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TOM TAT

Cdc mdu mede song Bo - mét séng quan trong thudc hé thong séng Hwong & tinh Thira
Thién Hué - dwoc ldy moi thang mot lan, tir thang 2 dén thang 7/2009, tai 5 tram luva chon dé
phdn tich cdc théng so chat heong mede: nhiét dé, pH, DO, EC, SS, BODs, COD, NOys, PO,
tong coliform (n = 9), mét s6 kim logi déc (Cu, Pb, Cd, Zn). Vi cdc thong sé chat hrong nueée
dé va trén co sé nghién ciru diéu chinh mé hinh WQI do Bharvaga dé xudt, di xdy dung dwoc
mé hinh WOI phi hop dé déanh gid chat lwong mede séng Bo. Noi chung, séng Bé cé chat lwong
nueée kha tot: 90% so liéu WOI thuée mire I (rdt tot) va mike II (t0t). Chdt lwong nueée séng Bo
(danh gia qua WQI) khong khac nhau theo khong gian voi p > 0,05 nhung khac nhau theo thoi
gian véi p < 0,05. So sanh véi chat lwong mede séng Hwong tir thang 2 dén thang 5/2007, chat
lrong nudce séng Bo tot hon va it bién dong theo khéng gian hon. Ciing nhw séng Huwong, lo
ngai nhdt vé chat lwong nide séng Bo la 6 nhiém vi khudan phén, dé duc tang cao khi c¢6 mua to

(do rika tréi va x6i mon tir ving ven bo) va nong dé P-PO,; & mikc tiém tang gdy phii duwong.

1. Mé dau

S6ng Bb nam & phia Bic thanh phd Hué, 1a mot phu luu quan trong phia ta ngan
song Huong va thudc hé théng séng Huong. N6 bit ngudn tir diy nai Trudng Son di
qua cac huyén A Ludi, Huong Tra, Phong Pién, Quang Dién rdi d6 vao ha luu song
Huong ¢ nga ba Sinh (Hinh 1). Song B6 14 ngudn cip nude chi yéu cho sinh hoat, cong
nghiép, nong nghiép, nudi trong thuy san, giao thong thuy, thuy dién... & dja phuong,
song né ciing chiu tic dong manh boi cac hoat dong d6. Cho dén nay, cac nghién ciru vé
chat luong nuéc (CLN) séng Bd con rat han ché, nén thiéu thong tin phuc vu cong tac
quan 1y ngudn nudc.

Dé danh gia tong quat va dinh lugng vé CLN, nhiéu qudc gia trén thé gioi da sir
dung Chi sé chdt lwong meée (Water Quality Index - WQI) [1], [2], [3]. WQI 1a mot
thong s6 “t6 hop” duoc tinh toan tir nhiéu théng sé CLN riéng biét theo mot phuong
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phap xé4c dinh [1], [2]. Thang diém WQI thuong 1a tir 0 (tng v6i CLN x4u nhat) dén
100 (tmg v&i CLN tét nhat). Voi WQI, c6 thé giam sat dién bién téng quat vé CLN, so
sanh dugc chét luong nude cac song, thong tin cho cong ddng va cac nha hoach dinh
chinh sach hiéu vé& CLN, co6 thé ban d6 hoa CLN... Véi nhitng vu diém do, hién nay
WQI duoc xem 1a mot cong cu hitu hiéu phuc vu quan 1y ngudn nuée [1], [2], [3].

