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ABSTRACT

The Dong Nai River is one of the main water supply sources for living and
production activities in Binh Duong province. However, the Dong Nai River
is currently under pressure by emissions from industries, urban, agriculture
and service activities. In this paper, the generalized regression neural
network model (GRNN) and the interpolation algorithm was used to evaluate
water quality of the Dong Nai river and tributaries. Monitoring data used was
for 7 years from 2012 to 2018 at 12 monitoring stations. The results of the
study indicated that the GRNN model was a good performance to assess the
water quality of the Dong Nai river and tributaries. Comparing the results of
the GRNN model with the water quality index showed that the GRNN model
was reliable and in close agreement with the actual results with R> = 0.938,
RMSE = 0.055, E = 0.935. Water quality interpolation map also illustrated
that the water quality in the neighbor area was still good. Besides, the GRNN
model has a lower cost and less time consumption compared to the WQI
method of the Vietnam Environment Administration.

TOM TAT

Séng Pong Nai la mét trong nhitng nguon nweée cap chinh cho hoat déng sinh
hoat va san xudt tinh Binh Durong. Tuy nhién, hién nay song Pong Nai dang
chiu nhiéu dp lwc béi nguon phat thai tiv cac khu cong nghiép, do thi, nong
nghiép va dich vu. Trong bai bdo nay, mé hinh mang novon hoi quy tong qudat
(GRNN) va thudt todn ngi suy dwoc sir dung danh gid chat heong mede séng
Pong Nai va cac chi leu. Dit liéu quan trdc diege sie dung trong 7 nam tir nam
2012-2018 tai 12 diém quan trdc tai S¢ Tai nguyén va Moi truong tinh Binh
Duong. Két qua nghlen cibu chi ra GRNN c6 thé gitip danh gid chat lwong
niede séng Pong Nai va cdc chi luu véi RMSE = 0,052 trong hudn luyén va
RMSE = 0,061 trong kiém tra m6 hinh. So sanh két qua tinh chat lwgng nucce
tir mé hinh GRNN va chi s6 WOI ciia Té ong cuc Moi truong cho thdy GRNN
cho két qua danh gia déng tin cdy va gan véi két qua thuc té voi R°= 0,938,
RMSE= 0,055, E = 0,935. Bén canh do, mé hinh GRNN co chi phi danh gida
thap va thoi gian tinh toan nhanh hon so voi phwong phap danh gia WQI cua
Tong cuc Moi truong.

Trich din: Nguy&n Thi Thanh Thiiy va Nguyén Hién Than, 2019. Ung dung mang noron hdi quy tong quét
va thudt toan ndi suy danh gia cht luong nudc mit song va cac chi luu séng Dong Nai, tinh Binh
Duong nam 2012 - 2018. Tap chi Khoa hoc Truong Pai hoc Cén Tho. 55(86 chuyén dé: Moi truong
va Bién d6i khi hau)(2): 85-95.
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1 GIOI THIEU

Hién nay, viéc danh gia chit luong nudc co
nhiéu phuong phép nhu danh gia don cht, chi s6
chat lugng nudc, chi s6 6 nhiém, danh gia toan dién
mo, 1y thuyét xam (Xing ez al., 2011). Cac phuong
phap nay déu c6 uu nhuge diém khac nhau, nhung
¢6 diém chung 1a chua cho biét duoc mirc do dong
gop cua thong sO den chat luwong nudce va giai quyét
t6t van dé phi tuyén (nhiéu bién dong theo khong
gian va thoi gian cua chit luong nudc). Mot phuong
phap danh gia méi c6 thé két hop thuan loi gitra
phuong phép truyén théng va tri tué nhéan tao la
mang no ron nhan tao (Zulin and Benlin, 2012).

Abyaneh (2014) sir dung hdi quy twong quan va
mang no ron nhan tao (ANN) dé du bao ndng do
COD va BOD tir cic thong sb TSS, TS, pH va nhiét
do. Muyc ti€u nghién ctru 1a tim ra céu triic t6i wu
ANN va mé hinh hdi quy twong quan dé tim ra mo
hinh tot nhit cho du bao chit lugng nudc tai nha
may xir 1y nudc thai Ekbatan, Tehran, Iran. Két qua
danh gia dugc so sanh giira hdi quy tuong quan va
mang no ron perceptron da 16p cho thay mé hinh
mang no ron cho két qua danh gia t6t hon mo hinh
hdi quy twong quan. Alte (2015) su dung pH, Ec,
Ca, Mg va Na xéc dinh nong d§ mudi natri biang
mang no ron lan truyén nguoc. Két qua cting cho
thiy mang nay xac dinh tot ndng do muoi natri. Bén
canh d6, Juahir et al. (2004) da phat trién mo hinh
ANN dé uéc tinh chi s6 WQI lwu vuc song Langat,
Malaysia théng qua cac thong s6 DO, COD, BOD,
SS, AN va pH. Phuong phép mang no ron lan truyén
nguoc dugc st dung trong cong trinh nay va két qua
cho thdy mé hinh mang véi 4 bién dau vao DO,
BOD, SS, AN cho két qua danh gia tot chat luong
nude (WQI). Nhu véy, cac nghién ctru danh gia chat
luong nuédce béng mang no ron nhan tao thuong sur
dung mang truyén thang bao gébm thuit toan lan
truyén nguoc va lan truyén thing. Nhu vy, cic md
hinh danh gia mang no ron chua thé hién rd tinh hi¢u
qua vé mat kinh té. Cac thong s6 duge dy doan la
chu yéu 1a DO, COD, BOD.. 14 phd bién. Mot trong
nhiing thach thirc trong dénh gia chat lugng nudc
hién nay 14 sao dé giam chi phi va thoi gian dénh 13
mdt thach thie dat ra (Banejad and Olyaie, 2011).

