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Tém tit: Viéc danh gia su thay d6i dudng bo song trude khi xay ke 14n séng va du béo su
thay ddi long dan song khi c6 ké 1a hét sitc quan trong trong cong tac quy hoach va xay
dung ciing nhu van hanh d6 thi. Trong thoi gian gan ddy, cong nghé vién tham di noi lén
nhu mét giai phap vo cing hitu ich cung cép cho ching ta dit liéu anh theo thoi gian va
khong gian v&i d6 phéan giai cao. Bai bao gidi thiéu mot két qua nghién ctru, danh gia, mo
ta dién bién duong bd ctia khu vuc cau Ghénh song Pong Nai tir dit liéu anh vién tham, sir
dung hé thong phén tich Digital Shoreline Analysis System (DSAS) trong giai doan qua khir
tir nam 1988 dén nam 2016 va mo hinh toan MIKE 21C dé dy bao dién bién 1ong dan trong
tuong lai. Két qua nghién ciru cho thay téc do sat 16 trung binh dat khoang 0.6 mét/ nam,
tuy nhién khu vic mili Cti lao Pho dat 1.83 mét/ nim. Két qua dién bién long dan tng véi
luu [ugng tao long cho théy kha ndng bi x61 manh gﬁn vi tri trude cau Ghénh khi thuc hién
du 4n cai tao canh qua va phat trién do thi ven song Pong Nai. Két qua dat duogc tir nghién
ctru c6 thé dung dé du bao dién bién long dan trong tuwong lai dudi anh huong ctia ke song.

Tir khoa: Phuong phéap vién tham; GIS; M6 hinh toan; MIKE 21C; Dién bién dudng bo.

1. Giéi thi¢u

Cung vé6i sy phat trién kinh té - x4 hoi, xdy dung co sé ha ting dé phat trién canh quan
d6 thi tai ven sdng la mot du an ha téng quan trong tao canh quan xanh cho cu dan thanh phé.
Tuy nhién, viéc 1an song s& gdy anh huéng dén dong chay, lam thay d6i ché do thuy luc cua
khu vuc thuc hién du an cting nhu tac dong dén cac doan bd khu vuc 1an can [1]. Do vay,
viéc danh gia su thay d6i duong bo song trude khi ke 14n séng va du bao sy thay doi long
dan séng khi c6 ke 1a thyc sy can thiét dé ¢6 cai nhin khach quan vé sy anh huong cua dy an
dén ché do thuy luc ctia dong chay.

Trudc day, dé danh gia dugc mirc d6 boi, x6i clia duong bo theo thoi gian, chung ta phai
dwa hoan toan vao sb liu do dac hién truong. Tuy nhién, diém yéu cua phuong phap nay 1a
chi do dac dugc & mot sb vi tri cu thé, khong thé do dac dugc toan ving va qua mot chudi
thoi gian dai [1, 2].

Trong nhitng ndm gan day, cong nghé vién tham da phat trién rat manh mé va duoc ing
dung rong rii trong nhiéu linh vuc khac nhau. Anh vién tham 1a dit liéu vo cung hitu ich, thu
thap theo ca thoi gian va khong gian véi do phan giai cao, co thé theo ddi quan sat duoc su
thay d6i cta tham thyc vat theo thoi gian. Viéc tng dung anh vién tham dé theo ddi su thay
d6i duong bo da duoc ing dung trong nhidu nghién ciru boi vi phuong phéap nay co thé khic
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phuc duoc nhuge diém cia phuong phap thue do [3-6]. Hién nay, c6 nhiéu phuong phap
duoc str dung dé phan tich bién dong dudng bd, trong d6 hé théng phan tich duong bd DSAS
(Digital Shoreline Analysis System) dugc xem la mdt cong cu hi¢u qua duoc st dung rong
rdi. DSAS c6 thé tich hop v6i phan mém ArcGIS dé phan tich thong tin dia 1y va tinh toan
toc do thay ddi duong bo theo ca khong gian va thoi gian [1-3, 7, 8]

Viéc danh gia dién bién bdi, x6i clia dudng bd bang phuwong phap vién tham va GIS 1a
rat loi thé boi hé thong vién tham co thé luu trit dir liéu hinh anh theo lich sir [9-11], tuy
nhién dé c6 thé du bao muc do dién bién 1ong dan trong song, phuong phap mé hinh toan,
nhu mé hinh thiy Iyc 2 chiéu, 1a phuong phap thé hién wu diém vuot troi. Doi véi doan song
cong, dac trung nhu khu vire s6ng Bong Nai, mé hinh thuy luvc MIKE 21C ¢6 thé mé phong
t6t vé long dan [12-15].

Nghién ctru nay 1a dé danh gia su bién dong cuia dudng bd trong qua khir giai doan tir
1988 dén 2016 sir dung anh vién tham va DSAS, va dé du bao dién bién long dan cho doan
song cong sir dung mo hinh thuy lyc hai chiéu MIKE 21C cho khu vy séng Dong Nai doan
tir ciu Hoa An dén cau Ghénh.

2. Dir liéu sir dung va phuong phap nghién ciru

2.1. Khu viee nghién curu

Khu vuc nghién ciru nam trong vung Dy an cai tao canh quan va phat trién do thi ven
song Pong Nai thuoc phuong Quyet Thang, Tp. Bién Hoa, tinh Bong Nai [16] voi tong dién
tich 150. 939 m? bao gom: phan dién tich xay dung moi 102.999 m?, phan dién tich cai tao
47.940 m?. Khu vyc du an nam doc bd séng Dong Nai, khu vire phuong Quyét Thiang dugc
béo vé bang tuyén ké.

Hinh 1. Khu vuc nghién ctru.

Trén pham vi thuong va ha luu khu vire dy an c6 cac cong trinh cau xay dung trén song
la cau Hoa An 2, cdu Ghénh, cau Rach Cat, cau Biru Hoa va cau Ddng Nai.
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2.2. Co so dir lieu va qua trinh xu ly

2.2.1. Anh landsat

Dé danh gia dién bién thay d6i dudng bo, dir liéu anh landsat theo thoi gian duoc lya
chon dé phuc vu cho nghién ctru. Hién nay dbi véi anh vé tinh Landsat, ngudi ta str dung cha
yéu 3 anh: Landsat 4-5, Landsat 7 va Landsat 8. Dé thuan tién cho nguoi dung trong cong tac
lya chon cac phuong phap t6 hop mau dbi vai cac anh vé tinh Landsat, c¢6 thé dua vao bang
tham chiéu chuyén d6i hé mau giita anh Landsat 5, 7 va Landsat 8 [16]. Trong nghién ctru
nay, dir li€u anh landsat tir nam 1988 dén nim 2016 dugce thu thap va xur ly.

Bang 1. T6 hop band anh cua Landsat [17].

Phuong phap t6 hop :::232:; ; Landsat 8
| Color Infrared: Mau hong ngoai (thuc vat) 4,3,2 54,3
' Natural Color: Mau tu nhién 3,2,1 43,2
% ‘. " False Color: Gia mau phan tich thuc vat 54,3 6,5,4
False Color: Gia mau (d6 thi) 75,3 7,6,4
o False Color: Gia mau (mau ty nhién véi sy thdm nhap khi 742 753

2.2.2. Dir 1iéu mo6 hinh thuy luc

Dit liéu dé phuc vu mé phong thay liuc bao gém dit lidu dia hinh, dia chét, dir liéu khi
tuong, thuy van, bun cat, dir liéu mat ct song va dir li¢u khao sat thuc dia.

- Tai liéu dia hinh: mit cat ngang séng Pong Nai doan tir ciu Hoa An dén cdu Ghénh tir
nam 1982, 2007; tai liéu dia hinh do thang 9/2008; tai liéu dia hinh do bd sung thang 4/2015,
10/2016.

- Tai liéu dia chét: 9/2008 do cong ty ¢d phan tu van dau tu GEOQ khao sat thang 3/2012.

- S6 lidu khi twgng thuy van, bun cét trén luu vuc séng Dong Nai.


http://3.bp.blogspot.com/-Nh61R6hOBnA/VDaql2PyDpI/AAAAAAAAANM/UQ1BsisCWiA/s1600/6.bmp
http://1.bp.blogspot.com/-p-kMz9ZKgS8/VDatG_zElBI/AAAAAAAAANs/7Z8CtmoG-8Y/s1600/6.bmp
http://2.bp.blogspot.com/-BNI4ICQcoDQ/VDatUIrgMAI/AAAAAAAAAN0/zUajCGT1j0k/s1600/6.bmp
http://3.bp.blogspot.com/-DzeK0VNHoUQ/VDatkx-kIGI/AAAAAAAAAN8/TqGiXjywjbA/s1600/6.bmp
http://1.bp.blogspot.com/-dhEcOnnnPec/VDatu5289AI/AAAAAAAAAOE/iih8j7WstKg/s1600/6.bmp

Tap chi Khi twong Thuy van 2024, 759, 1-15; doi:10.36335/VNJHM.2024(759).1-15

4

- Céc ban vé& vé khao sat, quy hoach tuyen thlet ké xay dung ha ting trén pham mit bang
khu dét 14n ra song 6/2013 tur Cong ty c6 phan tu van xay dung Pong Nai. o
- Ban v& md ta mit cit dia chét doc tuyén cong trinh tir Cong ty c¢b phan tu van dau tu

GEOQ.

2.3. Phuong phap nghién ciru

2.3.1. Phuong phap dién toan duong bo

Nghién ctru [18] da gidi thiéu mot phuong phap dé chiét tach duong bo tir Landsat
toolbox dya trén anh Landsat TM va ETM+. Landsat toolbox 1a mdt cong cu hd tro trén nén
ctia Arcgis, ding dé phuc vu céc tinh toan lién quan dén anh Landsat. Céch chiét tach duong
bo tir anh Landsat duoc thuc hién nhu trén hinh 2.

Bude 1: Stra cdc anh do 15
dudng quét ddi véi cac
anh Landsat 7 ETM+ tir
nam 2003 tro lai day.

—)

Bude 2: Tinh toan cée chi sb:
Brightness, Greeness, Wetness
tir td hop ctia 6 band anh: Band
1, Band 2, Band 3, Band 4,
Band 5, Band 7.

Budce 3: Tinh toan chi 6 NDVI

5 (near infrared).

Band 5 — Band 4
NDVI =

théng qua Band 4 (red) va Band

Band 5 + Band 4

Il

Burdc 4: Phan cp ving dit va
e

Budc 6 Kidm tra va hiéu
chinh két qua durdng b so
vdi anh néu co sai léch.

Bude 5: Tao dudng bo fir dong
tir cap ving dat va nude.

— ——

Hinh 2. So d6 cac budc thyuc hién dé chiét tach duong b tir anh Landsat.

Sau khi trich xuat duoc duong bo tir dir liéu Landsat bang ¢éng cu DSAS thi ta s& tinh
toan duoc ty 18 dich chuyén va thay d6i duong bo. DSAS tao ra cac mit cat vudng goc véi
duong co s¢ vdi khoang cach do nguoi st dung tu dinh nghia doc theo duong bo, cic giao
diém mit cit ciia duong bo véi dudng co s¢ s& duoc sir dung dé tinh toan cac sb liéu thong
ké ty 1& thay d6i mot cach ty dong [19].

Sy dich chuyén ciia dudng bd duge xac dinh bang cac dudng co so (baseline), dé DSAS
dira vao do tinh toan su thay doi duong bo theo thoi gian. Pudng co sé duge xdy dung véi
cac thong tin do nguoi str dung cong cu DSAS lya chon, va dong vai tro 1a phap tuyén tai
mdi giao diém cho nhirng duong cit ngang (transect). Transect 13 nhitng dudng dugc cong
cu DSAS dung Ién theo dac trung nguoi s dung chon lua, cac transect nay c6 mot dau xuat

phat tir dudng co so va cdt ngang qua cac duong bd can tinh toan. Giao diém bai cac duong
VI TRi CAC MAT CAT TiNH TOAN

106°4840°E 106°49°20°E

KET QUA PHAN TiCH DUONG BO SO BO NGAY 16/02/1990

396000 398000 400000 402000 106°4820°E 106°49°0°E 106°49'40°E

10°570°N

% B Théng

Nam 1988 mét c:
Nam 1990 mét ca

Nam 1995 mat cét bo ta

Nam 1998

10°55'40'N
10°55'40°N.

T T
106°48'20"E 106°48'40°E

Hinh 3. Két qua chiét tach duong bo tir anh Landsat (a) va vi tri cac mit cét (b).

106°490°E 106°49°20°E 106°49'40°E
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transect va cac dudng b s& cung cAp mot ludi dir 1iéu cho DSAS tinh toan cac théng s6 phuc
vu danh gia viéc thay d6i dudng bo theo thoi gian.

Trong pham vi doan séng nghién ciru, cic mit cit cach nhau 30 m, & cac vi tri c6 cong
trinh quan trong hay cac vi tri c6 kha ning xo6i, bdi cao thi chia khoang cach cac mit cit day
hon (Hinh 3). DSAS c6 kha ning thuc hién nhiéu phuong phap tinh toan théng ké khac nhau:
Shoreline Change Envelpe (SCE), Net Shoreline Movement (NSM), End - Point Rate (EPR),
Linear Regression Rate (LRR), Weighted Linear Regression (WLR) hodc Least Median of
Squares (LMS). Viéc lua chon phuong phap théng ké thi phu thudc vao sd lugng va chét
luong duong bo. Ngoai ra, cong cu hd tro tinh todn dudng bd DSAS ciing xét dén céac yéu td
nhu tdc d6 bdi x6i, khoang cach thay ddi 16n nhit.

2.3.2. Phuong phap mo hinh toédn

Vién thuy lyc Pan Mach (DHI) da gidi thi¢u bo mo hinh thuy dong luc MIKE dé tinh
toan dién bién hinh thai long séng 2 chiéu, dic biét 1a MIKE 21C cho nhiing doan séng cong.
Do vay, nghién ctru nay ung dung md hinh MIKE 21C dé danh gia, du bdo muirc dg x0i, boi,
sat 10 bo séng va dién bién 1ong din cho doan song tir cau Ghénh dén cau Héa An cta song
Pong Nai.

a) M6 hinh thuy luc 2 chiéu (Hydrodynamic)

Mo hinh thity dong luc hoc ding dé mé phong muc nude va dong chay trong song bang
cach giai h¢ phuong trinh Saint Venant thong qua cac ludi cong. H¢ phuong trinh nay dugc
giai bang k¥ thuat sai phan 4n voi cac bién duoc dinh nghia trén ludi tinh toan so le [15] duoc
mo té nhu sau:

2_ 2
2E + an<> + B gt BRI SRS (19

at

aq 6 q? — p? 0H gq\/p+q

42 E 7P L aghE+ £

aat gs 6) On(h) 2hRs hRn ghan C2 h?2 =RHS (1b)
H

_.|._p _q_q+£:0 (1c)

ot @s on Rs Rn
Trong d6 s,n la vi tri trong h¢ toa do cong; p,q 1a luu lugng theo hudng s va n; H la cao

trinh myuc nude; h 1a do sdu myc nudc; g la gia toc trong truong; C 12 hé s6 Chezy; Rs, Rn la
ban kinh cong ctia duong s va n; RHS la hé s6 Reynold.

b) M® hinh hinh thai (Morphology)

Hinh thai cua long dan dugc dic trung boi dong chay vong, van chuyén bun cat va thay
d6i do cao day long song.

- Dong chay vong 1a dong chay tht cip gy ra do su chéch hudng ciia tng suit tiép
day badi dong sat day véi dong chay chinh, 1a nguyén nhan chinh cua x61 vong, x61 hop luu
[15]. Sy chéch hudng nay dugc tinh nhu sau:

tan 8 = - BRL (2)

S

Trong do &5 1a goc 1ech gitra tmg suat tiep day va dong chinh; h 1a 46 sau dong chay; R

I ban kinh doan song cong; B 1a hé so dugc tinh nhu sau:
=a %( 1- K—“f) vé6i K 1a hiang s6 Van Karman, C 1a sé Chezy va « 14 hang s6 kiém dinh

mo hinh. q

- Van chuyén bun cat trong MIKE 21C dugc tinh toan dua trén mdt trong cac cong thirc
cua Engelund - Hansen, Engelund - Fredsoe, van Rijn hay Meyer - Peter [15].

- Su thay d61 dia hinh ddy song duogc tinh todn dua trén lugng bun cat day va bun cat lo
lung:

9z | 0Sx asy _

(1'n)E + E = @Si (3)
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Trong d6 Sx va Sy 13 bun cét téng theo phuong x va y; n 1a d6 rdng cua ban cat van
chuyén; z 1a cao trinh day; t 12 thoi gian; X,y 1a toa dd Dé cac; @Si 1a bun cat cung cap do x6i
bo.

Dé thiét 1ap mo hinh dién toan long dan cho khu vire song Pong Nai bang m6 hinh MIKE
21C, dit liéu dau vao ciia moé hinh dong vai trd quan trong vi nd quyét dinh d6 chinh xéc cua
m0 hinh. Céc dit li¢u dau vao ctia mo6 hinh MIKE 21C ¢6 dugc tir két qua tinh todn mé hinh
thily lwc MIKE 11 trén hé thong séng Sai Gon - Pong Nai.

So db thay luc tinh toan nghién ciu trong MIKE 11 bao gdm toan bd hé thong song
Pong Nai Sai Gon duoc sb hoa voi tong sb 269 nhanh song chinh véi tong chibu dai duogc
mo phong khoang 1926,7 km, va 7563 nut tinh toan va 707 mit cat. S6 liéu dia hinh va khi
tugng thiy van tai cac tram do duoc thu thap, kiém tra d0 chinh xac dé dam bao chét lugng
phuc vu cho viéc phan tich danh gia ché d6 dong chay va van dé tiéu thoat i trén song Dong
Nai. M6 hinh MIKE 11 dugc hiéu chinh véi tran 1 thang 10/2000 va so sanh vai s6 liéu thuc
do dé hiéu chinh hé s6 nham md hinh thong qua chi s6 kiém dinh NASH tuong Ung tai tram
do (Bang 2).

Bang 2. Két qua hiéu chinh mé hinh MIKE 11.

Hmax (m) Hmin (m) X
2 . ] Sai sb ; Sai sb HE so
TT Tram kiém tra Song 22: Thwe do Hmax (m) Eg: Thwedo  Hmin (m) Nash
(Ttoan-Tdo) (Ttodn-Tdo)
1 Bién Hoa bdng Nai 2,17 2,19 -0,02 -0,67 -0,66 -0,01 0,95
2 Bén Luc Vam Co bong 1,37 1,38 -0,01 -0,2 -0,22 0,02 0,95
3 Tha Dau Mot Sai Gon 1,27 1,26 0,01 -153 -1,52 -0,01 0,97
4 Nha Bé Nha Bé 1,38 1,42 -0,04 -1,57 -1,62 0,05 0,87
5 Phd An Sai Gon 1,44 1,43 0,01 -156 -1,53 -0,03 0,94
Tran lii thang 10/2007 12 tran 1i dién hinh va dugc lya chon dé kiém dinh mé hinh MIKE
11.

Bang 3. Két qua kiém dinh m6 hinh MIKE 11.

Hmax (m) Hmin (m)

z : Hé so
. Sai so Sai so ;
TT Tram kiém tra Tinhtodn Thwedo Hmax(m) Tinhtodn Thucdo  Hmin (m) Nash
(Ttoan-Tdo) (Ttoan-Tdo)

1 Bién Hoa 2,06 2,05 0,01 -0,82 -0,78 -0,04 0,89
2 Bén Lirc 1,41 1,4 0,01 -1,08 -1,06 -0,02 0,97
3 Tha Dau Mot 1,25 1,24 0,01 -1,38 -1,4 0,02 0,93
4 Nha Be 1,42 1,46 -0,04 -2,2 -2,21 0,01 0,96
5 Phu An 1,47 1,49 -0,02 -1,71 -1,72 0,01 0,95

Két qua kiém dinh tran Iii thang 10/2007 cho thiy sai sb giita tinh toan va do dac 12 0,01+
0,04 m (Bang 3). Qué trinh myc nudc 1én va xudng giita quan tric va mo phong 1a phi hop
va bam sat voi nhau, su chénh 16ch gitta dinh triéu va chan triéu 1a rat it (Hinh 4). Do d6, c6
thé sir dung két qua ctia mé hinh MIKE 11 lam dau vao cho mé hinh hai chiéu dé danh gia
bién dong 1ong dan khu vuc nghién ciru.

Sau do, nghién ctu thuc hién thiét 1ap m6 hinh MIKE 21C véi luéi tinh toédn 1a ludi
cong, mién ludi tinh toan bao gom 800x240 6 ludi, Bién vao 1a phia thuong luu doan séng
la qué trinh luu luong Q-t v&i bo phai 1a phuong Tan Hanh, bo trai 1a phuong Biru Long
thanh phd Bién Hoa, tinh Dong Nai, tai vi tri Bén do Tan Ba - Biru Long (cach cau Hoéa An
vé thuong luu khoang 3.300 m). Bién ra phia ha luu doan song la qua trinh myc nu6e H-t,
bo phai 1a phuong Long Binh, Quén 9, TP. Hb Chi Minh. B¢ trai la phuong Long Binh, thanh
phd Bién Hoa, tinh Dong Nai, tai vi tri cach cau Pong Nai khoang 1000 m vé phia ha luu.
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Bién bun cat dugc 1y v6i duong kinh hat d50 = 0,1mm; d6 rdng 0,35; ty trong cat 2,65 va
thong s6 Shield to1 han 0,056.
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Hinh 3. Két qua hiéu chinh (a) va kiém dinh (b) muc nudc tai tram Bién Hoa.
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1000 m)
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Hinh 4. Ludi tinh toan va dia hinh khu vuc nghién ctu.
3. Két qua va thio luin

3.1. Két qua phaén tich dwong bor

Dé thuan tién cho viéc phan tich, khu vuc nghién ctru dugc chia thanh 2 khu vuc nho
tinh tir thugng luu xudng dudi ha luu theo 3 giai doan tir nam 1990 dén 1999, tir nim 2000
dén 2009 va tir 2010 dén 2016 nhu sau:

- Khu vuc 1: Poan tir cdu Hoa An dén ngi ba song gan khu vuc mé rong bai ven song.

- Khu vyc 2: Tir ngé séng xudng dén ngi ba nhéap luu cua hai nhanh song

a) Phan tich dién bién doan tir cau Hoa An dén nga ba song.

Poan song tir cau Hoa An den ngi ba song dién bién duong bd co su thay doi khong
nhiéu, tuy nhién tai mot s6 vi tri xudt hién hién tuwong sat 16.

Trong giai doan tir 1990-1999, ddi voi mua kiét tai vi tri mo rong ngay sau doan eo thu
hep, bo ta xuat hién x6i véi su dich chuyén dudng bo 16n nhat 1a 3,8 mét, téc d6 x6i 16n nhat
dat 0,38 m/nam. Bén bo hitu ¢ boi nhe, tdc d6 bdi dat 0,3 m/nam. Tuy nhién, dén mua 10 thi
su dich chuyén duong bd hau nhu khong nhidu. Trude ndm 2008, gan khu vuc cong vién
Bién Hoa, tai bo ta khu vuce cong vién bi sat 16, nhung tir ndm 2008 dén nay thi duodng bo
tuong d6i 6n dinh do c6 bd ké bang coc bé tong du tng luc.

Dic biét tir nim 2014-2016, hién trang doan song khu vuc phuong Quyét Thing dang
thue hién du an “Cai tao canh quan va phat trién do thi ven song Pong Nai” [16]. Du 4n nay
c6 quy md 8,4 ha (84.000 m?), nam doc theo séng Pong Nai véi dién tich mé rong khu bai
ven song 1én td1 hon 7,7 ha, chi c6 hon 0,6 ha la dét hién hiru. Dy 4n nay kéo dai hon 1,3 km
tir cong vién Nguyén Vin Tri (d6i dién UBND tinh Pong Nai) dén cau Rach Cat (P. Quyét
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Théng), va mé rong bai ra doan hep nhét 12 30m, con doan rong nhét khoang 100m nén dudng
bd doan song nay c6 sy dich chuyén 13 rét [20]. Sy thay d6i duong bo trong giai doan nay €6
theé gay tac dong dén dong chay phia dudi ha luu.
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Hinh 6. Sy thay dbi duong bo qua cac nam tai vi tri diu CU Lao Phé.

Tai vi tri du Cu Lao Phé thudc phﬁn ha Iuu khu vye mé rdng bai song day 1a vi tri dong
chay phan lach, c6 hién tuong x6i. Sy dich chuyén duong bo 16n nhét trong doan nay dat
17,7 m véi toe d6 sat 16 1 0,63 m/nam (Hinh 6).

Ddi véi cu lao Phd, do dic trung hinh thai cua doan song phan lach, lach phai phat trién
manh, lach trai cu lao Phd phat trién yéu, dong chay vao lach chinh 16n hon. Do sy phan chia
lwu lwong thay doi giira hai lach dan dén sat 16 manh ¢ dau cu lao Phé.

Tir két qua tinh toan nhu hinh 7 ta thiy khoang cach dich chuyén dudng bo 16n nhét
trong vong 28 nam dat 51,4 m. Piéu d6 cho thiy, su bién d6i ctia dong chay phia thuong luu



Tap chi Khi twong Thiiy vin 2024, 759, 1-15; doi:10.36335/\VNJHM.2024(759).1-15 9

tac dong 16n dén miii Cu lao Phé voi tde do sat 10 trung binh dat 1,83 m/nim. Day 1a tbc do
sat 16 rat 1on, co thé tac dong dén hinh dang cua cu lao Pho.

b) Phan tich dién bién duong bd doan tir nga ba song xudng dudi doan nga ba nhép luu.

+ D01 voi doan tir nga ba song Xuong dué6i ngd ba nhap luu, vi tri cach cau Ghénh khoang
550m vé phia ha luu, bo hiru bi x61 voi toc do binh quan khoang &Z=1,1m -1,3m.

Tai vi tri cach cdu Ghénh khoang 170 m vé phia ha luu, do dac diém long song bén bo
ta long song sau va dbc, phia b hitu giai doan tir 1990-1999 bi x6i v6i tbe do 16n nhat dat
0,6 m/nam. Dén giai doan tir ndm 2008 dén nay, mic do thay d6i dudng bd dbi v6i bo hitu
trung binh dat 0,4 m/nam.

+ Vi tri khu vue Cu Lao Phé cach cau Ghénh vé phia ha luu khoang 1200 m, phia bo ta
¢6 sy dich chuyén dudng bo 16n nhat dat 17,8 m trong vong 28 nam, tbe do dich chuyén dat
0,63 m/nam.

Dua trén ban dd dién bién long dan, tién hanh danh gia, phan tich va xéc dinh mdt $6
quy luat dién bién can thiét cho tung khu vuc cu thé phuc vu cho cong tac du bao: Tdc d6 va
quy md x6i boi hai bén bd ta va hiru, toc do dién bién x6i khu vuc cii lao. Quy mo, téc do sat
16 bo va vi tri sat 16 tai khu vuc nghién ctru trong giai doan tir 1988 dén 2016, duoc ghi trong
bang sau:

Bang 4. Két qua tinh toan bdi, x6i ciia khu virc nghién ctu.

Chidu régng sat I6sau  Téc do sat |6 trung

Vitri BYSONG 40 biy Ién nhéit (m) binh (m/niim)
Khu Vu(f dau Cu Lao Pho thugc phan ha luu khu Ta 177 0,63
vuc du an
Khu vuc mom Cu Lao Phé 51,4 1,83
Khu vic Cu Lao Phé cach ciu Ghénh vé phia ha Hi 11
luu khoang 550m '
Khu vic Cu Lao Phé cach ciu Ghénh vé phia ha .
lru khoang 1200m Ta 17.8 063
Khu vyc thuong luu cau Buu Hoa céach cau Ta 163 0,58

khoang 100m

3.2. Phan tich dién bién long dan tir mé hinh thiy luc

3.2.1. Thiét 1ap phuong an tinh toan

Nghién ctru gia thiét cac phuong an tinh toan dién bién 1ong din dua trén cac hién trang
dia hinh khac nhau:

- Hién trang s6 liéu dia hinh 2008 do Vién KHTL Mién Nam khéo sat do dac tir cau Hoa
An dén cang Long Binh véi ty 1€ chi tlet 1:5000, trong doan nghién ctru chi ¢6 4 cau 1a cau
Hoéa An, cau Ghénh, cau Rach Cat va cau Bong Nai.

- Hién trang lan song cua dy an [16] v6i s0 liéu dia hinh 2016 do Vién KHTL Mién Nam
khao sat do dac tir cau Hoa An dén cang Long Binh véi ty 1¢ chi tiét 1: :2000, trong doan
nghién citu c6 6 cau 1a cau Héa An, cau Ghénh, cau Rach Cét, cau Btru Hoa, ciu Hiép Hoa
va cau Dong Nai.

- Dbi v6i long dan trong song thi luu lugng tao long la yeu t6 anh huong nhiéu nhat dén
1ong dan. Vi véy ta c6 thé xem xét dén gia thiét tinh toan dién bién 1ong dan véi kich ban luu
luong tao long.

3.2.2. Két qua hiéu chinh va kiém dinh mé hinh hai chiéu MIKE 21C

Do diéu kién khong c6 dir 1iéu thuc do muc nudce tai doan song nghién ctru vi thé dd an
da Ivra chon hiéu chinh, kiém dinh véi két qua muc nudc tai mot sb mat cat tr MIKE 11. Trén
doan song tir cau Hoa An dén cau Ghénh, nghién ctru da lya chon hiéu chinh kiém dinh myc
nude voi hai mat ¢t 2 va 3 nhu hinh 8.
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Hinh 7. Ban d mat cit st dung trong md hinh MIKE 21C.

Bang 5. Két qua hiéu chinh va kiém dinh m hinh 2 chiéu.

Hiéu chinh Kiém dinh
STT  Mitcit 3 i 3
atca Adinh max (m) Achén Nash Adinh max Achan Nash
max (m) (m) max (m)
MC2 0,28 0,22 0,94 0,16 0,22 0,93
MC3 0,38 0,27 0,92 0,24 0,3 0,91

——HC3 [meter}

.J iy

®
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Hinh 8. Két qua hiéu chinh myc nuéc & mat cét 2 (a) va kiém dinh myuc nudc & mat cit 3 (b).

Két qua hiéu chinh va kiém dinh mé hinh MIKE 21C cho chi tiéu Nash kha tdt
(Nash>0,8) dinh 1&i v qua trinh muc nudc trong ca 2 truong hop déu kha phu hop, sai sb
chénh 1éch myc nuéce 16n nhat déu dam bao tiéu chudn sai sé cho phép. Muc nude va luu
luong nho nhat mua Iii chénh léch khong nhiéu.

3.2.3. Két qua dién bién long dan tng véi luu lugng tao 1ong.

Nghién ctru ndy dé xuét chon luu luong tao long dé danh gia su thay doi long din 16n
nhit. Viéc str dung luu luong tao long dé dy bao dién bién long song nay kha don gian tuy
nhién han ché cta n6 1a khong mo phong dugc su thay dbi cua cac cap dong chay khac nhau,
su dao dong ctia myc nudc, su thay doi vé van toc va luu lugng trong nam, nhing yéu tb gay
anh huong dén su bdi x6i 1ong song. Do vay két qua tinh toan v6i hudng nay chi cho thay
dugc nhing thay d6i mang tinh trung binh va y nghia ctia né chi mang tinh dinh huéng vé
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xu thé dién bién cua doan song. Tu dir li€u tai tram thuy van, luu lugng tao long dugce tinh
toan v6i Qu = 3950 m?¥/s tuong tng vé6i 3 thang mua li. Két qua long dan theo hién trang
2008 va 2016 rng v6i luu lugng tao long:

cULAO.CO
Cau HoaAn T
Cau Rach Cat i
.--;‘7"" E -
z ' RIS HO X0l
: el ﬁﬁ_:—\ Z=-15.95m
HO XOI T '_‘I.,ég .
2= -15.29m 4%
it
HO X0l Cau Ghénh &
2= -18.51m
“-.
— HO X0l
BAI DA NGAM Z=-13.76m
HO X0l
2=-19.02m = -19.76m o
Cau Dong Nai :
Hinh 9. Di&n bién Idng din khu vuc nghién ctru theo hién trang 2008.
cU LAQO €O
Céu Héa An Wi
\ Céu Hiép Hoa |
- (Cau Rach Cat HO X0l
cU LAO PHO AP
HO XOI
2= -15.63m
HO XOI Céu Ghénh .
e 186m HO XOI
. S 2=-19.72m
Cau Blru Hoa Ml
BAI DA NGAM
\{.
HO XOI
Z=-166Tm £ A606m | r/}\
au Dong Na
\‘\

Hinh 10. Dién bién long dan khu vuc nghién ciu theo hién trang 2016.

So sanh két qua long dan giira hién trang 2008 v&i 2016 ta thy, thuong lwu vi tri mo
rong bai ven song khong c6 su khac biét, tuy nhién phia ha luu vi tri cong trinh da c6 su thay
dbi rd rét. Ngay phia du6i ha luu ciu Btiru Hoa, hién trang ndm 2008 hé x6i sdu 15,95 m, tuy
nhién dén hién trang 2016 thi di c6 sy boi 16n, hd x6i chi con 12,43 m. Poan trude cau Dong
Nai ciing c¢6 xu huéng twong tu nhu phia dudi ha luu cau Biru Hoa, ndm 2008 13 19,76 m
nhung dén hién trang 2016 thi bdi chi con 16,06 m.
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Két qua dién bién 1ong dan tmg véi luu lugng tao long cho thiy sy bién dbi manh trong
long dan trong vong 3 thang mua 1ii. Xem xét tac dong ciia cong trinh mo rong bai ven song
dén sy bién doi long dan doan song ha luu phia dudi, ta xem xét sy thay ddi tai mat cit 4 theo
hai hién trang 2008 va 2016 ung voi su bién d6i cua luu lugng tao long, trude va sau khi co
cbng trinh.

DIEN BIEN SUTHAY POI TAI MC4

Cao do (m)

F“.\.”’ T
-10 A
12 X// ——Mat cat ban dau

=t 5t cat v Ol hién trang 2008

-14

Mat cat vai Qtl hién trang 2016

-16 I I |

Khoang cich (m)

Hinh 11. Dién bién thay ddi long dan.

Bang 6. So sanh sy thay d6i MC4 theo 2 hién trang.

Mit cit Céc kich ban Bo hiru (m) Long sdng(m) Bo ta(m)
Hién trang 2008 -1.8 +2.3
MC4 -
Hién trang 2016 -2 -1.4 +0.3

Tur két qua so sanh gitra 2 kich ban tng véi 2 hién trang 2008 va 2016 tai MC4, bén bo
hiru déu ¢6 xu hudng xuét hién x6i, nguyén nhan 1a do & vi tri nay gan ngay doan song phan
lach, dong chay c6 xu hudng 1éch bén bo hiru dé di vao doan phan lach Rach Cat, tuy nhién
d6i vai 1ong song hién trang 2008 c¢6 xu thé bodi nhe nhung theo hién trang 2016 ¢6 xu hudng
x06i. Piéu d6 cho thiy tac dong ctia cong trinh ngay doan gan ngi ba song c6 anh hudng dén
long dan trong song, dic biét 1a phia ha luu [7].

4. Két luin

Dé gitp cho viéc danh gi4 tinh 6n dinh long din séng Pong Nai dudi tac dong ciia cac
khu d6 thi, cac cong trinh ven sdng can c6 danh gia cu thé dién bién doan sdng trong qué
khir, du bao dién bién long din trong tuong lai dé x4c dinh hanh lang an toan sat 15; dinh
huéng quy hoach va chinh tri song khu vyc ha du song Pong Nai Sai Gon tai cac khu vuc
x6i boi trong diém.