O nudc ta, da co mot s6 tic gia nghién ctru ap dung WQI dé danh gia CLN mot
s6 séng & khu vuc Binh Tri Thién [3],[4], [9] (trir song BJ). Céc tac gia d6 chu yéu tap
trung nghién ctru ap dung mo hinh WQI ctia Quy V¢ sinh My (US National Sanitary
Foundation — WQI hay NSF-WQI) d& xuét vao nhitng nim 70; hodc ap dung cé diéu
chinh mé hinh WQI do Bhargava - An Do (hay Bhargava-WQI) dé xuit nim 1983
[3],[4],[9]; hodc md hinh WQI do Hoi dong Bo truong Moéi truong Canada (Canadian
Council of Ministers of Environment — WQI hay CCME-WQI) dé xuat nam 2001 [9].
Mo hinh Bhargava-WQI dugc xem 1a pht hop nhéat dé danh gia CLN céc song & khu
vuc Binh Tri Thién [3],[9]. Tuy vay, khi ap dung md hinh do6, cac tac gia chi stir dung it
thong s6 CLN Iya chon (thuong chi 3 — 5) dé dwa vao mé hinh tinh WQI [3],[9], nén md
ta kém dai dién vé CLN tong quat ctia song (tirc 1a CLN séng cho da muc dich sir dung),
vi s6 thong s6 mé ta dic trung va tong quat vé CLN song c6 thé 1én dén 10 - 30. Mot
diém han ché nira trong nhiing nghién ctru trudc day la chua danh gia dugc do nhay cia
m6 hinh WQI dugc chon, dic biét 1a trong nhimg diéu kién téi han (diéu kién xau nhat
hoic tot nhat vé CLN song).

Bai bao nay dé cap dén cac két qua nghién ciru ap dung WQI dé danh gia CLN
song no6i chung va song Bo ¢ tinh Thira Thién Hué noi riéng.
2. Phuwong phap nghién ctru

2.1. Chudn bi méu

Tién hanh ldy miu & 5 tram (mit ct ngang) trén song BO, trai dai khoang 32 km,
tir tram bom nudc Co - T g
Bi dén ngd ba Sinh tr |~
thang 2 dén thang 7, | (RHONG }\)IEI‘/I/U
moi thang lay mau mot N\
lan. Tram SB1 duoc

chon lam “tram nén”,
SB5 — “tram xu thé”, o]
cac tram con lai SB2, ~ ,
SB3 va SB4 — “tram tac |"ERTeL™
dong” (Hinh 1).

Tai moi tram,

ldy mau ¢ 2 diém céach
bo nhitng khoang céach Hinh 1. Cdc tram (mat cat) lay mau trén séng Bo
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thich hop, khoang 30 - 50 m. Mau dem vé phong thi nghiém dé phén tich 1a mau t6 hop
tir hai phan mau ldy ¢ 2 diém véi ty 16 thé tich 1:1. Tai mdi diém, ldy mau & do sau 50
cm dudi mit nude bang thiét bi 14y mau chuyén dung. Quy cach iy va bao quan miu
tuan thi cac quy dinh trong Tiéu chuan Viét Nam (TCVN 5996-1995) [5].

2.2. Phwong phdp do/phan tich cdc thong s6 CLN

Céac phuong phap do/phén tich 14 cac phuong phap tiéu chudn cua Viét Nam
va/hoac quéc té [5], [7]. Ddi véi cac thong s6 do tai hién truong: nhiét do, pH, do dan
dién (EC), DO, do ¢ 2 diém (diém do trung v6i diém 1ay mau); tai mdi diém do ¢ 2 do
sau 50 cm va 100 cm, roi ldy gia tri trung binh. Céc théng s phan tich trong PTN bao
gdm: chit ran lo limg (SS), nhu cdu oxy hoa hoc (COD), BODs, NO5', amoni, PO4”,
tong sit tan (Fe), tong coliform (TC), kim loai doc (Cu, Pb, Cd, Zn).

2.3. Phwong phap tinh toan WQI

Theo mé hinh gbc ctia Bhargava, WQI cho mdi muc dich st dung riéng duoc
tinh theo cong thuac (1) [1], [2]:

n Ve
WQI:(HEJ x100 (1)

Trong d6, F; - gia trj ham nhay cta thong sd i, nhan gia tri trong khoang 0,01 +
1:n-sb thong s6 CLN lya chon (n tuy thudc vao muc dich stt dung nudc). Theo mod
hinh nay WQI = 0 khi mdt trong cac thong s6 mo ta chét doc (kim loai ddc, chit 6
nhiém hitu co ton luu...) khong dat yéu cau theo tiéu chuan qudc gia hodc quéc té.