Hé théng song ngoi trong tinh Binh Duong rat
phong phu. Trong do, song Pdng Nai 1a con song
16n nhat & mién Péng Nam B¢, chay qua dia ban
tinh Binh Duong c6 gia tri [6n vé cung cép nude tuoi
cho nén néng nghiép, giao thong thity va cung cp
nudc sinh hoat cho nhan dan. Tuy nhién, hién nay
Ivu vuc song doan qua khu vyc tinh Binh Duong
dang c6 dién bién x4u vi chju anh huéng boi cac qua
trinh san xuat cong nghiép va sinh hoat do thi.
Nghién ciru danh gia chat lugng nudc cc song rach
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tinh Binh Duong di dwoc nhiéu nghién ctru thuc
hién nhu Huynh Thi Nhu Quynh (2011), Nguyén
Pham Huyén Linh and Bui T4 Long (2013), Than
and Ly (2014). Tuy nhién, danh gia chit luong nuée
bang mang noron hdi quy tong quat chua duoc thuc
hién tai khu vye nghién ctru. Do d6, nghién ctru nay
s& trinh bay mo hinh danh gia chét lugng nude chi
phi thap va tiét kiém thoi gian danh gia nhung van
dam bao d9 tin cay va chinh xac nhéit dinh.

2 DU LIEU VA PHUONG PHAP
2.1 Dirli¢u

3
Tp. HCM .

Chis shieh
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@ Dibmoun i
Sng rach tinh Binh Duong

1:200, 000
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Hinh 1: Bén dd vi tri quan tric
Chii thich cdc diém quan trdc:
DNI: Cach ngad ba song DN — SB 1 km
PN2: Cau méi béic qua cit lao Bach Pdng
DN3: Hong thu nuwéc nha may nuwoc Tan Hiép
DN4: Hong thu nudc nha may nuéc Tan Ba
RDNI:
RDN2:
RDN3:
RDN4:
RDNS:
RDNG:
RDN7:
RDNS:

Suoi Cai tai Cau Bén Sian

Suéi Bung Cit tai Cau Sudi Nudc
Suéi Ong Péng tai Cau Téng Ban.
Sudi Cai tai Cau Ba Kién

Sudi Siép tai cong trén QL 1K
Rach Ba Hiép tai Céu Ba Hiép
Suoi Tan Loi gan KCN Bt Cudc
Sudi Tho Ut tai cau Thy Ut
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Dir liéu quan trac chat lugng nude dugc thu thap
tir nam 2012 dén nam 2018 tai S¢ Tai nguyén va
Méi trudng tinh Binh Duong. Cac diém quan tric
song va chi luu song Pdng Nai, tinh Binh Duong
bao gém: 4 diém song Dong Nai (BN1, DN2, DN3,
DN4) va 8 diém & cac chi luu (RDN1, RDN2,
RDN3, RbN4, RDN5, RDN6, RDN7 va RDNS)
(Hinh 1). Tan suat iy mau 6 dot/nam (2 thang/lan)
tir nam 2012 dén 2015 va 12 dot/ nam (1 thang/lan)
tir 2016 — 2018. Tong s6 lugng mau trong khoang
thoi gian 7 nim tir 2012 dén 2018 1a 720 mau.
Luong mau nay c6 thé phan anh dugc chat luong
nude cac chi luu va song Pong Nai.

Dit liéu khi tugng bao gém lwong mua trung
binh thang, nhiét do khong khi trung binh thang, d¢
4m trung binh thang, s§ gid ning trung binh thang
dugc thu thap tir Nién gidm théng ké tinh Binh
Duong tir ndm 2012 — 2018.