Nghién ctru dd Gmg dung cong nghé anh vién tham dé danh gia dudong bd doan tir cau
Hoa An dén cau Ghénh trong giai doan tir nam 1988 dén nay va tung dung mé hinh toan
MIKE 21C dy bao dién bién 1ong dan khu vuc song Pong Nai doan tir cau Hoa An dén cau
Ghénh dudi tac dong cua cac khu d6 thi méi m¢ ven song. Két qua tinh toan cho thay tai vi
tri du Cut Lao Ph thudc phan ha luu khu vure mé rong bai song ddy 14 vi tri dong chay phén
lach, c6 hién tuong x6i. Su dich chuyén duong bo 1on nhét trong doan nay la 17,7 m voi toc
d6 sat 1614 0,63 m/nam. Tai vi tri cach cdu Ghénh khoang 170 m vé phia ha luu, do dic diém
1ong séng bén bo ta long séng sau va ddc, phia bo hiru giai doan tir 1990-1999 bi x6i vai toe
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d6 16n nhét 12 0,6 m/nam. Dén giai doan tir nam 2008 dén nay, sy thay doi duong bo dbi véi
bo hiru trung binh dat 0,4 m/nam. Khu vyc thugng luu cau Biru Hoa cach cau khoang 100 m
sy dich chuyén duong bo 16n nhét trong doan nay 1a 17,7 m.

Nghién ctru ciing dd img dung duoc md hinh MIKE 21C du bao dién bién 1ong dan khu
vuc doan song cong doan tur cAu Hoa An dén ciu Ghénh dudi tac dong cua cac khu do thi
moi mé ven song. Viée hi¢u chinh va kiém dinh bo thong s6 ctia mo hinh duoc thuc hién qua
cac mit cit khac nhau v6i chi s danh gia sai s6 Nash déu kha tot (> 0,8). Qua do da xay
dung duoc bo thong sd so bo ban dau nham phuc vu cho bai toan du bao dién bién long dan
{mg v&i hai hién trang trudc khi co cong trinh va sau khi co cong trinh. Nhin chung két qua
dat dugc cho thay khi m¢ rong bai ven song thi co anh huong dbi véi bién dong long dan
trong doan song tir cau Hoa An xudng dén ha luu cau Dong Nai.

Néi chung, cac phuong an tinh toan duwgc xay dung nham phuc vu cho cong tac khai thac
va quan ly cia dia phuong dic biét khu vuc dan sinh ven song Pdng Nai, tir d6 c¢6 cac bién
phap khic phuc dé dam bao phat trién bén viing kinh té, xa hoi ciing nhu tai nguyén nudc
ctia song Pong Nai.

Dbong gop cua tac gia: Xay dung y tuong nghién coru: BD.T.L., P.D.K.,, TV.N.; Xt ly s lidu:
b.T.L.,P.D.K., T.V.N,; Viét ban thao bai bao: B.T.L., P.B.K., T.V.N.; Gop y bai bdo: B.T.L.,
PH.K., T.V.N.

Loi cam on: Nhom nghién ctru cam on cac dong nghiép tai cac don vi nghién ctru di tham
gia thdo luan va nhitng nguoi dan da tham gia tra 161 phong van.

Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cta tap thé
tac gia, chua dugc cong bd & dau, khong dugc sao chép tir nhitng nghién ciu trude day;
khong c6 su tranh chap 1gi ich trong nhom tac gia.
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The combination of GIS remote sensing approach and
mathematical modeling methods to describe the shoreline
evolution of the Ghenh-bridge area, Dong Nai river
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Abstract: Assessing changes in river banks before building embankments and predicting
changes in river channels when embankments are installed is extremely important in urban
planning, construction and operation. In recent times, remote sensing technology has
emerged as an extremely useful solution that provides us with spatial and temporal image
data with high resolution. This article introduces a result of research, evaluation, and
description of the shoreline evolution of the Dong Nai River, Ghenh-bridge area from
remote sensing image data, using the Digital Shoreline Analysis System (DSAS) and models
of numerical modeling of MIKE 21C in the period from 1988 to 2016 to predict future
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reverbed developments. Research results show that the average landslide rate is about 0.6
meters/year, however, the Cu Lao Pho tip area reaches 1.83 meters/year. The results of the
evolution of the channel corresponding to the flow creating the channel show the possibility
of strong erosion near the location in front of the Ghenh bridge when implementing the
project to improve the landscape and develop urban areas along the Dong Nai river. The
results obtained from the study can be used to predict future bed development and channel
changes under the influence of river embankments.

Keywords: Remote sensing; GIS; Mathematical model; MIKE 21C; Shoreline evolution.
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Tém tit: Luu vuc song Sai Gon - Dong Nai c¢6 hé théng song va kénh rach day dic, tuy
nhién, phan 16n cac song va kénh rach nay da va dang bi 6 nhiém nghiém trong do nudc
thai tir hoat dong sinh hoat cling nhu tir cac khu cong nghiép/khu ché xuét. Diac biét 1a khu
vuc kénh rach va ving ha luu song Sai Gon - Pong Nai chay qua dia phan thanh phd Hb
Chi Minh. Bai b4o nay tap trung danh gia chét lugng nude mat khu vuc ha lyu cta hé
thong song Sai Gon - Pong Nai 14 ving cira bién vinh Péng Tranh co xét toi diéu kién
bién d6i khi hau bang moé hinh MIKE 21 FM Ecolab. Két qua cho thiy, cac song, kénh
rach gan ndi d6 cu thé & doan song Nha Bé va Vam C6 Pong co chat lugng nude thap, cac
chi tiéu hau nhu & mic x4u trir NH4* va NO3', ving ctra bién ¢ chét lwong nude & muc
t6t. Ngoai ra & kich ban bién doi khi hau RCP4.5 cho niam 2025 nong d¢ ting nhung
khong déng ké tai cac song 16n nhu Nha Bé, Vam Co Déong.

Tur khéa: M6 hinh MIKE 21FM Ecolab; Chi s chat luong nudc; Song Sai Gon - Pong
Nai; Bién di khi hau.

1. Giéi thi¢u

Trén thé gidi, viéc danh gia chat lugng nudce song di c6 nhiéu cong trinh nghién ctru va
dugc phan theo cac huéng nghién ctru khac nhau nhu quan tréc, phan tich chit luong nudc
(CLN), str dung md hinh tinh. Hién nay, ngoai nghién ctru CLN bang phuong phap truyén
thong nhu quan trac, _phan tich danh gia chat luong méi truong nude con cd nhidu tmg dung
két hop giira quan trac, thuc nghiém véi mo hinh toan hién dai [1, 2].

Trudc thap nién 1960, TPHCM hau nhu khéng gap phai van dé 6 nhiém ngudn nudc;
tuy nhién, hé qua cua cic hoat dong kinh té-xa hoi, qua trinh do thi hoa nhanh, manh khong
di doi phat trién ha téng co s¢ da lam CLN song, kénh, rach do thi suy giam, tinh trang 6
nhiém, mui khé chju dién ra kha rd tir thap nién 1990. Sau qué trinh d6 thj hoa nhanh tir sau
giai phong, dién tich va dan s6 d6 thi di ting gan gip d6i véi sy mé rong clia cac quan,
huyén méi. Phan 16n cac quan/huyén cua thanh phé (1,3, 5, 10, 11, Binh Thanh, Thu buc)
dang d6i mat voi thyc trang 6 nhiém nuée thudong xuyén, c6 murc rui ro 16n do van nan xa
nudc thai va rac thai cua rat nhiéu cdc xudng san xuat, nha may, khu céng nghiép cing véi
ap luc gia tang dan sO trong khi dién tich cac cong trinh cong cong, kénh, rach ngay mot thu
hep. Va thuc te cac song ngoi, kénh rach ving ha luu song SG-DN da phai chiu stc ép vé
mdi trudng rat 16n tir khu vue TPHCM. Nghién ctru [3] da thim do kha ning xir Iy nudce
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trong kénh Tham Luong bang tio va cac sinh vat co trén dia ban TPHCM. Nghién ciru [4]
tap trung vao su bién dong ham luong oxy hoa tan (DO). Tac gia [5] da nghién curu céac co
so 1y thuyét vé thong s bién doi khi hau (BDKH), mdi truong va téng hop cac cong trinh
nghién ciru trong va ngoai nudce lién quan dén cac thong s6 BDKH, moi trudng.

Cong tac quan trac chat lwong moi truong nédi chung va CLN noéi riéng do Trung tim
Quan Tric va Phan tich méi truong - Chi Cuc bao vé méi truong truc thudc S¢ Tai nguyén
Méi trudng TPHCM thuc hién, hién nay hé thdng quan tric chét lugng méi truong nude
cia TPHCM c¢6 15 tram quan tric cua cac kénh, rach chinh trong n6i thanh, tdn suit quan
trac ndm 2001 dén 01/2005, 12 02 lan/ndm vao mua kho (thang 4) va mua mua (thang 9).
Tur thang 01/2005, quan tric CLN kénh, rach ndi thanh ting tin suét tir 02 lan lén 04
lan/nam (vao cac thang 2, thang 4, thang 9 va thang 11). Tir naim 2014 dén nay, quan tric
chat lugng nudc mot thang/1an va quan tric bun day 01 quy/lan.

MIKE 21FM 14 goi phan mém mo phong dong chay mit thoang 2 chiéu, séng, chuyén
tai tram tich, hinh thai va cac qua trinh méi truong. Giao dién than thién véi ngudi st dung,
tinh toan nhanh chong va tin cy trong mo phong da l1am cho MIKE 21FM déng moét vai tro
quan trong trong cac mé hinh ¢ dat lién, ving bo blen va ngoai khoi. M6 dun truyén tai
khuyéch tan (AD) c6 chirc ning tinh toan sy lan truyén cta cac chat huyén phu hoic hoa
tan (phan huy) dudi tdic dong cua dong chdy. Phuong trinh co ban trong mé dun nay la
phuong trinh truyén tai khuéch tan. Trong nghién ctru nay, bai toan cé lién quan dén céac
chu trinh sinh hoa, do d6 khéng chi sir dung mé dun truyén tai khuéch tan ma con phai két
hop véi mo dun sinh hoa (Ecolab) dé giai quyét van dé [6,7].

2. S6 liéu sir dung va phwong phap nghién ciru
2.1. Pham vi nghién curu

Pham vi tinh todn thuy luyc la luu
vie song Sai Gon - Pong Nai, bao gom
song Sai Gon (sau hd Dau Tiéng, tir Thu
Dau Mot) nhap luu song Pong Nai (sau
hd Tri An, tir Bién Hoa) tai nam Cat Lai |
tao thanh song Nha Bé. Tur cudi Phu
Xuan, huyén Nha Be, dong chinh chia ra
song Long Tau phia td ngan va song
Soai Rap phia hitu ngan, nhan nudc
song Vam Co trudc khi d6 ra vinh Pong
Tranh. D6 vao vinh Pong Tranh con c6
song Pong Tranh -ndi lién cac song rach A e
nhé & phan tdy huyén Can Gid. Song NSRS N SRS a4
Long Tau cung vaGi cac séng Go Gia, , ) ¥ NS
song Thi Vai, song Théu, song Cai Mép & ?/
(6 phia dong huyén Can Gio va cic o ) ? 1y 1§ 116,000
huyén Nhon Trach, Long Thanh - tinh e Bl e e
Pong Nai, huyén Tan Thanh - tinh Ba S
Rla Vung Tau) dd vao vinh Ganh Rai, Hinh 1. Pham vi tinh toan thuy lyc.
roi d6 ra Bién Pong qua mit cit Nghinh
Phong - Pong Tranh (Hinh 1) [8,9].

Bién Ding

2.2. 86 liéu sir dung

_Dit ligu kich ban bién doi khi hau va nu6c bién dang dugc ké thira tir bai bao Lé Ngoc
Tuan (2017) va c6 tham khao kich ban BDKH ndm 2020 cia BTNMT. Theo RCP 4.5, dén
ndm 2025 muce tang nhiét d§ dao dong khoang 0,45-0,80°C so v&i nhiét do giai doan 1986-
2005. Lugng mua trung binh nam tdng dan, muc gia tang luong mua khoang tur 7,6-10,4%.
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Muc nudc bién tai khu vic ven bién TP.HCM ting dan qua cac nam ciing nhu cac kich ban
vé su gia ting ndéng d6 khi nha kinh trong khi quyén. Dén 2025 ting khoang 12cm so voi
giai doan 1986-2005. Bén canh d6 nghién ctru thu thap cac thong sb tir cac tram bién va
tram hiéu chinh mo hinh chét luong nude dé cap ¢ bang 1.

Bang 1. Cac tram bién va tram hiéu chinh mé hinh chat lugng nuéc.

STT Théng sb Tram bién Tram hiéu chinh
1 BODs Nha Bé
2 TSS Tén Thanh
3 NOs Viing Tau
4 DO Cai Mép
5 PO Ddng Tranh
6 NH,* Nga Bay

2.2. Phuwong phap nghién curu

Phwong phdp ldy mdu va phén tich mau: Nghién ctru ké thira két qua phan tich, 1ay
mau thyc do tir Chi cuc Bao vé Moi trudng (S6 TN&MT TpHCM) nam 2019 [10,11].

Can ctr co s& khoa hoc trong viée xac dinh va Iya chon vi tri 1y mau, tinh hinh thuc té
vé hé théng quan tric chat luong nude mat hién co tai dia phuong, yéu cau danh gia cua bai
bao, nghién ctru dé xuat 1y mau bd sung nhu sau:

« Trung tim khu vyc nghién ctru: 15 mau (budc nhay 5km/mau) x 2 dot triéu (chan
triéu + dinh tridu) = 30 mau (Hinh 1). Véi cac thong sb: nhiét o, pH, DO, SS, NH4*-N,
POs*-P, NOs-N, Coliform, TOC.

« Tai cac vi tri phuc vu kiém dinh mé hinh CLN (Hinh 2): 5 vi tri x 1 mau/h x 24
h/ngay x 2 ngay dém = 240 miu. V&i cac thong sd: nhiét d6, DO, SS, NHs*-N, PO4*-P,
NO3-N, Coliform.

Thoi gian 14y mau: vao mua kho (v6i myc tiéu danh gia kha nang tiép nhan) tham khao
theo thong tu s6 76/2017/TT-BTNMT.

L2

"™ !
R '
LONG AN I

*

N

A

BA RIA - VUNG TAL

-
11
[]

3 > N
J
\Q_‘/ /m/.

TIEN.GIANG
12«

PR

2.

3=

4

6=

YA

8

-

13=
9.

Ty 1¢ 1:10.000
0 70140 280 420 560
O — — T

Hinh 2. Vj tri quan tric chat luong nudc mit.

Phurong phdp khao sdt, do dac thity vin phuc vu mé phong CLN: Bai bao ké thira mang
ludi tinh toan tir cac nghién ciru trude dy, theo do, nhu cau do dac thuy vin phuc vy kiém
dinh mé hinh bao gém: Po muyc nude H (cm), luu lwong Q (m%/s) tai 03 tram dé hiéu chinh
va kiém dinh mé hinh [12].

Ngoai ra, s6 liéu quan tric tai 15 tram thuy vin (do Trung tdm Quan tric Méi truong
do dac) trong khudn kho chuong trinh quan tric thuy van trén luu vuc séng Sai Gon - Pong
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Nai tai TpHCM ctia Chi cuc Bao vé Méi trudng (S6 TN&MT TpHCM) ciing dugc ké thira
phuc vu tinh todn: Phi Cuong, Binh Phudc, Phi An, Hod An, Cat Lai, Nha Be, Binh Dién,
Tam Thén Hiép, Vam Sat, Vam Co, Ben Stc, Thi Tinh, Bong Tranh, Nga Bay, Cai Mép.
Do dac s6 liu myc nude va s6 liéu chat lwong nudc bd sung trong 1 dot (mua kiét,
cung voi thoi diém 1ay mau nuéc mat), trong 48h lién tuc (mdi gio do 1 sb liéu) cung thoi
diém do dac tai 15 tram thuy van néu trén nham dong bo dir lidu [13,14].
@ Tram do thiy vin bb sung

A Tram thiy vin ké thim
B Tram do CLN bé su

SHoichMinh City,

Hinh 3. Vi tri tram do thity van va chit lugng nudéc.

Muc nwéc triéu
cdc tram thuy

- o Lwu hegng thai,
van, hai vin

vi tri nguén thai,

Luru lrgng dong diem thai
chay tir cic hé [—
chita
So d6 mang lwéi _ ¥ _
thuy lhrc hem viee Mé hinh thuy ' Mé phéng chit |
Sai Gon-Péng hre Mike 21 FM + heong nwée €
Nai chi tiét cho (HD) (Ecolab)

ving ha hru

Két qui mo

Nong dd cac chait

Pia hinh DEM hone chit 6 nhiém:
long séng leu | — ]"m:nﬁ ) DO,NH,",NO,,
vire SG-DN _ . Coliform...

Hinh 4. So db khéi thé hién cau tric nghién ciu.
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Phuwong phdap mé hinh hoéa: Phuong phap mo hinh héa la mdt trong nhitng phuong
phap nghién ctru chinh dugc 4p dung trong bai bdo nham muc dich tinh todn ché do thuy
van, thiy lyc va lan truyén chat 6 nhidm tir thwong ngudn ra dén cira séng - tao co s& cho
viéc tinh toan tong tai luong t6i da hang ngay (TMDL) dudi anh hudng cua cac hoat dong
kinh té - x& hi va Bién doi khi hgu [15,16].

MIKE 21 1 géi phan mém hang dau thé gidi trong viéc moé phong dong chay mait
thoang 2 chiéu, song, chuyén tai trAm tich, hinh thai va cac qua trinh moi truong. Su két
hop cua giao dién than thién voi1 nguoi st dung, tinh nhanh chéng va tin cay trong hoat
dong mo phdéng da l1am cho MIKE 21 dong mdt vai trd quan trong thyc sy trong cac md
hinh & dat lién, ving bo bién va ngoai khoi.

Pham vi tinh toan: Tinh tir bién Bién Hoa va Thit Dau Mot ra dén cira bién (Hinh 5).

Thoi gian tinh toan: hién trang (nam 2019), kich ban BDKH nam 2025 (RCP4.5) phuc
vu tinh toan thuy luc, module sinh thai Ecolab.

Thoi doan tinh toan: phuc vu qua trinh so sanh s6 liéu thuy luc va chét luong nudce
thuc do va tinh todn trong do6 thoi gian hiéu chinh mé hinh thuy luc 1a thang 3/2017, thoi
gian kiém dinh 14 thang 4/2019.
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Hinh 5. (a) Ban d6 dia hinh day song khu vuc nghién ctru cho mé hinh Mike 21FM; (b) Chia luéi
tam giéc cho khu vuc tinh todn va bién tinh toan trong mé hinh Mike 21 FM.

Phuwong phap tinh toan chi s6 chat lwgng nude WOI: Chi s6 chat lugng nudc (WQI) 1a
mot chi s6 dugc tinh toan tur cac thong s6 quan trac chat luong nudce, dung dé mo ta dinh
luong vé chét luong nudc va kha ning stir dung ctia ngudn nude do; duoc bleu dién qua mot
thang diém. Thang do gia tri WQI dugc chia thanh cac khoang nhat dinh, mdi khoang tmg
v6i 1 murc danh gia chat lugng nuéce nhat dinh [17, 18] Cong thirc tinh toan WQI:

WQI = =2 155 WQl, x 352, WQl, x WQL| /3 (1)
Trong d6 WQI, 1a Gia tri WQI d tinh toan ddi voi 05 thong so: DO, BODs, COD, N-
NH4*, P-PO4*; WQIy 12 gia tri WQI d3 tinh toan dbi voi 02 thong sb: TSS, d6 duc; WQl:
Gia tri WQI da tinh toan d6i v6i thong sé Téng Coliform; WQIp 12 gia tri WQI di tinh
toan dbi v6i thong s6 pH.
Sau khi tinh toan dugc WQI, st dung bang xac dinh gia tr1 WQI tuong tmg v61 muc
danh gia chét lugng nude dé so sanh, danh gia, cu thé trén bang 3 [19,20].

Béng 3. Cac mic VN_WQI va su phu hop véi muc dich st dung.

Khoang gia tri WQI Chit lwgng nuée Thang mau
91-100 Rét tot Xanh nuée bién
76-90 Tt Xanh |4 cay
51-75 Trung binh Vang
26-50 Xau Da cam
10-25 Kém Do

<10 O nhiém ning Nau
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3. Két qua va thio luin
3.1. Hiéu chinh va kiém dinh mé hinh MIKE 21FM

Thoi gian tinh toan: tir ngay 27/3/2017 9:00 dén ngay 31/3/2017 9:00 sau d6 trich dir
lidu trong 3 ngay tir 29/3/2017 9:00 - 31/3/2017 9:00 dé hiéu chinh mé hinh MIKE 21.

Thoi gian tinh toan 10 ngay tir 16/04/2019 dén 26/04/2019. Sau d6 trich thoi gian tir
9:00 ngay 20/04/2019 dén 9:00 ngay 22/04/2019 dé kiém dinh mé hinh thuy lwc cho ving
nghién ctru. St dung s6 liéu muc nude va van toc thue do cac tram Nha Be, Cta Nga Bay,
Vam Cé d¢ kiém dinh.

Két qua tinh toan twong ddi pht hop véi két qua thuc do voi chi s R? & cac tram &
mure cao trén 0,9. Tuy nhién, do thi m6 phong thuy luc bang mo hinh MIKE21 cho thiy sai
s6 & cac chan va dinh cua yéu té van tdc tuong dbi cao & tram Nha B¢ trén song Nha Be,
két qua cho thiy rang su tac dong cua thuy triéu vung cua song la rat phirc tap, déi khi xay
ra cac hién tuong cung 1 mat cdt song nhung c6 dén 2 hudng dong chay ngugc nhau. Nhin
chung, sai s6 13 c6 kiém soat dugc, sy hop 1y cua pha triéu cling nhu vén tdc kha tt, sy phu
hop & cac hé thong song nho 1a rit cao (Bang 4). Két qua hiéu chinh va kiém dinh thuy luc
tai tram Nha B¢ duoc thé hién trén hinh 6-7.
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Hinh 7. Két qua diém dinh thuy luc tai tram Nha Bé.
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Béang 4. Chi 6 R? sau khi hiéu chinh va kiém dinh m6 hinh MIKE 21.

STT Tén tram Hiéu chinh Kiém dinh
1 Nha Be 0,99 0,94 0,98 0,93
2 Vam Co 0,98 0,93 0,98 0,91
3 Ngi Bay 0,96 0,93 0,96 0,95

Nhu viy, két qua kiém dinh ciing cho thay hé s6 twong quan R? ¢ mirc tot, diéu nay
cho thay bo thong s6 mo hinh stir dung trong két qua hi€u chinh la twong doi toi wu va c6 thé
st dung d€ mo phong cac kich ban BBDKH.

3.2. Két qua tinh todn mé hinh MIKE 21 FM

Sau khi thiét 1ap mo hinh mé phong va tién hanh hiéu chinh, kiém dinh c6 thé xuat
duogc d6 cao dia hinh day, do sdu muc nudc, luu toc dong chay tai khu vuc nghién ctru theo
thoi gian (Hinh 8).
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Hinh 8. (a) Két qua tinh todn muc nudc md hinh
Mike 21FM; Két qua biéu dién van téc va muc nudc:
(b) luc trieu xuong; (c) lac trieu Ién.
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- Phén bé theo khéng gian:

Muyc nudc: bién o myc nudc khu vyc nay nhin chung dao dong trén dudi 3m ciing kha
thun 1¢i cho van d¢ trao d6i nudc giita cac thuy vue. Muc nudc ving cira séng va ca vinh
trong khu vuc nghién ctru dé co chung ché do ban nhat triéu khong déu, mdi ngay co 2 lan
tridu 1én (c6 2 dinh khong bang nhau) va 2 lan xudng (2 lan chan thdp khong bang nhau),
hang thang c6 hai ky triéu cuong va hai ky triéu kém. Trong mot nim c6 2 1an muc nudc
tridu cao nhit roi vao khoang thang 3-4 va thang 11 hang nam.

Van tbc dong chay: do chiu anh huong cua ché do ban nhat triéu khong déu nén ché do
dong chay ciing thay d6i hudng theo dao dong myc nudc tridu. Van téc ¢ ving vinh thuong
yéu hon do phéan bd rong va manh hon khi vao cac cira song; voi ché dd dong chay thay ddi
khi triéu 1én (van téc khu vuc nay khoang 0,5-0,7 m/s cac khu vuc thugng ngudn séng Soai
Rap c6 thé 1én hon 1m/s) va xudng d 1am cho nudc khuéch tan cac chat 6 nhidm kha tdt,
nudce bién tuong ddi sach duoc dy vao cac song rach pha lodng cac chit 6 nhidm va kéo ra
xa bién khi triéu rut. Pay ciing 13 vu diém cho van dé tu 1am sach ciia khu vuc ving vinh
Dong Tranh, vinh Ganh Rai ciing nhu khu vuc cira song Soai Rap. Dién bién két qua van
tdc khu vire nghién ctru cho thiy van tdc dong chay & cc séng nho 1a twong ddi 16n (tir hon



Tap chi Khi twong Thuy van 2024, 759, 16-31; doi:10.36335/VNJHM.2024(759).16-31 23

1-1,5 m/s) ra dén ving vinh vén tdc giam nén cac chit 6 nhiém dugc mang ra dén day va
cham khuéch tan hon nhung do ving vinh c¢6 nudc bién Pong di vao véi khdi lugng rat 16n
va twong d6i sach nén sy pha lodng nhanh hon phia thuong ngudn.

- Dién bién theo thoi gian:

Khu vyc nghién ctru ¢ dia hinh gidp bién va c6 hinh thai vinh mo ra phia bién nén
chiu tic dong cua ché do thuy tridu 14 rdt manh, hau nhu chiu toan bd ché do ban nhat tridu
khong déu nén trong ngdy ciing c6 2 lan nuéce 1én va 2 1dn nudc xudng, pha tridu ciing
tuong d6i déu va it bi thay d6i qua céac nam; nén tac dong cua NBD la tryc tiép anh huong
dén myc nudc tridu nhiéu hon 14 pha triéu. Thoi gian truyén triéu tir Viing Tau vao ctra Soai
Rap vao khoang 30-45 phut Vi vay, su trao d6i nuéc trong % chu ky triéu 1a kha nhanh,
gitip sy pha lodng chit 6 nhidm kha tét. Trong mot ngdy c6 dén 4 1an thay d6i hudng dong
chay va hudng dugc xoay theo chiéu kim dong ho (do luc corriolis) nén ving vinh Pong
Tranh, Ganh Rai c6 kha ning tu 1am sach rat tét. Pay ciing 1a mot yéu t6 dic biét phai dung
mé hinh 2D nhu MIKE 21FM méi ¢6 thé mo phéng dugc hién tugng nay.

3.3. Két qua hiéu chinh kiém dinh mé hinh chat luwong nuoc

Nong d¢ cac thong s6 (TSS, BODs, DO, NHa, NOs, POs, Coliform) tinh toan va thuc
do tai tram Pong Tranh va tram Cai Mép tir 21:00 ngay 20/04/2019 dn 21:00 ngay
21/04/2019 duoc sir dung dé hiéu chinh mé hinh. Theo két qua mé phong bé thong sd hiéu
chinh mo6 hinh nhin chung 1a twong déi phu hop.

Bédng 5. Sai sb (%) ciia mo hinh giita gi4 tri md phong va thuc do qua cac thong sé CLN tai 2 vj tri

boéng Tranh va Cai Mép.

Vi tri/Thong s6 Pong Tranh Cai Mép

TSS 21,13 9,6
DO 1,13 0,82
BODs 0,22 0,28

NH4* 0,002 0,0055

NOz 0,18 0,088

PO 0,18 0,088
Coliform 4,2 6,67
Nhiét d6 2,3 1,6
Do man 0,63 15

Két qua kiém dinh thong s6 BOD tai Pong Tranh va Cai Mép dugc thé hién trén hinh

NONG PQ BOD TINH TOAN VA THUC PO NONG DPQ BOD TINH TOAN VA THUC PO

TRAM DONG TRANH TRAM CAI MEP
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Hinh 9. Két qua diém dinh thuy luc tai tram Nha Be.
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3.4. Két qud mé phéng chdt lwong nweée hién trang nam 2019

Chat lugng nuéc trén song Nha Bé (doan hop luu ctia hai séng Dong Nai
va Sai Gon) bi 6 nhiém rat ning, chi tiéu BODs >50 mg/l; chi tiéu POs* 12 0,86-0,95 mg/I
(Hinh 10-11). Cac song, kénh rach khu vuc ndi d6 chat lugng nude hau nhu 1a tir xau dén
rt ning diéu nay cho thiy hién trang xa thai dang & muirc bio dong, dic biét 1a vao thoi
doan mua kho cac thang tir 1-4 nam 2019.

IO VIS TIEARE FIRAK B CHAT B0

Hinh 11. Hién trang nong d6 PO.*16n nhat ngay (trai) va trung binh ngay (phai).
3.5. Két qua mé phong chat lwong nwée kich ban RCP 4.5 ndam 2025

Déi véi kich ban phan bd cac chat 6 nhiém nam 2025 - RCP 4.5, ta md phong chat
lugng nudc véi kich ban 6 nhiém cua nudc thai theo bién néng do nudc thai tai Nha Be
tang 10% so voi hién trang nim 2019, ndong d6 thai ding trong tinh toan 1a nong do duoc
xtr 1y nhu hién trang, kich ban tinh toan thuy luc theo kich ban BDKH 2025 - RCP 4.5
(Hinh 12).

Hinh 12. Ban d6 phan b chat BODs lon nhat ngay (tréi) va trung binh ngay (phai)
RCP 4.5 nam 2025.
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Doan trén séng Nha Bé (doan hop luu cua hai séng Dong Nai va Sai Gon) d6 vao song
Soai Rap, khu vuc rach Vam Sat (Pong Tranh - Soai Rap) va doan cira song Vam Co d6
vao song Soai Rap (khu vuc ha luu séng Vam C6) chét lugng nudce bi 6 nhiém rat ning, chi
tiéu BODs > 50 mg/l. Mitc d6 6 nhiém giam dan doc theo séng: ving ha luu song Soai Rap
chat luong nudc kém, bi 6 nhiém ning 25-47 mg/l, ra dén gan ctra séng 18-21 mg/l, doan
ctra séng Sai Gon chit lvong nude trung binh 7-9 mg/l, c6 noi chat luong nude tét 5,2-5,5
mg/l. Thuong luu song Long Tau (thudc xd Binh Khanh) chay xudng doan diu xi Tam
Thon Hiép chit luong nudc & ddy bi 6 nhidm rat ning, gia tri chi tiéu BODs > 50 mg/l. Khu
vuc gitta xa Tam Thon Hiép chat lugng nudc kém, bi 6 nhiém nang, gia tri chi tiéu BODs
26-30 mg/l. Khu vuc song Long Tau (chay qua xa tam Thén Hiép va xd Long Hoa) chit
lwong nude trung binh - Xu, chi tiéu BODs tir 14-18 mg/l. Poan séng Long Tau d6 vao
song Pong Tranh (thuong luu séng Dong Tranh) chét lwong nudce tdt, gia tri BODs khoang
5-5,7 mg/l. Khu vuc phia tdy ha luu song ang Tranh, chat lwong nuée tbt 5,4-5,9 mg/l;
khu vie phia dong ha luu song Pong Tranh chét lwong nudc trung binh (6,4-11 mg/l). Khu
vuc miii Pong Tranh chét lwong nudc xau - kém, gia tri BODs khoang 24-31 mg/l. Vinh
Dong Tranh chét lugng nude trung binh do anh hudng lan truyén 6 nhiém tir song Soai Rap
va song Pong Tranh, gia tri BODs khoang 6,5-10 mg/l. Poan song Long Tau db vé thuong
luu Ngi Bay chit lugng nudc trung binh gid tri BODs tir 9-11 mg/l, ra d&én ha luu Nga Bay
3,3-3,5 mg/l (chat luong nudc rat t6t). Gia tri chi tiéu BODs trén song Thi Vai dén cira Cai
Mép va tu cra Cai Mép ra dén mot phan Vinh Ganh Rai tir 2,2-2,8 mg/l cho thdy chat
luong nude & day rat tot Khu vyc dao Thanh An chét lugng bi 6 nhiém rat nang, gia tri
BODs > 50 mg/l. Céc con cat va bai b01 ven bién xa Long Hoa chat luong nudc xau, gia tri
BODs 24-35 mg/l, tuy nhién c6 mot s6 noi bi 6 nhiém rat nang (> 50 mg/l). Khu vyc thi
tran Can Thanh (doc bo Can Gi0) chét lugng nudce trung binh 6,5-8,6 mg/l, miii vinh Ganh
Rai chét lugng nude xau 16,2-16,8 mg/l. Khu vyc phia dong va phia nam vinh Ganh Rai
chat luong nude rat tt, gia tri BODs khoang 1,6-2 mg/I.

| 1} 'L‘Il" 5y
RN

Hinh 13. Ban dd phan bd chat DO 16n nhit ngdy (trai) va trung binh ngay (phai) RCP 4.5
nam 2025.

Trén song Nha Bé (doan hop luu cua hai song Pong Nai va Sai Gon) chét luong nude
xau, chi tiéu DO 4,5-4,6 mg/l. Poan thuong luu séng Soai Rap dén thuong luu rach Vam
Sat (Bong Tranh - Soai Rap) bi 6 nhiém rat niang, gia trj chi tiéu DO < 3,12 mg/l. Poan clra
song Vam Co6 do vao song Soai Rap (khu vic ha luu song Vam Co) chét lwong nudc xau,
chi tiéu DO tir 4,1-4,2 mg/l. Mirc d6 6 nhidém giam dan tir doan giita séng Soai Rap ra dén
ctra séng: khu vuc ha luu song Soai Rap chét lwong nudc tot 5,8-6,0 mg/l, ving cira song
gia tri DO 6,2-6,35 mg/l. Gia tri chi tiéu DO doan thugng luu song Long Tau (thudc xa
Binh Khanh) khoang 4,4-4,6 mg/l, chit luong nude ¢ day xdu. Chat lugng nudc tir giita
séng Long Tau cho dén khu vyc ddu xa Tam Thon Hiép bi 6 nhidm rat ning (gia tri DO
1,2-1,5 mg/l), khu vyc gitra xa Tam Thoén Hi€p 1,9-2,7 mg/l, khu vyc song Long Tau (chay
qua x4 tam Thon Hiép va xa Long Hoa) chit lugng nudc xdu, chi tiéu DO tir 4,0-4,2 mg/l.
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Gia tri DO doan song Long Tau d6 vao song Pong Tranh (thuong luu song Dong Tranh)
7,8-8,1 mg/l, ha luu song va ctra song Pong Tranh chat luong nude rat tét > 6,86 mg/l.
Chat lwong nude khu vuc vinh Béng Tranh tbt, chi tiéu DO 6,1- 6,3 mg/l. Poan song Long
Tau d6 vé thuong luu Ngi Bay 4,9-5,0 mg/l, cira song chat luong nude trung binh 5,0-5,2
mg/l. Gia trj chi tiéu DO trén song Thi Vai dén ctra Cai Mép va tir clra Cai Mép ra dén mot
phan Vinh Ganh Rai khoang 5,3 mg/I cho thay chit lvong nuéc ¢ day trung binh. Khu virc
vinh Ganh Rai chit lugng nudce trung binh, chi tiéu DO 5,5-5,6 mg/l. Khu vyc song Dinh
Ba (thj trin Can Thanh) chat lvong nuée bi 6 nhiém rat ning (2,6-3,0 mg/l), mot sd noi cd
chét lugng nude khong tdt, gia tri DO khoang 3-3,5 mg/l. Khu vuc thi trAn Can Thanh (doc
bo Can Gid) va cac cdn cat, bii boi ven bién (xi Long Hoa) chit luong nudc tét 6 mg/l
(Hinh 13).

Hinh 14. Ban dd phan b chat NH4*-N 16n nhat ngay (tréi) va trung binh ngay (phai) RCP 4.5
nam 2025

Hinh 15. Ban db phan bé chit NOz-N I6n nhit ngay (tréi) va trung binh ngay (phai) RCP 4.5
nam 2025.

