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Abstract: The Groundwater Quality Index (GWQI) was developed and applied to assessment
of groundwater quality in Ha Tinh province. This study utilized water quality monitoring data in
2018 - 2020 period at 58 locations with a frequency of 4 times/year in 13 districts, towns and city
in the province. Ten (10) parameters were selected (i = 1 - 10) to establish the GWQI, including:
pH, total dissolved solids (TDS), hardness (HARD); sulfate (SO4), chemical oxygen demand
(COD), ammonium as nitrogen (N-NH4), nitrate as nitrogen (N-NO3), total dissolved iron (Fe),
total dissolved manganese (Mn) and total coliform (TC). The weight (w;) of each parameter was
based on principal component analysis (PCA) using monitoring data in 2018 and 2019. The
sub-index (q;i) of each parameter was determined by a linear function, based on the limit value
specified in the National Technical Regulation on Domestic Water Quality (QCVN
01-1:2018/BYT). The GWQI as a function of w; and g;i was calculated by the multiplicate formula.
The results showed that in 2020, in the province 21.1% of GWQI values classified as VERY
GOOD or GOOD, 31.9% as AVERAGE, 33.2% as POOR and 13.8% as VERY POOR.
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Nghién ciru danh gia chat luong nudc dudi dat & tinh Ha Tinh

str dung chi s6 chat lvong nudce

Truong Trung Kién, Nguyén Ping Giang Chau,
Nguyén Vian Hop”, Truong Quy Tung

Truong Pai hoc Khoa hoc, Dai hoc Hué, 77 NguyéNn Hué, Thanh phé Hué, Thira Thién Hué, Viét Nam

Nhén ngay 08 thérjg 10 nam 2024
Chinh sira ngay 16 thang 3 nam 2025; Chap nhan dang ngay 04 thang 4 nam 2025

Tém tit: Chi sb cht luong nude dudi dat (GWQI) di duoc xay dung va ap dung dé danh gia chat
luong nudc dudi dit ¢ tinh Ha Tinh. Nghlen clru nay sir dung dir liéu quan trdc chat luong nudc
(CLN) giai doan 2018-2020 tai 58 vi tri voi tin suit 4 dot/nam & 13 huyén, thi xa va thanh phd &
tinh. Mudi (10) théng sé duoc lua chon (i = 1 — 10) dé xay dung GWQI gdm: pH, tong chat rin
hoa tan (TDS), do cling (HARD) sunfat (SO4), COD, amoni tinh theo nito (N- -NH4), nltrat tinh
theo nito (N- NO3), tong sit tan (Fe), tong mangan tan (Mn) va téng coliform (TC). Trong s6 (W)
ctia cac thong s6 CLN duge xac dinh dua vao phuong phap phan tich thanh phan chinh (PCA) trén
tap dir liéu nam 2018 va 2019. Chi sb thong sb (qi) cua cac thong sé duoc xac dinh theo ham tuyén
tmh va chung duoc thiét 1ap dua vao cac gia tri gigi han duge quy dinh trong Quy chuén ky thuat
quéc gia vé chét luong nude sit dung cho muc dich sinh hoat (QCVN 01-1: 2018/BYT) Chi sb
GWQI la ham cua Wi va @i, dugc tinh theo cong thirc dang tich. Két qua cho thay, nam 2020, co
21,1% gi4 tri GWQI tmg véi CLN loai RAT TOT/TOT; 31,9% - TRUNG BINH; 33,2% - KEM va
13,8% - RAT KEM.

Tir khéa: Nude dudi dit, GWQI, PCA, tinh Ha Tinh.