2.2 Phwong phap nghién ciru

2.2.1 Phwong phdp chi s6 chat liwong miede
Viet Nam (WQI)

Trong nghién ctru nay chi so chit luong nudc
duoc tinh toan theo Quyét dinh s6 879 nam 2011 cua
Téng cuc Moi truong (Tong Cuc Méi  Truong,
2011). Céc thong sb tinh toan bao gdm: nhiét do, pH,
DO, COD, BODs, TSS, NH4", PO, d6 duc va
Coliform. Cong thirc tinh toan chi sé chit luong
nude thanh phan thé hién Cong thic 1, 2 va 3 nhu
sau:

+1
(BE = Cp) T4 (@

2

Trong do6:

BP;: Nong d¢ gioi han dudi ciia gia trj thong s6
quan trac dugc quy dinh trong Bang 1 tuong tng vdi
muc 1

BPi.i: Nong d6 gi6i han trén cta gié tri thong sb
quan trac dugc quy dinh trong Bang 1 tuong tng véi
muc i+1

qgi: Gia tri WQI ¢ mirc i da cho trong bang tuong
ung véi gia tri BP;

gi+1: Gia tri WQI ¢ muc i+1 cho trong bang
twong Ung véi gia tri BPi+y

C,: Gia tri ctiia thong s0 quan trac dugc dua vao
tinh toan
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~ WQL: Gia tri WQI da tinh toan d6i v6i 05 thong
s6: DO, BODs, COD, N-NHy, P-PO,

- WQIy: Gia tri WQI da tinh toan déi vai 02 thong
so: TSS, do duc

- WQL: Gia tri WQI da tinh toan d6i v6i thong sd
Tong Coliform

~ WQI,u: Gid tri WQI da tinh toan di v6i thong
s0 pH.

Ghi cht: Néu 5,5< gia tri pH<6 va néu 20< gi4
tri DO bao noa< 88 thi WQIPH va WQIpo duoc tinh
theo cong thirc 2.

2.2.2 Mang noron hoi quy tuong quan t(fng
quat (Generalized regression neural network -
GRNN)

Mang no ron hdi quy tong quat dugc phat minh
boi Specht (1991). Cac ndt GRNN yéu cau hai ham
chinh d¢é tinh toan su khac biét giira tat ca cac cip
véc tor mau dau vao va udce tinh ham mat do xac suat
cua bién du vao. Su khéc biét giita vector dau vao
duoc tinh toan st dung khoang cach Euclidean don
gian gitra gid tri dir liéu trong khong gian thugc tinh.
Trong so khoang cach dugc tinh toan cua mdi diém
bang xéac suit ciia cac diém xay ra trong pham vi
mau gia tri diu ra (Palani, S. et al., 2008).

£y (0= V hyp ey /] frgp ey (4)
X

N n
5= El v, exp(=D(x,x; ))/ig1 exp(—D(x,x;)) (5)

Trong d6, x 14 thong sO ~chét lugng nuéde, y* 1a
gia tri dau ra thyc té cia mau thir ith, n 13 tong so
mau trong tap dit liéu va D(x, x[) 1a ham chuyén
ddi cac bién dau vao dugc tinh nhu sau:

L 2

D(x, xl-)=]é1 (xj - X /O'j) (6)

Trong d6, D(x,x)) x la thong s6 dau vao, x,1a
méu thi i, x; 14 gid tri di lidu th j trong vector dau
vao, xij la gi tri dit ligu th j trong mau thit i, va o;
la yeu to lam tron.

Céc budc xdy dyng md hinh dénh gia chat lwong
nudc bang GRNN nhu sau:

Tién xir 1y 6 liéu

Du liéu chat luong nq’('yc sau khi thu thép dl‘rqc
kiém tra va xur ly tri bat thuong (outliers) bang
phuong phap Grub Test (Quang ez al., 2019). Cac
gia tri bat thuong dwoc loai bo va tai tao bing

phwong phap phuc dung dir liéu khuyét (imputation
missing analysis) (OECD, 2008).



Tap chi Khoa hoc Truong Pai hoc Can Tho

Dit liéu sau khi loai bo tri bat thuong duoc chuan
hoa dé giam bot anh hudng bién dong cua dir liéu
dén két qua chit luong nudc. Vi cac dir lidu chat
lugng nudce cé cac don vi khac nhau va co6 su bién
dong 16n (hién twong phi tuyén) do d6 tac dong dén
két qua. Nghién ctru nay st dung phuong phap
chuin hoa ty 18 tuyén tinh (linear scaling) dugc sir
dung trong nhiéu cong trinh nghién ctru mang no ron
(Ostad-Ali-Askari et al., 2017, Hanrahan, 2011).
Cong thirc chuan héa theo cong thirc 7:

X.. —min(x.)
zo=— 9 0V (7)

Y max(xj) - min(xj)

Trong d6, z; 1a théng s6 dcn 1é trong ma tran
chuan hoa Z, x; gid tri thong s6 chét luong nurde thir

i mau chét luong nude thir j do duoc, min va max la
gi tri nho nhat va 16n nhat ciia thong sb i.

Lua chon bién

Trong nghién ctru nay, bién dau vao bao gém cac
thong s6 : pH, DO, d6 duc, TSS, COD, BODs, NH,*,
PO4*, Coliform, TDS, NaCl, EC va cac yéu tb khi
tuong: nhi¢t do khong khi trung binh (M1), lugng
mua (M2), d6 4m trung binh (M3) va so gid nang
trung binh (M4). Phan tich hé so twong quan Pearson
va phan tich hdi quy trong quan (Quang et al., 2019)
duoc st dung dé lua chon bién tham gia vao mo
hinh.