Chat lugng nudc tai trén cac song Nha Bé, song Soai Rap, song Vam Co, song Dong
Tranh, vinh Dong Tranh, Song Long Tau, song Ngi Bay, Song Thi Vai - Cai Mép va vinh
Ganh Rai rat tot. Poan ha luu song Nha Bé (doan hop luu ciia hai song Dong Nai va Sai
Gon) chi tiéu NH4™-N khoang 0,08 mg/l. Trén song Soai Rap chi tiéu NH4™-N la 0,03-0,074
mg/l, doan cira séng Vam C6 dd vao song Soai Rap (khu vuc ha luu séng Vam C6) 0,055-
0,063 mg/l, vung ha luu song Soai Rap 0,04 mg/l, vung ctra séng Soai Rap 0,041 mg/I.
Rach Vam Sat (Pdng Tranh - Soai Rap) chi tiéu NH4*-N khoang 0,0407 mg/l. Thuong luu
song Long Tau (thudc xa Binh Khanh), gia tri chi tiéu NH4™-N doan thugng Iuu song Long
Tau khoang 0,075 mg/l, doan gitta song Long Tau khu vuc Tam Thon Hiép tir 0,035-0,04
mg/l. Poan séng Long Tau db vé phia thuong luu song Pong Tranh ra dén ctra song Dong
Tranh va doan ngoai cira séng 0,04 mg/l. Vinh Dong Tranh 0,038-0,039 mg/l. Doan song
Long Tau d6 vé thuong luu Nga Bay gia tri NH4*-N khoang 0,042-0,043 mg/l va dén ha
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lwu Nga Bay 0,043 mg/l. Gia tri chi tiéu NH4*-N trén song Thi Vai dén cira Cai Mép va tir
ctra Cai Mép ra dén mot phan Vinh Ganh Rai tir 0,047-0,068 mg/l. Khu vuc vinh Ganh Rai
chi tiéu NH4*-N khoéang 0,043-0,047 mg/l. Trén song Dinh Ba chi tiéu NH4"-N khoang
0,04mg/l. Trén ban d6 kich ban phan bd chat NH4*-N nam 2025 RCP4.5 cho thiy nong do
chat NH4*-N khu vuc ha luu song Sai Gon - Pong Nai rét t6t, chat lugng nude tbt, khong bi
6 nhiém (Hinh 14).

Chat lugng nudc tai trén cac song Nha Bé, song Soai Rap, song Vam Co, song Dong
Tranh, vinh Pong Tranh, Séng Long Tau, song Ngi Bay, Song Thi Vai - Cai Mép va vinh
Ganh Rai rat tot. Poan ha luu song Nha Bé (doan hop luu cua hai song Dong Nai va Sai
Gon) chi tiéu NO3z-N khoang 0,81-0,86 mg/l. Trén song Soai Rap chi tiéu NO3™-N tur 0,65-
0,71 mg/l, doan cira song Vam Co d6 vao séng Soai Rap (khu vuc ha luu song Vam Co)
khoang 0,76-0,87 mg/l, ving ha luu song Soai Rap 0,55-0,59 mg/l va ctra song Soai Rap
0,41-0,46 mg/l. Rach Vam Sat (Pong Tranh - Soai Rap) chi tiéu NO3-N khoang 0,44-0,59
mg/l. Thuong luu séng Long Tau (thudc xa Binh Khéanh), gia tri chi tiéu NO3-N tir doan
thuong luu song Long Tau 0,78-0,79 mg/l, doan gitra song Long Tau khu viec Tam Thon
Hiép 0,50-0,56 mg/l. Poan song Long Tau d6 vé phia thuong luu séng Pong Tranh 0,058-
0,59 mg/l ra dén ctra song Pong Tranh 0,52-0,55 mg/l va doan ngoai cira song 0,46-0,5
mg/l. Ngoai vinh Pong Tranh chi tiéu NOs-N khoang 0,45-0,47 mg/1. Poan séng Long Tau
d6 vé thuong luu Ngi Bay chi tiéu NOz-N tir 0,43- 0,47 mg/l va ra d&én ha luu Ngi Bay
0,46 mg/l. Gia tri chi tiéu NO3-N ¢ thuong luu séng Thi Vai khoang 0,67 mg/l, dén cira
Cai Mép 0,45-0,50 mg/l va tir cira Cai Mép ra dén mot phan Vinh Ganh Rai 0,45 mg/l. Khu
vuc vinh Ganh Rai chi tiéu NOs-N tir khoang 0,42-0,44 mg/l. Trén song Dinh Ba chi tiéu
NOs™-N khoang 0,59 mg/l. Trén ban do kich ban phan b chat NO3-N nam 2025 RCP4.5
cho thay néng do chat NOz-N khu vyc ha luu séng Sai Gon - Dong Nai rat t6t. Chat luong
nudce tot, khong bi 6 nhiém (Hinh 15).

Hinh 16. Ban d6 phan bd chit PO, P 1on nhit ngay (tréi) va trung binh ngay (phai) RCP 4.5
nam 2025.

Chat luong nude trén séong Nha Bé (doan hop luu cua hai song Dong Nai va Sai Gon)
kém, bji 6 nhiém ning chi tiéu POs>-P 1a 0,91-0,96 mg/l. Trén song Soai Rap chat luong
nuée kém bi 6 nhidém ning, thuong ngudn song Soai Rap, gia tri PO4>-P la 0,99 mgl/l.
Ngoai ra do anh huéng 6 nhiém tir séng Soai Rap nén thuong luu rach Vam Sat (Pong
Tranh - Soai Rap) ciing bi 6 nhiém ning, gia tri chi tiéu POs>-P la 0,94-0,99 mg/l. Poan
ctra song Vam Co dd vao song Soai Rap (khu vuc ha luu séng Vam Co6) chét luong nudce
Xau chi tiéu PO4>-P khodng 0,42 mg/l. Khu vuc ha lwu song Soai Rap 0,3-0,35 mg/l, vung
gan cira song chat luong nudc trung binh 0,21-0,26 mg/l. Ving cira séng Soai Rap chat
lwong nudc tét 0,16-0,17 mg/l. Thuong luu song Long Tau (thudc xd Binh Khanh) chat
lugng nudc & day bi 6 nhiém ning, gia tri chi tiéu PO4>-P khoing 0,97-0,98 mg/l. Khu vure
xa Tam Thon Hiép chét lugng nudc kém, bi 6 nhiém nang véi gia tri PO4>-P tir 0,98-0,99
mg/1, doan song Long Tau (chdy qua xa tam Thon Hiép va xa Long Hoa) chi tiéu PO4>-P tir
0,59-0,63 mg/l. Poan song Long Tau d6 vao song Dong Tranh (thuong luu séng Dong
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Tranh) chat luong nudc trung binh 0,23-0,26 mg/l. Poan giira song Dong Tranh chat lugng
nuée xdu 0,36-0,4 mg/l. Khu vuc ha luu song DPong Tranh: phia tdy ha luu chat luong nudc
trung binh 0,28 mg/l, khu vyc phia dong chat luong nudc kém, bi 6 nhidm ning 0,59-0,63
mg/l. Khu vuc miii Dong Tranh, cOn cat va cac béi bdi ven bién thudc xa Long Hoa chit
lugng nudc trung xau - kém, chi tiéu PO4*-P dat 0,41-0,97 mg/1. Chat lugng nude khu vuc
vinh Dong Tranh trung binh do sy lan truyén PO43'-P tir song Pong Tranh nhu cac con cat,
bai bdi ven bién 0,23-0,27 mg/l, mot s6 noi cd chét lugng nude tot hon 0,15-0,18 mg/l.
Doan séng Long Tau d6 vé thuong lwu Ngi Bay chét luong nudc xau gia tri POs>-P tir
0,37-0,4 mg/l, ra d&n ha luu Nga Bay 0,09-0,1 mg/l (chit luong nudc rat tot). Gid tri chi
tiéu PO4>-P trén song Thi Vai dén cira Cai Mép va tir ctira Cai Mép ra dén mot phan Vinh
Ganh Rai tir 0,02-0,021 mg/I cho thiy chat lwong nude & ddy rat tot. Khu vuc vinh Ganh
Rai: trén dao Thanh An va thi tran Can Thanh (doc bd Can Gio) chit luong nude xiu -
kém, mot sb noi 6 nhiém ning, chi tiéu PO4>-P tir 0,85-0,88 mg/l. Khu vuc phia déng va
nam vinh Ganh Réi chét luong nudc rat tét, chi tiéu PO4>-P tir 0,025-0,05 mg/l. Séng Dinh
Ba chét lugng nudc rét t6t, chi tiéu PO4*-P khoang 0,02-0,04 mg/I (Hinh 16).

TR

Hinh 17. Ban d6 phan bd chat TSS Ién nhat ngay (trai) va trung binh ngay (phai) RCP 4.5
nam 2025.

Chat lugng nudc tai trén cac song Nha Be, song Soai Rap, song Vam Co, song Pong
Tranh, vinh Dong Tranh, Song Long Tau, song Nga Bay, Song Thi Vai - Cai Mép va vinh
Ganh Rai deu bi 6 nhiém rat ning. Cho thay ham luong tong chit ran lo limg & khu vuc
nghién ctru rat nhidu (Hinh 17).

Ll LI | RN
L

Hinh 18. Ban d6 phan b chat Coliform 16n nhét ngay (trai), trung binh ngay (phai) RCP 4.5
nam 2025.

Chét luong nude trén song Nha Bé (doan hop luu cta hai song Pong Nai va Sai Gon)
bi 6 nhiém rat ning, chi tiéu Coliform > 13000 MPN/100ml. Trén song Soai Rap chat
luong nude bi 6 nhiém rat nang, chi tiéu Coliform > 13000 MPN/100ml. Ngoai ra do anh
huong 6 nhidm tir séng Soai Rap nén thuong luu rach Vam Sat (Pdng Tranh - Soai Rap)
cling bi 6 nhiém rat nang, gia tri chi tiéu BOD5 > 13000 MPN/100ml. Poan ctra song Vam
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Co dd vao song Soai Rap (khu vuc ha luu séng Vam Co) chét lugng nudc xAu - kém, bi 6
nhiém nang chi tiéu Coliform tir 9300-12600 MPN/100ml. Mtrc d6 6 nhiém giam dan tir
doan giira song Soai Rap ra dén cira séng: khu vyuc ha luu séng Soai Rap chét lwong nudc
t6t 3800-4800 MPN/100ml, viung gin ctra séng chit lwong nudc rat tot 1600-2200
MPN/100ml. Ving cira séng Soai Rap chat luong nude rat tét, gia tri Coliform tir 380-530
MPN/100ml. Thuong luu séng Long Tau (thudc xa Binh Khanh) cho dén khu vuc x3 Tam
Thon Hiép chat luong nudc ¢ day bi 6 nhidm rat ning, gia tri chi tiéu Coliform > 1300
MPN/100ml. Khu vyc song Long Tau (chay qua xd tam Thén Hiép va xd Long Hoa) chat
lwong nuéc rat tét, chi tiéu Coliform tir 780-3100 MPN/100ml. Poan song Long Tau db
vao séng Pong Tranh (thuong luwu song. Pong Tranh) chat luong nude rat tot 390-620
MPN/100ml. Khu vyc ha luu séng Dong Tranh chit lugng nudc rat tot 700-1200
MPN/100ml, tuy nhién khu vuc mili Dong Tranh chat luong nudce chi dat & muc tét, gia tri
Coliform 3900-4300 MPN/100ml. Chét luong nudc khu vyc vinh Dong Tranh rat 6t, chi
tiéu Coliform khoang 150-600 MPN/100ml. Poan séng Long Tau d6 vé thuong luu Nga
Bay chat luong nuéc rat tét 1000-1300 MPN/100ml ra dén ha luu Ngi Bay 85-110
MPN/100ml (chét lugng nudc rat tét). Gi4 tri chi tiéu Coliform trén song Thi Vai dén cira
Cai Mép va tir cira Cai Mép ra dén mot phan Vinh Ganh Rai 75-120 MPN/100ml cho thay
chét luong nudc & day rat tot. Khu vuc dado Thanh An c6 chét lugng nudce tdt, gia tri
Coliform 500-800 MPN/100ml. Thi tran Can Thanh (doc bd Can Gid) thudc vinh Ganh Rai
chét luong nudc trung binh - xAu, gia tri Coliform tir 6400-7800 MPN/100ml. Khu vuc
vinh Ganh Rai chat lugng nudc rat tot 40-160 MPN/100ml (Hinh 18).

4. Két luén

Nghién ctru da thiét 1ap, hiéu chinh, kiém dinh mé hinh mé phong thiy luc va chat
lwong nudc ving ha luu séng Sai Gon - Pong Nai. Sau khi x4c dinh mién tinh, luéi tinh
toan tam giac dugc xay dung voi 5342 nat ludi va 7631 phan tir. Bude thoi gian 1a 30s. Cac
diéu kién thuy lyc, diéu kién bién va diéu kién dau duoc lya chon thich hop. M6 hinh duoc
hiéu chinh bang s6 Manning (1a 28 m®%s dugc chon phii hop v&i mién tinh) khi so sanh myc
nude tinh toan va thyc do thong qua chi s0 Nash - Sutcliffe.

Két qua tinh toan mo hinh chét lugng nude - Ecolab cho thay ¢6 nhiéu su phu thude
vao cac yéu tb nhu két qua tinh toan tai luong, do tin cdy cac két qua quan trac. Doi véi
nhom céc thong sé6 BODs, DO, PO4*, sai s6 nho, két qua mo phong dat do chinh xéc cao.
Nhom NH4*-N va NOs™ ¢ d6 sai sb trung binh, két qua md phdong dat do chinh xac tuwong
dbi. Pbi voi TSS va Coliform: sai sd twong d6i 16n, do chinh xac khong cao nhung chap
nhan duoc.

Chét luong nude trén séong Nha Bé (doan hop luu cta hai song Pong Nai va Sai Gon)
bi 6 nhi®m rat nang, dién hinh 1a chi tiéu BOD va POs%. Cac song, kénh rach khu vuc noi
d6 chat lugng nudc hau nhu 1a tir xau dén rat nang diéu nay cho thdy hién trang xa thai
dang & muc bdo dong, dac bi¢t 1a vao thoi doan mua kho céac thang tur 1-4 nam 2019.

Nhu vay, voi két quad hiéu chinh va kiém dinh mé hinh tinh dat muc t6t thong qua céac
chi s6 NASH va R?, c6 thé thay két qua mo6 phong chat lugng nude khu vuc ha luu séng Sai
Gon-Bong Nai dén nam 2025 di di do tin cdy c6 cac nghién ctru tiép theo.

Han che cua nghién ctru la chwa chi ra dugc nguyén nhan cting nhu cac giai phap dé cal
thién ngudn nude miat cho khu vire Sai Gon- Pong Nai. S& phat trién hudng nghién clru tiép
theo nhu xay dung bo céng cu du bao CLN tu dong thay thé cho mé hinh truyén thong.

Déng gop cua tic gid: Xay dung ¥ tudng nghién ctru: Q.T.D., L.H.N.; Xur Iy, phan tich sO
ligu: Q.T.D., L.H.N.; Viét ban thao bai bdo: Q.T.D.; Chinh stra bai bao: Q.T.D.
Loi cam on: Bai bdo hoan thanh nho vao két qua ciia luan van thac sy: “Ung dung mé hinh

MIKE ’mé ph()ng chét luong nudc khu vuc ha luu song Sai Gon - Déng Nai theo cac kich
ban bién doi khi hau”.
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Loi cam doan: Tap thé tic gia cam doan bai bio niy 1a cong trinh nghién ctru ciia tap thé
tac gid, chua dugc cong bo ¢ dau, khong duoc sao chép tur nhitng nghién ctru trude day;
khong c6 su tranh chap 1oi ich trong nhoém tac gia.
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Applying the MIKE-ECOLAB water quality model to simulate
water quality in the downstream area of Saigon - Dong Nai river
according to climate change scenarios

Quach Thai Duong'*, Le Hoang Nghiem?, Pham Thanh Long?*

! Sub-Institute of HydroMeteorology and climate change; vanhung0494@gmail.com;
longpham.sihymete@gmail.com

2 Ho Chi Minh City University of Natural Resources and Environment;
hoangnghiem@hcmure.edu.vn

Abstract: The Saigon-Dong Nai River basin has a dense system of rivers and canals,
however, most of these rivers and canals have been and are being seriously polluted by
wastewater from domestic activities as well as from industrial parks/export processing
zones. Especially the canal area and the downstream area of the Saigon-Dong Nai River
flowing through Ho Chi Minh City. This article focuses on evaluating the surface water
quality of the ha pomegranate area of the Saigon-Dong Nai River system, the estuary of
Dong Tranh Bay, considering climate change conditions using the MIKE 21 FM Ecolab
model. The results show that rivers and canals near the inner city, specifically in the Nha
Be and Vam Co Dong River sections, have low water quality, indicators are almost at bad
levels except for NHs" and NOs, and the estuary area has poor water quality. The water
level is good. In addition, in the RCP4.5 climate change scenario for 2025, concentrations
increase but not significantly in large rivers such as Nha Be and Vam Co Dong.

Keywords: MIKE 21FM Ecolab model; Water quality index; Saigon-Dong Nai River;
Climate change.
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Bai bdo khoa hoc ] . .
Nghién ctru xay duwng Web-GIS cong bo ban do nguy co'lay nhiém
dich bénh COVID-19 trén dia ban thanh pho Ha Noi

Nguyén Thi Thu Huong!*, Nguyén Quang Minh?

1 Khoa Tréc dia Ban dd va Quan Iy dt dai, Truong Pai hoc M6 - Dia Chat Ha Noi:
nguyenthithuhuongtdpt@humg.edu.vn; ngminh@gmail.com

*Tac gia lién hé: nguyenthithuhuongtdpt@humg.edu.vn ; Tel.: +84-904802198

Ban Bién tdp nhan bai: 5/10/2023; Ngay phan bién xong: 25/11/2023; Ngay dang bai:
25/3/2024

Tém tit: Ngay tir khi dich bénh COVID-19 biing phét trén thé gii, da c6 nhiéu cac nghién
ctru vé thanh 1ap ban dd nguy co lay nhiém dich bénh COVID-19. Muc dich chinh cua cac
ban do nay 1a cung cip cac thong tin cu thé Ve murc do nguy co lay nhiém dich bénh COVID-
19 trong timg khu vuc. Cac thong tin nay rat hitu ich cho cac nha quan ly quyét dinh cac
Chlnh sach, dua ra cac bién phap phong chong dich bénh hiéu qua va kiém soat duoc sy lan
truyén cta virus SARS-CoV-2. Trong bai bao ndy, nhom tac gia da nghién ctru xay dung
mot Web-GIS cong bd vé ban d6 nguy co lay nhiém dich bénh COVID-19 (CVI Map) trén
dia ban thanh phd Ha Noi, 1a mot hé théng duoc tham chiéu chéo, tich hop, cap nhat thuong
xuyén cac dir lidu va céc tinh toan, bao cdo hang ngay vé cac trudng hop COVID-19 cia
thanh ph Ha Noi, tao thanh mot tai nguyén mo toan dién, tir d6 dua ra cac phuong phap
thich trmg phu hop dya trén diéu kién dan cu, diéu kién séng, ha tﬁng, y té,... bay ciing 1a sy
chuan bi can thiét dé Ha Noi co thé img pho voi su xuét hién ciia cac bénh truyén nhiém
duong ho hap cling nhu cac bénh truyén nhiém khac trong tuong lai.

Tir khéa: COVID-19; Web-GIS; Ban d6 CVI; QGIS; Ha Nbi.

1. Giéi thi¢u

Hién nay, mic du dich bénh COVID-19 dang dan dugc day i tai Viét Nam ciing nhu
trén thé gidi, tuy nhién sy xuét hién cac bién thé khac nhau cua virus SARS-CoV-2 van la
nguy co co thé khién dich bénh bung phat tré lai. Vi vay, viéc chuén bj cac thong tin ho trg
phong chéng dich, dic biét 1a ban d6 nguy co lay nhiém dich bénh COVID-19 dua trén dit
liéu khong gian la rat can thiét dé dam bao Viét Nam c6 thé sdng an toan vdi virus SARS-
CoV-2. Béi voi nhitng nguoi nghién ctru dit liéu khong gian (geo-spatial data science), mot
trong nhirng céu hoi quan trong la: vay bénh dich s€ hay xuét hién & nhiing chd nao? Nguy
co dich bénh ¢ dau 14 16n nhat? Da c6 nhiéu nha khoa hoc, gidi quan 1y y té trén thé gidi tim
cach tra 161 cau hoi nay dé rdi tir d6 ho dua ra cic mé hinh tinh toan chinh x4c cho phép thanh
1ap cac ban dd nguy co lay nhiém dich bénh COVID (COVID-19 Vulnerability Index Map -
CVI Map). Céc ban d6 nay dugc tao ra nham muc dich danh gia va phan tich muc do nguy
co 1y nhiém cua dich COVID-19 tai timg khu vuc va dia diém khac nhau. Day 1a cong cu
quan trong dé dua ra quyét dinh va trién khai cac bién phap phong chéng dich hidu qua. Tuy
nhién, mudn c6 duogce dit liéu va md hinh dé thanh lap ban dd CVI-Map can co nhiing dir licu
théng ké hét stre chi tiét dé tir d6 co thé hinh dung tai mdi dia diém, khu vuc c6 cac dic diém
khéc nhau thi bénh dich s& 14y nhiém nhu thé nao? Tur ban dd nay s€ xac dinh duoc cac khu
vuc ¢6 nguy co 1y nhiém nhanh khi ¢6 FO trong cong dong, tir d6 xac dinh cac khu vuc co
nguy co bung phét dich cao, cn wu tién phu Vaccine som ciing nhu ¢ cac bién phap phong
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chdng dich hop 1y. Ngoai ra, viéc kiém soat dich bénh COVID-19 ciing da phét trién cac
thanh twu v6i cac muc tiéu phat trién (SDGs) vé stic khoe, kinh té va xa hoi, phat trién theo
hudng phat trién bén vimg [1-4].

Trudc day, su bung phat cua dich bénh COVID-19 va hau qua cua no trén toan cau da
dan dén cac van dé xd hoi nghiém trong lién quan dén stre khoe can duoc giai quyét nhu su
hoang s, lo lang, trdm cam, phan biét chung toc va khong khoan dung [2] Khi nhiing thay
doi di truyen d6i v6i virus xay ra theo thoi gian, virus SARS-CoV-2 bét dau hinh thanh cac
dong di truyén. Giéng nhu mot gia dinh c6 cay pha hé, virus SARS-CoV-2 ¢c6 thé duoc 1ap
ban d6 twong tu. Doi khi cac nhanh cua ciy d6 cé cac thude tinh khac nhau 1am thay déi tc
do lay lan cua virus, muc do nghi€ém trong ctia bénh tat ma nd gay ra hoac hi¢u qua cuia céc
phuong phép diéu tri chdng lai no. Cac nha khoa hoc goi nhitng virus ¢ nhiing thay d6i nay
1a “bién thé”. Chung van 1a SARS-CoV-2, nhung c6 thé hoat dong khac. Chinh phu cia cac
qudc gia trén thé giéi da gidi thiéu mot sb can thiép dé giam kha ning di chuyén caa con
ngudi va tiép xuc vai xi hoi.

Dé kiém soat COVID-19, viéc lap cac ban d6 va phan tich khong gian, hé théng thong
tin dia ly (GIS) cung v6i dir liéu khong gian dia Iy dong mét vai tro quan trong, va la mot
cach thirc cong ngh¢ rong rai dé nam bat, chuan bi, quan ly, tong hop phan tich tur nhiéu
nguon dir liéu [3]. Viéc lap cac ban dd va phan tich khong gian ciling co thé thuc hién theo
ddi, xac dinh mo hinh dia 1y 1ay truyén, phan doan khong gian dé dénh gia tinh dé bj ton
thuong va rui ro, mé hinh hoa khong gian va truc quan hoa bat ky sy kién nao c6 thé cung
cap hd tro thong tin khong gian nho gon cho viée ra quyet dinh, xay dung céac bién phap va
danh gia tinh hiéu qua cta su kién dé ngan chan va kiém soat [4]. Nam 1854, viéc lap ban d6
va phan tich khong gian da duoc str dung boi bac si ngudi Anh John Snow dé phat hién va
ngan chin dich ta bung phat & London. Két thiic ciia nghién ciru d6 da gitp ciru song nhidu
ngudi va hd trg hinh thanh mot hé théng quan 1y nudce va chit thai & London. Sau d6, né
duoc theo sau boi cac thanh phé khéc va tao ra mét sy thay ddi dang ké vé strc khoe cong
dong noi chung trén toan thé gidi [5].

Dé c6 thé tao ban d6 nguy co 1ay nhiém dich bénh, dir liéu khong gian dong vai tro quan
trong, lam dau vao cho cac mo hinh xac dinh chi s6 nguy co bénh tat [6]. Dua trén 80 liéu
thdng ké vé vi tri cia cac ca mic COVID-19, c6 thé tao ra mbi twong quan gitra mot s6 thong
tin khong gian nhu mat d6 dan sb, thu nhap binh quan dau nguoi, diéu kién sdng c6 nguy co
bung phat dich bénh, v.v.. .[7]. Thong tin khong gian nay co thé dugc thu thap thong qua cac
ngudn dir liu mo hodc ¢ thé duoc xac dinh gian tiép bang cac md hinh phan tich khong
gian théng qua dir liéu khong gian hién c6 nhu phan b6 do che phu dat, dir lidu dan so,
V.v...[8]. Phan tich tinh hinh dich bénh COVID-19 vé khong gian va thoi gian la rat quan
trong dé co the hleu r0 dugc ban chat murc d§, mo hinh dia ly ctia viéc truyen nhiém, cac yéu
t6 nguy co tiém an, murc do d& bj ton thwong va rii ro, va cac diém néng vé lay nhiém [9].
Phan tich khong gian vé su bung phat COVID-19 ciing rat quan trong khi xay dung dugc mot
chinh sach toan dién dé kiém soat cac tinh huéng bét loi cua dai dich st dung cac ngudn luc
¢6 san. Viéc phan tich khong gian va thoi gian rit quan trong trong dich t& hoc [9]. Trong hai
thap ky qua, dich t& hoc di tham gia va nhan dugc cac phan héi t6t trong nghién ctru cac Gmg
dung trung gian [10] va dd c6 mot sd nghién ciru nhat dinh dugc thyc hién trén thé gisi lién
quan dén viéc phén tich COVID-19 trong khéng gian [4,11-12]. bic biét, mot nghién clru
toan dién vé ban chat cta lan truyén theo khong gian, mé hinh lay truyen theo khong gian dia
ly, tinh dé bi ton thuong va mure d¢ rui ro cing vo1 viée phan tich cac diém néng ctia COVID-
19 da duogc cong bb trong céac nghién ctru cua cac nha khoa hoc nhu [7, 13-15].

Cho dén nay, viéc 1ap ban do nguy co lay nhiém COVID-19 di duoc bao cio ¢ nhidu
qudc gia trén thé gidi bang nhiéu céach tiép can khac nhau. Theo [16], mot trong nhitng cong
cu giup con ngudi c¢6 thé hidu dugc cin bénh nay 1a Hé thong thong tin dia ly (GIS). GIS
cung cap mot khudn kho tuyét voi dé tich hop dit liéu cu thé vé bénh tat véi cac khu dan cu,
co sO'y té va xd hoi cling nhu méi truong ty nhién xung quanh. N6 ciing cung cap dir lidu rat
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phtt hop dé phan tich dit liéu va hién thi xu hudng. Theo [17] dd dé xuét phuong phép tiép
can da tiéu chi va cong nghé GIS dé danh gia mirc d6 nguy hiém ciia COVID-19 trong qué
trinh phong toa cac quan ngi thanh. Tuong tu, MCDA dua trén GIS da dugc sir dung dé thiét
1ap ban d6 cac khu vuc dé bi ton thwong do COVID-19 cho Bd Tay, Palestine [18]. Ngoai ra,
dé xéc dinh cac khu vuc ¢6 kha nang d€ bj ton thwong do lay nhiém COVID-19, c6 thé hd
trg cac to chirc chinh phu duy tri viéc quan ly dich bénh va ngan chan sy lay lan cta no, [19]
da tao ra ban d6 vé tinh trang d& bi ton thuong cia COVID-19 ¢ Ty Bengal, An D¢ thong
qua nén tang GIS va mot phuong phap MCDM mé tich hop. Mit khéc, phuong phap nay
cling dugc ap dung trong viéc xdy dung md hinh xac dinh cdc chi s6 nhay cam COVID-19 ¢
Trung Qudc [20], danh gia muc do ton thuong do COVID-19 [21], x4c dinh cac chi sb nhay
cam COVID-19 do yéu tb xa hoi gdy nén & Iran [22], thiét 1ap ban d6 muc d nhay cam voi
COVID-19 [23].

Ngoai ra, phuong phép tiép can MCDA dua trén GIS, nghién ctru [24] da xac nhan vai
trd ctia ung dung hinh anh vé tinh, cong nghé vién tham va dir liéu khong gian dia 1y trong
viéc xac dinh cac dic diém va mdi quan hé o lién quan dén mirc d6 pho bién va ty 18 tir vong
ctia COVID-19 trén toan cau. Hon nita, nghién ciru [25] két ludn rang trong nhitng nim tdi,
viéc ap dung cong nghé vién tham sé& cho phép giam sat va quan 1y rai ro dai dich toan cau
hiéu qua hon nhiéu. Hién nay, cong nghé nay da duoc tmg dung rong rii trong nghién ciru
vé dai dich COVIDS. Nghién ctru [26] d3 str dung cong nghé vién tham, GIS va phuong phap
dya trén kién thirc dia phuong dé giai quyét hidu qua tinh trang lay lan bénh COVID-19 &
An 9. Sau khi tham khdo y kién cta chinh quyén dja phuong, ho di phan dinh khéng gian
cac khu vuc nguy hiém khéac nhau va cac hoat dong dugc phép & d6. Ngoai ra, nghién ciru
[27] da str dung hinh anh vé tinh dé phan tich tinh trang 1ay nhiém SARS CoV-2 trong nhiing
nhom dén cu dé mic bénh & Ecuador. Ngoai ra, su két hop gitra mang Bayesian va cong nghé
GIS con duoc sir dung dé xay dung mé hinh phan tich cac khu vic dé b ton thuong do dai
dich bung phat & Bangkok, Thai Lan. M6 hinh nay dugc sir dung dé thuc hién phan tich kich
ban da gitp phat hién ra cac chién lugc quan 1y 16 hong.

O Viét Nam, di c¢6 nhirng nghién ciru xac dinh vi tri ciia cac bénh nhu st rét [28] phan
tich dia Iy vé sy xuét hién bénh tiéu chay do vi khuan Shigella & Viét Nam [29], hay phan b6
dia 1y s6t xuat huyét ¢ thanh phé Ha Noi [30]. Cac nghién ciru nay cho thay thong tin dia
ly/théng tin khdng gian c6 thé gop phan nang cao hiéu qua phong chong dich bénh, bao vé
tinh mang nguoi dan va ddm bao an toan stc khde cho Viét Nam. Ngoai ra, cong ngh¢ GIS
cling da duge chimg minh la c6 hi€u qua trong viéc khoanh vung nguy co dich bénh COVID-
19 dé  phan cp mirc d6 tac dong [31]. Bén canh d6, dé dy bao va khoanh ving ving dich dé
c6 thé dua ra giai phap chinh x4c va nhanh nhét [32] 4p dung md hinh héi quy dia 1y cuc bd
dé danh gia tinh hinh dich trén toan thanh pho tap trung vao cac khu vuc dugc du bao co
mirc d6 14y nhiém cao va nguy co ldy nhiém rat cao. Tuy nhién, dich bénh COVID-19 Ia
bénh m&i va xuit hién nhanh nén hau nhu chua c6 kinh nghiém ciing nhu chua c6 nhiéu
nghién ctru st dung dit liéu khong gian dé du bao, xac dinh nguy co dich bénh.

Trong nghién ctru ndy, viéc xay dung mot Web-GIS cong bd vé ban dd nguy co lay
nhiém dich bénh COVID-19 (CVI Map) trén dia ban thanh phé Ha Ndi trén co s¢ xay dung
cac mo hinh nghién ctru cho phép xac dinh céac chi sé nguy co dich bénh tir dir liéu
khoéng gian, ciing nhu cac mé hinh phén tich khong gian xac dinh cac thong tin can thiét
cho mo hinh dich t& hoc nhu mat do dan sd, diéu kién sdng, thong tin vé& nhan khau hoc,
d6 tudi dan sd, v.v. nham danh gia va phan tich mirc 6 nguy co lay nhiém cua dich bénh
COVID-19 tai tirng khu virc va dja diém khac nhau trén dja ban thanh phd Ha Noi. Trong
do6, cac ban dd CVI-Map c6 thé dugc cap nhat va didu chinh theo thoi gian, dya trén cac
thong tin méi nhat vé dich bénh va cac yéu té tac dong. Diéu nay giup cho qua trinh phan
tich va st dung céc dir liéu khong gian trd nén linh hoat va c6 kha nang dap ing nhanh chong
dbi v6i tinh hinh dich bénh thay d6i. Két qua cua viéc xay dung Web-GIS nay c6 thé cung
cap cho chinh quyén va cic nha quan 1y y té nhiing thong tin quan trong vé nguy co 1y nhiém
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va téc do lay lan dich bénh trong timg khu vuc cu thé. Didu nay giip ho duara quyét dinh va
trién khai cac bién phap phong chdng dich hiéu qua cho thanh phé Ha Noi, vu tién phan phbi
vaccine, ciing nhu gianh quyén vu tién tai nguyén y té cho cac khu vuc ¢ nguy co cao.

2. Dir liéu va phwong phap nghién ciru
2.1. Gioi thiéu khu viec nghién curu

Thu d6 Ha Nbi ¢6 vi tri nim trong khoang tir 20°53’ dén 21°23’ vi 6 Béc va tir 105°44’
dén 106°02' kinh d6 Pong. Ha Noi nam tiép giap véi cac tinh Thai Nguyén, Vinh Phuc ¢
phia bic; Ha Nam, Hoa Binh ¢ phia nam; cac tinh Bic Giang, Bic Ninh, Hung Yén ¢ phia
dong va Hoa Binh, Pht Tho ¢ phla tay. Day la trung tam chinh tri, kinh té, van hoa, khoa hoc
va ky thuat cua ca nudc [33]. Nam trong ving dong bang song Hong phia Bic, Ha Noi 1a
viing c6 mat do dan s cao nhat ca nude véi dan s6 nam 2020 1a khoang 8, 3 triéu nguoi, nam
2021 1a khoang 8,34 triéu ngudi va nam 2022 1a khoang 8,4 tridu nguoi, song trén dién tich
3.359,82 km?, voi mat d 2.511 nguoi/km?, trong d6 hon 8 triéu ngudi sdng & cac khu do thi
[34].
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Hinh 1. Khu vuc nghién cu.

2.2. Dt liéu da s dung

Dt li¢u dugce str dung trong nghién ctru nay bao gém dit liéu vé céc ca nhiém COVID-
19 tai Ha Noi trong khoang thoi gian tir ngay 5/7/2021 dén ngay 22/9/2021 dugc thu thép tai
Trung tam Kiém soat bénh tat Ha Noi (CDC Ha Noai - 70 Nguyén Chi Thanh, Déng ba, Ha
No6i) va mot s6 dit liéu khong gian can thiét dé xdy dung ban d6 chi s6 nguy co dich bénh
nhu: dit liéu tham phua dat, dir liéu dan s6 va phan bd déan cu, dit liéu thi trudng dia phuong,
trung tam thuong mai, can ho, dir liéu vé cac khu cong nghiép,v.v. tai thanh phé Ha NOoi.
Béng 1 trinh bay dir lidu va ngudn duoc str dung trong nghién ciru.

Bang 1. Ngudn va céc dit liéu dugc sir dung trong nghién ciu.