Pé tinh WQI tong quat cho song, & ddy khong 1ay trung binh sé hoc cua céc
WOQI cho cac muc dich riéng nhu cac tac gia khac van lam (dd dé cap ¢ muyc 1), ma
chung t6i van chip nhan ap dung cong thic (1), nhung dé tang tinh dai dién, s6 thong s6
CLN lwra chon (n) ting 1én, gdbm 9 — 10 thong s6: pH, DO, SS, EC — cac thong sd dic
trung co ban; BODs, COD — md ta 6 nhiém hiru co; NO;™ va/hodc amoni, PO43' -mo ta
6 nhiém céc chit dinh dudng; TC — mo ta 6 nhidm vi khuan phan. Bang cach dé, mdi
thong s6 CLN chi dong gop mot 1an vao WQI tong quat, chir khong bi tinh 13p lai nhu
trudc day va luc ndy mé hinh dugc goi 1a mé hinh Bhargava-WQI diéu chinh (hay cai
tién).

Ham nhay (sensitive fuction) F; 1a dai lugng mé ta chat lugng cta thong sé6 CLN
i, tvong tu nhu chi sb phu (sub-index) q; trong moé hinh NSF-WQI. Néu F; = 0,01 —
thong s i co chit lugng kém nhét (hay toi nhat), néu F; = 1 — thong s6 i c6 chat luong
t6t nhat. Him nhay Fi 1a mot ham dang tuyén tinh va duoc xdy dung dwa vao Quy
chuin K¥ thuat Qudc gia vé chét lugng nude mit (QCVN 08:2008/BTNMT; tir day viét
tat 1a QCVN 08:2008) [6]. Riéng ham nhay cho thong sé EC duoc xay dung dua vao
tiéu chuan CLN cép cho noéng nghiép TCVN 6773 — 2000 (xem thi du vé F; & Hinh 2).
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Hinh 2. D6 thi ham nhay F; cua mot 56 thong s6 CLN i

Dé so sanh, md hinh NSF - WQI ciing dugc ap dung dé tinh WQI téng quat cla
song. Theo mé hinh NSF-WQIL, WQI duoc tinh theo mét trong hai cong thic: dang tong
(ky hi¢u 1a WA - WQI), dang tich (ky hiéu [a WM - WQI) va trong ca hai cong thuc do6
déu tinh dén phan trong luong dong gop (w;) cta cac thong sé CLN lya chon [1], [4]:

9 9
WA-WQI=Y wq, Q2); WM-WQI=] [q" (3)
i=1 i=1

Phén trong luong dong gép (w;) cua 9 théng sd lwa chon xép thu ty theo tim
quan trong giam dan nhu sau: DO: 0,17; coliform phan: 0,15; pH: 0,12; BODs: 0,10;
NOs: 0,10; PO4: 0,10; bién thién nhiét d6 (AT): 0,10; d6 duc: 0,08; tong chét ran (TS):
0,08. Chi s phu q; dugc xac dinh dwa vao cac do thi q; = f(x;). Trén mdi d6 thi q; = f(x;),
gi4 tri trung binh va khoang tin cdy 80% duoc biéu dién, g; nhan gia tri 0 + 100.

2.4. Phwong phap danh gia va phdn logi CLN

CLN song dugc danh gia duya vao WQI. Theo thang diém WQI, CLN duogc chia
thanh 5 loai (hay 5 muc) - loai I: WQI =90 + 100 (rit tét); loai II: 65 + 89 (tbt); loai III:
35 + 64 (trung binh); loai IV: 11 + 34 (x4u); loai V: 1 + 10 (rat x4u). Khi WQI nhén gia
tri thudc loai I va loai II thi nguén nudc maéi thoa man cho da muc dich st dung. Néu
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WQI thude loai IIT hoac kém hon, chi phi dau tu xr Iy nude s€ cao hon hodc rui ro cao
hon [1], [2]. Pé so sanh véi cach danh gia CLN dwa vao WQI, CLN séng ciing duoc
danh gia qua timg thong s6 riéng biét (cach lam truyén thong) bang cach so sanh két qua
cac thong sb CLN thu duoc véi cac gia tri gidi han duge quy dinh trong QCVN 08:2008.