Cau triuc mang

Céac bién dau vao 1a cac bién duoc lua chon tir
bude Iwa chon bién va bién dau ra 1a chi sb chat
luong nude WQI theo huéng dan ctia Tong cuc Moi
truong Viét Nam.

Huan luyén mang

Pé huin luyén mang, dit li€u dugc phan chia
thanh cac tap dir liéu huén luyén va tap danh gia moé
hinh. Theo nhiéu nghién ctu, ty 18 dir liéu hudn
luyén va danh gid mo hinh dao dong tir 60-80% va
20-40% tap dir licu (Han Yan and Wang, 2010;
Heddam, 2016) nham tranh hién tuong qua tii trong
mo hinh mang ANN

Mo hinh danh gia chat lugng nudc séng Dong
Nai bang mang GRNN duoc thiét 1ap theo ty 18 70%
dit liéu huén luyén mo hinh (470 mau), 30% dit ligu
(191 mau) dung dé kiém tra mé hinh huén luyén. Dit
liéu nam 2018 dung dé danh gia két qua thyc nghiém
ctia mo hinh. M6 hinh dugc huan luyén bang phan
mém DecisionTools Suite 7.6 Industrial (2019).

2.2.3 Tiéu chi danh gia mo hinh

Két qua mo hinh déanh gia chit lvong nudc bing
mang GRNN duogc kiém ching va danh gia thong
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qua sai s6 binh phwong trung binh gdc (root mean
square error — RMSE), hé sd xac dinh (R?) (Csébragi
et al., 2017) va chi sé Nash—Sutcliffe (E) (Han Yan
and Wang, 2010). Sai s6 RMSE va chi s6 Nash—
Sutcliffe cang gan vé 0 mo hinh danh gia cac c6 do
chinh xé4c cao. Hé s6 x4c dinh R? cang gan 1 cho biét
mo hinh huén luyén c6 sy lién hé chit ch& véi chi s6
chét lwong nude thyc. Cong thirc tinh toan RMSE
va E dugc thé hién nhu sau:

(3
Z,l(y, 7. o)
Z,l( -y
[i(y, (- y)}
_ = (10)
Z( y)ZZ(ﬁ,-—ﬁ)z

i=l1

Trong d6: y la gia tri WQI tinh toan theo hudng
dan ciia Tong Cuc Mbi trudng tai mau thir I, y la
gi tri trung binh chi s6 WQI tinh toan, $ 1a chi s6

chit lwong nude tir md hinh GRNN, § 14 gia tri
trung binh chi s6 chét lrgng nude tir md hinh GRNN
van la so lugng mau.

2.2.4 Phwong phap noi suy khong gian theo
khoang cach IDW

Dé phan ving chat luong nude va danh gia lan
truyén 6 nhiém chat luong nudc song Dong Nai va
cac chi luu, nhdm nghién ctru thuc hién xay dung
ban db chit lugng nudce va ndi suy khong gian bang
phuong phap IDW (phuong phap ndi suy khoang
cach) (Nguyén Thi Thu Hién va crv., 2018; Nong
Thi Hai Yén va Nguyén Hai Hoa, 2017). Ban d6 nén
tinh Binh Duong dwoc sir dung trong nghién ciru
duoc thu thap tir Sé Tai nguyén va Moi truong tinh
Binh Duong. Phan mém ArcGis version 10.2.2 dugc
sir dung dé xay dung ban dd.

3 KET QUA

3.1 Panh gia chit lwong nwéc mit song
Pong Nai va chi lru bing phwong phap chi sé
danh gia chét lwong nuéc

3.1.1 Hién trang chdt heong nueée song Pong
Nai va cac chi luu nam 2018

Theo Hinh 2, chét luvong nudc tai 4 diém song
DPong Nai (DN1, DN2, DN3 va DN4) kha twong
déng dao dong tir 80,1 — 85, mirc sir dung cho muc
dich cap nude sinh hoat nhung can cac bién phap xir
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1y phu hop. Chat lugng nudc tai 7 diém chi luu séng
DPdng Nai (RDN1, RDN2, RDN3, RDN4, RDN6,
RDN7, RDNS8) dao dong tir 60,6 — 74,5, mic st
dung cho muc dich tudi tiéu va cac muc dich tuong
duong khac. Tuy nhién, riéng chat luong nudc tai
diém RDNS5 con kha thap voi gia tri 13 48,0 muc su
dung cho giao thong thuy.