Dir ligu Tham sb Ngudn
https://hub.worldpop.org/geodata
Dit liéu dan s6 Mat do dan cu (mat do nha trén 1 ha) World Population ndm 2020 d¢ phén giai
90%x90m

Céc tham s vé do nhay cam COVID-19
Dit liéu cac dbi tugng duoc xac dinh tur;
ha ting kinh té xa hoi CDC Ha Noi (duoc thu thap tir 5/7/2021

Vi tri cac ca nhiém COVID-19 dén 2219/2021)



https://hub.worldpop.org/geodata
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Dir liéu Tham sé Nguén

Vi tri cac chg dén sinh, trung tim thuong

mai, cic don vi hanh chinh, cac don vi Google Earth
dich vu, cac khu cong nghiép, khu ché

xuét, cac khu chung cu...

https://www.eorc.jaxa.jp/

(Dt liéu vai @6 phan giai 30m dugc giai
doan tir anh vé tinh do Jaxa cung cip,
1991- 2019),

Sentinel-1 SAR GRD
Sentinel-2 MSI Level-2A
Sentinel-2 MSI Level-2A
Landsat 7 ETM+ (Collection 1)

Dt liéu 16p phu sir Céc tham sb ctia mé hinh phan tich khong Landsat 5 and 4 TM (Collection 1)
dung dt gian Dir liéu khao sat mat dét, dit lieu diéu tra,
dit liéu giai doan bang mét thuong tir anh
v¢é tinh (130,000 sites)

ALOS PRISM Digital Surface Model
(AW3D DSM) di dugc tinh toan dé xac
dinh d6 dbc, huong déc, va do cao
Céc ngudn dit liéu phu tro khac bao gém
khoang cach dén song, dé bo bién, hé
thdng giao théng va nha cira

Dit liéu mét do dan cu (http://www.worldpop.org.uk/). Dit li¢u ¢6 do phén giai 100 m x
100 m va s lidu dan s6 ude tinh trén mdi diém anh nay. Dit liéu mat do dan cu duoc thé hién

nhu Hinh 2a.
] S e pranet = )
(@) ‘. L. " / o (B)

‘hqkhu bong thi Wn
Hinh 2. (a) Dir liéu mat d6 dan sé download dwoc tir http://www.worldpop.org.uk/; (b) Dit liéu chg
dan sinh va trung tdm thuong mai.

Dir liéu vi tri cac cho dan sinh tai Thanh phé Ha No6i duoc xac dinh tir Google Earth voi
tong 240 cho nhu trén Hinh 2b.

Vi tri ctia hon 3500 ca FO tai thanh phd Ha Noi trong khoang thoi gian 5/7/2021 dén
ngay 22/9/2021 (do cac ca bénh chi c6 thong tin vé dia chi, khdng co théng tin vé toa d6 nén
nhém nghién ctru da phai tién hanh xac dinh vi tri cac ca nhiém trén ban d6 mot cach thi
cong) dé dbi chimg voi két qua mo hinh xac dinh mtrc d6 nhay cam lay nhiém COVID-19
(Hinh 3). Dit liéu cac ca bénh FO dugc cung cép bdi Trung tam kiém soat dich bénh Ha Noi
(CDC Ha Noi) theo dinh dang file excel.


https://www.eorc.jaxa.jp/
http://www.worldpop.org.uk/?fbclid=IwAR0gJygxh1xYcanfGmQnWN29XScLlfi9hVQlo3qSqviUtM4LmAcQ4IhcXGA
http://www.worldpop.org.uk/
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Cac trudng hgp COVID-19 d Ha ndi
(Tir 5/7/2021 dén ngay 22/9/2021)
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Hinh 3. Vi tri dugc xé4c dinh dua vao dia chi caa 3500 ca nhiém COVID-19 & Ha Noi trong thoi gian
5/7/2021 dén ngay 22/9/2021.

2.3. Phuong phap nghién ciru

Trong qua trinh nghién ctru, chiing t6i da xay dung duoc mot ban dd nguy co lay nhiém
dich bénh COVID-19 trén co sd xay dung 02 md hinh: mé hinh xé4c dinh cac chi s6 nguy co
dich bénh va md hinh phan tich khong gian.

M0 hinh nhay cam trong khu vuc truyén bénh duoc xac dinh dua trén dir liéu cia Thanh
phé H6 Chi Minh duoc nhém nghién ciru cia Bui Hong Son x4y dung dua trén nghién ciru,
danh gia vé tuong quan giita cac yéu td vi tri dia 1y va cac d6i twong dia 1y voi nguy co
COVID-19 [32]. Theo d6, quy trinh xay dung ban d6 phan ving nhay cam lan truyén bénh:

1. Luong hoa céc gia tri dic trung cho muc dd nhay cam cua tung 6 (cell) kich thude
100 x 100 m (twong duong 01 hectar) bao gom tong dan so trong ban kinh 500 mét va khoang
cach tir timg cell dén cac dbi twong dia 1y nhay cam, dé tré thanh tdm lan truyén dich nhu
cho, siéu thi, chung cu, khu cong nghiép.

2. Xac dinh céc chi s6 nhay cam cho timg cell theo cong thire sau:

- Di voi dan sb xac dinh chi s6 PopIndex:

PopIndex; = Pop2020i/MaxOfPop2020 Q)

Trong d6 Pop2020; 1a dan s6 trong vong 500 mét ddi vai timg cell va MaxOfPop2020 1a
gia tr1 Max cua Pop2020.

- Chi s6 nhay cam dbi v6i cho:

) Cholndex: = (1000-Dist2choi)/1000 (2)
- Chi s6 nhay cam d61 v6i chung cu, cao Oc:
Chungculndex; = (1000—Dist2cc:)/1000 3

Trong d6 Dist2cci 1a khoang cach ting cell dén chung cu.
- Chi s6 nhay cam ddi véi siéu thi, trung tdm thuong mai:

Sieuthilndex; = (1000—Dist2st;) / 1000 4
Trong d6 Dist2st; 1a khoang cach timg cell dén siéu thi.
- Chi s6 nhay cam ddi v6i khu cong nghiép, khu ché xuét:

KhuCNIndex: = (1000—Dist2cn;)/1000 (5)
Trong d6 Dist2cn; 1a khoang cach ting cell dén khu cong nghiép (tinh theo duong thing,

khong tinh theo 19 trinh).

Chi sb nhay cam téng hop xéac dinh theo cong thirc sau:
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SensIndex; = kp. PopIndex; + kch. Cholndex; + kcc. Chungculndex; + kst.Sieuthilndex; +
ken. KhuCNIndex; (6)

Trong doé kp, kch, kec, kst, ken 1a cac trong sb cac yéu to nhay cam dan s6, cho, chungcu,
siéu thi, khu cong nghiép...

Do chudi so liéu thu thap duoc chua du 16m, trong thir nghiém dudi day kp, kch, kec, kst,
ken nhan gia tri bang 1.

, Dé thuén loi trong khai thac truc quan, st dung gia trj chi sb nhay cam tong hop twong
doi:
CovidSensIndex; = 1OOSensIndexL/MaxOfSensIndex @)

Trong d6 MaxOfSensIndex 1a gia tri 16n nhat trong cac gi4 tri SensIndex cua tat ca cac
cell.

Mo hinh nay duoc tao ra bai nén tang phan tich va moé hinh ndi suy cac gia tri chi sé
index cho cac grid khong c6 dit liéu, mot hé thong duoc thiét ké dé hop 1y hoa phén tich
thong ké va khong gian dia 1y phirc tap. M6 hinh thyc hién cac phuong phép hién tai va lich
sir dé xac dinh tinh trang cac ca bénh. M6 hinh bién cac thu tuc l1ap ban dd va phan tich kho
khin va ton thoi gian thanh cac ban do, biéu d6 va két qua d6 hoa dé hiéu.

Mo hinh phan tich mac d6 nhay cam véi COVID-19 ciia [32] 1a mé hinh duy nhat da
xdy dyng thanh cong ban dd nguy co lay nhiém dich bénh COVID-19 tai Viét Nam vao thoi
ky dau xay ra dich bénh. Trén nén tang d6, nhom tac gia da nghién ctru cai tién mo hinh cua
[32] dé xay dung mot Web-GIS cong bo vé ban d6 nguy co lay nhiém dich bénh COVID-19
tai Ha No1 bang cach gian lugc mot sd tham sb ciia md hinh trén cho phu hop véi cac diéu
kién vé dich bénh ctuia Ha Noi. Dit liéu duoc trinh bay nhu Hinh 6. Dé xac dinh muc do tuong
quan gitta mat d¢ dan s6 va ty 1€ nhiém COVID-19, dit liéu cac ca nhiém COVID-19 nhu
Hinh 6 duoc st dung dé xac dinh mat dé dan s tai cac vi tri nhiém bénh six dung phuong
phap phan tich khong gian trén phan mém QGIS.

Dir liéu vé mat do dan sé duoc phan doan thanh 18 nhom mat do tir 0 dén 850 nguoi/ha
v6i bude nhay 50 ngudi. SO liéu phan tich duge trinh bay trong Bang 2. Trong bang thong
ké téng sb lugng ca méc duoc dinh vi tai cac vi tri c6 mat do dan sb tir nhom 1 dén nhom 18
va dién tich tuong Uimg véi mdi nhom méat do dan sb. Ch'flng han, nhom 1 cho théy c6 27041
ca COVID-19 tai cac vi tri c6 mat d6 dan sb tir 0-50 ngudi/ha trong khi dién tich dét twong
g voi mat do dan s6 nay 1 3815 ha. Vi dién tich dat twong tmg & mdi nhém dan sé khong
déu nhau va viéc thong ké don thuan s6 ca mac theo mat do dan sb s€ khong phan anh ding
tuong quan gitta muc dg nhay cam cua COVID-19 theo mat d6 dan s6 nén nhom nghién ciru
da st dyng tham s6 N 1a ty sb giita s6 ca nhiém theo mat do dan sO/ dién tich dat c6 cing mat
d6 dan s6. Cach lam nay sé tiéu chuin héa dugc vé tuong quan giita s6 ca nhiém theo mat do
dan so.

Bang 2. Phan nhém mat do dan sé va sé ca mic theo mat do dan sd.

Mat dé dan sé N (Ty lé ca mac/S

Nhém dan sé ngui/ha) S6 ca mic Dién tich (ha) (Dién tich c6 ciing
(ngud mat d§ dan s6))
1 50 27041 3815 7.088073
2 100 16286 1276 12.76332
3 150 7313 2268 3.224427
4 200 9725 1259 7.724384
5 250 15170 5059 2.998616
6 300 12073 1386 8.710678
7 350 11579 1619 7.151946
8 400 8383 4064 2.062746
9 450 10326 13035 0.792175
10 500 11685 1349 8.661972
11 550 14699 1029 14.28474
12 600 20745 3244 6.394883
13 650 19506 178808 0.109089
14 700 9105 183 49.7541
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Mat dd dan sb N (T¥ 1§ ca mac/S

Nhém dan sé yilha) S6 ca mic Dién tich (ha) (Dién tich c6 cuing
(nguof mat d¢ dan sb))
15 750 5407 314 17.21975
16 800 5732 145 39.53103
17 850 3248 63 51.55556
18 900 55 2 275

Tt dit liéu trong Bang 2 ¢6 thé xac dinh chi s6 nhay cam theo mat d6 dan s6 bang phuong
phé&p hoi quy tuyén tinh. Trong d6, do6 thi phan bo va ham hoi quy dugc xac dinh nhu Hinh
4,

Twong quan giita mat d§ dan sé va s6 ca mic COVID-19
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Hinh 4. D6 thi phan bé hdi quy tuyén tinh dé xac dinh anh huéng cua mat do dan sé dén kha niang
lay nhiém COVID-19. Trong d6, duong nét dut mau den 1a duong hoi quy, duong nét lién mau do la
duong phén bac cho mé hinh gian luoc.

bé gian lugc héa mé hinh xac dinh nhay cam COVID-19, nhém nghién ctru su dung
phan bac dé gian lugc chi s6. Céc chi sb nhay cam cua mat d¢ dan s6 s& duoc chia 1am 3 mirc
bao gom: mirc thap (mat do dan s6 tir 0 dén 600 ngudi/ha), nhom trung binh (mat d¢ dan s6
tir 600 dén 700 ngudi/ha) va mirc cao (mat do dan s trén 700 nguoi/ha). Cac chi sé PopIndex
s& 1an lugt nhan cac gid tri 1, 2, 3 1an luot tuong Gmg véi mirc nhay cam thap, trung binh va
cao.

Mot chi s6 khéc lién quan dén khoang cach diém lay nhiém, nhom nghién ctu ciing tién
hanh gian lugc chi sb nghién ctru bang cach phan loai chi s6 nay thanh hai gia tri 13 khong nhay
cam va nhay cam. Khu vuc khong nhay cam la cac khu vuc ¢ khoang cach 16n hon 400 m dén
cac diém co nguy co lay nhlem nhu chg dan sinh, twong mg voi gia tri Cholndexi = 0. Nguoc
lai, khu vire nhay cam s& nam trong ban kinh 400 m dén cac diém c6 nguy co lay nhiém cao co
gia tri Cholndex; = 1.

Nhom nghién ciru ciing tién hanh xac dinh gian luoc mic d6 1y nhidm d6i véi cac khu
vue c6 diéu kién sinh hoat khong tdt, d6 1a cac khu dan cu co d3 duoc hinh thanh véi thoi
gian l4u, dién tich nha ¢ nho, diéu kién vé sinh khong t6t. Cac khu dén cu nay thudng dugc
hinh thanh tir trude ndm 1995 va dé xac dinh duoc twong ddi vi tri cac khu dan cu nay co thé
sir dung dir liéu 16p phu trong cac thoi ky trude ddy, trong d6 co xac dinh cac 10p dat xay
dung tuong g véi cac vi tri trude ndm 1995 ¢ khu vuc thanh phd va c6 mat do xay dung
cao. Céc vi tri c6 16p mat dét trude nam 1995 s& ¢ gia tri DKIndex = 1, cac khu vuc c6 dan
cu khong thude khu vuc trén s€ co6 gia tri DKIndex = 0.

D6i v6i mo hinh gian luoc, gia tri mirc d6 nhay cam s& duoc xac dinh bang:

CovidIndex: = kp. PopIndexi + kci. Cholndexi + ka.DKIndex: (8),

Trong do, kp, Ken, Kak 12 cac trong s ciia cac chi sé PopIndex, Cholndex, va DKIndex.
Trong md hinh gian luoc, cic trong sé nay déu bang 1, nghia 1a coi mirc d6 wu tién (quan
trong) clia cac yéu t6 nhay cam nay 1a nhu nhau.
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3. Két qua nghién ciru

Dé xac dinh duogc mirc do nhay cam dbi véi COVID-19 cho thanh phd Ha Noi, chling
t6i da str dung mo hinh gian lugc xac dinh céc chi s6 nguy co dich bénh COVID-19 theo cong
thirc (8). Trong d6 chi sb nhay cam véi mat do dan s6 duoc xac dinh tir dir liéu dan sd theo 3
mirc ciia mo hinh gian luge. Chi sb nhay cam dén sb cung chi s6 chg dn sinh va chi sé diéu
kién sinh hoat dugc st dung dé tinh chi sé nhay cam COVID-19 téng thé. Nhu vay, chi sb
nhay cam COVID-19 cho thanh phé Ha Noi duge chia thanh cac muc tir 1 dén 5 va duoge
biéu thi nhu trén Hinh 5. Trén hinh v& ndy, mirc d6 nhay cam dugc biéu thi bang mau séic
tang dan tir tring dén do.

Dé kiém chutng tinh chinh xac ctia mé hinh, nhém nghién ctru str dung 3500 mau cac ca
nhiém COVID-19 dua vao dia chi ctia cic ca bénh (dugc CDC Ha Noi cung cép dudi dang
file excel). Do cac dia chi nay chua dugc xac dinh vi tri nén nhom nghién ciru da phai tién
hanh xac dinh vi tri ctia cac ca nhiém COVID-19 trén ban d6 mot cach thu cong.

Hanoi Covid Vulnerability Map
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Hinh 5. Két qua xac dinh muc do nhay cam d6i véi COVID-19 theo mé hinh gian lwoc. Thang mau
tir trang dén do.

Mo hinh duge kiém ching bang cach thong ké s6 lugng cac ca nhiém COVID-19 theo
tirng mirc d¢ nhay cam nhu Bang 3 va Hinh 6.

Bang 3. Bang thdng ké dir liéu cac ca nhiém COVID tir 5/7/2021 dén ngay 22/9/2021.

Mike dd nhay cam Sb ca Dién tich theo mikc dd S6 ca nhiém/Dién tich theo
COVID-19 (CVI) nhiém nhay cam mikre dd nhay cam

1 1075 102548 0.010483

2 1051 14015 0.074991

3 775 3083 0.251379

4 146 2020 0.072277

5 185 384 0.481771

Do dién tich cac ving c¢6 mirc 6 nhay cam khac nhau khong déu nhau nén viéc danh gia
s6 ca nhiém theo muc d6 nhay cam khong hoan toan chinh xac. Chéng han dién tich c6 mirc
do nhay cam béng 1 1a 102548 ha trong khi s6 ca nhiém dugc ghi nhéan ¢ céc vi tri c6 mic
dd nhay cam 1 1a 1075 trong khi s6 ca nhidm & cac vi tri c6 muc do nhay cam 5 (muac nhay
cam cao nhat 1a 185 ca trén téng dién tich c6 mic do nhay cam 5 1a 384 ha. Néu chi so sanh
s6 ca nhiém thi c6 thé noi rﬁng s6 ca nhiém & cac vi tri c6 mirc do nhay cam 5 it hon rat nhiéu
s0 voi s6 ca nhidm ¢ murc 6 nhay cam 1 va mo hinh khong chinh xac.



Tap chi Khi twong Thity van 2024, 759, 32-45; doi:10.36335/VNJHM.2024(759).32-45 41

Dé ¢ thé xac dinh tinh chinh xac ctia mé hinh, nhom nghién ctru da str dung chi sb so
sanh la ty ) gitra s6 ca mac bénh COVID-19 tai mdi vi tri nhay cam trén téng dién tich theo
mdi mirc d6 nhay cam. So sanh trén Hinh 6 va Bang 3 c6 thé thdy xu thé chung khi mic do
nhay cam ting thi nguy co nhiém bénh ciing ting ty 1¢ thuan véi mic d6 nhay cam. Nhu vay,
md hinh hoan toan cé thé st dung dugc dé xac dinh mirc do nhay cam (dé ton thuong) voi
COVID-19 ¢ cac khu vue khac nhau, tir d6 dua ra cic bién phap dbi pho va thich timg phu
hop.

Twong quan gitka mire d6 nhay cam va s6 ca nhiém thwc té

Mire iy nhim

06

® ®
0
a 1 2 3 4 5 6
Mtrc d6 nhay cam COVID-19 Mirc nhay eam

Hinh 6. Xu thé twong quan giira mirc d6 1ay nhidm va mirc do nhay cam COVID-19. Trong d6, truc
tung gié tri mac d6 lay nhiém, truc hoanh la cac mic do nhay cam COVID-19 trong mé hinh gian
luoc ¢6 gia tri tir 1 dén 5. Puong mau do 1a duong hdi quy.

Hinh 6 thé hién xu thé tuong quan ty ) gilita s6 ca mac bénh COVID-19 tai mdi vi tri
nhay cam trén téng dién tich theo mdi mirc do nhay cam. Trong do, truc hoanh la cac muc
d6 nhay cam COVID-19 khac nhau trong mé hinh gian luge, c¢6 gia tri tir 1 dén 5. Néu twong
quan nay theo huong dong bién, c6 nghia 1a gia tri khi mirc d6 lay nhiém nho. Khi muc do
lay nhiém c6 gia tri thap thi mo hinh duoc cho 13 phan 4nh dung nguy co 1y nhiém.

Dé co thé pho bién rong rai dir liu ban dd nhay cam COVID-19, nhém nghién ctu da
tién hanh x4y dung ban db nhay cam COVID-19 truc tuyén. Viéc xay dung dugc dua trén
cong ngh¢ ma ngudn ma, voi thu vién Java Script Leaflet. Leaflet 1a mot thu vién JavaScript
ma ngudén mo cho viéc xay dung mot img dung map c6 tinh tuong tac. N6 ciing hoat dong
hiéu qua trén ca nén ting mdy tinh 1in mobile, c6 thé duge mé rong vai cac plugin, ngoai ra
né con c6 mot trang document API dep, don gian nhung dé doc.
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Hinh 7. Ban db nhay cam COVID-19 (CVI) truc tuyén tai https://covid.aiseess.com/.
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DPé xay dung Web-GIS nay, nhém nghién ctu st dung mot plugin cia QGIS la
QGIS2Web. Qué trinh thyc hién du 4n vé cong bd ban dd nhay cam COVID-19 dugc thuc
hién hoan toan trén may tinh dé ban. Sau do, du an duoc dﬁy ra thu vién st dung cac API cua
Leaflet tir QGIS. Web-GIS cong bd ban d6 nhay cam COVID-19 cta nhom nghién ctru duoc dit
tai dia chi: https://covid.aiseess.com/ (Hinh 7). Ban db cho phép hién thi cac 16p dit liéu nhu 16p dix
liéu vé mirc d6 nhay cam COVID-19, 16p dit lidu cac ca miac COVID-19 tai Ha Noi tai thoi diém tir
5/7/2021 dn ngay 22/9/2021 trén nén OpenStreetMap. Ban db truc tuyén ciing cho phép tra ciru
murc d§ nhay cam tai cac vi tri, hién thi sd luong ca nhiém hién c6 tai mdi khu vue.

4. Két luan

Nghién ctru nay di giéi thiéu phuwong phéap xay dung Web-GIS cong bd vé ban dd nguy
co lay nhiém dich bénh COVID-19 (CVI Map) trén co sé xay dung cac mo hinh xac dinh cac
chi s6 nguy co dich bénh tir di liéu khong gian, cling nhu cac mé hinh phan tich khong gian
xéc dinh cac thong tin can thiét cho mé hinh dich t& hoc nhu mat d6 dan sb, diéu kién song,
thong tin vé nhan khau hoc, dd tudi dan sd,v.v. Két qué cua nghién ctru da xay dung dugc
mot Web-GIS cong bd vé ban do nguy co lay nhiém dich bénh COVID-19 trén dia ban thanh
phé Ha Hoi trén co s cac dit liéu thu thap duoc vé cac ca nhidém COVID-19 trong khoang
thoi gian tir ngay 5/7/2021 dén ngay 22/9/2021 do CDC Ha Noi cung cip va mot sb cac dir
liéu khong gian ctua khu vyc nghién ctru.

Trong bdi canh hién nay, mic du dich bénh COVID-19 di duoc day Iui tai Viét Nam
cling nhu trén thé gidi nhung cac bién thé ciia virus SARS-CoV-2 da xuét hién va ban chat
bién dbi khong ngumng cua virus nay c6 kha nang lam gia ting sy khang thudc va khang
vaccine d6i véi mot s6 bién thé, do do6 viéc theo ddi va danh gia cac nguy co lay nhiém ludn
rt quan trong. Chinh vi the viéc sir dung Web-GIS va cac ban d6 nguy co lay nhlem dich
bénh COVID-19 vin rat can thiét nham gilp cho cac nha quan 1y, cic co quan y té c6 thé
theo ddi, danh gia va san sang tng pho vé&i dich bénh trong tinh hinh méi.

DPong gop ciia nhom tac gia: Xay dung y tuong nghién ciru: N.-T.T.H., N.Q.M.; Xur ly 5O
ligu: N.T.T.T., N.Q.M.; Thu thap dit li¢u: N.T.T.H., N.Q.M.; Viét ban thao bai bao: N.T.T.H.,
N.Q.M.; Chinh stra bai bao: N.T.T.H., N.Q.M.

Lm cam on: Nghién 01’11} nay dugc thuc hién dudi sy tai tro cia Tmbng Pai hoc M(:) - bia
Chat Ha Noi thong qua de tai nghién ctru khoa hoc cap co s¢ c6 ma so: T22-44. Tép the nhoém
tac gia bai baoxintrantrongcamonsuytaitrociaTruong Dai hoc Mé - Pia Chat Ha Noi cho
nghién ctru nay.

Loi cam doan: Tap thé nhom tac gia cam doan bai bao nay la cong trinh nghién ctru cua tap
thé nhom téc gia, chua duge cdng bo ¢ dau, khong dugc sao chép tir nhitng nghién ctru trude
day; khong co su tranh chap 1gi ich trong nhom tac gia.
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Research to build a Web-GIS to publish COVID-19 vulnerability
index map in Hanoi City
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Abstract: Since the COVID-19 epidemic broke out in the world, there have been many
studies establishing a map of the risk of COVID-19 infection. The main purpose of these
maps is to provide specific information about the level of risk of COVID-19 infection in
each area. This information is very useful for managers to decide on policies, devise
effective disease prevention measures and control the spread of the virus. In this article, the
author has researched and built a Web-GIS published on the COVID-19 infection risk map
(CVI Map) in Hanoi city, which is a cross-referenced system, integrates and regularly
updates data and calculations and daily reports on COVID-19 cases in Hanoi city, forming
a comprehensive open resource, thereby offering appropriate methods. Appropriate
response based on population conditions, living conditions, infrastructure, healthcare, etc.
This is also necessary preparation for Hanoi to be able to respond to the emergence of
respiratory infectious diseases as well as other infectious diseases in the future.

Keywords: COVID-19; Web-GIS; CVI map; QGIS; Hanoi.
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Tém tit: Nghién ctiru du bao dién bién phat tan vi nhya trong nudc mit luc dja bang ngdn
ngtr 1ap trinh R, thudt todn c6 chirc nang md hinh hoa céc dac diém hinh dang cta vi nhya
theo mua trong ndm va muc nude thuy tridu trong ngay. St dung nén tang R dé hinh thanh
ham phan tich twong quan, thanh phan chinh dit liéu, xir Iy da cong tuyén dit liéu va phan
tich cum nham muc dich dy doan xu hudng hinh dang cua vi nhua trong nude song trong
thoi gian gan. Két qua ing dung nghién ciru cho thiy tat ca cac vi tri 1y mau trén luu vue
cac séng Sai Gon - Pong Nai déu dang c6 mirc vi nhua dang soi cao va tang tinh tlen theo
cac nam. Két qua nghién ctru 13 cong cu hiéu qua trong dy doan dién bién thay ddi vé dic
diém, hinh dang ctia vi nhya duéi tac dong ctia mdi truong, theo mua trong nam, theo thiy
tridu 1én va xubéng. Hon nita, két qua nghién ctru nay c6 thé duoc str dung dé diéu chinh céac
mo hinh phu hgp véi dir liéu dugc thu thap trong diéu kién lién tuc, luong dir li¢u luu trix
16n, @ chinh x4c cao. Can c6 sy chi trong trong ngudn gbc lam phét sinh vi nhya dé c6 su
kiém soat va quan 1y kip thoi. Pay 13 cong cu dong gop quan trong trong nghién ctru vi nhya
trong nudc séng Sai gon, song Dong Nai va s& 14 ing dung rong rai cho nghién ctru vi nhya
nudc mat luc dia.

Tir khéa: Phan tich cum; Phan tich twong quan da bién; Phan tich thanh phan chinh; R; Vi
nhua.

1. Giéi thi¢u

Vi nhya c6 mat khép noi va gay anh huéng dén nhiéu moi truong, nhu bién [1], sbng,
hd [2], Bac Cuc [3], dat [4] va khong khi [5]. Cac nghién ctru di cho thay tac dong tiéu cuc
ctia vi nhya d6i v6i méi trudng va hé sinh thai [6], duara nhiéu luan ctr vé nguon gbc va tac
dong dén strc khoe nguoi [7]. Vi nhwa c6 thé chtra cac hoa chat doc hai, chang han nhu
Phthalate hodc Ete Diphenyl Polybrominated, d6ng thoi c6 kha nang hap phu, hip thy va giai
phong, phén tan cac chat hitu co khé phéan hay [8]. Hon nita, toc do phan huy nhwa cham,
can nhiéu thoi gian va tuy theo diéu kién moi truong vat 1y, ching c6 thé ton tai trong moi
truong trong nhiéu nam, nhiéu thé ky [9-10].

Phan 16n cac két qua nghién ctru trude day déu tap trung vao vi nhua trong nude bién,
trong khi d6 méi trudng nude ngot, nude mit luc dia it duoc chu ¥ [11-12]. Nhung gan day,
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viéc nghién ctru vi nhya trong cac sdng da dugc tang cuong [2]. Cac phat hién sy ton tai ciia
vi nhya trong cac mau nudc song da cho thiy su phong phu vé mat d cua vi nhya & séng co
mdi twong quan véi nhau véi cac yéu t6 nhan tao va mat do cao ‘hon thudng dugc phat hién
& cac khu vuc c6 mat do dan sb va tap trung déng dan cu sinh séng. Diéu nay da dugc quan
sat va cong b két qua trong cac nghién ctru khac nhau & nhiéu néi trén khép toan cau nhu:

Chau Au [13-16], Chau A[17-21], Uc [22—23] hodc Bic My [2, 24-25]. Mot s6 nghién ctru
khong thé chi ra mdi twong quan tich cuc gitra sy phong phu veé mat do cta vi hat nhya va
mat d6 dan s6 [26-28]. Mic du ciing ¢ mot s6 nghién ctru ¢6 thé chi ra mdi quan hé 16 rang
gitta mat dg cua vi nhya ngay cang tang 1a do murc d6 do thi hoa ngay cang tang hay sy phat
trién ctia cong nghiép héa & cac khu vue luu vue song [29-30]. Trong khi & mot vai nghién
ctru khac khong c6 mdi quan hé rd rang gitra sy thay d6i moi truong nudce song va luong vi
nhwra doi dao di duogc tim thay [21, 31]. Mot s6 cong bd két qua didu tra vé mat do caa vi
nhya doc theo song tur khu vuce thua déan dén noi tap trung d6 thi [18, 21]. Quy md nghién
clru cac yeu t6 khu vuc, diéu kién moi truong theo mua hay thuy triéu va dja phuong nghién
ctru ¢ thé 1a nguyén nhén gay ra sy han ché nhu vay gilta cdc cong bd [2, 27], nhung noi
dung di séu vao dién bién, ddc diém cua vi nhua trong cac yéu té diéu kién 1a rat can thiét dé
hiéu day du vé ching.

Cho dén hién tai, Song Sai Gon va song Pong Nai van 1a ngudn cung cap nudc sinh hoat
chinh cho nguoi dan 2 bén luu vuc séng. Hé thong ctra song Sai Gon, sau khi chay qua d6
thi 16n 1a Thanh phd Ho Chi Minh, két qua phén tich miu nudc trén kénh Nhiéu Loc, Thi
Nghe cho thay tong khdi lugng vi nhya dai dién chiém 11-43% [32]. ]. Tac gia [33] da lan dau
tién cong b két qua nghién ctru vé mat do vi nhya trong nude va tram tich 2 con séng nay
da xuat hién vi nhwa dang manh, dang soi va dang hat c6 kich thuéc 0,1-5 mm. Trong do,
phﬁn 16n 1a chung nhya PE 51,2%, PP 27,1%, PVC 13,4% va 8,3% la cac loai nhya khac
[33—34]. Emilie Strady va cong sy (2020) ciing di cong bd trong nude song Sai Gon ¢ sy
xuét hién cta vi nhua dang soi tur 22-251 soi trong 1 lit nudce, khong tinh dén yéu td anh
huong nhu luong mua, luu luong nude hodc cic yéu td phi sinh hoc khac. Uéc luong hang
nam co tir 115 x 1012 dén 164 x 1012 vi nhya dang s¢i dugc thai ra tir con song Sai Gon
[35-36].

Ngay nay, khoa hoc phat trlen nhiéu van dé moéi truong can dugc kham pha da tao ra
mot luong dir liéu rat 16n tir cac s6 lidu phan tich, hé théng quan tric dién tir, hé thong luu
trr dit liéu da phuong tién va cac ung dung trong mang khong gian cua van vét (Internet of
things). Su tién bo vé cong nghé da gitip cac nha nghién ctru ¢ thé chuyén tir viéc thu, nhan
dir ligu 6 mure thap sang nghién ctru tich hop muc cao voi kha nang phan tich, nhéan dang, du
doan cac van dé [37]. M6 hinh hoc may 1a mot trong nhiing phuwong phép giai quyét van dé
dugc dat ra, nd la mdt thuat toan quét qua mot lugng vo cung 16n dir liéu dé tim ra cac dic
trung mau hodc dua ra du bao, du doan. Cé kha nhiéu mo hinh hoc may (ML - Machine
learning) nhu: hoc khong giam sat, hoc ¢6 giam sat, hoc ban giam sat, hoc sau,... Vi sy bung
nd cua cua tri théng minh nhén tao (Al - Artifical Intelligence), nhiéu nha phan tich da cho
thdy hoc sau (DL - Deep learning) la mot trong nhing ky thuét thanh cong nhat dé tim ra cac
ddc trung mau va dua ra du bao. Hién nay trong nganh mdi truong da c6 nhleu phuong phép
dé du bao lan truyén moi truong nhu moé hinh Gauss tinh toan lan truyén trong khong khi,
md hinh Berliand k§ thuat, mé hinh Suttan hay mé hinh Streeter-phelps. Tuy nhién, hau hét
cac mo hinh nay dugc xay dung co ban quyén, hodc tinh toan bdi cac cong cu danh gia va
phéan tich dir liéu 1a phan meém Excel cua Microsoft Office v6i cac ham s6 don gian, hoac
Ung dung cac phan mém dugc lap trinh san c6 nhu SPSS, Stata, EViews... Han ché cua cac
phan mém nay la: i) Khong dugce mién phi, phién ban mién phi lai bi han ché sir dung; ii)
Nguoi danh gia bét budc phai phu thugc vao diéu kién hay db tin cdy trong xtr 1y dir licu da
dugc ap dat sin vao phan mém tir nguoi xay dung, nhiing nguoi ma bi han ché hiéu biét vé
linh vyc nganh moéi trudng, dac biét 1a nghién ctru van dé chuyén sau nhu vi nhya; iii) Cac
phan mém dugc xay dyung san chil yéu phat huy hiéu qua manh trong xir Iy s6 liéu don thuan
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va cho ra cac két qua cu thé, mang tinh rap khuon, phu thudc s ngau nhién cia dir liéu dau
Vao; diéu nay kha phu hop ddi véi linh vuc tai chinh, tién té nhung trong nghién ciru vé moi
truong can phai co phuong phép luén cua cac nha chuyén mon; iv) Néu dir liéu can xu 1y qua
nhiéu, vuot han muc s0 dong xur ly cho phep thi cac phan mém trén khéng thé xir Iy duoc
hodc mirc d6 tin cdy vé két qua dé dang bi tac dong.

Trén co s& nhiing ndi dung duogc trinh bay, muc dich nghién ctru thuc hi¢n xay dung
thudt toan biéu din va hoc mdy trén nén tang ngdn ngit R dé phuc vu cho van dé nghién ctru
dién bién hinh dang cta vi nhua cia séng Sai Gon va séng Dong Nai dudi anh huéng cua
muyc nu6e thuy tridu 1én, thuy tridu xudng va cac mua mua, mua kho doc theo thuong ngudn
dén ha ngudn cua cac séng va dé quan sat su thay ddi ciia mirc d6 mat do cua vi nhya trong
qua trinh chuyen dbi tir cac vi tri dan cu thua thot d&én noi tap trung khu dan cu, do thi, cac
thanh phd 16n. Tir cac két qua phan tich dit liéu va ung dung dai sé hinh hoc bao giac
(Conformal Geometric Algebra - CGA) vdi hoc may (Machine Learning), nghién ctru sé dua
ra cac du bao vé khuynh hudng dic diém cua vi nhua theo sy anh hudng boi cac bién yéu t6
tac dong voi do tin cdy cao trong xu ly s liéu. Két qua nghién ctru s& giip cac chuyén gia,
cac nha quan 1y nim bét hién trang va xu hudng, tir d6 quan 1y va giam thiéu vi nhya trong
moai trudong nudc song hi¢u qua.

2. Phwong phap nghién ctru

2.1. Vi tri va phwong phdp ldy mdu
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hudng. Cac phép do cua dong ho do luu R e e e e T T
lugng dugce chuyén doi thanh luong nude Hinh 1. So d6 vi tri iy mau.

di qua lu6i Manta. Tai mdi vi tri lu6i chian
nude va dong hd do luu lugng duoc dit trong 5 phut xudng séng, noi chung dugc dat ding
yén. Tai mdi vi tri, 2 mau dugc 14y lap lai cach nhau 30 phit.