1. Mé dau

Phuong phap danh gia CLN phé blen hién
nay la dua vao so sanh két qua quan tric thong
s0 CLN vdi gia tri gioi han duoc quy dinh trong
quy chuan ky thuat qudc gia vé CLN tuong
ung, chang han dya vao QCVN
08:2023/BTNMT (vé CLN mit), QCVN
09:2023/BTNMT (vé CLN duéi dat) [1, 2].
Phuong phap nay khé hiéu ddi voi cac nha quan
1y va cong dong, do ho it hiéu thong sb CLN
riéng 1é nhu COD, N-NH4, d6 cting,... Mot
phuong phap dé hiéu hon 1a dya vao mot chi s6
va thang do duy nhat, d6 1a Chi s6 chét lugng
nude (WQI/water quality index) hodc Chi s6
chit lugng nudc dudi dat (GWQI/groundwater
quality index) [3, 4]. Chi s6 WQI hoic GWQI
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la mot sd nguyén, thuong co gia tri 0 - 100,
cang gan 100 CLN cang t6t va nguoc lai [3],
[5]. Chi s6 WQI hoic GWQI duoc tinh toan tir
chi sé théng s6 Qi (thé hién chat luong cia
thong s6 CLN thir i, khong c6 don vi, nhan gia
tri 0 - 100, gi cang gan 100, thong s co chat
luong cang t6t va nguoc lai) va trong so Wi (thé
hién tam quan trong tuong do6i cua thong so i,
tong trong s6 Wi bang 1, hay tong tim quan
trong ctia 10 thong soO lya chon la 100%, thong
s& nao c6 w 16n hon, thi quan trong hon va
ngugc lai) [3]. Hau hét cac ‘nghién ciu déu cho
rang, viéc xdy dung chi s6 WQI hoac GWQI
goém 4 budc: 1) Lya chon cac thong s6 CLN;
ii) Tinh chi s6 thong so gi thong qua viéc
chuyen nong do quan tric hay phan tich dugc
cua moi thong sO thanh gia tri nam trong
khoang 0 - 100; iii) Xac dinh trong s6 wi cia
mdi théng s6; Va iv) T6 hop cac gia tri gi va wi
thanh WQI hoac GWQI va danh gia CLN dua
vao thang diém phan loai WQI hoic GWQI
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[3]. Pé xac dinh Wi c6 2 phuong phap thuong
ding: i) Dya vao y kién cua cac chuyén gia;
ii) Ap dung phan tich théng ké da bién nhu
phuong phap phin tich thanh phin chinh
(PCA/principal component analysis) va mot dang
twong ty 1a phan tich yéu t6 (FA/factor analysis).
Nhiéu tac gia cho rang, phwong phip PCA cho
phép xac dinh w; khach quan hon (vi né dua vao
phan tich dir liéu quan tric CLN), khéc phuc duoc
tinh chi quan cua phuong phap lay y kién chuyén
gia. Nhiéu tac gia di 4p dung phuong phap PCA
hodc FA dé xac dinh w; trong phat trién chi sb
GWQI [6-8].

O Viét Nam, Bo Tai nguyén va Moi truong
(BTNMT) da ban hanh chi s6 WQI de ap dung
danh gia chét lugng nude cua cac ngudn nude mit
(tr nam 2011 va diéu chinh nam 2019) [9]. Trong
do, chi s6 WQI khong tmh dén wi;, ma chi tinh den
q; (hay coi cac thong s CLN lya chon ¢ trong so
bang nhau, tic la cic gia tri wi déu bang 1). Bén
nay, BTINMT chua ban hanh chi s6 GWQI dé
danh gi4a CLN dudi dat. Nguyén Hai Au va cong
su [10] dd ap dung chi s6 GWQI do N. Subba
Rao [11] dé xuét nim 2019 dé danh gia CLN
dudi dit tng Pleistocen tai xi Phu My, tinh Ba
Ria Viing Tau: Iya chon 10 thong sb CLN, xac
dinh w; theo phuong phap entropy. Noi chung,
cac nghién ciru vé GWQI ¢ Viét Nam con rat
han ché.
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Quy trinh tong quat xay dung chi sd WQl
cong bé nim 2022 [12] da dugc st dung dé
thiét 1ap chi s6 GWQI va 4p dung trong danh
gid CLN dudi dat ¢ tinh Ha Tinh.

2. Phwong phap nghién ciru

2.1. Pham vi nghién cuu va dir liéu chat luwong
niede dwdi dit

Ha Tinh 12 mot tinh & dai dit mién Trung,
Viét Nam, phia Béc giap tinh Nghé An, phia
Nam giap tinh Quang Binh, phia Tay giap Nudc
Cong hoa Dan chii Nhan dan Lao, phia Pong
giap bién Dong. Pia hinh da dang, co du cac
ving d6i nui, trung du, déng bang va ven bién.
Ha Tinh c6 t6i 17 con séng 16n nho va nhiéu hd
nude. Tinh Ha Tinh nim trong khu vuc nhiét
doi, gié mua nong 4m, mua nhiéu. Dién tich dat
tu nhién 5,994,45 km?. Vi tri Ha Tinh nam trén
truc kinh té Bic - Nam, 1a noi giao thwong kinh
te giao luu van hoa Dong - Tay, la ctra ngd lon
nbi Viét Nam véi thé gi¢i qua duong bo va
dudng bién [13]. Dan sb cua Tinh Ha Tinh la
1,323,746 nguoi (2023) [14]. Nguoi dan & Ha
Tinh ngoai khai thac nrdc mat, con mot b phan
dan cu ¢ khu vue nong thon (khoang 77,7 %) st
dung nudc dudi dét cho nhiéu hoat dong khac
nhau: sinh hoat, tudi cay, cép nudc cho cong
nghiép,... [13] (Hinh 1).
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Hinh 1. Vi tri quan trdc CLN duéi dat tinh Ha Tinh.