Theo Hinh 3, chat lwong nudc thanh phan séng
Dong Nai clia céc thong sb ¢6 thay doi theo hudng
tich cuc. Trong d6, thong sd chit luong nude
phosphat (PO4*), Coliform, TSS cai thién dang ké.
Nguoc lai, chét lugng nude pH, DO, BODs, COD

100
90
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40
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20
10
00

WOQI

Hinh 2: Trung binh chét lwrgng nuéc song
Pong Nai va cac chi lwu nam 2018

3.1.2 Dién bién chdt leong nweée trung binh
nam song Bong Nai

Hinh 4 cho thiy chit lvong nudc song Pdng Nai
din bién tich cuc qua cac nam tir 2012 dén 2018.
Tai song Déng Nai, chi s6 WQI ¢6 su bién dong tur
2012 — 2015 dao dong tir 60 — 90. Chét lwong nudc
trong giai doan nay cé xu hudng céi thién. Riéng
diém DN3 va DN4 c6 nhiéu bién dong boi cac diém
nay la noi hop luu cac nhiéu kénh rach thude chi hru
song Pong Nai c¢6 chat luong nudce thip. Giai doan
¢6 su bién dong it tir 2015 dén 2018 WQI dao dong
tir 80 — 88. Chat lugng nudce co thé sir dung cho muc
dich sinh hoat nhung can c6 bién phéap xir ly. Tai cac
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va amoni khong c6 su thay d6i dang ké trong 6 nam
qua. Trong cac nam qua, tinh Binh Duong thuc hién
nhiéu bién phép bao vé méi truong nhu xay dung hé
thong thu gom nudc thai sinh hoat & cac d thi 16n,
bé tong hoa duong giao thong, di doi cac xi nghiép
nam nghiép nam ngoai khu céng nghiép, nghiém
chinh yéu cau xtr Iy nudc thai déi voi cac xi nghiép.
Do d6, TSS (phan 16n do anh huéng nudc mua chay
tran) va PO4* (hoat dong cong nghiép), Coliform
(sinh hoat) c6 sy cai thién. Cac thong s6 chat luwong
nude pH, DO, BODs, COD va amoni con chiu anh
huong nhiéu ctia hoat dong d thi chura c6 nhiéu thay
doi.

=—=2012
==2018

Hinh 3: Trung binh chung chi s6 chét lwgng nwéc

&9

thanh phin séng va chi luu Pong Nai nim 2012 va 2018

chi luu, chét luwong nudc co sy bién dong lién tuc
qua cac nam theo xu hudng tich cuc. Khac véi chat
luong nudc tai song chinh, cac chi luu song Dong
Nai c6 mirc d6 6 nhiém cao hon bién d6 dao dong
chat lwong nudc tir 31 — 77. Hau hét cac diém c6
chit lwong nudc cai thién trong giai doan 2012 -
2018, riéng RDN5 va RDN7 ¢6 xu hudng suy giam
chit lwong nudc. Nguyén nhan dan dén chat luong
nude tai song Dong Nai va cac chi luu c6 xu hudng
cai thién 1a do hiéu qua tich cuc thyc viéc trién khai
quyét liét cong tac bao vé moi trudng nude mit cia
tinh Binh Duong va céc tinh 1an can nhu Pong Nai,
Binh Phude,...
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Hinh 4: Dién bién chit lwong nwéc trung binh nim tai cac diém quan tric: a) song Pong Nai;
b) cac chi luu song Pong Nai

3.2 Panh gia chit lrgng nuwéc song Pong
Nai va cac chi lru bang GRNN
3.2.1 Lwa chon bién trong mo hinh GRNN

Két qua phan tich trong quan Pearson cho biét
cac bién dcu c6 su lién hé vai chi so chat lugng

nude. Sau d6, cac bién dugc sang loc qua phan tich
hoi quy twong quan da bién bang ky thuat Stepwise,
két qua thu dugc 10 mo hinh hdi quy thé hién trong
Béang 1.

Bang 1: Tém tit lya chon bién tir phan tich hdi quy twong quan

MO Tham s6 trong mé hinh B} on Hign RMSE R?> RZ%qgj

hinh vao/ra trang
1TSS TSS Vao 0,170 0,408 0,407
2  pH/TSS pH Vao 0,114 0,735 0,734
3 pH/TSS/EC EC Vao 0,104 0,779 0,778
4 pH/TSS /D duc/EC boduc Vao 0,097 0,808 0,807
5 MI1/pH/TSS /D duc/EC M1 Vao 0,095 0,817 0,816
6 Ml1/pH/COD/TSS/Dgj duc/EC COD Vao 0,093 0,824 0,823
7 M1/M3/pH/COD/TSS /D duc/EC M3 Vao 0,093 0,826 0,825
8§ M1/M4/M3/pH/COD/TSS/D duc/EC M4 Vao 0,090 0,836 0,834
7 M4/M3/pH/COD/TSS/Dd duc/EC M1 Ra 0,090 0,836 0,834
8 M4/M2/M3/pH/COD/TSS/D duc/EC M2 Vao 0,090 0,837 0,836
9 M4/M2/M3/pH/COD/TSS/Amoni/ Do duc/EC Amoni Vao 0,090 0,838 0,836
10 M4/M2/M3/pH/DO/COD/TSS/Amoni/DP§duc/EC DO Vao 0,089 0,839 0,838