Cong tac iy mau dugc thye hién vao luc thiy triéu 1én va thuy triéu xudng trong ngay,
vao miia mua va mua kho trong cac nam 2021 va 2022. Cac mau sau khi lay qua ludi Manta
s€ duoc loai bo thu cong cac tap chat 16n hon Smm nhu canh cdy, 14, vat liéu xay dung, nhing
manh nhua 16n... Téng cong 144 mau nudc duoc bao quan trong cac chai thity tinh t6i mau
nham tranh bi anh huéng nhiét d6 hay anh sang méi truong tu nhién va duge van chuyén dén
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phong thi nghiém Nation Lab va phong phén tich Vién Méi truong va Kinh té tuan hoan
Mién Nam (IECES) dé phan tich xac dinh vi nhuya.

2.4. Phwong phap hoc co giam sat (Supervised Learning)

Phuong phap hoc giam sat 1a mot mo hinh hd trg quyét dinh str dung biéu d6 hoidc mé
hinh cta cac két qua co thé xay ra, bao gom két qua sy hién dién ngau nhién, dir liéu vi nhua
va mdi truong. Hoc giam sat (Supervised Learning) 1a mé hinh hoc may du doan dau ra cta
mot dir liéu mai dya trén cac cap dir licu dau vao cho trude dua trén 2 thuat toan:

- Cay quyet dinh (DeCISlon Trees): la s6 cau hoi Co6/Khong tbi thiéu duogc dit ra dé
danh gia xac suét dua ra quyet dinh vé két qua 1a dung. Cay quyét dinh cho phép nghién ciru
tlep can van dé mot cach c6 céu tric va cd hé thong dé dat dugc mot két luan hop ly.

- Su phan 16p (Naive Bayes): 1a mot nhom cac su phan loai x4c suat don gian dya trén
vi€c ap dung dinh 1y Bayes v&i cac gia dinh doc 1ap gitra cac tinh nang.

Trong Machine Learning (Hoc May), mot “data set” (Bo dir liéu) 1a mét tap hop cac
dir liéu thuc té hodc a0 dugc sur dung dé dao tao va kiém tra cic mo hinh may hoc. Data set
nay thudng bao gém hai phan chinh: i) Tap dir liéu dao tao (Training Data): Day 1a mot phan
cua data set duoc sir dung dé dao tao mo hinh may hoc. Tap dir liéu nay thuong bao gdm céc
cdp (dAu vao, du ra) hodc cac mau dir liéu duoc gan nhan tuong tng. Trong qua trinh huin
luyén mo hinh hoc tir cac mau nay dé c6 thé thuc hién du doan hodc phan loai dir liéu mai
sau nay; i) Tap dix liéu kiém tra (Test Data): Pay 1a mot phan khéac cua data set duoc sir dung
dé kiém tra hiéu suit cia mo hinh hoc méy sau khi n6 da dugc dao tao. Dit liéu kiém tra
thuong khong duoc str dung trong qua trinh dao tao, va mo hinh khong biét trude két qua cua
cac mau nay. Dit liéu kiém tra gitip danh gla kha ning tong quat hoa cua mo hinh, tic la kha
nang cia né trong viéc dy doan dir liéu méi ma nod chua ting thay.

Muc ti€u cua mo hinh hoc c6 giam sat trong ML 1a tim ra mdt ham s6 du bdo ma gia
tri ctia chiing khac vé6i “ground truth” 1a nhé nhét. Ground truth & ddy chinh 1a gia tri cua
bién muc tiéu. Su sai khac nay c6 duoc thong qua cac ham mat mat (Loss function). Huén
luyén m6 hinh hoc may thuc chét 1a quy vé tim cuc tri cia ham mat mat. Tuy thudc vao bai
toan ma ¢ cac dang ham mat mat khac nhau. Trong bai toan dy bao nghién ctru nay sir dung
ham MSE (Mean Square Error) lam ham mat mat. Ham s6 ndy c6 gia tri bang trung binh cta
tong binh phurong sai s6 giita gia tri du bao va gia tri thyc. So d6 mé hinh xu 1y dit lidu cia
nghién ctru dugc thé hién trong Hinh 2.

NHOM NGHIEN CUU HE THONG
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Hinh 2. So d6 kién tric mo hinh xr 1y.
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Hinh2 da thé hién day du cac mod hinh Machine learning d& duoc st dung trong nghién
ctru nay bao gdm: i) M6 hinh hdi quy tuyén tinh da bién: Dung cho cac mau trong bang dir
liéu s6, trong nghién ctru nay 1a bang tinh Excel cac dir liéu vé dac diém hinh dang vi nhya.
Cac md hinh tuyén tinh str dung dai sé dé du doan mdi quan hé gitta cac bién trong cac du
bao; ii) M6 hinh phan 16p, phan cum K-Means: Du doén cum céc bién gan; iii) M6 hinh d6
hoa: Dung tryc quang hoa két qua phan tich, thé hién dudi dang biéu d6 mét xac suét, hay xu
hudng; iv) Cay quyet dinh/ Rimg ngau nhién: Cau hoi C6/Khong dugc dit ra dé danh gia xac
suat dua ra quyét dinh 1 dung.

2.5. Phuong phdp hoi quy tuyén tinh da bién

Hbi qui tuyén tinh da bién 1a phuwong phap hdi quy tuyén tinh véi nhiéu bién dau vao.
Trong nghién ctru ndy, cac bién dau vao 1a dic dlem hinh dang (so1, manh, hat va dang khac)
ctia vi nhua theo mua va dién bién cua thuy triéu. Phuong trinh hdi quy c6 dang:

Yi = F(X1,X2, ..., Xk) = 00 + w1Xil + 02Xi2 + - + wpXik = WTXi (1)

O day ta xem Xi 1a mot vec to dai dién cho quan sét tht 1. Cu thé n6 gdm cac gia tri
(X1, Xz, ..., Xk). Ma tran X c6 kich thuge n x k, trong do cu moi dong 1a mot quan sat, va moi
coOt la m(_)t bién sb. Con Xj 1a quan sat thir i cua bién tht k. Ma trin m& rong cua X duogc (ky
hiéu 13 X), chinh 1a ma tran c6 thém vec to cot 1 dugc thém vao dau tién. Luc ndy, xét toan
bo tap dir liéu, ta duoc:

1 X11 X1k
v=reo=|; @

’ R 7 1~Xn1 v Xnk

Vecto sai s0 gitra hi¢u (Y-Y) dugc bi€u dien thanh:
CE=Y-Y=Y-X, , R )
Ham MSE la trung binh cua tong binh phuong cua cac sai s0, n6é dugc bi€u dien:
v T v 2

£(z) = S (G - W2 = geTe = (Y =K)T(Y=X) = X, - YII;  (4)

Biéu thuc ||X, — Y||2 13 binh phuwong Norm chuin bac hai (Euclidean norm). Bang

cach khai trién dai sb tuyén tinh sé& tinh duoc dao ham ctia ham MSE:

2O -XTX, - V) 5)

Phuong trinh hoi qui c6 nghiém 1a:
Z=XTX)"1XTy = (471b) (6)
Ritgon A =X"XvaX"y =b (7

Phuong hinh hdi quy da bién c6 nghiém khi 12 kha nghich.
2.6. Ngon ngir R

Ngon ngir R 12 mot ngon ngit 1p trinh va méi truong phan mém danh cho tinh toan va
dd hoa théng ké. Pay 1a mot ban hién thuc ngdn ngir lap trinh do Ross Thaka va Robert
Gentleman tao ra [38]. Cho dén nay ngén ngir R 1a do R Development Core Team tiép tuc
phat trién. Ngon ngir R con duogc viét tat 1a R. Pay 1a ngon ngit mién phi véi dic tinh ndi troi
la ma nguén ma, hi€u qua manh va dugc hd tro mé rong va la moéi trudng t6i wu cho nghién
cuu, théng ké va trinh bay dir li¢u, dac biét 1a cac tap dir li€u 16n (Big data). Hiéu qua va suc
manh ctia ngon ngit 1ap trinh nay thdng qua cac hanh vi: i) Chay cac ma code khong can trinh
bién dich, hay néi cach khac chinh code R la mot ngon ngir thong dich (Interpreted
language); ii) Thuc thi moi phep tinh trén vec to (Vectors Ianguage) ma khong can dén vong
lap ma van c6 thé dung bét cir chire ning (Function) nao; iii) Ung dung trong viéc thong ké
dir liéu (Statistical language), c6 thé dap tmg hoan thanh tat ca cac thuat toan vi ban chit cua
code R 1a mot loai ngdn ngir “turing - language”. Hay néi cach khac “turing - language” la
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ngon ngir 1ap trinh linh hoat trong moi bai toan; iv) Ngon ngir R 1a mot ma nguén mé (Open-
source) hoan toan mién phi nén s¢€ tiét ki€m nhiéu chi phi ma van mé phong dir li€u rat hi¢u
qua.

Cac goi Package hd tro théng ké t6i wu cling cong ngh¢ hién dai, dugc cap nhat thuong
xuyén boi cong ddng chuyén mon khép thé gioi. Hau hét cac y tudng moi déu dugc ing dung
trén nén tang R trude tién va bat ky nha lap trinh nao ciing c6 thé st dung, cai tién theo cac
code riéng, cac sang tao va muc dich riéng. Bén canh d6, nguoi dung R ¢6 thé hiéu rd cach
van hanh cua chung thong qua phan tich source code, tir d6 tu chu dong thém tinh nang, sua
16i, tich hop sir dung thém cac ngon ngit khac nhu JAVA, SQL, C, C++... Ngon ngit ndy 1a
mot nén tang doc lap, vi vay, phu hop dé chay duoc trén moi h¢ diéu hanh. Hé sinh thai R rat
t8i vu va manh mg, phu hop nhiéu loai dir liéu nén ¢ cac dang hé co sé sit li¢u phong phu.

2.7. Hudn luyén mé hinh

Céc gbi Package trong R 13 tdp hop cic ham va bo dir lidu do cong dong phat trién.
Trong moi truong R, cac goi nay dugc luu trir trong thu muc ¢6 tén Library. Thu vién hé
thong trong R (System library) co chira cac goi Package quan trong va da duoc cai dit sin hd
trg nguoi su dung. Trong nghién clu nay, cac goéi dugc st dung la Psych (Corrplot),
Factoextra, Ggbiplot, Magrittr, va Dplyr.

2.8. Phirong phdp phdn tich tiwong quan da bién

Phuong phap nay dugce ding dé danh gid mdi twong quan giita nhiéu bién cing mot
lac. Hé sb twong quan (Coefficient of correlation) duoc ky hiéu trong nghién ctru nay 1a r va
duogc st dung dé do luong d6 16n cia mdi quan hé giita hai bién sb. Cac Package va Ham
1énh phan tich twrong quan da bién, x4c dinh r va biéu dién d6 thi duge thé hién trong Hinh 3.

Y Y

type = "upper", order = "hclust",tl.col = "black", tl.srt = 45)

> library(psych)
> pairs.panels(data,gap=0,bg=c("red","yellow") [data$Site],pch=74)
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Hinh 3. Phén tich twong quan da bién bang ngon ngit R: a) Md hinh biéu dién mirc twong quan giita
bién X va Y v6i = 0,6; b) M6 hinh biéu dién mirc twong quan hoan hao giita bién X va Y voir = 1;
¢) Ham phén tich tuong quan bang R véi goi Corrplot; d) Ham phan tich bang R véi gbi Psych; e)
Db thi twong quan duoc biéu dién bai gbi Corrplot; f) D6 thi trong quan duge biéu dién béi goi
Psych.
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Trong nghién ctru ndy, phuong phéap phén tich twong quan ddi twong vi nhya trén ngdn
nglr R dugc str dung boi ham phan tich (Pairs.panels) dua trén Package Psych.

2.9. Phirong phdp phan tich thanh phan chinh

Phan tich thanh phan chinh (Principal Components Analysis - PCA) Ia hitu ich nhat khi
dit liéu nam trén hoic gan véi mot khong gian con tuyén tinh cua tap dit liéu. Véi loai di liéu
nay, PCA tim mot co s cho khéng gian con tuyén tinh va cho phép bo qua cac dic trung
khong lién quan. Vi mot tap dit liéu dugc cho, noi mdi mau di liéu ¢6 D chiéu (tic 1a D dic
trung), PCA tinh mét tap cac véc to dic trung D chiéu dugce giong voi cac hudng ma co
phuong sai cyc dai cia dit liéu. Cac thanh phﬁn chinh c6 mot sb cach su dung: (1) Chiéu dit
liéu gbc 1én cac thanh phan chinh nay; (2) St dung cac thanh phan chinh nay dé tao ra cac
diém méi. Phuong phap phan tich thanh phan chinh 12 mot thuat toan thong ké su dung phép
bién ddi truc giao dé bién d6i mot tap hop dir li€u tir mot khong gian nhiéu chiéu sang mét
khong gian méi it chidu hon nhim t&i wu hoa sy bién thién cia dir liu (Maximize the
variability) [38—41]. Hinh 4 phét thao vé ciach ma dir liéu duoc biéu dién trong khong gian
méi cua PCA.

00?\

(b)

Hinh 4. Biéu dién dit liéu trong khong gian méi cia PCA: (a) Khong gian dit 1iéu ban dau; (b) Khdng
gian dir liéu méi.

Trong khong gian dit liéu ban dau, Hinh 4a véi cac tap diém mau xanh duoc quan sat
trong hé truc xOy, theo mdi chiéu déu c6 phuong sai 16n. Trong khong gian dit liéu méi moi,
Hinh 4b véi tap diém mau d6 duoc quan sat theo hé truc aOb theo chiéu th hai ¢6 phuong
sai 81 nho hon so véi 62. Diéu nay cho thiy khi chiéu dif liéu 1én truc a s& co duge cac diém
gan nhau va gan voi ky vong. Vi vay, phuong phap phén tgichl PCA con dugc coi la phuong
phap giam chiéu cua dit liéu ma van giir dugc tong phuwong sai con lai 1a 16n nhét.

Gia str cho tap dit liéu hudn luyén: X = {X;|X;eRP},ie{1 ... N}. Véi Xi 1a vecto thudc
khong gian D chiéu, N 1a sé lugng vecto trong tap X. Thay vi giit lai cac truc toa do ciia
khong gian cii D chiéu, PCA xay dung mot khong gian méi K chiéu voi K<D, nhung lai c6
kha nang biéu dién dir lidu tot turong dwong khong gian ci, nghia la dam bao do bién thién
(Variability) ciia dir lidu trén mdi chiéu méi. Trong khong gian mdi, PCA s€ chleu dir liéu
1én hé truc méi dé xac dinh phuong sai 16n nhat ciia phép bién doi. Sau dé, sip xép theo thir
tur giam dan cua gid tri riéng g v6i K vecto riéng 16n nhat. Cubi cing, chon K vecto riéng
dau tién, goi la cac thanh phﬁn chinh, dé tao thanh mot khong gian con gén v&i phan bd cua
dir liéu ban dau. Trong bai bao nay, nghién ctru chon K vec to dau tién tao duoc tong phuwong
sai 16n hon 60% dé thuc hién nghién ciru tiép theo.

Trong nén tang ngdn ngit R, dé phan tich PCA céac dic tinh ciia vi nhua theo thoi gian
va khong gian, nghién ctru str dung cac ham R tich hgp Prcomp() va Princomp(). Nghién ctu
thuc hién du doan khuynh hudng bién d6i cta cac dic tinh vi nhua trong méi trudng nudc
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song Sai Gon va song Dong Nai trudc sy thay doi cua thiy tridu va thoi gian vao mua kho,
mua mua cua nam. Pinh dang don gian ctia 2 ham nay la:

> Prcomp (x,scale = FALSE)

> Princomp (x,cor = FALSE,scores = TRUE)

## x: 1 bién ma tran s6 hay khung dit liéu

## cor: la mot gia tri hop ly, néu TRUE, dit liéu cin gitra va chia ti 1€ trudc khi
dugc phan tich

## scores: 1a mot gia tri hop 1y, néu TRUE, toa d6 trén timg PC dugc tinh toan

Céc két qua dau ra dugc ham Prcomp() va Princomp() tra vé bao gdm: 1) B¢ 1éch chudn

ctia cac thanh phan chinh; ii/ Ma tran tai trong thay doi (cac cot 1a vecto riéng); iii/ Cac kha
blen iv/ Do léch chuén cua cac bién (ty 1€ ap dung cho ting bién); v) Toa d6 1a cac dai lugng
tuyén tinh hay goc chi vi tri ciia mot diém trong méi quan hé véi mot hé quy chiéu cho trude
(quan sat) trén cac thanh phan chinh. Géi Packages dugc st dung cho cic ham nay gdm
Devtools va Factoextra.

> If('require(devtools))install.packages("devtools™)

> Devtools:install_github ("kassambara/factoextra™)

2.10. Phuwong phap phan cum

Phan cum trong R dé cap dén qua trinh nhom cac diém dit liéu tuong tu lai voi nhau dya
trén dic diém cua chung. R, ngdn ngit 1ap trinh cho dién toan thong ké va do hoa, cung cap
nhiéu thuét toan phan cum khac nhau nhu K-Means, phén cum theo cap bac. Phan cum K-
Mean la phuong phap phén ving pho bién nhat. N6 yéu cau nha phan tich chi dinh sO luong
cum can trich xuat. Biéu do tong binh phwong cta cac nhom bén trong theo 6 cum dugc
trich xuat c6 thé gitip xac dinh s6 cum thich hgp. Nha phan tich tim kiém diém ubn cong
trong biéu do twong tu nhu phép kiém tra nén trong phan tich nhan t6.

3. Két qua nghién ctru

Toan b tap dir liéu s€ duoc thuc hi¢n tién xir 1y trudce khi st dung R. Trong quy trinh
lam sach tap dir licu vé vi nhua, thtr tu ciia cac bude 1a rat quan trong. Cac budc lam sach dir
liéu dugc nghién ctru thuc hién bao gém: Nhap dir liéu, lam sach hodc ddi tén cot, loai bo
trung ldp, tao va chuyén d6i cot (vi du: ma hoa lai hodc chuan hoa céc gié tri), loc hodc thém
hang. Thuc hién tao dir li¢u:

>ThS_HuynhThiNgocHan=data.frame(DangSoi, DangManh, DangHat, DangKhac)

## # A tibble: 5 x 144

i ViTri  DangSoi DangManh DangHat DangKhac
#i <chr> <dbl> <dbl> <dbl> <dbl>
##1 SGL1-High_tide-Dry_season 163969 13613 8331 17271

## 2 SGL2-High_tide-Dry_season 202466 18451 7380 17713

## 3 SGL3-High_tide-Dry_season 212350 25563 8715 43864

#i# ...

>data (ThS_HuynhThiNgocHan)

Két qua nhap dir liéu duoc xuét dudi nén tang R duoc biéu dién trong Hinh 5.

Trong bai bdo nay, nghién ctru s& xay dung va cung cdp mi R dé tinh toan va truc quan
hoa PCA trong R bang cach sir dung ham Prcomp() va goi Factoextra va thyc hién ting budc:

Budc 1: Tai Package Factoextra dé truc quan hoéa dir li¢u

>library (factoextra)

Budc 2: Tinh toan PCA

> res.pca<-prcomp(ThS_HuynhThiNgocHan,scale=TRUE)

Budce 3: Truc quan héa cic gia tri riéng (so d6 Scree Plot). Hién thi ty 1& phan trim
phuong sai duogc giai thich boi timg thanh phan chinh.

> fviz_eig(res.pca)
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=" R Console = @

Hinh 5. Nhap va xuét dir liéu trén giao dién ngon ngit R.

Budc 4: D6 thi ctia cac thanh phan. Nhimg thanh phan c6 dic diém giéng nhau s& dugc
nhom lai véi nhau.

> fviz_pca_ind (res.pca,

col.ind="cos2", # Mau sic theo thudc tinh dai dién
gradient.cols=c ("#00AFBB", "#E7B800", "#FC4EQT7"),
repel=TRUE  # Tranh chong chéo vin ban)

Budc 5: Do thi cta cac bién. Cac bién twong quan duong chi vé cting mot phia ctia biéu
dd. Cac bién tuong quan am chi ra cac canh ddi dién cua biéu dd.

>fviz_pca_var (res.pca,

col.var="contrib", # Mau sic do déng gop cho PC
gradient.cols=c ("#00AFBB", "#E7B800", "#FC4EQT7"),
repel=TRUE  # Tranh chong chéo vin ban)

Budc 6: V& biéu dd Biplot

> fviz_pca_biplot (res.pca,repel = TRUE,

col.var="#2E9FDF", # Mau bién
col.ind="#696969" # Mau thanh phan)

Budc 7: Truy cép vao két qua PCA.

Budc 8: Dy doan toa d ciia cac bién thanh phan va bién bo sung chi bang cach st dung
thong tin do PCA di thyc hién trudc d6 cung cap. Dit liéu méi phai chira cac cot (bién) c6
cung tén va theo cung thur tu vo1 dit ligu hién hoat dugc stir dung dé tinh toan PCA. St dung
ham co s& R du doan():

> ind.sup.coord<-predict(res.pca,newdata=ind.sup)

So d6 thanh phan bao gém ca thanh phan b sung:

## So 0 cac dai dién chinh

> p<- fviz_pca_ind (res.pca,repel=TRUE)

## Bo sung dai dién

> fviz_add (p,ind.sup.coord,color="blue")

Toa d6 dy doan ctia cac thanh phan co thé duge tinh toan thi cong nhu sau: i) Tap trung
va chia ty 1¢& dit liéu thanh phan méi bang cach sir dung trung tim va thang do ctia PCA; ii)
Tinh toa d6 du doan bang cach nhan cac gia tri ty 16 véi cac vecto riéng (Loadings) ctia cac
thanh phan chinh.

Budc 9: Cac bién dinh tinh/phan loai c6 thé duoc su dung dé t6 mau cac ca nhan theo
nhom. Bién nhom phai c6 cing d6 dai véi sb lwong thanh phan dang hoat dong.

> groups<-as.factor(ThS_HuynhThiNgocHan$Competition[1:])

> fviz_pca_ind (res.pca,

col.ind=groups, # Mau nhom
palette=c("#00AFBB", "#FC4EQ7"),
addEllipses=TRUE, # Elip tap trung
ellipse.type="confidence",
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legend.title="Groups",
repel=TRUE)

Tinh toan toa d6 cho cac cép do cua cac bién nhom. Toa d6 ctia mot nhém nhat dinh
duoc tinh bang toa d trung binh cua cac thanh phan trong nhom.

> library (magrittr) #cho loai %>%

> library (dplyr) # Céc loai khac

# 1. Toa do riéng

> res.ind<-get_pca_ind (res.pca)

# 2. Toa d0 nhom

> coord.groups<-res.ind$coord %>%

>coord.groups

Toa d6 ciia mot bién dinh luong nhét dinh duge tinh br:ing mbi tuong quan gitlra cac bién
dinh luong va cac thanh phﬁn chinh.

# Du doan toa do va tinh Cos2

>quanti.coord <- cor(quanti.sup, res.pca$x)

# D) thi cac bién bao gdm cac bién bo sung

>p <- fviz_pca_var(res.pca)

Két qua phan tich twong quan da bién va PCA céac dic tinh hinh dang cua vi nhya trong
moi trudong nudce song Sai Gon va song Pong Nai trén nén tang R dugc thé hién trén Hinh 6
va Hinh 7. Bén canh d6, nghién ctru st dung phuong phap vé& db thi c6 thé dé hinh dung anh
huong cia do khong dam bao tham sé trong nhitng du doan ctia mé hinh nghién ctru.

Dua theo két qua thu dugc sau khi phan tich PCA bang ngon ngit R duoc thé hién trong
Hinh 6 da cho thdy nhiing dong gop dau tién thanh phan chinh vé hinh déng vi nhya trong
nam 2021 thoa man phan trim giai thich phuong sai >10% 1a PC1(56,6%), PC2(23,8%) va
PC3 (12,7%) duoc biéu dién trén Hinh 6a va Hinh 6¢. Tuy nhién, nghién ctru nay chi lya
chon 2 thanh phén chinh dau tién vi tong 2 thanh phén nay da giai thich dugc toan b 80,5%
tap dir lidu yéu cau. Cac vec to mau xanh cho biét mdi quan hé gitra cac bién ban dau (hinh
dang MPs) va cac thanh phan chinh, d6 dai ciia vector cho biét @6 manh ctia mdi trong quan
cua bién ban dau vai thanh phan chinh. Theo két qua phén tich ma tran xoay trong Hinh 6a,
mdi tuong quan gilta cac hinh dang vi nhya trong Hinh 6d va két qua gia tri P- Value trong
Hinh 6b cho thay rang: i) Dang soi - dang khac gan nhu khong c6 moi twong quan (r = 0,08)
va dang manh - dang hat c6 mdi twong quan yéu (r = 0,47), cac gia tri P-Value < 0, 05 (coy
nghia thong ké); i1) Ngoai ra, Hinh 6a ciing cho thidy dang manh va dang hat c6 mdi tuong
quan véi thanh phan chinh PCI cao hon cac dang khac va dang so1, ngoai ra trong PC2 thi
dang soi va dang khac c6 mdi twong quan cao véi thanh phan chinh nay (nhung gia tri P-
Value giita dang sgi-dang khac trong Hinh 6b lai cho thdy chiing khong c6 y nghia thdng ké
P-Value = 0,48).

a) Két qua phan tich PCA cua R; b) Két qua trinh dién hé s6 turong quan va gia tri P-
Value cuia cac hinh dang vi nhya tir R; ¢) Biéu do Scree plot thé hién phan trim phuong sai
ma céc thanh phan chinh giai thich bo dir liéu; d) Biéu do tuong quan da bién cac hinh dang
ctia vi nhya duoc tim thay; e) Biéu d6 du bao xu hudng bién ddi cua cac hinh dang vi nhya
theo PC1 va PC2 (Hinh 6).

Twr céc phan tich trén, nghién ctru lya chon thyuc hién phép trich cac hinh dang vi nhya
cho céc thanh phan chinh nhu sau:

PC1 gém: Dang soi (hé s6 xac dinh 1a 49%), dang manh (56%) va dang hat (52,8%)

PC2 gbém: Dang khac (74,7%)

Biéu dién phuong trinh cho thanh phan chinh PC1:

PC1 =0,49DangSoi + 0,56DangManh + 0,53DangHat (8)

Biéu dién phuong trinh cho thanh phan chinh PC2:

PC2 = 0,75DangKhac 9)
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> print (pc) Correlation matrix

Standard deviacions (1, ... P DangSoi DangManh DangHat DangKhac

[1] 1.5049831 0.9764745 0.7116877 0.5244273 DangSoi 1.00 0.63 0.44 0.08

Rotation (n x k) = (4 x 4): DangManh 0.63 1.00 0.47 0.39
PCl PC2 BC3 PC4 DangHat 0.44 0.47 1.00 0.47

DangSoi 0.4900693 -0.6031740 0.03015217 -0.6285730 DangKhac 0.08 0.39 0.47 1.00

DangManh 0.5645086 -0.1953144 -0.52973450 0.6021326 Sample Size

DangHat 0.5285401 0.1991835 0.78366503 0.2585351 {11 72

DangKhac 0.4022530 0.7472344 -0.32301907 -0.418917¢6
summary (pc)
Importance of components:

robability values
DangSoi DangManh DangHat DangKhac

pC1 pC2 PC3 pCa DangSo:.~ 0.00 v} v} 0.48
Standard deviacion 1.5050 0.9765 0.7117 0.52443 DangManh 0.00 0 0 0.00
Proportion of Variance 0.5662 0.2384 0.1266 0.06876 DangHat 0.00 v} 0 0.00
Cumulative Proportion 0.5662 0.8046 0.9312 1.00000 DangKhac 0.48 0 0 0.00
a) )
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Hinh 6. Két qua phan tich twong quan va PCA cac dic diém vé hinh dang ctia vi nhya trong moi
truong nude sdong Sai Gon - Pong Nai trong nim 2021.

Hinh 6e cho thdy gan nhu cac hinh dang vi nhya trong cac diém khao sat trén séng Sai
Gon va song Dong Nai d& ¢ lién quan dén thanh phan chinh dau tién. Cac vi nhya bi phan
rd ngoai dang soi, manh, hat c6 lién quan dén thanh phan chinh th hai. Cac hat dang soi, hat
va bi phdn manh 1a céc loai vi nhya chinh dugc tim théy trong nudc bé mat luu vuc song
trong ca hai mua, vao lic tridu 1én va xudng trong ngay.

Phén tich tuong t cho nim 2022, Hinh 7a va Hinh 7c cho thdy nhitng déng gop dau
tién thanh phan chinh vé hinh dang vi nhwa trong niam 2022 théa méin phan trim giai thich
phuong sai > 10% la PC1 (65,3%), PC2 (19,1%) va PC3 (12,3%). Nghién ctru nay chi lya
chon 2 thanh phan chinh dau tién vi tong 2 thanh phan nay da giai thich duoc toan bo 84,3%
tap dit liéu yéu cau trong nam 2022 (Hinh 7c¢). Vec to hinh dang vi nhya dang soi c6 chiéu
dai vuot tréi hon so v6i nam 2021. Pidu ndy ching t6 mirc nhiém vi nhya dang soi trén luu
vuc 2 con song van cao va tang hon nam 2021. Két luan nay duoc khing dinh boi ¥ nghia
thong ké cua dir liéu khao sat 13 rat rd rang boi gia trj P-Values hoan toan < 0,05 (Hinh 7b).
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Correlation matrix

> print(pc)

Standard deviations (1, .., p=4): DangSoi DangManh DangHat DangKhac
[1] 1.6147184 0.8748295 0.7016527 0.3674798 DangSoi 1.00 0.37 0.64 0.25
DangManh 0.37 1.00 0.75 0.49
Rotation (n x k) = (4 x 4): DangHat 0.64 0.75 1.00 0.64
PC1 pC2 pC3 pC4 = >
DangXh . 0.49 0. .00
DangSoi 0.4255148 0.78690590 -0.27508579 0.3521989 angRhac 0=25 Q-3 008 LG
DangManh 0.5112127 -0.19430465 0.73889952 0.3936175 Samp;}’e Size
DangHat 0.5907643 0.05233241 0.03357134 -0.8044450 11 72
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Dac diém hinh thai MPs nam 2022
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Hinh 7. Két qua phan tich twong quan va PCA céc dic diém vé hinh dang cta vi nhua trong méi
truong nude sdong Sai Gon - Pong Nai trong nim 2022.

a) Két qua phan tich PCA ciia R; b) Két qua trinh dién h¢ sb tuvong quan va gia trj P-
Value ciia cac hinh dang vi nhya tir R; ¢) Biéu do Scree plot thé hién phan trim phuong sai
ma cac thanh phan chinh giai thich bo dit lidu; d) Biéu do tuong quan da bién cac hinh dang
ctia vi nhya duoc tim thay; e) Biéu do du bao xu hudng bién doi ciia cac hinh dang vi nhya
theo PC1 va PC2.

Pé xé4c dinh cac nhén t6 trong 2 thanh phan PC1 va PC2, nghién ctru dya vao Hinh 7a
va Hinh 7d va lua chon két qua trich hinh dang vi nhya nhu sau:

- PC1 gdém: Dang soi (hé s6 xac dinh 13 43%), dang manh (51%) va dang khac (46%)

- PC2 gdm: Dang khac (52%)

Phuong trinh biéu dién thanh phan chinh PC1:

PC1 = 0.43DangSoi + 0.51DangManh + 0.46DangKhac (10)
Phuong trinh bi€u dién thanh phan chinh PC2:
PC2 = 0.52DangHat (11)

Gan nhu cac hinh déng vi nhwa trong cac diém khao sat trén song Sai Gon, song Dong
Nai dé 6 lién quan dén thanh phén chinh dau tién (dang soi, manh). Cac vi nhya bi phén ri
dang hat c6 lién quan dén thanh phan chinh thr hai. Cac vi nhua dang soi, manh va bi phén
manh 13 cac loai vi nhya chinh dugc tim thay trong nudc bé mit luu vyc song vao luc triu
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1én va xudng trong ngdy, trong ca hai mua, dic biét la vao mua kho. Trong d6 ham lugng vi
nhya dang soi kha cao. Trong Hinh 7e, vi nhua trong triéu 1én va triéu xudng ctia mua kho
va vao luc tridu 1én ciia mia mua déu chiu 4nh hudng nhidu béi PC1 (giai thich dugc 65,3%
phuong sai) trong khoan gia tri PC1 1a tir -2 dén 2 (cum elip xam, d6 va cam) va vi nhua céac
hinh dang con lai xuét hién trong mua mua luc triéu xudng chiu anh huéng chinh bai PC2
(giai thich duoc 19,1% phuong sai), c6 cum elip mau xanh 14. Ngoai ra, két qua phan tich
PCA cho thiy luu virc song Sai Gon va song Pong Nai bi anh hudng boi cac dang vi nhya
soi, manh nhiéu hon trong ca hai mua cua nam 2022. Ham luong vi nhya dang soi tir cac
ngudn phat sinh anh huong luu vuc cac song rét cao.

Nhu viy, trong 2 nim 2021-2022, mic nhiém vi nhya dang sgi, manh kha vuot troi
hon cac dang khéc trong ca cac mua ctia nam, nim 2022 cao hon nim 2021. Can c6 sy chii
trong trong ngudn gdc 1am phat sinh vi nhya dang nay dé co6 sy kiém soat va quan 1y kip thoi.

Pé kham phé nhiing dia diém léy mau c6 dic diém hinh dang vi nhya tuong tu nhau,
mot phan tich cum duoc tién hanh dya trén hinh dang cta vi nhya trung binh trong mua kho
va mua mua (Hinh 8).

# Chuén bj dit ligu

>ThS_HuynhThiNgocHan<-na.omit(ThS_HuynhThiNgocHan) #Danh sach x6a thiéu

>ThS_HuynhThiNgocHan<-scale(ThS_HuynhThiNgocHan) #Chuan hoa céc bién

# Xac dinh s6 cum

> get_clust_tendency (df, n=15,graph=T)

> cl$hopkins

# Chi s6 Hopkins (-1:1) cho thiy c6 thé phan nhém dugc khong, cang gan 1 thi kha nang
phan nhém tot

> print (cl$plot)

Céc vi tri 1dy mau duoc chia thanh 2 nhém trong ca 2 mua cta nim 2021 gdm 2 cum
mua co ban la mau xanh duong va mau do voi chi s6 Hopkins = 0,76 (dit liéu kha thich hop
dé phan tich cum) va K-Cluster t6i uu 14 2 (nghién ctru chon phan nhdém cac vi tri lay mau
thanh 2 cum dé quan sat). C6 sy khac biét tuong dbi 16 rét trong phén loai cac vi tri lay mau.

ll a1 Cluster plot

Dim2 (238%)
>

~
N’
=

b)
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g
5
)
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Hinh 8. Két qua phan tich cum dya trén hinh dang ctia vi nhya trong trong 2 nim 2021 - 2022:
a) Hinh minh hoa mdi lién két theo mau cua 2 cum (xanh duong va d6) trong nam 2021; b) Biéu
dd cum nam 2021cta 18 vi tri khao sat trén cac song Sai Gon va sdng Dong Nai; ¢) Hinh minh
hoa mébi lién két theo mau cua 2 cum (xanh duong va do) nam 2022; b) Biéu d6 cum (cluster
plot) vao nam 2022 cua 18 vi tri khao sét trén céc song Sai Gon va song Pong Nai.