Hang nim, Trung tdim Quan tric Tai
nguyén va Madi truong (QT-TNMT) tinh Ha
Tinh tién hanh quan tric CLN duéi dit tai 58
diém voi tan suat 04 dot/nam & 13 huyén, thi xa
va thanh phd thudc tinh (s6 diém quan tric ghi
trong ngodc don), gdm: thanh phé Ha Tinh (3);
cac thi xi Ky Anh (16) va Hong Linh (3); cac
huyén bac Tho (3), Huong Son (8), Huong
Khé (1), CAm Xuyén (5), Loc Ha (4), Nghi
Xuén (6), Vi Quang (1), Thach Ha (5), Can
Loc (1) va Ky Anh (2).

Dir liéu gbc vé CLN duéi dat cua tinh Ha
Tinh (giai doan 2018-2020), do Trung tam
QT-TNMT tinh Ha Tinh cung cap, dugc xir Iy
dé tao ra tap dir liéu phu hop cho phan tich theo
PCA. Tap dir liéu nay dugc chia thanh 2: tdp dir
liéu 1 (nim 2018 va 2019, véi 464 mau hay
N = 464) duoc ding dé xay dung chi s6 GWQI;
tdp dir licu 2 (nam 2020 voi N = 232) duoc
ding d kiém chung chi s6 GWQI xay dung
duoc va danh gia CLN du6i dat & tinh Ha Tinh.
Do dung luong 2 tap dir liéu kha 16n nén s6 licu
chi tiét ctia tap dit liu 1 va 2 khong dua ra & day.

Mudi (10) théng sb dugc lua chon dé xay
dung chi s6 GWQI gdm: pH, tong chit rin hoa
tan (TDS), d6 cimg (HARD), nhu cdu oxy hoa
hoc (COD) hay chi s pemanganat, sunfat (viét
tait 1a SO4), amoni tinh theo nito (N-NH4),
nitrat tinh theo nito (N-NO3), tong sit tan (Fe),
t6ng mangan tan (Mn) va téng coliform (TC).

2.2. Lva chon thong 56

Pé thuan loi cho danh gia CLN dudi dat
dwa vao GWQI, cac thong s6 dugc lya chon la
cac thong s6 co ban va dugc quan trac thuong
xuyén trong chuong trinh quan tric méi truong
ctia cic dia phuong (tinh/thanh). Sé thong sb
lya chon (n) thuong khoang 9 - 13 [3, 15].
Trong nghién ciru nay, lya chon 10 thong s
nhu néu & muc 2.1. Trong d6, cac thong s6 pH,
TDS, HARD, SO4 thé hién dic diém héa Iy cta
ngudén nuéc; thong s6 COD thé hién mirc 6
nhidm cac chat hiru co; thong sé N-NH4 va
N-NO3 thé hién mic 6 nhidm cac chit dinh
dudng; Fe va Mn thé hién mtrc nhidm kim loai
nang; TC thé hién mirc nhiém cac vi khuan cé
nguoén goc tir phan nguoi va dong vat. Cac
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thong sb nay ciing duoc quy dinh trong QCVN
09-MT:2023/BTNMT vé CLN duéi dat cho da
muc dich sir dung va QCVN 01-1:2018/BYT vé
CLN sach st dung cho muc dich sinh hoat.
Trong dit liéu quan trac, cac kim loai ning va
doc (Hg, Cd, Pb, As, Ni, Cr, Cu, Zn) ciling nhu
cac hoa chat bao vé thyc vat nhom clo (nhoém
DDT, HCH) déu c6 ham luong nho hon gidi
han phat hién ciia phuong phap phan tich hoac
nho hon nhiu so v&i gigi han cho phép trong
cac quy chuan k¥ thuét lién quan, nén chung
khong duogc dura vao dé xay dung chi sé6 GWQL.

2.3. Phurong phdp xdc dinh chi sé théng sé

Chi sé thong sb i thé hién chat luong cua
thong s6 CLN. Co nhiéu cach dé chuyén két
qua quan tric m01 thong sb (x) thanh chi sb
thong sb q. Mot sb tac gia xac dinh gia tri q
theo cong thire (1) [3, 11, 16]:

Qi = C—m x 100 (1)

Trong do, Ci va Cyi twong tng la ndéng do
ctia mdi théng sd trong mau (mg/L) va gioi han
duoc quy dinh trong quy chudn ky thuat CLN
ctia qudc gia hoic WHO dbi v6i moi thong sb.
Theo cong thirc (1), d6i véi mdi thong sb, g la
ham tuyén tinh ctua Cj; qi cang ting, chit lugng
ciia thong sb cang giam va nguoc lai; khi
Ci> Cyj, gié. tri cua q; > 100.