Bang 1 cho thiy cac bién pH, TSS, D6 duc va
EC 1a cc bién c6 mitc d6 lién hé cao voi chi sb chét
luong nude duoc thé hién trong mé hinh tir 1 — 4.
Thong s khi twong nhiét do trung binh thang (M1)
va d6 4m trung binh thang (M3) 14 hai trong bén
thong s6 khi tugng c¢6 su lién hé cao nhat d6i voi
chat lwong nudc tai Séng Pdng Nai doan chay qua
tinh Binh Duong thé hién trong mé hinh hdi quy 5
va 7. So sanh giita cac m6 hinh, mé hinh 5 gdm céc
bién M1, pH, TSS, Do duc va EC ¢6 s6 lwong bién
it nhung dam bao sai s6 RMSE thép 0,095, hé sb xac
dinh R? va R%; hidu chinh cao lan lugt 0.817 va
0.816. Do 4m khong khi 1a mot trong bién khi twong

dugc kha nhidu nghién ciru str dung khi danh gia
chat luong nuéc nhu Lee and Resdi (2016). Muyc
tiéu trong nghién ctru nay la xay dung mo6 hinh danh
gia chit lugng nudc nhanh va chi phi thip nhat
nhung van dam bao d¢ tin cay va chinh xac. Do do,
céc bién trong mé hinh 5 bién va bién d6 4m trung
binh thang duoc lya chon dé tién hanh xay dung mo
hinh d4nh gia chat lugng nudc bing mang GRNN.

Mb hinh héi quy twong quan 6 bién thu dwoc
phuong trinh sau (cong thirc 11):
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WQI = -0,05427xM1 + 0,01352xM3
+ 0,37502xpH + 038799xTSS + (11)
0,22813xD¢ duc -0,34032xEC

R? = 0,842, RMSE = 0,086, P = 0, Dustin
waston = 1,535. K&t qua cho thay mé hinh hoi quy
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tuong quan da bién danh gia chat luong nudc rit co
¥ nghia thong ké. Kiém dinh cac bién tham gia vao
mo hinh cho thiy 5/6 bién 1a rit c6 ¥ nghia thng
ké (p <0,01). Bién M3 (d6 4m trung binh thang) c6
p = 0,33 > 0,05, diéu ndy c6 nghia M3 khéng co ¥
nghia thong ké trong mé hinh hdi quy twong quan
danh gia chat luong nude (Bang 2).

Bang 2: Kiém dinh thong so trong mé hinh hdi quy twong quan

Chan duéi Chan trén

Thong s6  Giatri Saisé chuin Pr>|t| (95%) (95%)
Intercept 0,0000

Ml -0,0543 0,0196 -2,7633 0,0059 -0,0929 -0,0157
M3 0,0135 0,0139 0,9752 0,3300 -0,0137 0,0408
Ph 0,3750 0,0179 20,9175  <0,0001 0,3398 0,4102
TSS 0,3880 0,0183 21,1963  <0,0001 0,3520 0,4240
Do duc 0,2281 0,0199 11,4354  <0,0001 0,1889 0,2673
EC -0,3403 0,0314 -10,8239 < 0,0001 -0,4021 -0,2785

3.2.2 M0 hinh chdt lwong nwéc bang mang
GRNN

Céu tric mang GRNN HelO; thu duoc két qua
md hinh nhu sau:

M hinh déanh gia chat luong nude GRNN thu
duoc ket qua huan luyén mang rat tot R= 0,974 (giai
thich 97,4% bién trong mo6 hinh danh gia chat lugng

nuéc), R2 = 0,948, RMSE = 0,052 va chi sb Nash—
Sutcliffe = 0,945 (gan 1) va két qua kiém tra mé hinh
huén luyén thu dugc R = 0,957, R2=0,916 , RMSE
= 0,061 va chi s6 Nash—-Sutcliffe = 0,913. Két qua
huén luyén va danh gia mo hinh cho thiy mo hinh
danh gia chat luong nudc bang GRNN ¢6 do chinh
xé4c cao va co do lién chit ché véi két qua danh gia
chat luong nudc theo quy dinh ctia Viét Nam.

Bang 3: Thong ké mé hinh danh gia chit lrgng nwéc bang md hinh GRNN va hdi quy twong quan

Phwong phap  Tap dir liéu R R? RMSE E
Huén luyén 0,974 0,948 0,052 0,945

GRNN (6 bién) Kiém tra 0,957 0,916 0,061 0,913
U'c tinh 0,968 0,938 0,055 0,937

Hbi quy tuong Hufn luyén 0,918 0,842 0,086 0,840
v Kiém tra 0,895 0,802 0,109 0,792

quan (6bien) (74 iy 0,872 0,760 0,107 0,750

* Cdc bién tham gia trong mé hinh ndy chinh la cdc bién dwegc sir dung tinh todn chi sé WOI