Dim1 (65.2%)
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Céc vi tri thugc nhém mau xanh duong va nhoém mau do c6 chung dic diém vé hinh dang
vi nhya, chiu anh huéng bai PC1 giai thich 56,6% phuong sai gom dang so1i (h¢ sd xé4c dinh
1a 49%), dang manh (56%) va dang hat (53%). Cac phan loai dac diém hinh dang vi nhya tai
dja diém 14y miu cho céc cum khac nhau dugc trinh dién trong Hinh 7b. Tuong tu nhu vay,
vao nam 2022, vi tri lay mau duoc chia thanh 2 cum mau co ban 1a mau xanh duong va mau
d6 véi chi sd Hopkins = 0,78 va K-Cluster t8i wu 12 2. C6 su khac biét tuong ddi 1o rét trong
phan loai cac vi tri léy mau. Céc vi tri thudc nhém mau xanh duong va nhém mau d6 c6
chung déc diém vé hinh dang vi nhya, chiu anh huong boi PCI giai thich 65,2% phuong sai
gom dang sgi (h¢ s6 xé4c dinh 1a 43%), dang manh (51%) va dang khac (46%). Cac phan loai
dic diém hinh dang vi nhya tai dia diém 14y mau cho cac cum khac nhau duoc trinh dién
trong Hinh 8.

Két luan vé két qua phan tich cum d3 dap tmg phu hop véi két qua PCA vé hinh dang
MPs. Tét ca cac vi tri 1y mau trén luu vyc cac song Sai Gon - DPong Nai déu dang c6 mirc
MPs dang soi cao va tang tinh tién theo nam. Két qua nghién ciru dac diém cua hinh dang vi
nhua theo mua va thuy tridu bang ngon ngir R ¢6 thé dat duoc méi truong xu ly lugng dir
liéu 16n, dua ra duogc cac két qua dd thi thé hién truc quang rd rang vé dir liéu nghién ctru,
ddng thoi véi phuwong phap Machine learning, cac dit liéu duoc xir Iy phdi hop nhiéu mé hinh
dua ra duoc két qua voi do tin cdy cao hon ma hién nay cac phuong phap mé hinh khac chua
thuc hién dugc. Néu dit lidu cac nim dugc thém va bo sung vao tép dit liéu, s6 miu tang tinh
tién, hé théng s€ tu hoc va tu phan tich dua ra két qua vé dién bién hinh dang vi nhya trong
tuong lai, nhiéu két qua nghién ctru s& dat 46 chinh xac vé dy bao cang t6i uvu. Phuong phap
nay rat phi hop va can dugc phat trién trong van dé xir 1y dir liéu 16n cia méi trudng, nhu
danh gia tép dir liéu tinh tién vé cac yéu t6 gay ton thuong va 6 nhiém dé du bao mure do bién
do6i khi hau. Bac biét, viéc dung phuong phap du bao voi tép dir licu co s6 dong mau ting
tinh tién & muc cao (Big data) bang ngon ngit R d6i véi cac chat “6 nhiém méi” nhu vi nhya
1a v6 cung quan trong trong cong viéc nghién ctru, boi vi sur tao thanh cac chat nay (thot gian
phan i chat thai nhya thanh vi nhya) lai can d6 dai thoi gian 16n, doi khi vuot qua tudi tho
loai nguoi.

4. Két luin

Ung dung thanh cong phuong phap phan tich dit liéu thuc té dé dy bao dién bién dic
diém hinh dang vi nhya trong méi trudong nude séng Sai Gon va song Béng Nai trén nén tang
ngbn ngit R 1a két qua nghién ctru hiéu qua trong linh vyc nghién ctru vé vi nhya hién nay.
Mot trong nhiing khia canh thach thirc nhit cta viéc xdy dung phuong phap dy bao trén nén
tang R la can phai xac dinh package nao dugc st dung trong truong hop cu thé. Trong két
qua xay dung dugc, nghién ciru da cung cap dugc it nhat cac package dac biét dugc thiét ké
riéng cho muc dich phan tich twong quan, phén tich thanh phan chinh va phan tich cum hiéu
qua, trinh dién cac biéu d6 dién giai két qua phan tich mot cach 16 rang cac dic tinh hinh
dang ctia vi nhwra theo mua va theo muc nude thiy triéu. Phuong phap xay dung thuét todn
giam chiéu dit liéu va phan cum trén R du doan khuynh huong dac diém hinh dang cua vi
nhya trong nudc mat luc dia song Sai Gon va song Bong Nai da giai quyet dugc nhu cau vé
mdt cong cu danh gia véi do tin cay cao, xir Iy dugc vain dé da cong tuyén trong dir lidu thuc
nghiém, xtr Iy dugc thu vién dir liéu 16n va hoan toan tranh dugc chi phi tai chinh cho ban
quyén tir cac phan mém duoc ban sin trén thi truong. Ngoai ra, phuong phap nay co thé duoc
1ap trinh cac ham d6 hoa, dua ra cac hinh anh, biéu d6 hién thi phong phu, giai thich rd rang
cac ndi dung ma cac nha chuyén moén mdi trudong, cac nha nghién ctru vi nhya co thé luan
giai dugc trong kham phé dir liéu nghién cru vi nhya. Bén canh d6, han ché trong két qua
dat dugc cua nghién ctru 1a dir li€u quan sat vi nhya trén 2 Iuu vuc song con it, chi méi thu
thap duoc trong 2 nam 14 2021 va 2022 bai vi “chat 6 nhiém” méi nay hién nay gan nhu chi
mai dugce nghién ctru & mirc do phat hién, danh gia vé mat do. Chinh lugng dir li€u con han
ché 1am giam d9 tin cay khi phén tich bang cdc mé hinh ML ctia ngén ngit R mic du d6 chinh
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xac cia phuong phép (ét cao. Cac ma code, goi Package ludn can phai duoc diéu chinh thich
hop khi cap nhat h¢ diéu hanh may tinh va cac phién ban cua R.

bong gop cua tac gia: Xay dung y tuong nghién coru: H.P., HT.N.H.; Lya chon phuong
ph&:lp nghién ctru: H.P., N.T.H.; Xt ly s6 liéu: H.T.N.H., V.H.K.; Lay mau: H.P., H. T.N.H.;
Viét ban thao bai bao: H.P., H.T.N.H.; Chinh stra bai bao: H.P., H.-T.N.H.

Loi cam on: Nghién clru nay dugc thuc hién dudi sy tai trg ctia du an nghién ctru Vién Moi
truong va Kinh t€ tuan hoan Mién Nam (IECES).

Loi cam doan: Cac tac gia dam bao rang bai viét nay la cong trinh cua céc tac gia, chua duoc
xuat ban & noi khac, khong dugc sao chép tir nghién ctru trude do; khong co6 xung dot loi ich
trong nhom tac gia.
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Applying algorithm based on the R language platform to study
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Abstract: The study has developed an algorithm to predict the spread of microplastics in
continental surface water using the R programming language. The algorithm has the
functions of modeling, correlation analysis, principal component analysis, data
multicollinearity processing and cluster analysis of shape characteristics of microplastics
according to the season of the year and the tidal water level of the day. Research results
have shown that sampling locations in the Saigon River and Dong Nai River all have high
density of fibrous microplastics and increase year by year. The research results are an
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effective tool in predicting changes in the shape characteristics of microplastics according
to the seasons of the year and the high and low tides of the day. Furthermore, this result can
be used to adapt models to data collected under continuous conditions, large amounts of
stored data, and high accuracy. From there, it is the basis to pay more attention to the source
of microplastics and have timely control and management. This is an important contributing
tool in the study of microplastics in water of the Saigon River and Dong Nai River, and will
be widely applied to the study of microplastics in continental surface water.

Keywords: Cluster analysis; Multivariate correlation analysis; Principal component
analysis; R; Microplastics.
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Tém tit: K§ thut chup cat 16p tro khang dién (Electrical impedance tomography - EIT) da
dugc (mg dung rong rai trong mot sO nganh ky thuat. Nhung trong linh vyuc dia chat, dia ky
thut van con c6 it nghién ctru img dung EIT. Uu diém ctia k§ thudt nay la co thé cung cap
thong tin vé ddi tugng nghién ciru ma khong can phai pha htty mau. Bai bao nay gidi thiéu
mot nghién ctru thyc nghiém tng dung EIT trong viéc xac dinh do thdm cta 3 mau cat &
diéu kién phong thi nghiém bang viéc minh giai anh chup cat 16p tré khang dién (EIT). Két
qua minh giai &nh EIT cho théy d6 thAm cta 3 mau cat co gia tri 1an luot 12 16,30 m/d; 49,46
m/d va 11,94 m/d c6 sai khac lan lugt 1a 2,00%, 2,81% va 4,02% so v6i d§ tham clia 3 miu
cat nay néu duoc xac dinh bang thi nghiém Darcy. Két qua nay cho thiy tiém ning cta viéc
tmg dung EIT trong viéc xac dinh do thim cta dat d4 néi riéng va cac tinh chat khac cta
dat da noi chung trong linh vuc dia chét va dia k¥ thuat.

Tir khoa: Anh chup cat 16p tré khang dién; EIT; Do thim ciia cat.

1. Giéi thi¢u

Trong nhitng nam gan day, ung dung cia cac phuong phap dién dugc tang cuong dang
ké va s dung rong réi trong nhiéu linh vyc. Cac phuong phap dién thé hién sy tin cdy va gia
thanh hop 1y, dé thuc hién va dic biét 1a khong lam pha hiy mau ddi voi cac thir nghiém hién
truong.

Dién trd suat 1a mot trong nhitng théng s quan trong ctia dat va c6 mbi tuong quan voi
nhing thong s6 khac. Do d6, néu chiing ta c6 thé do dac dugc thong sd dién trd suét thi chung
ta co thé xac dinh duoc nhiéu tinh chat khac cia dat da. Trong thoi gian gan day, k¥ thuat
chup cit 16p tré khang, EIT, dugc quan tim, Gng dung va cai thién hiéu qua trong linh vuc
dia chat n6i chung va dia k¥ thuat noi riéng. EIT [1] 1a mot trong nhirng k¥ thuét dugc ing
dung rong rai trong khao sat dia vat Iy dé xac dinh dién tro suat cia dat thong qua viéc su
dung thuat toan tai tao dé tao anh tro khéng tr nhitng vung khac nhau ctia mau. Va tur viéc
minh giai anh chup cat 16p tré khang dién nay ta c6 thé danh gia duoc cac tinh chét cia dat
d4 nhu do tham.

Nim 2003, nghién ciru [2] vé anh dién va kiém tra dién tré suat trong phong thi nghiém
dé khao sat cac dic tinh dia k¥ thuat ctia tram tich sét Pusan. Cac thir nghiém hién trudng va
thi nghiém trong phong cung dugc thyc hién, nghién ctru cho thdy rang anh dién duoc img
dung hiéu qua dé 1ap ban d6 cac mo dat sét Pusan va cac ket qua trong phong rat khép voi
cac ket qua hién truong. Nhom nghién ctru cling nhén thay rang c6 moi tuong quan gitra dién
tré suét cua dat vai cac thong s6 nhu ham luong hitu co, d§ am, khdi lugng don vi,...
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Tuong tu nhu nghién ctru trén, vao ndm 2019, tac gia [3] nghién ctru vé cac tinh chét cua
dat dya trén d6 dan dién. Nghién ctru dugc thuc hién véi dat phén tu nhién va véi cac didu
kién vé ndng d6 mudi va 6 pH khac nhau. Két qua nghién ctru cho thay khi ndng do mudi
tang thi dién tr¢ suét ctia dat giam va d6 pH c6 anh huong dang ké dén cac ing xu cua dat,
ho nhan thiy ring mdi quan hé gitra d6 pH va dién tr& sudt cia dat 1a tuyen tinh.

Nam 2005, mot nghién ciru vé viée kiém tra tinh ddng nhat cia mau cat trong phong thi
nghiém bang ky thuat cét 16p tré khang, dwoc thyc hién boi [4]. Nghién ciru di ching minh
rang k¥ thut nay c6 thé phat hién duoc cac di thudng trong mau cat, ké ca hinh dang cta cac
di thuong ciing duoc thé hién mot cach kha chinh xac. Va nhom nghién ciru nhén thiy rang
ky thudt nay dang tin cdy co thé duoc ap dung rong rai trong linh vuc Dia ky thuat.

Ngoai ra, da c6 mot sd nghién ctru tng dung k¥ thuét chup cat 16p tr¢ khang dién dugce
thuce hién, chang han nhu nghién ctru tng dung k¥ thuat chup cit 16p dién dé xac dinh ham
luong nude xam nhép bo ke chan lii [5], hay nghién ctru xdc dinh thanh phan thach hoc trong
16 khoan [6], nghién ctru cac déc trung dudi dét cia mot cong trinh x@y dung ¢ Nam Kinh,
Trung Qudc [7], nghién ciru twong quan thyc nghiém gitra cac thong s6 dia ky thuét la gioi
han chdy, gioi han déo va dién tré suét [8], nghién clru sat truot 16 dat [9], nghién clru cac
dic tinh cta dat [10] hodc nghién ctru dé danh gia anh huong cta tham thuc vat va do am bé
mit dén diéu kién van hanh cua duong sat cling dugc chi ra trong cac tai li¢u [11].

Trudc day, dé do do thdm cua cac méu dat ta thuong dung thi nghiém Darcy [12]. Tuy
nhién, thi nghiém Darcy doi hoi thiét bi cong kenh va chi c6 thé dat két qua nhanh chong khi
cac mau dat c6 do tham tuong d6i 16n. Cach tiép can bang k¥ thuat EIT dé do do tham khic
phuc dugc cac nhuge diém trén cua thi nghiém Darcy, dong thoi né con c6 thé xac dinh tinh
chat ctia cac mau dat d¢a ma khong pha hiy mau. Cét 16p trd khang (EIT) 1a m6t ky thuét cho
phép udc tinh su phan bb khong gian cta d6 dan dién trong mot dbi tugng tir cac phép do tro
khang tai ranh gii xung quanh ctia n6. Cac dién cuc dugc phan bd xung quanh doi twong va
cach déu nhau. Dong dién co thé duoc cung cép lién tiép qua cac cap di¢n cuc khac nhau va
dién ap twong Gmg duoc do lién tiép & cac cip dién cuc con lai. Bang cach nay co thé tai tao
mat hinh anh tré khang ctia ddi twong.

C6 vai phuong phap do anh tr¢ khang dién khac nhau nhu phuong phap do lan can [13],
phuong phap Cross [14], phuong phap thich tng [15, 16] hay phuong phap dbi lap [17]. Moi
phuong phap do trd khang déu ton tai mot hodc mot vai han ché nhat dinh. Cu thé, han ché
cua phuong phap do lan can la phan b6 dong khong déu, dién ap ¢ cap dién cyc kich dong
16n va cang nho dan vé phia cac dién cuc dbi dién (chi khoang 2,5% so véi cap dién cuc kich
dong), nén do chinh xac khong cao [13]. Phuong phap Cross da cai thién phan nao nhugc
diém cua phuong phap 1an can, tuy nhién van c6 su chénh léch dién ap giita cac cip dién cuc
nén do nhay ciing khong cao [14]. Phuong phap thich Gmg ¢ sy phan bd dong dong déu nén
cho két qua chinh xac nhét [15, 16], tuy nhién, doi hoi phai st dung nhiéu b tao dong dién
doc 1ap, nén chi phi do dac s& rat cao. Do d6, phuong phap dbi lap, dé thuc hién va co do
nhay cao, cho két qua voi do chinh xéac cao dugc st dung trong nghién ctru nay. Phép do tro
khang bang phuong phap dbi 1ap duoc [17] dé xuat ba c6 mot s6 nghién ctru [5, 7, 8- 10]
danh gia cac dac tinh cua dat L thong qua dién tro suét, tire 1a tim ra dugc moi twong quan gitra
dién tro suat va cac thong s cia dat nhu do rdng, d6 am, do tham . Tuy nhién, muén su
dung cac mbi tuong quan nay thi can c6 mot he thong co so ve ly thuyet va thuc nghiém dé
chimg minh ring cac twong quan nay 1a phii hop dé c6 thé 4 ap dung dbi véi diéu kién dia chét
& trong nudc ndi chung va mot khu vue, cong trinh cy thé néi riéng. Nghién ctru nay budc
dau duoc thuc hién véi cat, va xem xét do tin ciy cia két qua dé co thé tién hanh mo rong
thyc hién nghién ciru véi cac loai dat khéc trong tuong lai, nham cung cp mot hé thong day
du cac co so dé ap dung phuong phap nay ngoai thyuc té.

Nghién ctru nay gidi thiéu mot thiét ké thiét bi thi nghiém tmg dung k§ thuat EIT dé chup
cit 16p anh tré khang dién ctia mau dét cat trong phong thi nghiém. Va tir két qua thi nghiém
nay, xdy dung mé hinh twong quan hoi quy giita d6 thim va dién tré sudt cua cic mau dat



Tap chi Khi twong Thiiy vin 2024, 759, 64-74; doi:10.36335/VNJHM.2024(759).64-74 66

cat, tr mo hinh tuong quan xay dung duoc, nghién ctru c¢6 thé danh gia dugc do tham cua
mau dat cat ma can xac dinh do tham.

2. Phuong phap nghién ciru va thiét ké thi nghiém

2.1. Phwong phdp doi ldp do tré khdng

Phuong phap d01 1ap do tro khang [17] dugc minh hoa trong Hinh 1. Trong phuong phap
nay, dong dugc truyén qua hai dién cuc dbi dién nhau (dién cuc 16 va 8 trong Hinh 1A). Bién
cuc hen ké dién cuc duogc truyén dong dugc dung nhu dién ap tham chiéu. Pién ap duoc do
tir tit ca nhirng dién cuc khac trir nhitng dién cuc dong va dién cuc tham chiéu (dién cuc 16,
8 va 1) sé bao gém 13 phép do dién ap. Sau do, thay ddi cap dién cuc ddi dién nhau tir cap
dién cuc 16 va 8 thanh cap dién cuc ddi dién 1a cap 1 va 9 nhu Hinh 1B ta lai do dugc 13
thong s dién ap khac. Lap lai qua trinh thay d6i cip dién cuc ddi dién nhau tir 1 va 9 sang
cap 2 va 10 cho dén cudi cung la cap dién cuc 7 va 15, ta s€ co téng cong 104 diém dir liéu.

A 16 I/‘H‘ 2

13

12

Hinh 1. Phuong phép do ddi lap.

2.2. Dit liéu mdu cat ding cho thi nghiém

Thi nghiém duoc tién hanh cho 3 méu dét cat, ky hiéu 1a M1, M2 va M3, ma thanh phﬁn
cap phoi hat cua cac mau duoc nhom tac gia xac dinh trong phong thi nghiém nhu sau:

Két qua thi nghiém xac dinh thanh phan hat va biéu do thanh phan hat cia mau M1 dugc
thé hién trong bang 1, hinh 2.

Bang 1. Két qua thi nghiém x4c dinh thanh phan hat mau M1.

m = 467,169
Ray (mm) Khoilwong dat trén  Ham lwong tich iy ~ Ham lwong tich liiy
ray (g) trén ray (%) dudi ray (%)
2 0,18 0,04 99,96
1 38,48 8,28 91,72
0,5 139,09 38,05 61,95
0,25 223,51 85,89 14,11
0,1 5,83 98,49 1,51

<0,1 6,48 99,87 0,13
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Hinh 2. Biéu d6 thanh phan hat ciia mau M1.

7 Két qua thi nghiém xéac dinh thanh phan hat va biéu @6 thanh phan hat ctia mau M2 dugc
thé hién trong bang 2, hinh 3.

Bang 2. Két qua thi nghiém xac dinh thanh ph?ln hat mau M2.

m = 463,789
Ray (mm) Khéi lwgng dat Ham lwong tich liy Ham lugng tich liy
trén ray (g) trén ray (%) dudi ray (%)
2 4,46 0,96 99,04
1 73,48 16,81 83,19
0,5 344,82 91,16 8,84
0,25 41,02 100,00 0,00
BIEU BO THANH PHAN HAT MAU M2
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Hinh 3. Biéu d6 thanh phan hat mau M2.

i Két qua thi nghiém x4c dinh thanh phan hat va biéu do thanh phan hat ciia mau M3 dugc
the hién trong bang 3, hinh 4.

Bang 3. Két qua thi nghiém xé4c dinh thanh phan hat mau M3.

m = 457,259
Ray (mm) Khoi lwong dat Ham lwong tich liy  Ham lwgng tich liy
trén ray (g) trén ray (%) dudi ray (%)
0,5 17,49 3,83 96,17
0,25 352,94 81,01 18,99
0,1 74,28 97,26 2,74

<0,1 12,5 99,99 0,01
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Hinh 4. Biéu d6 thanh phan hat miu M3.
2.3. Thiét bi va quy trinh thi nghiém

2.3.1. M6 ta thiét bi thi nghiém

Thiét bi thuc hién thi nghiém gdém: bo dién cuc, bo adapter chuyen d6i dong dién xoay
chiéu thanh dong dién mot chiéu va diéu chinh dong dién, mot bién ap va mot déng hd do
dién van nang (Hinh 5).

B0 dién cuc gém 16 dién cuc béng déng v6i kich thuge dai 60mm X rong 6mm X dﬁy
1mm dugc han cach déu quanh mot 6ng nhya rdng trong subt kin day v6i duong kinh 150mm,
cao 100mm va diy Smm. Céc dién cuc dugc ndi ra ngoai bang day dong.

B6 chuyén d6i va diéu chinh gdm adapter chuyén ddi dong dién xoay chiéu thanh dong
dién mot chiéu 24V, bo mach ha &p 24V thanh 1,5V va mot bién tro ba chan 1kQ.

Béng hd do dién van nang DT-9205M gém cac tinh nang do dong dién, hi¢u dién thé
mot chiéu, xoay chiéu va dién tré.

1. Bd dién cue

2. Chuyén d6i 220V AC
-12VvDC

3. Chuyén dbi 12V —
1.5V

— 3

4. Bién tr& ba chan 1kQ

5. Déng hé do dién DT-
9205M

4

Hinh 5. Thiét bi thi nghiém cét 16p tré khang.

2.3.2 Quy trinh thi nghiém

Thi nghiém duoc thyc hién cho 3 mau cat ky hiéu lan luot 1a M1, M2 va M3 theo cac
bude duge mé ta bén dudi day bao gom:

Budce 1: Kiém tra thiét bi: bd dién cuc, bo adapter chuyén doi dong xoay chiéu thanh
dong mot chiéu va déng ho do dién.

Budc 2: B6 cat vao dng miu cho dén khi ngap cac dién cuc.

Budc 3: Dung dao gat bang mit va cho dong dién chay qua mau.
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Budc 4: Do hiéu dién thé va ghi nhan sé liéu. Tac gia thyc hién do theo phuong phap
ddi 1ap duogc trinh bay & muc 2.1. Ban dau, dong dién dugc dua vao dién cuc 1 va 9, lan luot
do hiéu dién thé & cac cip dién cuc 2-3, 2-4, 2-5, 2-6, 2-7, 2-8 va 10-11, 10-12, 10-13, 10-
14, 10-15. Sau d6 d6i vi tri kich dong va thuc hién tuong tu.

Bang 4 bén dudi thé hién tht tu kich dong va do hiéu dién thé trén céac cap dién cuc cua
thi nghiém. Hinh 6 bén dudi mo ta quy trinh thi nghiém dugc thyc hién bdi mot thanh vién
trong nhom tac gia.

Bang 4. Thi tu kich dong va do hiéu dién thé.

Kich dong Do hiéu dién thé
1-9 2-3 2-4 2-5 2-6 2-7 2-8
10-11 10-12 10-13  10-14  10-15 10-16
2-10 3-4 3-5 3-6 3-7 3-8 3-9
1112 11-13 11-14  11-15  11-16 11-1
3-11 4-5 4-6 4-7 4-8 4-9 4-10
12-13 12-14 1215 12-16 12-1 12-2
4-12 5-6 5-7 5-8 5-9 5-10 5-11
13-14  13-15  13-16 13-1 13-2 13-3
5-13 6-7 6-8 6-9 6-10 6-11 6-12
14-15  14-16 14-1 14-2 14-3 14-4
6-14 7-8 7-9 7-10 7-11 7-12 7-13
15-16 15-1 15-2 15-3 15-4 15-5
7-15 8-9 8-10 8-11 8-12 8-13 8-14
16-1 16-2 16-3 16-4 16-5 16-6
8-16 9-10 9-11 9-12 9-13 9-14  9-15
1-2 1-3 1-4 1-5 1-6 1-7

D6 cat vao dng mau

!

Hinh 6. Qua trinh thyc hién thi nghiém ctia nhom tac gia.
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2.3.3. Tao anh chup cit 16p tro khang dién

Pé tao anh cét 16p tré khang dién, nhém nghién ctru da st dung két hop 2 phén mém ma
ngudn mé 14 GMSH v.4.9.5 [18] va ResIPy v3.3.3. Trong d6 GMSH 14 phan mém cho phép
tao ludi phén tr hiru han 2D va 3D, trong khi d6 ResIPy 1a mdt cong cu phén tich, m6 hinh
hoéa dia vat ly.

3. Két qua va théo ludn

3.1. Két qud dnh chup cdt I6p tré khdng dién

Hinh 7a-7¢ bén dudi day 1a két qua anh cat 16p tré khang duoc tai tao tir cac s6 lidu do
dugc ¢ thi nghiém cat 16p tré khang twong Gng véi cac mau M1, M2 va M3.

Resistivity (ohm.m) Resistivity (ohm.m)
6.00 8.00 5.00 3.00 4.00 5.00 6.00 7.00 8.00
I

—
Hinh 7. Anh cit 16p trd khang mau: (a) M1; (b)
M2; (c) M3.

Resistivity {ohm.m)

@

—
Duya trén cac anh chup cit 16p trd khang cia cac mau M1, M2 va M3 trong céac hinh 7a-
7¢ & trén ta c6 thé thdy mau M1 va M3 c6 dién tro suat phan bd trong pham vi 3,00 dén 9,00
Q.m. Riéng mau M2 dién trg suit c6 phan thap hon va bién thién trong khoang 3,0-8,0 Q.m.
Pién trd suét trung binh cia mau M1 1a 5,23 Q.m; ciia mau M2 1a 4,89 Qm va ctia mau M3
125,36 Q.m.

3.2. Xdc dinh twong quan gitta dién tré sudt va dé tham cia mau

Theo [19, 20] méi quan hé giita d6 tham va dién trd sudt ctua dat c6 thé dugc miéu ta
bang phuong trinh:
log(k) =axrho+b 1)
Trong d6 k 1a 6 thim cua dat; rho |a dién tro sudt; a va b 13 hai hé sé.
T két qua thi nghiém thdm va thi nghiém cét 16p trd khang, nghién ctru xac dinh dugc
cac hé sb a va b trong phuong trinh (1) nhu hinh 8.
Ttr hinh 8, ta c6 thé thay hé sd a=-1,338 va b = 8,231. Nhu viy mdi twong quan giita
dién tro suat va do thim cta mau cat duogc thé hién qua phuong trinh:
logk = -1,338xrho + 8,231 2
V6i hé s6 twong quan R? = 0,9897.
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Hinh 8. Tuong quan gitta dién tré suit va do thim.

3.3. Pdnh gid do tham ciia mdu tir dnh chup cdt I6p tré khang dién

Tt phuong trinh tuong quan (2), nghién ctru c6 thé xac dinh duoc do tham cho tirng mau
dua vao két qua cat 10p tré khang. Két qua danh gia do thim cho cac mau M1, M2 va M3
duoc thé hién 1an lugt trong cac hinh 9a-9c.

(a) (b)

Permeability (m/d) Permeability (m/d)

0.00 10.00 20.00 3000 1000 2000 30.00 40,00 50.00 £0.00 70.00
- I [

Hinh 9. Panh gia d6 thaim mau: (a) M1; (b) M2;
(c) M3.

Permeability (m/d)
0.00 1000 2000 30.00
I S ——

Tir cac két qua danh gia do tham cuia cac mau cat M1, M2 va M3 trong hinh 9a-9¢ & trén,
ta cO thé thiy do tham cia mau M1 va M3 dao dong trong khoang 0,0-30,0 m/d, 6 thdm cta
mau M2 bién thién tr 10,0-70,0 m/d, 46 thim trung binh cia mau M1 1a 16,30 m/d, mau M2
la 49,46 m/d va mau M3 1a 11,31 m/d.

Ciing voi céac mau cat M1, M2 va M3 & trén néu ta xac dinh do thim theo thi nghiém
Darcy va so sanh két qua v&i phuong phap minh giai anh chup cat 16p tro khang dién ta dugc
két qua tong hop trong bang 5.
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Bang 5. So sanh két qua do tham.

Do tham theo thi nghiém Do tham danh gia thong qua A
thém Darcy (m/d) anh cit I6p tré khang (m/d) o KNac (%)
Mau M1 15,98 16,30 2,00
Miu M2 50,89 49,46 2,81
Miu M3 12,44 11,94 4,02

Tir bang 5 ta thy sai khac cua do thim khi danh gia théng qua anh chup cit 16p tré
khang so voi khi x4c dinh tir thi nghiém thdm Darcy cta ba miu 1an luot 12 2,00%:; 2,81% va
4,02%. Nhu vay két qua do thim khi danh gia thong qua minh giai anh chup cit 10p tro khang
dién 1a kha tuong duong so véi phuong phap Darcy. Diéu nay thé hién tinh tin ciy cia
phuong phép nay.

So v&i cac nghién ctru da trinh bay ¢ muyc 1, két qua thi nghiém tng dung cua k¥ thuat
chup anh cit 16p tré khang dat dugc trong nghién ctru thuc nghiém nay dat duoc do tin cay
va tinh chinh x4c cao khi so sanh véi cac thi nghiém truyén thong.

4. Két luén

Nghién ctru nay 1an dau tién & trong nudc, da gioi thiéu duge mot bo cong cu thi nghiém
trong phong mg dung phuong phap chup anh cit 16p tro khang dién dé xac dinh d6 tham cua
cat. M6 hinh thi nghiém nay c6 thé dugc tng dung rong rai dé xac dinh do thAm cho cac loai
dat da khac.

Nghién ctru nay ciing dd gidi thidu duge mot cach tiép can danh gid do thim cua miu
cat dua trén sy minh gidi dnh chup cit 16p tr¢ khang dién cta mau cat. Trong qua trinh nay,
cac md hinh twong quan gitra dién tré suat va do tham ciing duoc xdy dung.

Do d6 tin cdy va tinh chinh xac cao da dugc thé hién trong viéc ing dung EIT trong
nghién clru nay va trong cac nghién ctru ng dung EIT khac da trinh bay trong muc 1, nén k¥
thuat EIT ¢6 dﬁy du tiem nang ung dung trong linh vuc dia k¥ thuit va dia chat thuy van, dac
biét 14 trong diéu kién & trong nudc.

DPong gop cua tac gia: Xay dung y tuong nghién ciru: T.V.N., K.T.L.; Xur ly sd liu: T.V.N.,
K.T.L.; Viét ban thao bai bao: T.V.N., K.T.L.; Chinh stra bai bdo: T.V.N., K.T.L.

Loi cam on: Nhom nghién ciru cam on cac dong nghiép tai cac don vi nghién ctru da tham
gia thao luan va dong gbp y kién.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1 cong trinh nghién ctru ciia tap thé
tac gid, chua dugc cong bo ¢ dau, khong duogc sao chép tur nhitng nghién ctru trude day;
khong c6 sy tranh chap loi ich trong nhém tac gia.
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An estimation of the permeability of sand by interpreting
electrical impedance tomography images
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Abstract: Electrical impedance tomography (EIT) has been widely applied in a number of
engineering industries. However, in the field of geology and geotechnical engineering, there
are still few studies applying EIT. The advantage of this technique is that it can provide
information about the research object without having to destroy the sample. This article
introduces an experimental study applying EIT in the evaluation of the permeability of 3
sand samples under laboratory conditions by interpreting electrical impedance tomography
(EIT) images. The results of EIT image interpretation show that the permeability of the 3
sand samples is 16.30 m/d; 49.46 m/d and 11.94 m/d respectively and have a difference of
by 2.00%, 2.81% and 4.02% respectively compared to the permeability of these 3 sand
samples if determined by the Darcy test. This result shows the potential of applying EIT in
determining the permeability of soil and rock in particular and other properties of soil and
rock in general in the field of geology and geotechnical engineering.

Keywords: Electrical impedance tomography; EIT; Sand permeability.
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Tém tat: Dong bang chau thd song Hong 1a mot trong nhiing khu vuc c6 nganh néng nghiép
chu dao, hién nay cac khu vuc ven bién Nam Dinh dang ngay cang bi de doa boi hién tuong
xam nhap man ngay cang kéo dai va trim trong. Nghién ciru di tmg dung mé hinh MIKE
11 m6 phong thuy luc, qua trinh xdm nhdp mén viung ven bién tinh Nam Dinh véi két qua
hiéu chinh nim 2022 va kiém dinh cho nim 2023 cho két qua twong ddi phu hop véi chi sé
NASH dat 0,70-0,78, h¢ s6 twong quan R? = 0,8-0,92. Két qua md phong theo 02 kich ban
ing voi tan suat kiét 90% va tan suat triéu 10%; tan suét kiét 95% va tan suat triéu 5% cho
thdy hé thong song thudc tinh Nam Dinh dang c6 hién tuong ndng d6 min cao, min xam
nhap cang ngdy cang lan sau vao nodi dong.

Tiwr khoa: M6 hinh MIKE 11; Xam nhép mén; Nam Dinh.

1. Giéi thi¢u

Trén thé gidi di co rat nhidu nghién ciru vé dién bién xam nhap man. Nghién ctru vé anh
huong cua nude bién dang (NBD) dén xam nhap méan (XNM), tac gia [1] da c6 nghién ctru
dién hinh & cira séng Duong T, Trung Qudc. Nghién ctru nay da s dung mo hinh van
chuyen man va thuy dong lyc hoc ba chleu, v6i ludi khong cau truc cd do phan gidi cao va
d6 nham cua day thay ddi theo khong gian, dugc ap dung dé dinh luong anh huong ctia NBD.
Nghién ctru xac dinh cac yéu tb chinh cua m6 hinh XNM tai luu vye song Dagu, Vinh Giao
Chau, nghién ctru [2] nhan dinh rang XNM la mot qua trinh tuong tac phirc tap gitra nudc
ngdm - nudc bién va no chiu anh hudng cua nhiéu yéu t6 tir bé mat dén long dat. Xam nhap
man 14 mot trong nhiing vin d& 16n & ving ctra song Indus, Pakistan. Trong nghién ctru [3]
md hinh s tri FVCOM dugc xay dung dé nghién ctru sy bién thién theo mua cua dong chay
va d6 man trong song. C6 thé nhan thay hién nay trén thé giGi, cac mo hinh toan phuc vu tinh
to4n mo phong qua trinh XNM d4 rat phat trién, cho phép cac nha nghién ctru c6 thé tim hiéu
nguyén nhan, tinh toan, dy bio cac qua trinh dién bién XNM. Cac md hinh mé phong qua
trinh tuong tac thity lyc 1-2-3 chiéu hoan toan c6 thé dwa vao ap dung tinh toan mo phong
XNM nudc mat [3].

Tai Viét Nam, nham muc tiéu danh gia nguy co XNM céc song chinh tinh Dong Nai
trong bdi canh bién ddi khi hau (BDKH). Tac gia [4] d3 xdy dung céc kich ban danh gia véi
muc phat thai khi nha kinh cao (A1FT) cho céc thoi ky 2013, 2020 va 2030. Nghién ctru danh
Tap chi Khi twong Thuy van 2024, 759, 75-86; doi:10.36335/VNJHM.2024(759).75-86  http://tapchikttv.vn
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gia anh huong ciia BDKH dén XNM trén dia ban tinh Vinh Long. Téc gia [5] da x4y dung
céc kich ban tinh todn bao gdm: XMN ¢ diéu kién hién tai, theo kich ban thai khi nha kinh
trung binh (B2) va cao (A1FI) cho nam 2020 va 2030. Phuong phap mo hinh toan (MIKE
11) két hop phuong phap GIS dugc sir dung trong tinh toan. Nghién ctru [6] danh gia tac
dong cua cac hé déap thuy dién & ‘thuong ngudn song Mé Cong dén xam nhap min & dong
bang song Ctru Long. Trén hé thong séng Vu Gia - Thu Bon, tac gia [6—10] di nghién ctru
xdy dung cong nghé du bao dong chay can, XNM cho h¢ théng séng. Phuong phap chinh
trong nghién ctru 1a sir dung cac mo hinh toan. Panh gia anh hudng ciia XNM dén ha luu luu
vuc séng Ca trong bdi canh BPKH. Téac gia [11—12] dd ung dung mé hinh thity lyc MIKE
11 két hop cong cu vién tham GIS trong viéc mé phong tinh toan tinh hinh XNM khu vuc ha
luu song Ca ung vai hai kich ban RCP4.5 va RCPS.5...