C6 mét cach thudn tién hon la dya vao cac
muc dugc quy dinh trong quy chuan qudc gia
dé xay dung ham tuyén tinh dang y = q = a + bx
[17, 18]. Hién nay & nudc ta nguoi ta thuong st
dung nuéc giéng khoan, giéng dao cho sinh
hoat va do vay, trong nghién ctu nay, st dung
QCVN 01-1:2018/BYT (viét tat Ia QCVN 01-1)
quy dinh v& CLN sach st dung cho muc dich
sinh hoat [19]. Hé s6 a va b trong phuong trinh
tuyén tinh duoc suy ra tir hai phuong trinh
tuyén tinh (2) va (3):

100 = a + b x (gioi han cho phép cua QCVN
01-1 déi véi thong s6 — 3xS) )

Trong do, y = q = 100 tng voi chat luong t6t
cta thong s6; Khi két qua quan tric thong sb (x) <
(gidi han cho phép cia QCVN 01-1) — 3xS, gia tri
q ctia n6 = 100; Khi x = QCVN 01-1, thi g =50.
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1 =a + b x (gioi han cho phép cua QCVN
01-1 ddi véi thong sb + 3xS) 3)

Trong do y = =1 tng véi chat lugng kém
cua thong sb; Khi két qua quan tric cia thong
s6 (x) > (gi6i han cho phép) + 3xS, gi4 tri q cta
n6é = 1. Pidu nay dwoc hiéu l1a: gioi han cho
phép dbi voi mdi thong s 1a trung binh cia
mot phin bd chuin (hay moét quan thé); chi
nhitng gia tri x ndm ngoai khoang tin cy
99,87% cua gia tri trung | binh d6 méi duoc xem
1a phan bd khac (hay quan thé khac), tuc 1a 16n
hon giéi han cho phép; s6 3 1a gla tri ciia bién
chuin hoa () ung véi xac suit tin ciy P =
0,9987; S 1a d6 1éch chuén cua quan thé [20].

Do léch chuan S ¢6 thé tinh toan tir 46 léch
chudn tuong di (RSD, %):

RSD x Trung binh s& hoc (4)
100

S =

Trong d6, Trung binh s hoc chinh 1a giéi
han cho phép cua thong s CLN trong QCVN
01-1; RSD duoc xac dinh dua vao phuong trinh
Horwitz [21]:

RSD = 21-051gC (5)

V6i C 1a ndng d6 duoc biéu dién bing sb
thip phan; ching han khi C = 2 ppm (hay 2
mg/L), thi thay C = 2.10°® vao cong thirc (5).
2.4. Phuong pha’p xdc dinh trong s6

Trong s6 (wi) the hién tam quan trong
tuong d6i cua thong sé6 CLN va ching c6 thé
bang hodc khac nhau. Thong thudng, tong cac
trong $b béng 1[3,5, 15].

Nhiéu chi s6 GWQI st dung trong s6 Wi
khac nhau va duoc tinh theo cong thirc (6) va
(M) 3,7, 11, 16]:

Wi = Cor (6)

Trong d6, hé sé K = 1/2(1/Coi); Coi la gioi
han cta thong s6 i dugc quy dinh trong quy
chudn ky thuat CLN cua quoc gia hoac WHO;
Wi~ 14 trong s6 ctia mdi thong s CLN duoge xéac
dinh theo ¥ kién chuyén gia [3]. Tir cac gia tri
Wix, tinh toan trong sd Wi theo cong thire (7):

" S 0

Trong nghién ctru nay, phuong phap PCA
dugc st dung dé xac dinh trong s cia cac
thong s6 CLN [22, 23]. Phuong phap PCA la
phuong phap glam chiéu, cho phep giam dir
liéu tir khong gian m chiéu (mdi chiéu ung véi
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mot bién/thong sé CLN) thanh khong gian it
chiéu hon: k chiéu (k < m); mdi chiéu dugc goi
la. mét thanh phéln chinh  (PC/principal
Component) - 1a t6 hop tuyén tinh cua cac bién
goc (Xij) va cac PC khong tuong quan vdi nhau,
ma tryc giao nhau.