3. Két qua va thao luin
3.1. Lwa chon mé hinh WQI dé danh gid CLN tong qudt ciia song

Lua chon théng s6 vé nito dwa vao mé hinh tinh WOI: Dé lua chon thong sb vé
nito dua vao moé hinh tinh WQI tong quét, ching t6i 1dy sé liéu CLN séng Huong nim
2004 — 12 nam c6 du s6 liéu ca 12 thang [9]. Tinh WQI tong quat ciia song Huong nim
2004 theo mo hinh Bhargava diéu chinh (ky hiéu 1a WQIg) tai 6 tram quan tric trong 3
truong hop: (i) c6 tinh dén N-amoni, ma khong tinh ¢én N-NO3 (n = 9); (ii) c¢6 tinh dén
N-NO3, ma khong tinh dén N-amoni (n = 9); (iii) tinh dén ca 2 thong sé N-amoni va N-
NO3 (n = 10). Két qua cho thdy (s liéu chi tiét khong néu ra ¢ day): khong nhét thiét
phai dua ca 2 thong s6 N-amoni va N-NO3 vao mé hinh tinh WQIg hay néi cach khéc,
chi can dua mot trong 2 thong s6 d6 vao mé hinh tinh WQIg. Do viée xac dinh N-amoni
khoé chinh xac hon xac dinh N-NO3, nén & day chon phuong an tinh WQIg véi 9 thong
s6 lra chon (n = 9), trong d6 c6 tinh dén thong s6 N-NO3, ma khong tinh dén thong sb
N-amoni.

Kiém tra do nhay cia mé hinh tinh WOI tong qudt: Bé Iya chon mé hinh WQI
pht hop, tién hanh kiém tra d6 nhay ctia mé hinh Bhargava-WQI diéu chinh (tinh WQIj
v6i 9 thong s6 lya chon: pH, DO, SS, EC, BODs, COD, N-NO3, P-PO4 va TC) va mo
hinh NSF-WQI (ky hiéu 1a WQIy) v6i 9 théng sé Iwa chon: DO, coliform phan, pH,
BODs, NO3, PO4, bién thién nhiét do (AT), do duc, tong chit ran (TS) trong 3 trudng
hop: (i) ¢6 1 théng s6 CLN toi té nhét tirc 13 thong s6 d6 ¢6 F; = 0 (hodc q; = 0) con cac
thong sé con lai ¢6 F; = 1 (hodc q; = 100); (ii) twong tu trudng hop (i), nhung théng sb
CLN tbi té nhat c6 F; = 0,01 (hodc q; = 1); (iii) song c6 CLN trung binh, tic 1a tit ca cac
thong s CLN luya chon déu c6 F; = 0,5 (hoic g; = 50). Két qua thu duoc & bang 1 cho
thay:

Bang 1. Két qud kiém tra dé nhay ciia mé hinh Bhargava — WQI va NSF — WQI™

Trwong hop | WQIg/ Mitc CLN | WQIy;/ Mitc CLN | WQIy, / Mirc CLN
I 0 / R4t xau 83 / Tét 0 / R4t x4u
Ii 63 / Trung binh 83 / Tét 46 / Xau
lii 50 / Trung binh 50 / Xau 50 / Xau

' WQIg duoc tinh theo cong thire (1) v6i n = 9. WQIy; va WQIy, twong tng dugc tinh
theo cong thirc dang tongva dang tich - cong thirc (2) va (3) véin=9.
— Trong truong hop (i), m6 hinh tinh WQI va WQIn; nhay hon mé hinh WQIy;.
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WQIy; khong phan anh ding thue té vé CLN, hay néi cach khac, gia tri WQIy; di che
khuét thong s6 CLN tdi té nhat;

— Trong trudng hop (i), WQIg va WQIy, van phan anh CLN nhay hon so véi
WQIn1, song WQIn; nhay hon so voi WQIg. Tuy vay, WQIn, ¢6 nhuoc diém 1a bi “cling
nhic”, do khong dua thém thong s6 lua chon vao md hinh duoc, trong khi vd1 WQIg,
van c6 thé dua thém thong s6 lya chon vao mé hinh duoc, tuy thudc vao dac diém CLN
cua song.

— Trong truong hop (iii), WQIg phan anh CLN nhay hon WQIy; va WQIx,,

Tir cac két qua trén, mo hinh Bhargava-WQI diéu chinh duoc lya chon dé tinh
WQI tong quat cho song BO.