Nam Dinh 1a mot tinh ndm & phia nam cta Déng Bﬁng Bic B0, 1a mot tinh ¢6 san luong
lwong thuc, cic san pham néng, 1am nghiép, thity - hai san dic san c¢6 gia trl xuét khau cao
va 16n trong khu vue (khoang hon 200.000 ha); dac biét la cac dac san v€ lua, hoa, cay canh,
thily, hai san,... va ciing la ving chiu dnh hudng ning né ctia bién ddi khi hdu ma cu thé 1a
nude bién dang va xam nhap man; dac biét la cac huyén ven bién cua tinh nhu: Giao Thuy,
Hai Hau, Nghia Hung va mot s6 huyén khac nhu: Xuén Truong, Trye Ninh, Nam Tryec..

Trong nhitng ndm gan day qu4 trinh su thay d6i ché @6 dong chay, xAm nhap min ta1
ving cira cac song trong khu vuc nhu: song Hong, séng Py, song Ninh Co ¢6 sy thay doi
16n va dién bién rat phuec tap, nhat 1a trong mua can (vu Pong Xuan): Do man vung cura song
cao, mdn xam nhap vao trong song rat sdu, cO noi xam nhép sau vao trong song toi gﬁn 40
km (d6 min 1%o), man xAm nhap nguoc tir sdéng nay sang séong khac, dong chay thay doi gay
ra tac dong cua xam nhdp man t6i cac khu vyc cira song va sau trong song, ... gay kho khan
cho cong tac dy tinh, du bao viée lay nude phuc vu san xuét, dc biét 1 san xuat néng nghiép.

Nhing nam gan day, trén thé gii va mot s6 tinh ctia Viét Nam da sir dung nhiéu phuong
phap du bdo, canh bao xdm nhap man dudi tac dong cua bién ddi khi hau nhu sir dung mo
hinh toan [13, 14], xdy dung cong cu du bao duwa trén nén tang GIS [15], cac dang ban )
canh bao va phan vung nguy co nhiém min,... cac cong cu nay gitp ich rat 1on ddi véi cac
nha quan li ¢6 thé ra quyét dinh trong luc dlen ra cac hién tuong ngdp Ung cuc doan. Hién
nay, tinh Nam Dinh dya trén cac ban tin dy bao khi tuong thuy van cua Dai tinh dé dua ra
cac nhan dinh, canh bao min ma chua co co s& khoa hoc nén nhidu khu vuc van chiu tac
dong manh cuia xam nhap mén. Do vay, dé co thé giam thiéu tac dong ctia xadm nhap man dén
tinh hinh kinh té - x hoi ctia tinh can c¢6 nhiing cong cu hd trg trong cong tac canh bio xam
nhdp man 1a viéc cép bach hién nay.

Trén thé gidi va tai Viét Nam da co nhiéu phwong phap duoc sir dung dé mé phong qua
trinh xam nhdp man bﬁng cac md hinh thity lyc nhu: M6 hinh HEC- RAS ciia MY, m6 hinh
TELEMAC cua Phap m6 hinh SWMM cua Co quan bao vé moéi truong My, M6 hinh Time-
Lag ctia Thuy Dién. Tuy nhién, nguyén nhan gdy xdm nhap man cho dia ban tinh het strc da
dang: do thiéu hut nguon nuéc ngdm tram trong; do triéu cuong, gio mua Dong Bic, ...vi
vdy, nghién ctru da lya chon mo6 hinh MIKE 11 dé tinh toan lan truyén chat, mo phong qua
trinh xdm nhép man; B$ m6 hinh MIKE da va dang g dung thanh cong trén mot s6 luu vyc
song ¢ Viét Nam nhu: song Hong, song M4, séng Bén Hai, song Huong,.. va mot s6 nudc
trén thé gidi. Hién nay, Tong cuc Khi twgng Thiy vin da c6 ban quyén bd mo hinh MIKE va
da trang bi cho bai Khi tuong Thuy van khu vyuc Pong bang va Trung du Bac Bo [16—18].

Muc dich nghién ciru: (1) Ung dung dugc mo hinh MIKE 11 mé phéng qué trinh thuy
lyc, qua trinh xdm nhép méan khu vyc ven bién Nam Dinh; (2) M6 phong qua trinh xdm nhép
man theo 02 kich ban g voi tan suét kiét 90% va tan suat tridu 10%; tan suat kiét 95% va
tan suat tridu 5% cho hé thong song thudc tinh Nam Dinh.

2. S6 liéu va phwong phap nghién ciru

2.1. Gioi thiéu khu vuc nghién ciru
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Tinh Nam Dinh nim & toa do dja 1y: 106°12° kinh d¢ Bong, 20°24° vi do Bic. Tinh Nam
Dinh c6 hé thdng song ngoi kha day dic véi mat do song vao khoang 0,5-0,7 km/km? (Hinh
1). Ché dé myc nudc: Myc nude trung binh nam: 1,52 m; Myc nudc cao nhét: 5,77 m; Muc
nude thap nhat: -0,4 m; Luu lugng: Trung binh: 896 m’/s; Lon nhit: 6,650 m*/s; Nho nhit:
0 m*/s (nudc nging chay); Do dbc trung binh song: 0,0012; Cao d6 day song: -0,6 m dén -
0,8 m; Myc nudce bao dong theo cac cap trén séng Dao: Cap I: +3,2 m; Cap II: +3,9 m; Cap
III: +4,4 m; Myc nude bao dong theo cac cép trén séng Hong doan qua Nam Dinh: Cip I:
+3,8 m; CapH +48rn CapIII +58rn
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Hinh 1. Ban d6 mang tram KTTV tinh Nam Dinh.

2.2. 86 liéu thu thip

Céan cu yéu cau s6 liéu dau vao ciia md hinh va diéu kién sb liéu quan tric trén luu vuc,
nghién ctru str dung cac s6 lidu:

- Céc 10p dir liéu ban do: ranh giéi, mang ludi séng sudi.

- S liéu khi twong, thiy van, min cac tram (Bang 1): Khi twong Nam Dinh, thuy vin
Nam Dinh, thuy van Pha Lé, thuy vin Nhu Tén, thuy vin Ba Lat, hai van Hon Dau.

- S6 liéu mat cat song Hong, séng Pao, song Ninh Co, song Day.

Béang 1. Thong tin céc tram khi twong thuy van.

STT Tén tram Yeutd Loai tram
’ H(@m) Q (m's) X (mm) S (%o) o
1 Nam Dinh X Tram khi tugng
2 Nam Binh X X Tram TV cép 1
3 Phu L& X X Tram TV cép 3
4 Nhu Tan X X Tram TV cép 3
5 Ba Lat X X Tram TV cép 3
6 Hon Dau X X Tram hai vin
6 Hon Dau X X Tram hai vin

Trong d6 H: Myc nudc; Q: Luu lugng; X: lugng mua; S: D6 man.
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2.3. Phuong phap nghién curu
2.3.1 Giéi thiéu mo hinh

Nghién ctru sir dung md hinh MIKE 11 dé mé phong tinh toan x4m nhap mén ving ven
blen tinh Nam Dinh. Ngoai ra, nghién ctru cling két hop voi phuong phap phan tich, tich toan
tan suat thlet ké dé mo phong vai qua trinh xAm nhap min theo cac tan suat. MIKE 11 1a mot
phan mém thuong mai chuyén dung md phong luu lugng, chat luong nudce va van chuyén
bun cat & cira song, song, hé théng tudi, kénh din va cac hé thdng din nuéc khac. MIKE 11
la cong cu 1ap mo6 hinh dong lyc mat chiéu, than thién véi nguoi s dung nham phan tich chi
tiét, thiét ké, quan 1y va van hanh cho séng va hé théng kénh din don gian va phuc tap. Mo
dun mo hinh thuy dong luc (HD) 1a mot phan trung tim cta hé thong lap mé hinh MIKE 11
va hinh thanh co s& cho hau hét cac mo dun bao gém: du bao 14, tai khuéch tan, chét luong
nude va cac md dun van chuyén bun cat. M6 dun MIKE 11 HD giai cac phuong trinh tong
hop theo phuong dimg dé dam bao tinh lién tuc va bao toan dong lwong (phuong trinh Saint
Venant) [16—18]. So dd cau truc nghién ciru d& md phong tinh toan xAm nhap min dugc thé
hién trén hinh 2.

| Thu thap x@ Iy 56 liéu |

KTTV Bia hinh, Céng trinh Xam nhap Ban db
mat cat thuy lot main
M6 phong thuy luc M6 phong xam nhip mian
(MIKE 11 HD) > (MIKE 11 AD)
Hiéu chinh,
kiém dinh

Hinh 2. So dd cau trac mo phong xam nhap man.

W
“\ﬂ\uﬁﬂ\

Song Hoing Lone-=o {3‘

Hinh 3. Mang Iudi song tinh Nam Dinh mé phéng trong MIKE 11.
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2.3.2. Thiét 1ap mo hinh mé phong xam nhap man

[m*3/s]

Thiét 1ap so do thuy lyc mang ludi song khu vuc nghién ciru trong MIKE 11 duge thé
hién trén hinh 3. Trong d6 ¢6 03 bién luu luwgng phia trén dugc lay trén 03 séng: Hong, Day
va Hoang Long, 03 bién myc nudc phia dudi tai cac vi tri ctra song: Cira Ba Lat, Cira Ninh
Co va Cura bay.
Céc bién trén duoc lay tir két qua mo phong thuy Iyc tir hé thong song Hong - Thai Binh
[19] d4 duoc cap nhat mat cit va hiéu chinh kiém dinh lai véi nam 2022 va nam 2023 (Hinh
4). S6 liéu do man léy theo sb liéu man quan tric lai tram Hon Dau (Hinh 5).
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Hinh 4. Luu luong bién trén tai: a) song Hong, b) song Pdy, ¢) song Hoang Long; myuc nudc bién
dudi tai: d) song Hong, ¢) séng Ninh Co, ) song Day.
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Hinh 5. S6 liéu do man tram Hon Déu.

79
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2.2.3. Kich ban tan suét tinh toan

80

Hai kich ban xay dyng dé mo6 phong xAm nhap man tinh Nam Dinh nhu sau:

- Kich ban 1: Tan suét kiét 90% va tin suat triéu 10%.

- Kich ban 2: Tan suét kiét 95% va tan sut tridu 5%.

S6 liéu bién duéi duoc thu phong theo tan sut 10% tai cac cira song duogc thé hién trén

hinh 6.
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Hinh 6. Myc nudc thu phong tan sudt 10%: a) song
Hong, b) song P4y, ¢) song Ninh Co; luu luong thu
phong tan sut 10%: d) song Hong, ¢) song Day.

Trong céc kich ban, gia tri mén tai cac bién trén dugc gia thiét béng 0%o va bién mat tai
cac vi tri ngoai bién duoc gia thiét ddng nhat 12 30%. - Can ctr theo sb liéu khao sat do man
tai tram hai van Hon Dau néng d6 man 16n nhét 1a 30%. (Hinh 5).

S liéu bién dudi dugc thu phong theo tin sudt 5% tai cac cira song duoc thé hién trén

hinh 7.
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3. Két qua va thao luin

M0 hinh thuy lyc mua can cho hé théng song tinh Nam DPinh dugc hiéu chinh voi ) liéu

thuc do tai tram thuy van Nam Dinh va tram thuy van Pha Lé niam 2022, Kkét qua hiéu chinh

md hinh thé hién trong hinh 8.
2.5 25
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Hinh 8. Két qua hiéu chinh tai tram thuy vin: a) Nam Binh, b) Phi L&.
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Sau khi hiéu chinh tim bd thong sé mé hinh, bao céo kiém dinh lai bo thong sb vé6i sb
liéu ndm 2023, hinh 9 1a két qua kiém dinh m6 hinh MIKE 11 tai tram thuy van Nam Dinh

va tram thuy vin Phu Lé.
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Hinh 9. Két qua kiém dinh tai tram thity van: a) Nam Dinh, b) Phu I&.

Béng 2 thong ké chi tiéu danh gia két qua hiéu chinh va kiém dinh mé hinh thuy lyc.

Bing 2. Hé s6 Nash hiéu chinh va kiém dinh mé hinh thuy luc.

03/03/23 07/03/23 11/03/23 15/03/23 19/03/23 23/03/23 27/03/23 31/03/23

STT .
Tén tram Hiéu chinh Kiém dinh
1 Nam Dinh 0,81
2 Phu L& 0,78

Két qua hiéu chinh h¢ s6 Nash dat trén 0,70 va két qua kiém dinh hé s6 Nash trén 0,78.
C6 thé nhan thdy bo thong sé mé hinh thuy luc trong ddi phit hop cho khu vire nghién ciru.
Sau khi tim dugc bo thong s6 thuy luc, bai béo tién hanh thiét 1ap théng sé AD mo phong lan
truyén man cho khu vic nghién ciru.
M5 hinh lan truyén man cho hé théng song tinh Nam DPinh dugc hi¢u chinh véi $6 liéu
thuc do man tai tram Phu L& ndm 2022 va kiém dinh véi sb liéu nam 2023, két qua thé hién

trong cac hinh 10-11.
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Hinh 10. Két qua hiéu chinh mén tai tram thity van Phu L&,
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Hinh 11. Két qua kiém dinh tai tram thity van Phu L.

Két qua so sanh s6 liéu man thuc do va tinh toan nam 2022 va 2023 tai tram Pht L& cho
thiy R? tir 0,8 dén 0,9. C6 thé nhan thiy nghién ciru di tim dwugc bo thong sb man phi hop
cho khu vyc tinh toan. Sau khi tim dugc bd thong s6 mé hinh XNM, nghién clru tién hanh
md phong theo 2 kich ban da thiét 1ap phia trén. Két qua dién bién ndng d6 XNM theo 2 kich
ban duge thé hién trong cac Hinh 12-14.
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Hinh 12. Dién bién ndng d6 man tram thuy vin Pha L&: a) kich ban 1; b) kich ban 2.
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Hinh 13. Ban d6 ranh giéi XNM kich ban 1.
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Sau khi m6 phong ra nong do XMN theo 2 kich ban tan suét’, nghién ctru img dung cong
ngh¢ GIS bién tap ban d6 XNM theo 2 kich ban, hinh 13-14 1a két qua ban d6 XNM khu vuc
nghién cuu.

tosy

e

Hinh 14. Ban d6 ranh giéi XNM kich ban 2.

C6 thé nhan thay ranh gidi XNM ciia kich ban 2 ting so véi kich ban 1. Trén séng Ninh
Co ranh gidi XNM kich ban 1 1a 23,7 km; kich ban 2 1a 25,4 km. Trén song P4y ranh gidi
XNM kich ban 1 1a 25,2 km; kich ban 2 14 28,4 km. Trén song Hong ranh giéi XNM kich
ban 1 1a 22,3 km; kich ban 2 1a 23,7 km.

4. Két luan

Nghién ctru tng dung phuong phap mé hinh toan thuy van MIKE 11 dé mo phong qua
trinh x4m nhép man vung ven bién tinh Nam Dinh di dugc hiéu chinh va kiém dinh tot véi
hé s6 NASH dat yéu cau, dao dong tir 0,80 - 0,83 dam bao do tin cay trong diéu kién han ché
vé sb lidu thuy van, man. Két qua cho thay, cac kich ban dd mé phong rat sat qué trinh xdm
nhap min ving ven bién. O ca 2 kich ban déu cho thay xu thé xAm nhip man ting manh so
v6i thoi ky trude, két qua nay ciing kha twong ddng véi két qua nghién ctru [20]. Trong do,
xu thé muc nudc bién dang cao 1én ma luu luong ¢ trén thuong ngudn tang khong nhiéu. Vi
vay, lugng nude dd vé trén cac nhanh séng cia song Hong nhu song Pay, Ninh Co, song
bao khong nhiéu nén tinh hinh xam nhdp man ngdy cang lan sdu vao trong song. Két qua
cho thay xu thé x4m nhap min trén hé théng séng thudc tinh Nam Binh khong nhing ting
dang ké vé d6 min ma con gia ting khoang cach lan sau vao ndi dong.

Viéc md phong qua trinh xAm nhap ving ven bién tinh Nam Dinh, 13 mot trong nhing
co s6 hd tro cho cong tac quan 1y, dinh huéng khai thac, st dung va phat trién bén viing
ngudn tai nguyén nudc cho tinh Nam Dinh.

Dong goép cua tac gia: Xay dung y tudng nghién cuu: V.T.H., D.Q.T., V.V.H.; Lua chon
phuong phap nghién ciru: D.V.H., V.T.H., D.Q.T., Xir l va tinh toan s6 liéu tan suat: T.V.G.,
V.V.H.; Thiét 1ap mo hinh va tinh toan: T.V.G., D.V.H., V.T.H,; Viét ban thao bai béo:
V.T.H., b.Q.T.
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Loi cam on: Bai bao hoan thanh nho vao mot phﬁn két qua ctia nhiém vu khoa hoc: “Nghién
ctru dé xuat hé thong canh bao, dy bao sém rui ro do xam nhdp man gay ra tai tinh Nam

Dinh”.

Loi cam doan: Tap thé tac gia cam doan bai bao ndy 1 cong trinh nghién ctru cia tap thé
tac gia, chua dugc cong bo & dau, khong dugc sao chép tir nhitng nghién ctu trude day;
khong co su tranh chap loi ich trong nhom tac gia.
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Applying the MIKE 11 model to simulate the process of saltwater
intrusion in the coastal area of Nam Dinh province
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Abstract: The Red River Delta is one of the areas with the main agricultural industry.
Currently, the coastal areas of Nam Dinh province are increasingly threatened by the
phenomenon of increasingly saltwater intrusion. The study applied the MIKE 11 model to
simulate hydraulics and the saltwater intrusion process in the coastal area of Nam Dinh
province with calibration results in 2022 and calibration results in 2023. The results show
that are relatively consistent with the NASH criteria arrangement from 0.70-0.78,
correlation coefficient R? = 0.8-0.92. Results according to two scenarios corresponding to
low frequency of 90% and tidal frequency of 10%; The low frequency of 95% and the
frequency of tides of 5% show that the river system in Nam Dinh province is experiencing
high salinity levels, with salinity intrusion increasingly penetrating into the interior of the
field.

Keywords: MIKE 11; Saltwater intrusion; Nam Dinh province.
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Tém tit: Dat nhlem man la mot trong nhimg nguyén nhén gy anh huéng manh mé dén
chat luong dat trong, dién hinh tai cac khu vuc giap bién cua tinh Bén Tre. Dé giam sat qua
trinh dat nhiém man xay ra trén dién rong, nghién ctru nay Ung dung 1ap trinh GIS dé xay
dung cong cu tu dong gitp phan vung nhiém min trong dat bang phuong phap noi suy IDW
trén cac diém do min. Két qua thanh 1ap ban d6 dat nhiém min cho thay, phuong phép ndi
suy IDW duoc su dung kha hiéu qua dé mo phong bé mat man véi hé s6 xac dinh giira gia
tri do man va gia tri ndi suy la R2 0,81. Bén canh d6, mtrc d6 nhiém min cao tap trung tai
cac huyén ven bién va dién tich dat man toan tinh chiém 41,4% trén téng dién tich tu nhién.
Nham kip thoi dua ra canh bao vé muic do anh hudng boéi man, trang WebGIS duoc xay
dung v&i chirc nang tra ctru va cung cap s liéu thong ké dat man cho timg huyén, ciing nhu
xac dinh khu vue ¢6 mic dd nhim main cao tai tinh Bén Tre.

Tir khoa: Cong cy; D6 man; IDW; GIS; WebGlS.

1. Giéi thi¢u
D4t nhiém min 1a mot trong nhitng yéu t6 anh hudng dén sy ting trudng cua cay trong.

Dé giam sat ¢at nhiém mian cac nha nghién ciru trong va ngoai nude da ap dung nhiéu phuong
phap khac nhau va mang lai hiéu qué cho timg khu vuc. Cu thé, phuong phap cam tng dién
tir (EMI - Electromagnetic induction) duoc st dung dwa vao gia tri do dan dién ECa
(Apparent Electrical Conductivity) dé xac dinh d6 min trong dat tai viing phia bic cua bién
Caspian giap Nga va Kazakhstan. Mic du dem lai két qua nhanh chéng nhung khong thé
danh gia chinh xac két qua do khi d6 4m théap [1— -3] do do dan dién phu thudc vao do6 min
ctia dat, o xop va hat phu sa trong dat [4]. Bo dan dién cia dat bi anh huong boi cac dic
tinh hoa 1y bao gdm mudi hoa tan, ham lugng khoang chat, ham lugng nudce trong dat ... Tan
dung do, phuong phap do ECa dugc st dung dé thanh 1ap cac ban dd glam sét cac dac tinh
thd nhudng, trong do c6 giam sat do man cua dat danh gia chat luong dat nong nghiép [5].

Cung v6i sy phat trién cua cong nghé vién tham, cac kénh phd cta anh vé tinh mang thong
tin ctia cac ddi twong trén bé mat Trai Dét cho phép gian tiép xac dinh murc do dat nhim min
thong qua cac chi sé thyc vat nhu chi sé EVI - Enhanced Vegetation Index, ap dung tai
Western San Joaquin Valley (California) cho thay chi s6 EVI danh gia tdt trong viéc thanh
lap ban do dat nhiém man dya vao sy phat trién cuia thuc vat tai khu vuc nay [6]. Su két hop
cac chi sb thuc vat, chi s6 man voi phuong phap ECa do d6 dan dién dé xay dung cac mo
hinh hoi quy 1a mot phuwong phép hitu ich trong giam sat chat lugng dat nhu ing dung chi 5O
CRSI (Canopy Response Salinity Index) tai Leziria Grande, Portugal c6 mdi twong quan cao
véir=-0,787 va hé s6 xac dinh R? > 0,6 [7]. Tuy nhién, tuy vao dia Iy cta timg khu vuc s&
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c6 tham thyc vat khac nhau cling nhu khac biét vé su tac dong cua cac yéu t5 tu nhién nhu
dia hinh, lugng mua, nhiét do, thd nhudng, song ngodi ... da phan nao giy kho khin trong
viéc chon lya chi s vién tham dé giam sat o man. Bén canh do, GIS dugc xem nhu 1a mot
cong cu quan trong trong phan tich khong gian hd trg xay dung bé mit lién tuc trén dién rong
nho vao cdc thudt toan ndi suy nhu IDW (Inverse Distance Weighted) dugc sir dung kha hi¢u
qua tai East of Nile Delta (Egypt) trong giam sat do médn cua dat, song song do, dé dam bao
d6 chinh x4c can xem xét ndng do téng lugng mudi ddc hai va thanh phan héa hoc ciia mudi
[8].

Bén canh d6, mot s6 nghién ctru trong nude ciing tién hanh danh gia han man anh huéng
dén dat nong nghiép tai huyén Ba Tri tinh Bén Tre, nghién ctru nay da sir dung thuat toan noi
suy IDW cac diém do min dé phan ving dat nhidm man va phan ngudng chiu min cua cy
lGa. Két qua danh gia cho thiy, dat nhiém min voi ngudng EC > 2dS/m lan rong hau hét khu
vuc nghién ctru [9]. Thuat toan Machine Learning cling dugc ap dung trong phan viung mirc
d6 nhiém man tai Bén Tre trén anh vé tinh Sentinel 1 nhu nghién ciru khao sat xay dung cac
mo hinh Multilayer Perceptron Neural Networks (MLP-NN), Radial Basis Function Neural
Networks (RBF-NN), Gaussian Processes (GP), Support Vector Regression (SVR), va
Random Forests. Trong d6, mé hinh Gaussian Processes 1 mo hinh tot nhat dé phan ving
dat nhiém man véi sai s6 RMSE = 2,885, MAE = 1,897 va hé s6 twong quan r = 0,808 [10].
Mit khéc, két qua nghién ctru khac cho rang thuat todan Random Forest voi phan cuc VV phil
hop phan ving mirc d6 dat nhiém man (R? = 0,830) [11]. Tuy nhién, viéc nghién ciru kha
ning sir dung cac thuat toan tién tién con han ché vé mit thoi gian khao sat cic mo hinh dé
tim ra mo hinh t6i wu nhét va phu thude nhiéu vao bd mau dix licu. Dé giam sat hiéu qua can
xdy dung mot h¢ thdng WebGIS truy cip truc tuyén thé hién sy phan bd khong gian ving
nhiém min nhu trong nghién clru xay dung hd trg quan ly va khai thac cong trinh thuy loi tai
Bén Tre duogc phat trién bang cong nghé ma ngudn mé GeoServer da sir dung két qua ndi suy
cac tram quan tric d6 min dé theo ddi mirc d6 mén theo thoi gian thu thap [12]. Nghién ctru
khac xay dung Earth Engine Apps giam sat dat nhiém man ciing cung cap cac chire nang truy
van thong tin viing nhidém min, thong ké dién tich va duoc publish mién phi nhung tinh bao
mat khong dam bao [11]. Xuat phat tir nhitng phén tich trén cho thiy cc phuong phap nghién
ctru déu c¢6 wu va nhuge diém riéng nhung song song do6, dé giam sat ving nhiém man mot
cach ty dong va nhanh chong, nghién ciru nay tién hanh xdy dung cong cu tu dong thuc hién
noi suy bé mat dat nhiém man trén dién rong véi mat do diém day dé 1am co so dir ligu cho
cong tac xay dung hé théng WebGIS giam sat dat nhiém man bang cong nghé ma ngudn mo.

Do mét s6 diéu kién ty nhién bat loi, Bén Tre trd thanh mot trong nhiing tinh thuong
xuyén xay ra cac dot han min khéc 1iét tai ddng bang Séng Ctru Long [10—11]. Hau hét cac
huyén cua Bén Tre c6 dia hinh thap v6i do cao trung binh so v61 mat nudce bién 1 1-2 m. Hé
thong song ngoi day dac (Hinh 1) da phan nao tao diéu kién thuan loi cho nude bién de dang
xam nhdp séu vao dat lién lam suy yéu do phi nhiéu cua dat va ting nong d6 ion mudi trong
dat diy manh qua trinh dat nhi®m man trén dién rong. Bén canh d6, Bén Tre mang khi hau
nhiét doi gié mua va mua kho thuong kéo dai tir thang 12 dén thang 4 va mua mua tir thang
5 dén thang 11 véi nhiét d6 trung binh 14 27°C va luong mua trung binh hang nam tir 1200
mm dén 1500 mm [10]. Dén s6 tai Bén Tre vao nam 2022 12 1.298.006 ngudi va 89,75% dan
cu tap trung dong dic ¢ khu vuc ndng thon va giap bién [13], chu yéu sinh séng bang cac
hoat dong san xuat néng nghiép va nudi trong thuy hai san. Dién tich ty nhién cia tinh 1a
2360,2 km? véi 75,4% tong dién tich 13 d¢at nong nghiép bao gdm dat trong laa, dat nudi trong
thiy san va dét khac [10,14]. Vao mua kho giai doan 2015-2016, d0 man dot ngdt tang cao
vGi 4%o va xam nhap rat sau vao ndi dong vai thiét hai ude tinh cho nganh nong nghiép 1a
1.800 ti dong. Khong dimg lai ¢ d6, tinh Bén Tre lai tiép tuc d6i mat voi dot han man khdc
1iét nhat trong lich sir vao mua kho giai doan 2019-2020 véi do man tang 2%eo trén dién rong
bao phu ca tinh trong thoi gian dai va c6 thoi diém ting trén 5%o wdc tinh gia tri thiét hai
khoang 1.660 ti ddng cho nganh ndng nghiép cta tinh [15]. P4t nhiém min duoc xem 1a van



Tap chi Khi aeong Thiiy vin 2024, 759, 87-95; doi:10.36335/VNJHM.2024(759).87-95 89

dé dang quan tAm trong bdi canh bién dbi khi hau toan cau hién nay. Chinh vi vy, bai béo
nghién ctru theo hudng xay dung cong cu phan ving nhiém ‘mdn tai tinh Bén Tre mot cach
tu dong va xay dung hé thong WebGIS cung céap thong tin vé mirc d6 nhiém min cho nguoi
dan kip thoi chuyén d6i co cAdu mua vu, co cdu cdy trong va ting cudng hé théng canh tac
nham thich nghi v61 han man.

2. S liéu sir dung va phwong phap nghién ciru

2.1. 86 liéu sir dung

Nghién ctru st dung dit liéu d6 min trong dat bao gom 150 diém (hay d6 dan dién - EC,
don vi dS/m) dugc 1dy mau dat truc tiép ngoai thuc dia (Hinh 1) vao mua khd thang 4/2018
& d6 sau tir 0-30 cm tai cac huyén cua tinh Bén Tre do Vién Pia Ly Tai Nguyén TP. Ho Chi
Minh thyc hién.

Ban dé vi tri cac diém do dé man tai tinh Bén Tre
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Hinh 1. Vi tri cac diém do man va ranh gigi tinh Bén Tre.

2.2. Phuong phap thuc hién

Nghién ctru sir dung céc diém dd man thong qua do d6 dan dién EC cua dat voi do sau
cac mau tir 0-30 cm nham xé4c dinh mirc 46 dat nhiém min tai Bén Tre. Ung dung céng nghé
GIS ho tro phan tich khong gian xay dung bé mat lién tyc dat nhiém man trén dién rong béng
thuét toan ndi suy IDW (Inverse Distance Weighted). Day la mot ky thuat ndi suy bé mit don
gian va pho bién vé6i kha nang tmh trung binh trong s6 khodng cach cua nhiing diém da biét
gia tri trong vung lan can voi mdi pixel giup xac dinh gia tri ciia cac diém chua biét [16-17].
Cong thuce tinh trong s6 (1):

7, = Hmladit (1)
0] ZN d n

Trong do Z, 1a gia tri udce tinh; Zi 1a gia tri dlem do; di 1a khoang céach cia diém mau dé
wdce tinh; N 1a hé s6 xac dinh trong s6 dua trén khoang cach [9].

Dé giai quyét nhanh chong bai toan GIS, bai bao di 1ap trinh véi ngon ngir Python - mot
ngdn ngir 18p trinh may tinh béc cao dugc sur dung rong rai trong cac tmg dung Web, phéat
trién phan meém, khoa hoc dir liéu va hoc may. Trén nén tang GIS, Python duoc tich hop
trong phan mém ArcMap Desktop hd tro xdy dung cong cu xtr Iy va phan tich dir liéu GIS.

Bén canh d6, hé thong WebGIS giam sat dat nhiém min dugc xdy dung bang cong nghé
ma ngudn m& GeoServer ¢ vai trd 13 cau ndi trung gian gitta co so dir liéu (database) véi
Web Server cho phép két ndi dit liéu khong gian dja Iy c6 sin dén Web. Nghién ciru duoc
tién hanh theo 2 giai doan va mé ta theo quy trinh hinh 2.
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Mot 1a sir dung ngdn ngir 1ap trinh Python két hop thu vién ArcPy dé xay dung cong cu
thuc hién tu dong nodi suy va phan vung bé mat man. Dya trén gia tri cia cac mau khao sat
diém do min day dic va co sy phan bd khong gian dong déu trén toan khu vuc Bén Tre,
nghién ctru tién hanh sir dung 70% tong diém dé xay dung bé mit lién tyc dat nhiém man
bang thuat toan IDW. Bén canh d6, dé phan ving nhiém man nghién ciru cin ctr vao gia tri
phan ngudng d6 min trong dat ctia mot sb nghién ctru trong va ngoai nude [6,9-11,18] cho
théy dat khong nhiém man nim trong khoang EC <2 dS/m, con lai la d4t bi nhiém man theo
cac muc do khac nhau nhu man yéu: 2 <EC <4 dS/m, man trung binh: 4 <EC < 8 dS/m, man
nhiéu: 8 < EC < 16 dS/m va rat man: EC > 16 dS/m.

Dé xir Iy va phan tich dit liéu tu dong, nghién ctru sit dung cac ham va module duoc tich
hop trong thu vién Arcpy la mét thu vién tich hop gitta GIS va ngdn ngir 1ap trinh Python
cung cap nhiéu tinh ning xr Iy tr d6ng nhu hién thi, truy van va phén tich dir liu khéng gian
dia Iy [19]. Ngoai ra, nghién ctru sir dung phan mém PythonWin dé soan thao doan code nhd
sy tich hop thu vién ArcPy da hd trg nguoi dung xir 1y va phan tich dit liéu bang cac
ham/module. Sau d6, tién hanh x@y dung cong cu trong hop Toolbox.tbx bao gom dit tén
cong cu, thém doan code va thiét lap cac thong s6 cho dit liéu dau vao va diu ra tuong mg
theo kiéu dir liéu mic dinh. Cudi cung kiém tra chay thir cong cu va hién thi cong cu 1én
thanh menu bar hodc thém vao ArcToolbox dé luu cong cu. Cu thé trong nghién ctru nay da
str dung mot s6 ham va duoc thuc hién theo cac bude nhu sau (Bang 1).

Bang 1. Ham xu ly, phén tich dir liéu cua thu vién Arcpy qua cac buac thuc hién.

Buéc thuc hién

Ham/Module

1. Nhap dir liéu dau vao cac diém
do man

2.Noi suy IDW theo gia tri d6 man
3.Cit bé mit ndi suy theo ranh gidi
4. Tai phan nhom va gén ID =
1,2,3,4,5 cho tirng murc d6 man
5.Chuyén d6i dir liéu Raster sang
Vector

6. Chong 16p giita vector man véi
ranh giéi huyén dé lay thong tin
thugc tinh té€n huyén

7. Thém cdt “dientich” va tinh dién
tich viing nhiém min

8.Gop ddi twong theo thudc tinh
(tén huyén, ma ID mrc d§ man) va
thdng ké dién tich

9.Thém cot (text) “mucdoman” thé
hién mirc 46 dit nhiém min

10. Gan ty dong cho ting loai dat
min theo ID bang cach xay dung
ham va két hop véi diéu kién if
thyc hién trong cdt “mucdoman”
(budc 9)

GetParameterAsText(index)
Idw_3d(in_point_features,z_field,out_raster,cell_size)
gp.ExtractByMask_sa(in_raster, in_mask_data, out_raster)
gp.Reclassify_sa(in_raster,reclass_field,remap,reclassify)
RasterToPolygon_conversion(in_raster, out_polygon_features...)

Intersect_analysis(in_features;in_features..., out_feature_class)

AddField_management(in_table,field_name, field_type,
{field_precision}, {field_scale} ...)
CalculateField_management(in_table,field, expression,

{expression_type}, {code_block}).
Trong d6: expression str dung ham shape.area dé tinh dién tich (v6i
don vi mic dinh: m?)
Dissolve_management(in_features, out_feature_class,
{dissolve_field;dissolve_field...}, {statistics_fields;statistics_fields...},
{multi_part})
AddField_management(in_table,
{field_precision}, {field_scale}...)
def class(x):
if x ==
return "Khong man"
elif x ==
return "Man yéu"
elif x ==
return "Mén trung binh
elif x =
return' Man nhiéu"
else:
return "Rt man"

field_name, field_type,
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Mit khéc, con lai 30% diém min duoc st dung dé danh gia két qua noi suy bang hé sb
xéac dinh R? 13 mot trong nhitng chi s6 théng ké dé danh gia chat luong mo hinh khong gian.
Gia tri R? nam trong khoang [0;1] cang vé gan gia tri 1 ching t6 thuét toan ¢ do tin cdy cao.
Ngoai ra nghién ciru nay con str dung can bac hai cua sai s6 toan phuong trung binh (RMSE
- Root Mean Square Error) dé cho thay gia tri sai léch giita tap gia tri do thuc t& va gia tri
duogc xac dinh tir thuat toan mo phong [11].