Thong thuong, chi can giit lai mot vai PC
dau tién, chiang han PCI, PC2 vi chung giai
thich duoc da sé bién dong hay phuong sai cua
tap dir liéu gbc. Nhitng PC duogc gitr lai la
nhitng PC ¢6 Gid tri riéng 16n hon 1 (gia tri
riéng 13 luong phuong sai cua cac bién gdc
duogc giai thich boi PC tuong Gng) va phuong
sai tich Ity ctiia ching 16n hon 60% [22]. Mt
khéc, tir két qua tinh toan theo PCA, s& xéc
dinh duoc tdi lwong binh phuong (Squared
loading) ctia mdi bién trén mdi PC. Tai luong
binh phuong ctia mdi bién chinh 1a hé sb xac
dinh (R?) cia mdi bién trén PC tuong ung: Tai
luong binh phuong cang 16n, bién cang dong
g6p quan trong vao PC. Tir tong tdi lwong binh
phirong ciia mdi bién trén cac PC gitt lai
(communality) va Téng tai lwong binh phuong
clia tAt ca cac bién trén cac PC giit lai s& tinh
dugc trong sé (hay tAm quan trong tuong ddi)
ctia mdi bién theo cong thirc (8). Dé thuc hién
cac tinh toan theo phuong phap PCA, nghién
ctru nay sir dung phan mém R - phan mém dugc
4p dung phd bién trén thé gidi: R version
4.0.3/64-bit (10-10-2020) vdi module R-Studio,
dung géi (package) Factoextra (version 1.0.7).

Téng tai lwong binh phwong
cia théng s6 i trén cac PC gitr lai
Tang tai lweng binh phwong caa
tit ca cac théng so6 trén cac PC giir lai

(8)

2.5. Phwong phdp tinh chi s6 GWQI va thang
diém phan logi chat lwong nudc duoi dat

Trong s6 (w;) =

Nhiéu tac gia dé xuit thang diém nguoc dé
phan loai CLN duéi dat, tac 1a gia tri GWQI
cang 16n, CLN cang giam va ngugc lai [6, 7],
[16]. Pé thuan lgi cho ngudi dung chi sb
GWQI, nghién ciru ndy sir dung thang diém
thuan dé phan loai CLN duéi dat twong tu nhu
thang diém phan loai ctia Tng cuc Moi truong
quy dinh [9]. GWQI cang 16n, CLN du6i dét
cang tot va nguoc lai (Bang 1).
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Dé chon cong thirc tinh phi hop, tién hanh
tinh chi s GWQI cudi cung cho Tap dit liéu 1
theo phuong phap tich nhu cong thirc (9):

GWQI = [TiL; q;™ ©)

Mait khac, dé’ so sanh, ¢ day ciing tinh toan
gia tri GWQI cu6i cung theo mét phuong phap
khac da duoc mot so tac gia da dé xuat [6, 7],
[16] nhu cong thice (10):

_yn . W=

GWQI = 2 g Zit, Wi

(10)

Trong do, trong s6 wi dugc tinh theo (6) va
(7), Chi s0 thong so @i dugc tinh theo (11):

100 x(Cj— C

qp= e (11)

O day, Ci va C, twong g 14 nong do cua
thong s6 CLN trong miu va nong do 1y tuong
ctia thong sb trong nudc tinh khiét = 0 (ngoai trir
pH c6 Co =7,0).

Theo cong thirc (11), GWQI dugc phan chia
thanh 5 mac CLN: < 50 (RAT TOT); 51 - 100
(TOT); 101 - 200 (KEM); 201 - 300 (RAT
KEM) va > 300 (KHONG PHU HQP CHO AN
UONG). GWQI cang bé, CLN duéi dit cang tot
va nguoc lai.

Béng 1. Phan loai chét lugng nude dudi dat theo chi s GWQI

II;/([)?ric/ Chi s6 GWQI Danh gi4 chat lugng
I 81— 100 RAT TOT (RT)
Il 61 —80 TOT (T)
I 41-60 TRUNG BINH (TB)
v 2140 KEM (K)
\% <20 RAT KEM (RK/ khong phut hop cho an udng)

3. Két qua va théo luin

3.1. Chi sé théng sé cia cdc théng sé chat
luwong nuoc

Céc ham tuyén tinh (phuong trinh) xac dinh
Chi s6 thong s6 gi d6i v6i thong s6 CLN i
(i = 1-10), gom:

(1)Khi 5,5<pH<6:y=99x — 445,5: 8,5 <
pPH <9,5:y=-99x +951,5; 6 <pH < 85:y=
100; pH<5,5vapH>95:y=1.