Mo hinh hdi huy twong quan thu duoc két qua
khé tot (md hinh huén luyén R= 0,918, R? = 0,842,
RMSE = 0,086 va chi s6 Nash—Sutcliffe = 0,840),
tap danh gia két qua mo hinh R= 0,895, R? = 0,802,
RMSE = 0,109 va chi s6 Nash-Sutcliffe = 0,840.
Qua Bang 3, m6 hinh GRNN c¢6 két qua hoat dong
tot hon & tat cd céc chi tiéu khi so sanh véi md hinh
hdi quy, dic biét sai s6 RMSE thip hon déng ké
(huén luyén 0,052 <0,086, kiém tra 0,061 < 0,109).
Két qua nghién ctru chi ra rang mang no ron nhan
tao c6 hoat dong tot rit nhiéu so v6i mé hinh hoi
quy, diéu nay ciing dugc chimg minh trong nhiéu
loai mang khac trong cac nghién ciru trudc day nhu
Banejad va Olyaie (2011), Nasir et al. (2012).

3.2.3 Két qua danh gid chdt lwong nwée bang
mé hinh GRNN

'St dyng md hinh GRNN da xay dung, chi sb
chat luong nudc song Pong Nai va cac chi luvu nam

2018 khu vye tinh Binh Duong dugc tinh toan. Két
qua tinh toan mé hinh thu dugc két qua rat tot: hé s6
xac dinh cao (R? = 0,938, RMSE = 0,055, E =
0,937). So sanh két qua tinh toan WQI giita mé hinh
GRNN va hdi quy twong quan ching minh rdng mo
hinh GRNN hoat dong tbt trong diéu kién dy liéu
khac nhau. Két qua tinh toan WQI tir mé hinh hoi
quy cho h¢ sb xac dinh ¢6 do twong quan kha R? =
0,760 va sai s6 RMSE =0,107, E = 0,750 thap hon
dang ké so voi mé hinh GRNN. Hinh 5 cho thay chi
sO chat lugng nudce trung binh tai cac diém quan tric
cua mo hinh mang GRNN (WQI_GRNN) ¢6 su lién
hé rat chit ché voi chi s6 WQI 879. Bén canh do, két
quéa danh gia chét luong nude song Pong Nai nim
2018 bang mang GRNN c6 chat lugng nude con tt,
dao dong tir 80,2 — 82,9, chénh 1éch giita 4 vi tri
khong nhiéu. Két qua danh gia chét lwong nude cac
chi lwu song Pdng Nai nam 2018 bang mang GRNN
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¢6 chat lugng nudc & muc trung binh dao dong tir
52,6 —75.8.

Kiém dinh sai s6 két qua dénh gia chét luong
song Dong Nai va cac chi luu so véi phuong phap
danh gia chat lugng nudc theo chi sé chat lwong
nuée ciia Tong cuc Moi trudng cho gia tri RMSE =

100
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7,3 rét thip. Do d6, két qua dénh gia bang phuong
phap GRNN cho chat lugng nude 1a dang tin cay.

Két qua phan tich hdi quy tuong quan giita hai
két qua danh gia ciing cho thay R? = 0,873 va R2
hiéu chinh = 0,873, P = 0 cho thiy phuong phap
GRNN cho chit lwong nudc 1a phu hop véi cach
danh gia WQI.

PN1 BN2

= @==WQI 879

WQI_GRNN

PN3 DN4 RDN1 RDN2 RDN3 RDN4 RDN5 RDN6 RDN7 RDNS

O WQI_Reg

Hinh 5: Két qué wéc tinh WQI song Pong Nai va cdc chi luu tinh Binh Dwong nim 2018
bang m6 hinh hoi quy twong quan va GRNN

3.3 Phan viing chit lrgng nuwéc song Pong
Nai va cac chi luu

Str dung GIS dé lap ban dd chat lugng nue song
Pdng Nai va cac chi luu, két qua ban do chét luong
nude (Hinh 6) cho thay chat luong nudc song Dong
Nai va céc chi luru dao dong tir mirc mau da cam dén
mau xanh nudc bién. Trong d6, ¢6 4 diém quan tric
tai song chinh Pong Nai déu co chat lugng nudc tot
c6 thé sir dung cho sinh hoat thong qua bién phap xu
ly. Ban dd ndi suy khong gian chét luong nudce tai
Hinh 7, chit lvong nudce thap vé phia ha ngudn séng
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DPong Nai noi tiép nhan ngudn nudc thai tir hoat
dong do thi va cong nghi¢p cua cac tinh thudc luu
vuc. Chét lugng nude trén séng Dong Nai hién nay
con kha tdt trong pham vi khu vuc nghién ciru. Bén
canh d6, ¢6 thé thay chat lugng nudc tai cac khu vic
giao giita chi luu séng va song Pong Nai chét luong
nuée thdp hon ¢ khu vyc khic cua nhanh séng
chinh. Diéu ndy cho thdy cac kénh rach hién nay la
ngudn dan dén suy giam chat luong nude song Dong
Nai, dic biét 1 cac chi luu c6 chat lugng nudc thip
nhu RDNS va RDN7.
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GRNN

