L, chi dat
B2 va tham chi vuot muc B2), DO thap (5,0-5,6
mg/L); CLN & cac vi tri TT, SH1, SH3, SH5, SH7 chi
dat loai 'trung binh' (véi WQI =56+70); CLN & vi tri
HT va SH6 (vi tri SH6 con bi tac ddng ctia nuwdc thai
tr hoat dong ché bién thuy san) chi dat loai ‘xau’
(mtc IV) véi WQI = 49+50; riéng o vi tri SH8 (WQI
=77) ¢6 CLN dat loai “t6t" (muc II), c6 thé la do &
ha ngudn, chét ran lo ling da giam k& nén nong
do TSS tang lén, lam tang WQL
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Hinh 3. Db thi biéu dién sw phu thudc gitra chi s6 phu g (y — truc tung) va nong do/ham lwong (x — truc hoanh) ctia 11
théng s6 chit luong nude: truc hoanh N-NO3, N-NH4 la ndng d6 tinh theo N; P-PO4 la néng do tinh theo P

Bang 4. Chat luong nudc song Huong theo WQI giai doan 2017-20200

Thang/nam TT HT SH1 SH2 SH3 SH4 SH5 SH6 SH7 SHS
2/2017 98 100 100 100 99 100 100 98 98 100
5/2017 96 94 93 98 99 100 100 97 98 98
8/2017 98 97 99 99 99 99 98 98 99 97

11/2017 100 100 100 100 99 100 100 100 100 100
2/2018 97 99 99 99 99 100 99 98 98 98
5/2018 96 98 97 99 98 99 98 97 94 100

8-1/2018 90 96 90 96 96 96 98 96 96 98
8-2/2018 97 97 98 99 99 98 99 97 97 97
11/2018 100 97 99 100 100 100 97 94 97 100
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Thang/nam TT HT SH1 SH2 SH3 SH4 SH5 SH6 SH7 SHS8

2/2019 99 100 99 99 100 100 100 100 99 100
5-1/2019 94 100 98 100 100 100 100 98 100 99
5-2/2019 97 94 97 94 97 97 97 97 99 96

8/2019 100 99 99 97 99 99 66 98 96 100
11/2019 98 98 98 99 99 100 99 100 98 98
2/2020 98 97 98 97 98 98 97 98
5-1/2020 97 99 100 100 100 100 100 97
5-2/2020 95 98 97 97 99 99 95 92
8/2020 96 97 92 98 99 98 97 98
11/2020 56 49 71 70 74 50 70 77

) Nam 2018: quan trdc 2 dot trong thang 8 tng vdi ky hiéu 8-1/2018 va 8-2/2018; ndam 2019 va 2020: quan trdc 2 dot
trong thang 5 ting véi ky hiéu 5-1/2019, 5-2/2019 va 5-1/2020, 5-2/2020; nam 2020: chi quan trdc & 8 vi tri, khong quan

trdc & vi tri SH2 va SH4.

Két qua danh gia CLN dya vao mo hinh
WQIvn (ndm 2011) ctia Vién TNMT, Dai hoc Hué
cho thdy [1]: trong giai doan 2012-2016, CLN giam
tr dau ngudn (vi tri SH1, SH2) dén cudi ngudn (vi
tri SHS8); cac gia tri WQI trung binh <50 (CLN loai
‘xdu’) chiém 51-58%, cac WQI trung binh = 51+75
chiém 5-13% (CLN loai ‘trung binh’), cac WQI
trung binh = 76+90 chiém 13-17% (CLN loai ‘t6t’),
cac WQI trung binh = 91+100 chiém 19-28% (CLN
loai ‘rat t6t’). Tuy WQIv~ va WQI cua nghién ctru
nay duoc tinh toan khac nhau, nhung néu so sanh
mot cach tuong ddi, c6 thé thdy rang, CLN song
Huong giai doan 2017-2020 t6t hon giai doan
2012-2016.

Khi phan tich d@ liéu theo phwong phap
thong ké, néu tap dit liéu khong tuan theo phan bo
chudn thi nén ap dung phan tich thong ké phi tham
s (non-parametric statistic anslysis) [12]. Do cac s6
liéu WQI theo khong gian (vi tri quan trac) va thoi
gian (ndm quan tric) & Bang 4 khong tuan theo
phéan b chudn véi p < 0,05 (Shapiro Wilk test), nén
phuong phéap phéan tich phuong sai mot yéu t6 (phi
tham s0) duoc ap dung va cho thdy:

(i) Theo khong gian: Trong giai doan 2017-
2020, WQI trung vi & cac vi tri quan trac nhu nhau
(= 97+100, tng véi CLN loai 'rat tot') voi p = 0,061
(Kruskal-Wallis test);
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(ii) Theo thoi gian: WQI trung vi ndm (& tat ca
cac vi tri quan trac) khac nhau (p < 0,0001, Kruskal-
Wallis test); phén tich tiép theo (st dung Dunn’s
test) cho thdy: WQI trung vi nam 2017 va 2019 nhuw
nhau (déu béng 99) véi p = 0,60; WQI trung vi nam
2018 va 2020 nhu nhau (déu bang 97) véi p = 0,49.
Nhu vay, CLN song nam 2017 va 2019 t6t hon ndm
2018 va 2020 (v6i p < 0,01). Tuy khac nhau theo thoi
gian, nhung trong giai doan 2017-2020, céc gia tri
WQI trung vi déu ting v6i CLN loai 'rat tot'.

Cudi cting, ¢ thé cho rang trong giai doan
2017-2020, CLN soéng Huong bién dong khong
nhiéu va, néi chung, c6 CLN rat t6t, dap tng cho

da muc dich st dung ca vao mua mua va mua kho.

4  Kétluan

Trén co sé ap dung phuong phap PCA cho
tap ditliéu CLN song Huwong trong giai doan 2017-
2020, da xac dinh duwoc mot cach khach quan trong
sO ctia cac thong s6 CLN, phan anh thye t€ CLN
song. Chi s6 phu (gi) cta cac thong s6 CLN duoc
xac dinh dya vao twong quan tuyén tinh gitra qi va
nong do cua thong s6 chat lwong nuwdc i. Cac két
qua tinh toan WQI ttr wi va gi cho thay, trong giai
doan 2017-2019, CLN sbéng Huong bién dong
khong dang ké va hau hét (95% trueong hop) déu
dat loai “t6t" dén ‘rat tot’, chi 5% truong hop (chu
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yéu vao thang 11/2020), CLN dat loai ‘xau’ dén
‘tot’. Nguyén nhan chinh lam giam WQI (hay giam
CLN song Huong) 1a do vao mua mua 1, nong do
TSS va Fe cao, dan dén lam giam phan nao nong
dd DO trong nudce. Do céc trong s6 wi dugc xac
dinh ttr d&¢ liéu CLN 4 nam (2017-2020), nén c6 tinh
dai dién cao va do vay, c6 thé ap dung md hinh
WQI xay dung dugc dé€ danh gid CLN song Huong

cho cac ndm tiép theo.

Thoéng tin tai trg

Nghién cttu nay dugc tai tro boi B Gido duc
va Dao tao Viét Nam (dé tai cap Bo ma s6 B2021-
DHH-07).
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