(2) Khi néng 6 TDS < 1000 mg/L: y =
100; 1000 mg/L < TDS < 1170 mg/L: y = -
0,5834x + 683,36; TDS > 1170 mg/L: y = 1.

(3) Khi ndong do HARD (tinh theo CaCOs)
<300 mg/L: y = 100; 300 mg/L < HARD < 361
mg /L: y = -1,6222x + 586,67; HARD > 361
mg/L:y=1.

(4) Khi néng d6 SO4 < 250 mg/L: y = 100;
250 mg/L < SO4 < 302 mg/L: y = -1,894x +
573,5; S04 >302 mg/L:y = 1.

(5) Khi nong ¢ COD < 2,0 mg/L: y = 100;
2,0 mg/L < COD < 2,9 mg/L: y = -114,47x +
328,92, COD>29mg/L:y = 1.

(6) Khi néng d6 N-NH4 < 03 mg/L: y =
100; 0,3 mg/L < N-NH4 < 0,47 mg/L: y = -
573,55x + 272,07; N-NH4 > 0,47 mg/L:y = 1.

(7) Khi ndng d6 N-NO3 < 2,0 mg/L: y =
100; 2,0 mg/L < N-NO3 < 2,86 mg/L: y = -
573,55x + 272,07; N-NO3 > 2,86 mg/L:y = 1.

(8) Khi ndng d6 Fe < 0,3 mg/L: y = 100; 0,3
mg/L < Fe <0,47 mg/L: y = -573,55x + 272,07;
Fe>0,47mg/L:y=1.

(9) Khi néng ¢ Mn < 0,1 mg/L: y = 100;
0,1 mg/L < Mn <0,17 mg/L: y = -1458,41x +
245,84, Mn>0,17mg/L:y=1

(10) Khi néng d¢ TC < 3,0 MPN/100 mL: y
= 100; 3,0 MPN/100 mL < TC < 4,2 MPN/100
mL: y = -81,11 + 343,34; TC > 4,2 MPN/100
mL:y=1.

S6 lidu thong ké mé ta tap dir lidu 1, duoc
tinh toan bang Microsoft-Excel véi cong cu
Real Statistics (Bang 2). Quy chuan QCVN 01-1
[17] ciing duoc dua vao Bang 2 dé chi ra cic
giéi han cho phép cla cic thong sd duogc sur
dung d¢ thiét l1ap cac ham tuyén tinh xic dinh
chi sb thong sd .
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Bang 2. Tong hop cac dai lugng thong ké mé ta cho 10 thong sé duge chon cua tap dit liéu 1 (n=464)

?ﬁélll‘;"lfég pH TDS | HARD | SO4 | COD | N-NH4 | N-NO3 | Fe Mn (NTF?N )
* (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) 100mL)
Min 3,8 7 10 5 0,2 0,1 0,0 0,01 0,10 1
Max 8,2 4800 | 4590 | 2624 | 18,0 19,0 36,0 | 90,00 | 4,10 600
Mean 6,1 236 222 62 2,7 0,4 3,5 2,01 0,30 43
+Stdev 0,9 456 460 226 2,1 13 48 7,73 0,46 76
Median 6,1 125 111 18 2,0 0,1 14 0,17 0,14 11
MAD 0,6 2 3 4 4,6 5,6 6,6 7,64 8,64 10
Quartilel | 5,5 51 47 10 2,0 0,1 0,4 0,10 0,10 3
Quartile3 | 6,8 223 230 45 2,0 0,1 45 0,60 0,32 36
CV (%) 14 193 208 362 75,6 328 139 384 155 180
CL 95% 0,1 73 74 36 0,3 0,2 0,8 1,24 0,07 12
rol\_’lN 685 | 1000 | 300 | 250 2.0 0.3 20 | 030 | 010 3
RSDromiz - 6 7 7 144 192 14.4 192 22.6 14
(+/-) S - 65 20 17 0,3 0,1 0,3 0,06 0,02 1

(*) Min va Max: gia tri nho nhét va gia tri 16n nhat; Mean: trung binh s6 hoc;
+Stdev: D¢ léch chuan; Median: trung vi; MAD: d¢ 1€ch tuyét d6i trung binh; CV(%): hé sb bién dong;
CL95% gi6i han tin cdy 95%; QCVN 01-1: viét tat cia QCVN 01-1:2018/BYT - Quy chuan ky thuat quoc gia
vé chit luong nudc ding cho muc dich sinh hoat; RSD Homitz VA % S: twong g 14 do 1éch chuan twong ddi va
d6 léch chuan duoc tinh tir phong trinh Horwitz voi Co dwoc biéu dién bang phéan s6
(Co 12 mtrc gidi han cuia thong sb duge quy dinh trong QCVN 01-1).