3.4 Lei ich kinh té tir md hinh dénh gia
chat lwgng GRNN

Mb hinh danh gia chat lugng nudc bing mang
GRNN véi s6 lugng cac bién tham gia danh gia bao
gdm 4 thong sb quan tric méi truong: pH, TSS, do
duc, EC va 2 thong s6 khi trong do am va nhiét do
khong khi trung binh. Trong do, dir li¢u khi tugng
dugc ké thira tir dit liéu khi twong thity van. Do do,

bang md hinh GRNN

chi phi cho mo6 hinh danh gia GRNN dugc tinh toan
cho 4 thong s pH, TSS, d6 duc, EC. Can cir Quyét
dinh s6 22/2018/QD-UBND ngay 20 thang 8 nim
2018 cua Uy ban nhan déan tinh Binh Duong ban
hanh quy dinh vé don gia hoat dong quan tric va
phan tich méi trudng trén dia ban tinh Binh Duong,
lwong chi phi danh gia chét lvong nuéce tir md hinh
GRNN va WQI duoc tinh toan theo Quyét dinh sd
879 cua Tong cuc Mbi truong nhur sau:

Bang 4: Khai toan chi phi danh gia chéit lwgng nuwéc cho mét miu nuée

M6 hinh Théng s6 diu vao Chi phi danh gia Thanh tién

pH, TSS, d6 duc, EC
GRNN  nhiét 46 khong khi trung

binh thang T EC

Chi phi=pH + TSS +d¢ duc Chi phi = 56.400 + 188.300 +

69.600 + 67.200 = 381.500 VND

Nhiét d6 nudc, pH, DO,
WQI 879 COD, BODs, TSS, NH,4",

3. A .
PO, D6 duc, Coliform. Coliform.

Chi phi = Nhiét d6 nudc + pH Chi phi = 56.400 + 56.400 + 82.800
+ DO + COD + BODs+ TSS + +235.400 + 184.700 + 188.300 +
NH4"+ PO + B¢ dyc + 198.900 +210.100 + 69.600 +

470.500 =1.753.100 VND

Theo két qua tinh toan chi phi dénh gid chat
lugng nudc Bang 4, chi phi tinh toan chat lugng

93

nuée theo md hinh GRNN 1a 381.500 VND/mau va
mod hinh tinh todn cua Tong cuc M4i truong la
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1.753.100 VND/mau. Diéu nay cho thdy mé hinh
tinh toan chat lwong nuéc bang mang GRNN tiét
kiém duoc 1.371.600 VNB/mau. M6 hinh GRNN sé&
tiét kiém chi phi dang ké cho kinh phi danh gia chat
luong nude. Bén canh d6, moé hinh danh gia chét
lwong nude nay sé tiét kiém duoc thoi gian danh gia
vi s0 lugng cic bién phan tich trong phong thi
nghiém chi ¢ théng sé TSS. Cac thong sé pH, do
duc va EC dugc do dac nhanh ngoai hién truong.

4 KET LUAN

banh gia chat luong nuée bang mang no ron hdi
quy tong quat cho két qua tot va c6 do chinh xac cao.
Két qua nghién ciru ghi nhan chét lugng nude song
Ddng Nai nam 2018 cai thién 11/12 diém so véi ndm
2012. C4u tric md hinh GRNN IgHO, thu dugc hoat
dong rét tot véi R2 = 0,948, RMSE = 0,052 va chi s&
Nash—Sutcliffe = 0,945 trong mé hinh hudn luyén va
R?=0,916, RMSE = 0,061 va chi s Nash-Sutcliffe
= 0,913 kiém tra mo6 hinh. Két qua u6c tinh WQI
nam 2018 tir mo hinh ciing thu dwoc két qua rat tot,
gi4 tri tinh toan tir md hinh GRNN ¢6 su lién hé chét
v6i chi s6 WQI theo Quyét dinh 879 (R? = 0,938,
RMSE = 0,055).

Mo hinh danh gia chit lugng nuéc GRNN véi
cac bién tham gia danh gia hau hét c6 thé thu thap
nhanh ngoai hién trudng va dir lidu sén c6. Tir do,
chi phi danh gia chit luong nudc chi khoang
381.500 VND/mau, tiét kiém 1.371.600 VND/mau
so vOi phuong phap danh gia hién nay.

Két qua nghién ctru cho }héy mé hinh mang
noron hoi quy tong quat cho két qua danh gia tot vé
chat lugng nude. Mang noron GRNN cén duoc ap
dung vao linh vyc quan 1y va quan trac mdi trudng
nhu 1a géng cu manh m& ho trg quan 1y chat lugng
nude dé phan nao giam dugc thoi gian danh gia va
tiet ki¢ém ngan sach.

LOI CAM ON

Nhom nghién ctru xin trén trong cam on Trudng
Pai hoc Thu Dau Mot da ho trg kinh phi thyc hién
nghién ctru nay va cac phan bién da gép y chinh stra
ban thao dé bai bao dugc hoan thién hon.
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