3.2. Pdnh gid CLN séng Bo dwa vao WOI

Ap dung mo hinh Bhargava-WQI diéu chinh véi 9 thong sb lya chon (pH, DO,
SS, EC, BODs, COD, N-NO3, P-PO4 va TC), tinh toan dugc cac WQI téng quat (hay
WQI cho da muc dich sir dung) ctia séng B6 néu ¢ hinh 2. Két qua cho thay: CLN song
B6 kha tét (cho da muc dich sir dung) va 6n dinh v6i WQI trung binh & cac tram dao
dong trong khoang hep 88 + 92. Hau hét cac gia tri WQI cua séng B6 déu dat loai I — rat
t6t dén loai II - t6t: 90% gia tri WQI thudc loai I va II, chi 10% gia tri WQI thudc loai
[II — trung binh (xem WQI cua thang 3/2009 & tram SB1, SB2 va SB5). Nguyén nhan
ctia diéu nay 1a do trong thang 3 thong s TC ting cao & cac tram do.
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Hinh 3. Bién déng WOI téng qudt ciia séng Bo theo thang va mdt cdt (2009):
(I, I, 111, IV va V la cdac miec phdn logi CLN theo mé hinh Bhargava-WQI [1],[2])

Ap dung phuong phap phan tich phuong sai 2 yéu té (two—way ANOVA) cho thay:

CLN song Bo (danh gia qua WQI tong quat trung binh) ¢ cac tram khao sat khong khac

nhau c¢6 ¥ nghia vé mat thong ké véi p > 0,05; nhung CLN giita cac thang khao st lai khac
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nhau véi p < 0,05. Két qua kiém tra qua do 1éch nho nhat (Least Significant Deviation -
LSD) cho thay, WQI trung binh thang 2, 4, 5, 6 va 7 nhu nhau va chung déu khac
WQI trung binh thang 3 (p < 0,05).

So sanh CLN sdéng B6 (thang 2 — 5/2009) trong nghién ctru nay véi CLN song
Huong (thang 2 — 5/2007 & 6 tram khao sat) dugc N.D.G. Chau cong b [9] cho thiy:

N6i chung, CLN song Bb t6t hon so véi song Huong va it bién dong theo khong
gian hon (hinh 3). Tuy CLN dau ngudn song Huong, dic biét 1a & tram Ta Trach (TT),
t6t hon so v6i CLN dau ngudn séng Bo (tram SB1), nhung CLN song Huong lai giam
khi di qua thanh phd Hué (tir S3 dén S5), trong khi d6 CLN song Bo bién dong khong
dang ké giira cac tram khao sat, hay noi cach khac, song B6 chua bi tac dong nhiéu boi
cac hoat dong tu nhién va nhan tao trong luu vuc.

Tuy c6 nhiéu uvu diém, nhung WQI c6 han ché 1a bi méc hiéu ung “che Kkhuét”
(eclipsing), tirc 12 gié tri (hay chat lugng) cua cac thong sb riéng biét bj che khuit trong
mot gia tri WQI. Do vay, ngoai viéc danh gia CLN dua vao WQI, viéc danh gia dua vao
timg thong sb riéng biét van can thiét, vi né cho phép hiéu r& hon timg théng sé CLN.
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Hinh 4. Bién dong WOI trung binh ciia séng Huong va séng Bo theo khdng gian
(HT: Hitu Trach; TT: Ta Trach; S2: Van Nién; S3: Gia Vién,; S4: Bao Vinh: S5: Ngd Ba Sinh)

Két qua phan tich cac thong sé CLN song B (cac sd liu chi tiét vé cac thong sb
khong dugc dua ra & day) cho thiy: hau hét cac thong s6 CLN (ngoai trir théng s6 TC)
déu dat loai A1 theo QCVN 08:2008 - 1a loai sur dung tdt cho muc dich cép nudc sinh
hoat va cac muc dich khac (diéu nay ciing phu hop véi danh gia CLN séng Bo dwa vao
WOQI néu & trén); riéng TC dao dong trong khoang rong va nhiéu gia tri khong dat loai
Al (tuc la > 2.500 MPN/100 mL), tham chi khong dat ca loai A2 (tuc la TC > 5.000
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MPN/100 mL) - sir dung dugc cho muc dich cip nude sinh hoat, nhung phai ap dung
cong nghé xur 1y pht hop. Su 6 nhiém vi khuén phan d lam cho WQI séng giam xudng.
Vé céc kim loai doc thuong gap (Cu, Pb, Cd, Zn), néng dd cua chiing trong nudc song
B6 rét nho, nhod hon nhiéu so v6i quy dinh trong QCVN 08:2008.