3.2. Trong s6 ciia cdc théng sé chat lwong mirde
tr tinh toan theo PCA

Trén tap dir liéu 1, thuc hién chuyén dang

PC10) déu co gia riéng < 1 va chi giai thich
31,3 % phuong sai, duoc xem la bién dong nén
hay “nhi€u nén” cua tap dir liéu goc.

Béng 3. Gia tri riéng, phan phuong sai va phuong

cac bién gdc xij (10 thong sé CLN) thanh bién ‘ :
sai tich lily cia 04 thanh phan chinh dau tién

chuan hoa zj: zj = (xij — Do léch chuén)/Trung

binh s6 hoc; bién zjj c6 gia tri trung binh quan - N '
thé bang 0 va phuong sai bang 1 [22, 23]. Thuc Thanh Gié tri Phan | Phuong sai
hién phuong phap PCA trén ma trin twong phan riéng. phuong tich lay
quan cua cac bién zj;, thu dugc cac gia tri riéng, chinh sai (%) (%)
ph‘én phu;orng S?.i va phu'qng 7sai tich hjly cila cé? PC1 3.2 31,9 31,9
thanh phan chinh (PC) ¢ Bang 3. Cac két qua
cho thay: Chi can gitr lai 04 thanh phan chinh PC2 13 13,6 45,5
(PCZ!. - PC4) vi chung déu co6 gia trl riéng > 1 PC3 1.2 12.1 57.6
va giéi thich dugc 68,7% phuong sai cua tép dit
liéu gbe; Cac thanh phan chinh con lai (PC5 — PC4 11 111 68,7
Bang 4. Trong s6 w ciia thong sb chét lwong nuéc)
Théng s6 H TDS | HARD | SO4 | COD N- N- Fe Mn TC
8 P NH4 | NO3
Téng tich liy
trén 4 PC 0,701 | 0,950 | 0,839 | 0,941 0,468 | 0,575 | 0581 | 0,689 | 0,626 | 0,500
(1-4)
Trong s6 (w) 0,10 0,14 0,12 0,14 0,07 0,08 0,08 0,10 0,09 0,08

) Ngoai trir cac gla tri W, s6 con sb sau ddu phay ciia cac s lidu trong bang dugc gitr lai chi dé phuc vu tinh
toén. Tong tich liy ctia 10 bién trén 4 PC giir lai bang tong gia riéng ciia ching bang 6,8.
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Hinh 2. Tai lugng yéu td A. PC1 x PC2 va B. PC3 x PC4.

Biéu dién tai lugng yéu t6 cia cac bién
(factor loading plot) trong khéng gian cac thanh
phin chinh PC1xPC2 va PC3xPC4, thu duoc
Hinh 2. Hinh 2 cho thdy: PC1 giai thich t6t cac
bién TDS, HARD, SO4 va COD; PC2 giai thich
tdt bién Mn, Fe, N-NO3; PC3 chu yéu giai
thich bién pH va mot phin Fe, N-NH4; con
PC4 chu yéu giai thich bién N-NH4 va TC (tai
lwong méi bién trén mdi PC 13 hinh chiéu
vudng gbc cua no trén PC do).

Tir tai lwong cua cac bién & Hinh 2 tinh duoc
ti lwong binh phirong cia mdi bién va tong tdi
lwong binh phuong cta nd trén cac PC giir lai. T
do tinh dwoc tong tai lwong binh phirong cia 10

bién trén cac PC giit lai va trong s6 ciia mdi biér}
theo cbng thire (8). Trong s6 Wi ciia 10 thong s6
CLN dugc néu trong Bang 4.

3.3. Kiém tra su phiy hop ciia chi s6 GWOI xdy
dung dwoc

Dé kiém tra sy phu hop cia cong thirc tinh
GWQI khi phan anh CLN thyc té & ving khao
sat, tién hanh so sanh két qua tinh toan va phan
loai CLN theo 02 (hai) cong thirc khac nhau la
cdng thirc tich (9) va cong thirc (10) trén tap dir
liéu 1, duoc ky hiéu twong ung la GWQI va
GWOQIRret.