Nhiing lo ling vé CLN song B bao gom: (i) su 6 nhiém vi khudn phan va xuit
hién ngay tur dau nguén (tram SB1); d§ duc (hay SS) kha cao do su rtra tréi va x61 mon
tir 2 bén bo khi 6 mua to: SS trong thang 3 va 6 ¢ nhiéu tram (ca tram dau ngudn SB1)
vuot qua loai Al theo QCVN 08:2008 (tirc 1a SS vuot qua 20 mg/L); ndng dd P-PO,>
(khoang 0,01 — 0,04 mg/L) & mic tiém tang gay pht dudng; ndng do sat hoa tan (Fe) &
mot sd tram vao mua kho doi khi vuot qué 0,3 mg/L (Tiéu chuan vé sinh nuéc an uéng
TCVN2002 do Bo Y té ban hanh nim 2002 quy dinh Fe < 0,3 mg/L).

Khi c6 mot thong sd (hodc nhiéu thong sb) co chat lwong kém (tirc 1a khong dat
yéu cau), gia tri WQI s& giam xudng hay noi cach khac, WQI phan anh nhay bién dong
CLN séng, ching han, do trong thang 3/2009, thong s TC ting cao & cac tram SBI,
SB2 va SB5, dan d¢én WQI & cac tram d6 giam xudng rd rét.

4. Két luin

Mo hinh WQI xay dung duoc — md hinh Bhargava diéu chinh — 13 mé hinh phu
hop, cho phép danh gia nhay CLN tdng quat cua song Bd (va ca song Huong). Noi
chung, trong thoi gian khao sat, CLN song B6 (danh gia qua WQI) kha tét cho da muc
dich str dung: 90% gia tri WQI dat loai tdt dén rat tot. Song, trong mot sb truong hop,
CLN giam xudng, chi dat mtrc trung binh, do song bi 6 nhidm vi khuan phan. Bé quan
1y t6t CLN song Bo, can tiép tuc nghién ctru danh gia CLN song B6 trong thoi gian dai
hon nita, dé trén c6 s& do, phan loai va phan vung CLN theo WQI cho cac muc dich st
dung khac nhau va dong thoi, xdy dung chwong trinh quan tric CLN song B6 thich hop.
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ASSESMENT OF BO RIVER WATER QUALITY IN THUA THIEN HUE
PROVINCE BASED ON WATER QUALITY INDEX (WQI)

Nguyen Van Hop, Pham Nguyen Anh Thi
Nguyen Manh Hung, Thuy Chau To
College of Sciences, Hue University

Nguyen Minh Cuong
College of Pedagogy, Hue University

SUMMARY

Bo river is an important one of Huong river system in Thua Thien Hue province. Water
samples were collected from Bo river once a month during the period from February to July
2009 at five selected sampling sites for the measurement of water quality parameters such as
temperature, pH, DO, EC, SS, BODs, COD, nitrate, phosphate, total coliform and toxic metals
(Cu, Pb, Cd, Zn) (n = 9). Based on the parameters and improvement of the WQI model
proposed by Bhargava, a suitable WQI model was established for assessing the quality of water
from Bo river. Generally, the water quality was fairly high with 90% of WQI data belonging to
level I (very high water quality) and level II (high water quality). The difference in the water
quality in terms of WQI between the sampling sites (spacial) was statitically insignificant (p >
0,05), but the difference in quality of water collected in different months (temporal) was
statistically significant (p < 0,05). The quality of water collected from February to May 2009
was higher and not spatially varying in comparison with that of Huong river water collected
from February to May 2007. In the same situation as Huong river's, the greatest concerns on
the water quality of Bo river were found to be the bacteria pollution, high turbidity during
heavy rain time (due to erosion and runoff from the bank) and phosphate concentration

potential to cause eutrophication.
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