Bang 5. So sanh két qua tinh cac chi s6 GWQI, GWQIger, va phéan loai CLN
doi v6i mot so truedong hop cua tap dit ligu 1O

Miu oH HARD N-NO3 TC (MPN/ G\fVQI - GWAQIRef"

(mg/L) (mg/L) 100mL) phan loai phén loai
TK18-3 4,9 (*) 65 0,1 3™ 39-RK 100-T
CN18-1 6,5 428 (%) 8,8 (*) 7% 27 -RK 84-T
CN18-2 7,5 363 (%) 9,7 (*) 3™ 39-RK 83-T
KN18-2 8,0 590 (*) 0,7 17 (%) 39-RK 80-T
KNal8-4 6,0 439 () 3,3(%) 3™ 26 - RK 100-T
KP18-1 4,5 (*) 32 3,6 (%) 26 (%) 30-RK 0-T
KT18-4 4,6 (*) 123 3,9(*) 6 (%) 30-RK 84-T
KLg18-1 52 (*) 106 7,3 (%) 18 (*) 40 - RK 90-T
KgL18-4 4,8 (*) 33 8,9 (*) 13 (%) 30-RK 922-T
KL18-4 4,8 (*) 47 2,5(*) 5% 40 - RK 83-T
KB18-1 52 (*) 71 6,1 (*) 16 (*) 40 - RK 97-T

(*): khong dat yéu ciu so v6i quy dinh cia QCVN 01-1.
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Céc két qua & Bang 5 cho thdy, cac chi sb
GWQI va GWQIret phan anh CLN khac nhau.
Dbi v6i ccac truong hop d6, mic du c6 mot vai
thong s6 khong dat yéu ciu (so v6i quy dinh
trong QCVN 01-1), tuy nhién chi s6 GWQIRet
van phan anh CLN loai TOT la khéng phu hop.
Noi cach khac, trong nhiing truong hop d6, chi
s6 GWQIRrer bi méc tinh “md” hodc “che khuat”
(eclipsing) trong phan anh CLN [3]. Trong khi
d06, chi s6 GWQI phan anh CLN phu hop voi
thyc té hon. R& rang, chi s6 GWQI phu hop
hon trong phan anh CLN duéi dat cho muyc dich
an udng ¢ vung khao sat.

3.4. Ap dung chi s6 GWQI dé danh gia CLN
dwdi ddt ciia tinh Ha Tinh trong nam 2020

Ap dung cong thac GWQI - cong thirc (9)
cho tap dir liéu 2 dé tinh cac gia tri GWQI - la
tich ctia cac chi so thong sd g duoc liy thira
cac gia tri trong sO Wi tuong ung. Bong thoi, so
sanh dir liéu trong tap dir li€u 2 vdi cac gia tri
gi6i han trong QCVN 01-1.

Két qua GWQI cho thiy c6 21,1% trudng
hop dat loai RAT TOT va TOT (49/232 trudng
hop), 31,9% truong hgp thudc loai TRUNG
BINH (74/232 truong hop), 33,2% trudng hop
thuoc loai KEM (77/232 truong hop) va 13,8%
truong hop thudc loai RAT KEM (32/232
truong hop).

Két qua trén cting phu hop vei két qua danh
gia CLN du6i dat duya vao cac thong so riéng
biét, tirc 1a so sanh vi gidi han cia QCVN 01-
1: tong sb gia tri GWQI loai KEM/RAT KEM
la 47,0% tuong duong V&i sb théng s6 quan tric
vuot gidi han cia QCVN 01-1 1a 46,1%.

4. Két luan

Trén co s¢ ap dung phuong phap PCA da xac
dinh dugc trong s6 (Wi) cua cac thong sO CLN
mot cach khach quan dua vao dic diém thuc té
cia CLN duéi dat & khu vuc nghién ctru. Trong
sO cua cac thong sd (ghi trong ngodc don) 1a pH
(0,10); TDS (0,14); HARD (0,12); SO4 (0,14);
COD (0,07); N-NH4 (0,08); N-NO3 (0,08); Fe
(0,10); Mn (0,09) va TC (0,08).

Chi sb thong sb (q;) cia cac thong so CLN
dugc xic dinh dua trén tuong quan tuyén tinh
gilta i va nong do/ham luong cta thong sd
CLN, nén thuén tién cho nguoi dung GWQL
Chi s6 GWQI xay dung dugc phan anh phi hop
CLN dué6i dat ¢ tinh Ha Tinh. C6 thé ap dung
nhan rong chi s6 GWQI dé danh gia CLN khu
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vuc nghién ctu va cac khu vuc khac c6 dac
dieém thay van tuong tu.

Loi cam on

Nhom tac gia chan thanh cam on Trung tam
Quan tric Tai nguyén va Mbi truong, SO Tai
nguyén va Moi truong tinh Ha Tinh da cung
cap dit lidu quan tric nudc dudi dat cho nghién
clru nay.
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