Hai 13, xay dung hé thng WebGIS bang cong nghé mi nguén md GeoServer cho phép
két ndi dir lidu khong gian dia 1y c6 sén téi Web nhd st dung chuidn mé OGC (Open
Geospatial Consortium), hd trg chia sé va chinh sira dit liéu va nhiéu tién ich khac [20, 21].
Két hop véi thu vién Leaflet cho phép hién thi dir liéu ban d6 nhanh chéng, xay dung cac
chirc ning twong tac voi ban dd nhu phong to thu nho, di chuyén ban dd, dinh vi, thé hién ti
1€, toa d6 dia ly,... bé xay dung co sd dir liéu (CSDL), nghién ctru sir dung hé quan tri co so
dir liéu quan hé dbi tuong PostgreSQL cung cap phan mo rong PostGIS c6 kha niang hd tro
cac d6i twong khong gian dia 1y dé thuc hién cac chirc ning truy van, phan tich khong gian
[22]. Nho d6, thuan lgi cho viée trich xuat dit lidéu dé dang tir CSDL bang cac 1énh SQL két
hop PHP va JavaScript. Bén canh d6, giao dién Web dugc thiét ké va xay dung bang ngon
ngit HTML, CSS va thu vién Bootstrap gitip tao ra giao dién dé sir dung va than thién véi
nguoi dung.

Néi suy IDW (100 didm min) Panh gia do chinh xac (50 diém min)

| 1

Cat bé mat ndi suy
theo ranh gidi khu vire

R2, RMSE
Thoi Khéng thoa

Tai phan nhom
theo 5 mirc d0 nhiém min

| Chuyén dinh dang dit liéu
Raster = Vector

GeoServer,
PostgreSQL, Leaflet, ...

Tinh dién tich mic d6 man; Gop thude

tinh, thong ké dién tich; Gan ghi cha
mirc do man ... \
------------------------- -

Hinh 2. Quy trinh thyc hién.

3. Két qua va thao luan

3.1. Két qua xdy dung cong cu tw dong phdn viing nhiém mdn

Nho vao su hd tro cia thu vién ArcPy, nghién ciru da thanh cong xay dung cong cu c6
chtc nang phan vung d4t nhiém man mot cach tu dong duogc thé hién qua hinh 3. Giao dién
ctia cong cu dugc thiét ké don gian va dé sir dung vi c6 mo ta ndi dung cho timg dit liéu dau
vao va dau ra. Trong d6, yéu cdu cho dau vao bao gom dit liéu cac diém do min c6 chua
truong thude tinh gia tri 46 man (hay do dan dién EC) véi dinh dang (*.shp) va ranh gioi
huyén (*.shp) dé cit bé mat nodi suy. San phim dau ra voi phan dir liéu khong gian 1a viing
nhidm min c6 dinh dang (*.shp) duoc thé hién mau tu dong theo 5 mirc d6 min (Hinh 4) va
phan dit liéu thudc tinh (Hinh 5) thé hién dién tich d6 man dugc thong ké tu dong theo ting
huyén (qua budc 7.8 trong bang 1). Dong thoi, két qua nay ciing 1a co so di lidu dé xay dung
WebGIS cung cap thong tin vé mirc do min.
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Hinh 3. Cong cu tu dong phan ving nhiém man.
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Hinh 4. Ban d6 phéan ving dat nhidm man.
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EID ] Shape* | gridcode DienTich
0[Polygon 2|BaTri Mén yéu 45,339
1|Polygon 3|BaTri Man trung binh 54,585
2| Polygon 4|BaTri Man nhidu 174,761
3|Polygon 5|Ba Tri RAt man 78,196
4[Polygon 1|Ben Tre Khéng man 5674
5| Polygon 2[Ben Tre Man yéu 15,195
6 |Polygon 1|Binh Dai Khéng man 3819
7 |[Polygon 2|Binh Dai Man yeu 55,908
8 [Polygon 3|Binh Dai Man trung binh 91,707
9|Polygon 4 |Binh Dai Man nhieu 93,15

10| Polygon 5| Binh Dai Rat man 128,952
11 |Polygon 1|Chau Thanh |Khéng man 180,898
12| Polygon 2|Chau Thanh |M&n yéu 31,939
13 |[Polygon 1|Cho Lach Khdng man 164,656
14 [Polygon 1|Giong Trom _|Khéng mén 176,836
15 |[Polygon 2|Giong Trom _|Man yeu 130,703
16 [Polygon Giong Trom 4n trung binh 5,697
17 | Polygon Mo Cay Bac |Khéng mén 166,201
18| Polygon Mo Cay Mam_|Khéng mén 191,765
19 [Polygon Mo Cay Nam n yéu 28,164
20| Polygon 3|Mo Cay Nam |M&n trung binh 7,793
21|Polygon 4[Mo Cay Nam |Man nhidu 3,562
22| Polygon 1|Thanh Phu Khéng mén 0,008
23 | Polygon 2|Thanh Phu | Mén yéu 25,126
24 |Polygon 3|Thanh Phu Man trung binh 27,213
25[Polygon 4[Thanh Phu__|Mén nhigu 193,947 |
- 26 | Polygon 5|Thanh Phu Rat man 150,327
"o 0 v »1 [[E]= ©outof 27 Selected)

Hinh 5. Bang thong ké dién tich man.

Qua trich Xuét gia tri cac diém min dugc nodi suy béng thuat toan IDW két hop véi cac
diém do d6 min ngoai thyc té, nghién ctru da xay dung biéu d6 Scatter (Hinh 6) cho thiy
gifra gia tri man ndi suy va gia tri do c6 mbi quan hé twong quan thuan véi hé s6 xac dinh R?
= 0,81 va sai s6 RMSE = 3,291. Piéu nay khang dinh rang thut todan IDW gitp ndi suy bé
mit man dem lai két qua kha hidu qua va dong thoi chimg minh tinh kha thi ctia cong cu trén.
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Hinh 6. Mdi quan hé gitra gi tri noi suy va do man.
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3.2. Két qud xdy dung WebGIS gidm sdt ving nhiém mdn
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"
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“uill llll
Hinh 7. Giao dién WebGIS giam sat dit nhidm man.

WebGIS di dugc xdy dung va thir nghiém chay trén localhost dé giam sat ving nhiém
min khu vuc tinh Bén Tre thé hién qua hinh 7. Vé giao dién WebGIS: phia bén trai chira muc
tin tirc vé du bao tinh hinh nhiém min; quan ly cac lop dir 1iéu (bat tat layer dé xem ban dé).
Phén chinh giita chira con s6 théng ké vé phan tram dién tich theo cdc mic d6 man va bén
dudi 14 thé hién cac 10p ban db chinh, ban db nén va cac chirc nang tuong tac. Phia bén phai
bao gom phan truy van dir li¢u va biéu do thong ké dién tich min qua cac huyén. Vé chic
nang WebGIS bao gom thir nhat 13 nhém chirc nang quan 1y dit liéu cho phép nguoi dung
bat tit dé xem ban d6 cling nhu cac 16p dir liéu khéc, bén canh d6, con ho trg hién thi thong
tin man khi click vao ban db chinh. Th hai 1a nhém chirc ning truy van dit liéu man theo
ting huyén hodc tirng mtrc d6 min, mit khac, hd trg ché do tu dong di chuyén va phong to
d6i twong trén ban do khi thye hién click vao két qua cta bang truy van. Thit ba Ia chiic ning
tuong tac ban dd nhu phong to thu nho va di chuyén ban dd, xem toan man hinh. Ngoai ra,
biéu dd cot duoc xay dung dé théng ké dién tich man theo tirng huyén, cho théy huyén Thanh
Phu, Binh Dai, Ba Tri 1a mot trong nhimg huyén c6 dién tich médn cao vi khu vye nay giap
bién c6 hé thong song ngodi chang chit, dia hinh thap ciing phan nao diy manh qua trinh nudc
bién dang va xam nhap sau vao ndi dong.

4. Két luan

Két qua thuc nghiém cho thay, cong cu tu dong ndi suy va théng ké dién tich min theo
timg huyén thyc hién mot cach nhanh chéng bang ngon ngir 1ap trinh Python va thu vién
ArcPy. Ban db phan ving dat nhiém man duoc noi suy bang thuat toan IDW mang lai két
qua tin cdy v6i hé s6 xac dinh R? = 0,81 va sai s6 RMSE = 3,329. Dong thoi, WebGIS cling
duogc xay dung dé cung cip thong tin vé muc do nhiém min va phan bd khong gian. Qua dé
cho thiy viéc xdy dung cong cu bang tmg dung GIS 1a mot tién dé gitp tur dong hoa quy trinh
thuc hién va cling nhu xay dung WebGIS s€ gitip ich cho cong tac quan ly va giam sat tai
nguyén va moi truong trong bdi canh bién doi khi hau hién nay.

Mic du nghién ctru van con ton tai mot sb han ché nhu cong cu chua thuc hién tr dong
danh gia do chinh xdc sau khi ni suy. Tuy nhién, nghién ctru da ching minh dugc su tién
ich khi xay dung dugc cong cu ty dong phén ving d4t nhidm man va thuc nghiém tai Bén
Tre. Bén canh d6, qua trinh ni suy d4t nhiém m3n con phu thude nhiéu vao cac diém do man
va chi giam sat tai mot thoi diém nhét dinh. Vi vay, can ung dung lap trinh GIS xay dung mo
hinh hdi quy dé du bao mirc 6 dat nhidm man mot cach ty dong nham kip thoi canh béo cho
dan dia phuong chuyén doi co cau cdy trong thich nghi v6i han man dai 1au.
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Building tools and systems for monitoring saline soil in Ben Tre
province

Nguyen Trong Nhan'*, Le Thien Bao*

1 Ho Chi Minh University of Natural Resources and Environment;
ntnhan@hcmunre.edu.vn; Itbhao@hcmunre.edu.vn

Abstract: Soil salinity is one of the causes that strongly affects the quality of cultivated
land, typically in coastal areas of Ben Tre province. In order to monitor the process of soil
salinization occurring on a large scale, this study applies GIS programming to build an
automatic tool to help partition the soil salinity by IDW interpolation on salinity
measurement points. The results of mapping saline soils show that the IDW algorithm is
used quite effectively to simulate the saline surface with the coefficient of determination
between the measured salinity value and the interpolated value of R? = 0,81. In addition, the
high level of salinity is concentrated in the coastal districts and the province's saline soil
area accounts for 41.4% of the total natural area. Therefore, the project also builds a
WEBGIS system with the function of looking up and providing statistics on saline soil for
each district and as well as identifying areas with high levels of salinity in order to promptly
issue warnings about saline intrusion affected by salinity.

Keywords: Tools; Salinity; IDW; GIS; WebGIS.
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Tém tit: Nghién ctru dugc thyc hién nhiam danh gia ham lugng formaldehyde trong céc
mau ¢4 nuc va ca ngur dugc tiéu thy tai cadc cang va chg tai Binh Thuén. Cac mau ca dugc
xac dinh ham lugng formaldehyde bang cach axit hoa bang axit phosphoric roi dem chung
cat. Formaldehyde dugc giai phong dudi dang hoa tan trong dich cat va dugc phat hién bang
phan tng hién mau vo6i thudc thir 13 axit cromotropic. Ham lugng formaldehyde trong cac
mau c4 bién (c4 nuc va cd ngr) tai cac cang va chg dan sinh cta Binh Thuén dao dong tur
2,77-4,38 mg/kg. Cac mau c4 tai cho dan sinh ¢6 ham luong formaldehyde cao hon cac mau
ca tal cang. Két qua nghién ctru vé muc do rii gy ung thu cho thiy cac mirc d6 rui ro stc
khoe dbi voi nguoi dan tai cac khu vue nghién ctru dao dong tir 2,23x 10* dén 3,53x10* thude
trong khoang rui ro méc bénh ung thu cao (10* <R < 107?) do d6 can c6 cac bién phap glam
thiéu nguy co anh huong dén stc khoe, ddc biét 1a khi phoi nhiém kéo dai. Thuong so rii ro
cta anh huong khong gy ung thw HQ <1 cho thay ham luong formaldehyde trong ca khong
c6 kha nang giy ra tac dung phu ddi v6i con ngudi khi tiéu thy ca bién.

Tir khéa: Binh Thuén; Ca bién; Danh gia rui ro; Formaldehyde; Nguoi tiéu dung.

1. Pit van dé

Ca bién 1 loai thuc pham giau axit béo Omega-3 va la ngudn protein dong vat ré tién c6
nhiéu l¢i ich cho stic khoe con nguoi [ 1—4]. Tuy nhién, qué trinh bao quan ca bién danh bat xa
bd khong diing cach co thé 1am thay doi thanh phan ctia ca, tiém an nhiéu riii ro gy hai cho sirc
khoe con ngudi, dic biét 1a rii ro gdy ung thu do sy xudt hién ctua formaldehyde, day 1a chét
dugce Co quan Nghién ctru Ung thu Qudc té (IARC) xép vao nhom 1 1a chit gdy ung thu cho
con ngudi [5]. Theo [6], nhiéu nha san xuét va kinh doanh ca ¢b tinh thém formaldehyde vao
dé 1am chat bao quan chong hu hong san pham. Ham lugng nho formaldehyde khong géy hai
cho strc khoe con ngudi, tuy nhién, néu phoi nhlem chiing trong thoi gian dai, tich tu dén mot
lidu luwgng thich hop c6 thé giy ra cac van dé vé sirc khoe tir nho dén nghiém trong nhu noén
mira, hon mé va c6 thé tir vong khi dung heu luong 16n formaldehyde [5, 7-10].

Trén thé gidi d c6 mot s6 nghién ciru vé danh gia rai ro sire khoe ctia mot s thyc pham
bi nhiém formaldehyde cu thé 13 c4 va hai san [11-15]. Nam 2013, nghién ctru [13] duoc
thuc hién nhim danh gia rai ro khi tiéu thu céc loai cd thuong mai khac nhau bi nhiém
formaldehyde. Nghién ciru nay cho thiy c6 phat hién ham luong formaldehyde trong cac mau
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c4 phan tich voi ham luong formaldehyde ciia 7 loai ca thwong mai nam trong khoang 2,38-
2,95 ng/g dbi véi tuoi sdng; 2,08-2,35 pg/g ddi véi ca lude va 2,28-2,49 pg/g d6i voi ca chién.
Tuy nhién, ham lugng formaldehyde trong tit ca cac loai ca va cac truong hop ca van thip
hon luong quy dinh trong Pao luat Thuc pham Malaysia (1985) va Quy dinh Thuc phim
Malaysia (1985) rang gia tri gidi han t6i da ddi voi formaldehyde trong ¢4 va cc san pham
ca 1a 5 mg/kg. Két qua danh gia rii ro cho thiy khong c6 anh huong xau nao dén sirc khoe
con nguoi lién quan dén viée tiéu thu ca bi nhiém formaldehyde. Nam 2018, Suwanaruang
da phan tich ham luong formaldehyde bi 6 nhiém trong hai san va thit dong lanh tai cho
Somdet, tinh Kalasin, Thai Lan. Két qua nghién ctru cho thdy phat hién tat ca cac mau déu bi
nhiém formaldehyde véi ham luong formaldehyde trong c4 thu, muc gion, thit ga dong lanh,
ca Saba, ca Shishamo, sira, s0, nghéu, myc, tom, tom thé chan trang va ca dolly 1an luot 1a
288; 228 293; 77; 282; 180; 120; 48; 229; 294; 295 va 293 mg/L [15]. Gan day, nam 2022,
nghién ctru [16] d3 duoc thyc hién dé danh gia muc do formaldehyde trong cac mau thit va
ca dugc san xut trong nudc va nhap khau tir cac clra hang thit ndm trong d6 thi Enugu, Bang
Enugu ¢ Nigeria. Ham luong formaldehyde trung binh trong cac mau ca thu ngua nhap khau,
c4 thu nhap khau, ca meo san xuét trong nudc lan luot 14 12,16 + -0,01; 114,22 +10,25; 106,02
+ 8,42 ug/g. Mre do trung binh cua formaldehyde trong cac mau ¢4 nam trong d6 thi Enugu
déu vuot quéa gioi han cho phép dugc khuyén nghi, gdy nguy co nghiém trong d6i voi sic
khde, dac biét 1a khi phoi nhiém kéo dai. Trong khi d6, tai Viét Nam hién van chua c6 mdt
nghien ctru dinh lugng nao nhim xac dinh ham luong formaldehyde trong ca bién va danh
gid rui so sirc khoe nguoi tiéu dung khi sir dung ca bién nhidm formaldehyde.

Khu vyc mién trung la noi cung cap hai san, c4 bién v6i san luong 16n, mot trong nhiing
tinh thanh phd 16n c6 thé néi dén d6 1a tinh Binh Thuan. Binh Thuén 1a tinh duyén hai Nam
Trung B0 ¢ chiéu dai bo bién 192 km kéo dai tir miii P4 Chet giap Ca Na thudc Ninh Thuan
dén bai bdi Binh Chau thudc dia phan tinh Ba Ria - Viing Tau [17].

Muc tiéu ctia nghién ctru ndy nham danh gia ham luong formaldehyde trong cac san
pham cé bién tai Binh Thuan tir d6 d4nh gia phoi nhidém anh huong dén sirc khoe con nguoi.
Két qua nghién ctru nay sé giup bo sung dir li€u, cling nhu canh bao vé muc d anh huong
d6i véi stre khoe do viée tiéu thu san pham c4 bién bi nhidm ormaldehyde.

2. Phuwong phap nghién ctru va tai liéu thu thap

2.1. So do nghién ciru

So d6 ndi dung nghién ctru dugc trinh bay trong Hinh 1.

Phuong phap thu Xac dinh loai ca bién dic trung, phuong
thap va tong hop tai ___ > thirc bdo quan, van chuyén, tiéu thu Giri mu phan tich tai
ligu Trung tam dich vu phan
tich thi nghiém (CASE)
; \ 4
P%lu’(m{,’ pha:p = Ya Xac dinh ham luong formaldehyde trong
bao quan mau, phan ----» o 4—,
: x ca bien
tich mau
- v
AT RO Panh gi4 ham lugng formaldehyde trong
ké vaxirly soligu ----p g A
Phuong phap danh X Pénh gia rii ro stc khoe do phoi nhiém
gia rii ro formaldehyde trong c4 bién

Hinh 1. So d6 nghién ciru.
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Céc loai c4 bién dic trung, phuong thirc bao quan ca khi danh bét xa bo, van chuyén va
tiéu thu cé bién tai khu vuc Binh Thuan duoc xac dinh dé 1am co s& cho viée léy mau. Téng
cong 14 mau ca (7 mau ca nuc va 7 mau ca ngwr) tai 7 vi tri khac nhau, trai déu trén toan bd
khu vic tinh Binh Thudn (tai 3 cang ¢4 va 4 chg dau méi/dan sinh) duogc lya chon ldy mau.
C4 bién duoc lay ngay khi tau ca cip bén dé danh gia ham luong formaldehyde c6 thé co
trong ca nham muc dich bao quan khi danh bét xa bd hoidc do tiéu thuong thém vao khi ban
tai cac cho dau mdi/dan sinh. Néu formaldehyde c6 trong mau ca tai cang thi khi dwa dén cac
cho, ham lugng s& thay doi nhu thé nao? Cac miu ca bién s& dugc gui phan tich tai Trung
tam dich vu phén tich thi nghiém CASE dé x4c dinh va danh gia ham luong formaldehyde.
Dura trén két qua da c6, tién hanh danh gi rii ro stc khoe ctia nguoi dan khi sir dung céc loai
ca co chura formaldehyde.

2.2. Phuong phap thuc hién

a) Phuong phap 1y mau hién trudng, bao quan miu

Phuong phap liy mau: Ap dung theo tiéu chuan TCVN 12386:2018 Thyc pham - Huéng
dan chung ldy mdu [18]. Chon 2 miu c4 nuc va ca ngir dé phan tich, 2 loai c4 nuc va c4 ngir
dugc mua tir cac cang bién.

Hinh 2. Mau c4 nuc (a) va cac ngir (b).

Céch ldy mau: Chuan bi 14 tai ni 16ng di dugc vo tring dé bao quan mau. Tai mbi diém
diém léy mAu, tién hanh mua 5 miu c4 nuc va 5 miu ca ngu tai 5 chd ban khac nhau ciia mot
diém 14y mau. Sau d6, ldy 5 mau ca nuc hodc 5 miu c4 ngir cat lat va tron 14n gdp lai thanh 1
mau (1 loai ca) déng nhét tai mot diém léy mau. Mau cé sau d6 duogc bao quan trong ti dong
trong 24 gid va giri mau phan tich ham luong formaldehyde tai Trung tim dich vu phan tich
thi nghi¢m (CASE).

Hinh 3. (a) Mau ca nuc dugc cét 1at va (b) Mau ca ngir dugc cét 1at.
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Khu vuc ldy mau: Khu vie 7 vi tri 1dy mau dugc trinh bay trong Bang 1 va Hinh 4.

Bang 1. Céc vi tri duoc 1y mAu.

Ky hi¢u miu

STT Vi tri - —
Ca nuc Ca ngwr
1 Cang ca Miii N¢é NBT1 GBT1
2 Cang ca Lagi NBT2 GBT2
3 Cang ca Ham Tan NBT3 GBT3
4 Cho dan sinh Phan Thiéct NBT4 GBT4
5 Cho dan sinh Lagi NBTS GBT5
6 Cho dan sinh Ham Téan NBT6 GBT6
7 Cho dan sinh Tanh Linh NBT7 GBT7
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Hinh 4. Ban db bj tri ldy mau.

Bao quan mau: Maitu ca sau khi lé}: duoc bao quan theo theo tiéu chudn TCVN 12386:2018
Thyce pham - Huong dan chung lay mau [ 18].

b) Phuong phap phan tich formaldehyde

7M§u ca dugc gui phan tich tai Trung tdm dich vu phan tich thi nghiém (CASE) theo tiéu
chuan quoc gia TCVN 8894:2012 vé Béanh phd va cac san pham tuong ty - Xac dinh
formaldehyde - Phuong phéap dinh tinh va ban dinh luong [19].

c¢) Phuong phap danh gié rui ro sttc khoe

Trong nghién ciru ndy, danh gia rui ro stc khoe dugce tién hanh dé xac dinh tiém nang
nguy co (danh gia kha nang gay hai) strc khoe con nguoi do viée an cac san phdm ca bién
danh bat xa bo tai Binh Thuén. Qua trinh danh gia rui ro dugc thyc hién thong qua 4 budc:
nhan biét moi nguy hai, tim ra liéu lugng dap tmg, danh gia nguy co phoi nhiém va mé ta
dac tinh rui ro.
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Panh gid nguy co phoi nhiém: ’ N
Phuong trinh danh gia phoi nhiém doi véi thuy san bi 6 nhiém qua dudng tiéu hda nhu
sau:

ING _ C,,, xFIR xCFxFIx ABS; x EFxED )
o BW x AT

Trong d6 INGys: Liéu lwong phoi nhiém d6i vé6i thity san bi 6 nhidém qua duong tiéu hoa
(mg/kg.ngdy); Cim: NOong d6 formaldehyde trong cé bién danh bat xa bo danh bat tai Binh
Thuén (mg/m?); FIR: Tdc dd tiéu thu ca trung binh (g/ngdy); CF: Hé sb chuyén doi (107
kg/g); FI: Phan duoc tiéu héa tir ngudn 6 nhiém (100% duoc tiéu hoa); ABSS: Phan trim
lwong chat dugc hip thy trong da day, hé s6 hap thu (%). Nghién ctru nay ap dung gié tri
ABSS = 100 %; EF: Tan s6 phoi nhiém (ngay/nim); ED: Thoi gian phoi nhiém (nim); BW:
Trong 1u:0'ng co thé (kg); AT: Thot gian trung binh phoi nhiém (ngay).

Cac gia tri thong so co lién quan trong phuong trinh (1) duoc tong hop tir két qua qua
trinh khao sat thyc té va ké thira mot sd gia tri tham khao tir cac nguén tai liéu tham khao tin
cdy 1am co s6 tinh toan danh gia rii ro tiém nang phoi nhiém formaldehyde trong ca nuc, ca
ngur qua duong tiéu hoa:

Céc thong s6 ké thira tir cac nghién ciu trude: CF = 107 kg/g; FI = 100%; ABSS =
100%; AT = 70 ndm = 1.481.900 ngay.

Cac thong s tir két qua nghién ctru ciia nghién ctu nay: Cn: lay tir két qua phan tich
formaldehyde trong ca nuc, ca ngur tai cac vi tri lay méu; FIR: tinh tong ciia timg 1u:0'ng ca
bién an trong moi bira an nhan vdi ty 1€ % cua khdi luong do (nhleu hon 500g thi gia dinh la
600g); ED: iy tudi trung binh ctia 100 nguoi khao sat (ndm); BW: 1ay khéi luong trung binh
cua 100 nguoi khao sat (kg); EF: tinh tong cta timg mirc do ngay tiéu thy ca blen trong mot
tudn nhan véi ty 1& % cia mic do d6 (trong do, nhidu hon 2 ngay thi gia dinh tan suat 1a 3
ngay).

M6 ta dac tinh rii ro: s& ¢6 2 dang bao gdm anh huéng gy ung thu thé hién Bang 2 va
anh huong khong gay ung thu thé hién thong sé HQ (thong s rui ro khong gy ung thur)
trong Bang 3 [20].

Anh huong gdy ung thu:

Do formaldehyde 14 chat gy ung thu, nguy co ma mdi c4 nhan phat trién bénh ung thu
trong sudt thoi gian phoi nhiém ca doi duoc tinh toan bang cach sir dung sb liéu vé luong
hap thu du doan (INGss) va thong tin liéu luong - dap ng cua formaldehyde. Dbi voi lugng
hap thuy thap, gia dinh rang mdi quan hé giita lidu luong - dap tng sé& 1a tuyén tinh. Nhu vay,
mirc d¢ riii ro gy ung thu dugc tinh bang cach sir dung phuong trinh sau:

Risk = ING; xSE, (2)

Trong d6 Risk: Mirc d6 riii ro gdy ung thu; INGsr: Luong héa chét di vao co thé mdi ngay
ctia mdt nguoi bi nhiém ddc man tinh séng trén 70 ndm (mg/kg.ngay); SFo: Hé sé dbc rii ro
gay ung thu dbi v6i nhén t6 di qua duong miéng (mg/kg.ngay) ™.

Béang 2. Thang danh gia rii ro gay ung thu.

Risk (mirc do rii ro giy

STT ung thw) Nguy co' mac ung thw
1 R <10 Riii ro mac bénh ung thu thip, c6 thé chap nhan duoc.
Rui ro méc bénh ung thu trung binh, ¢6 thé c6 hodc khong co quyét dinh
2 106<R<10* giam thiéu rui ro va nhitng quyéet dinh nay phai dya trén nghién ciru bo
sung.
3 104 <R <107 Riii ro mic bénh ung thu cao, can ¢ bién phéap giam thiéu.
4 R>102 Rui ro ung thu rat cao, bat budc phai c6 bién phap giam thiéu ngan ngira

rui ro.
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Anh huong khéng gdy ung thue:

Khong giéng nhu cac mirc d6 riii ro gy ung thw, mirc d6 rui ro khong gay ung thu dugc
danh gia bang cach so sanh ndng d¢ tiép xitic trong mot thoi gian cu thé véi liéu luong tham
chiéu (RfD) c6 ngudn gbc, thoi gian tiép xtic twong tw. Ty 1& nay duoc goi 1a thwong s6 rui
ro ctia anh huong khong gay ung thu va duoc thé hién nhu sau:

E
HQ RD 3)

Trong d6 HQ: Thuong s rui ro cia anh hudng khong gy ung thu; E: Liéu luong hoa
chit phoi nhiém (= INGsf) (mg/kg.ngay); RfD: Liéu lugng 6 nhiém dic trung tham chiéu
(mg/kg.ngay). ) )

Néu HQ > 1: chat khong gay ung thu i dang xét c6 kha nang anh huodng bat loi
dén strc khoe khi phoi nhiém.

Néu HQ < 1: chit khong gay ung thu i khong ¢ tac dong gi dén ddi tugng phoi
nhiém.

Béang 3. Thang danh gia rii ro gay ung thu.

Risk (Mirc do rai ro

STT khéng gy ung thu) Nguy co' mac ung thw
1 HQ> 1 Chat khong gay ung thur i dang xét ¢ kha nang anh hudng bét loi dén stic
khoe khi phoi nhiém.
2 HQ<1 Chit khong gay ung thu i khong c6 tac dong gi dén dbi twong phoi nhiém.

3. Két qua va thao luin

3.1. Két qua khdo sat ham lwong formaldehyde trong cd bién tai Binh Thudn

Ham luong formaldehyde trong c4 nuc va ca ngir tai 7 diém 1dy mau ¢ Binh Thuan dugc
trinh bay trong Bang 5.

Bing 5. Két qua phan tich ham lugng formaldehyde c6 trong cé bién tai Binh Thuén.

Pia didm Ky l;lgu Loai ¢4 Ham luwgng formaldehyde
: mau . (mg/kg)
NBTI Cé nue Khong phat hién
. N ars MDL = 0,5
Cang Mii N Phat hién
GBT1 Cé ngu 438 j
NBT2 Cé nue Khong phat hién
. , . MDL = 0,5
Cang ca Lagi Phat hién
GBT2 Cé ngur 311
NBT3 Cé nue Khong phat hién
. Tra A MDL = 0,5
Céng ca Ham Tan Kho hat hie
GBT3 Ca ngir ong phathicn
MDL = 0,5
, NBT4 Campe  lathicn
Cho dan sinh Phan Thiét > LA
GBT4 C4 ngir Khong phat hién
MDL = 0,5
NBTS Cé nue Khong phat hién
Al . MDL = 0,5
Cho dén sinh Lagi R
GBTS Cangy  Llathien
39
NBT6 Came  Lathien
Cho dan sinh Ham Tan K’hén hat hién
GBT6 C4 ngir & phat e

MDL = 0,5
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Pia didm Ky l;lgu Loai ¢4 Ham luwgng formaldehyde
: mau . (mg/kg)
NBT7 Cé nuc ﬁhgfg: pé’*;t hién
Cho dan sinh Tanh Linh A
L Phat hién
GBT7 Cé ngu 3.58

Két qua & Bang 5 cho thay, formaldehyde déu duoc phat hién trong cac miu ca (ca nuc
hodic c4 ngir) ngoai trir mau thu tai cing c4 Ham Tan 1a khong phat hién. Trong d6, miu
GBTI (cang ca Miii Né) duoc phét hién c6 ham luong cao nhét 13 4,38 mg/kg, mau NBT4
(chg dan sinh Phan Thiét) c6 ham luong duoc phat hién thap nhét 1a 2,77 mg/kg. Muc do
khéac nhau cua formaldehyde & céac loai ca phu thudc vao muac do trimethylamine-oxide
TMAO va phan trng véi gidm dimethylamine TMAO thanh formaldehyde va DMA thu dugc
tir thity san dong lanh [21]. Formaldehyde ciing ¢6 thé dugc thém vao nhu mét chit bao quan
trong qué trinh Iuru trit khi danh bat xa bd hay khi ban tai cac chg [16].

3.2. Panh gid ham lwong formaldehyde c6 trong cdc mau cd tai tinh Binh Thudn
Ham luong formaldehyde trong cac mau ca nuc va ca ngir tai 7 diém ldy mau cua Binh
Thuan duogc trinh bay trong Hinh 5.

EZAHam hrong formaldehyde

—Gidi han cho phép theo Dao luat Thue pham Malaysia (1983) va Quy dinh Thyc
pham Malaysia (1985)

B 6
=
ERr 4,38
g 3,92 1 s
o 4 - 7] 311 — 3.58
= . ] - 2,77 o =
= 3 - ] 2 e o
) =] =] g i g
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Cang Mitii = Cang ca Cangca Chgdan Chodan Chgdan  Chgdan
Né Lagi Ham Tan = sinh Phan sinhLagi sinh Ham  sinh Tanh
Thiet Tan Linh

Vi tri liy miu
Hinh 5. Biéu d6 thé hién ham lugng formaldehyde trong c4 nuc va ca ngir tai Binh Thuén.

Ham lugng formaldehyde giira cac mau cé nuc tai cang va cho tai tinh Binh Thuan (Hinh
5) cho thdy, cac mau NBT1 (Cang ca Miii Né); NBT2 (Cang ca Lagi); NBT3 (Cang ca Ham
Tan); NBTS5 (Cho dan sinh Lagi); NBT7 (cho dan sinh Tanh Linh) khong phat hién
formaldehyde véi MLD ciia phuong phap 1a 0,5 mg/kg. Mau ca nuc NBT4 tai chg dan sinh
Phan Thiét va NBT6 tai chog dan sinh Ham Tan c6 phat hién formaldehyde ham luong tai 2
diém lan luot 2,77 va 3,5 mg/kg. Két qua nay thip hon so v6i mirc cho phép do Pao luat
Thuc phém Malaysia (1983) va Quy dinh Thuc phém Malaysia (1985) quy dinh rang giéi
han t6i da v6i formaldehyde trong ca va cac san pham la 5 mg/kg [22]. So v6i nghién clu
[13] (ham lwong formaldehyde cua 4 loai c4 thuong mai twoi nam trong khoang 2,38 dén
2,95 pg/g) thi ham luong formaldehyde trong c4 nuc tai vi tri chg dan sinh Ham Tan (NBT6)
cao hon 1,17-1,47 1an, vi tri cho dan sinh Phan Thiét (NBT4) c6 ham lugng formaldehyde
tuong dong, trong khi d6 cac vi tri con lai trong nghién ctru nay ¢6 ham luong formaldehyde
thap hon.
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Dua trén két qua hinh 5 cho thay c6 phat hién formaldehyde trong mau ca ngir tai cac
chg va cang cua Binh Thuan. Cu thé, mau ham luong formaldehyde cao nhat trong mau ca
nglr GBT1 tai cang Miii Né (4,48 mg/kg), tiép dén 1a GBTS5 tai cho dan sinh Lagi, GBT7 tai
cho dan sinh Tanh Linh va GBT2 tai cang ca Lagi voi ham luong formaldehyde 1an luot 1a
3,92; 3,58 va 3,11 mg/kg. Két qua nay thép hon so v61 mirc cho phép do Dao luét Thyc pham
Malaysia (1983) va Quy dinh Thuc pham Malaysia (1985) quy dinh rang giéi han toi da véi
formaldehyde trong c4 va cac san pham 1a 5 mg/kg [22]. Ba mau ca ngir con lai déu khong
phat hién formaldehyde véi MDL cta phuong phap 1a 0,5 mg/kg. So v6i nghién ctru [13]
(ham luong formaldehyde ctia 4 loai ca thuong mai twoi nam trong khoang 2,38 dén 2,95

pg/g) thi ham lugng formaldehyde trong ca ngur tai vi tri Cang Miii Né (GBT1) cao hon 1,48-
2,95 lan, vi tri Cho dan sinh Lagi (GBT5) c6 ham lugng formaldehyde cao hon 1,33-1,65
lan, vi tri Cho dan sinh Tanh Linh (GBT7) c6 ham lugng formaldehyde cao hon 1,21-1,50
1an va vi tri Cang ca Lagi (GBT2) c6 ham luong formaldehyde cao hon 1,05-1,31 lan, trong
khi d6 cac vi tri con lai trong nghién ctru nay c6 ham luong formaldehyde thap hon.

So sanh ham lugng formaldehyde trong cic mau c4 nuc va ca ngir tai Binh Thuan cho
thdy cac mau c4 ngir dugc phat hién c6 ham luong formaldehyde nhiéu hon cic miu c4 nuc.
Cu thé ham luong formaldehyde trung binh dugc phat hién trong cac mau ca ngir 1a 3,75
mg/kg cao gap 1,2 14n so voi ham lugng formaldehyde trung binh dugc phat hién trong ca
mau ca nyc 1a 3,14 mg/kg.

Ham luong formaldehyde tai cac cho dan sinh c6 xu huéng cao hon so véi cac mau ca
tai cang. Cu thé tai cang ca Lagi, phat hién ham luong formaldehyde c6 trong mau c4 ngir 1a
3,11 mg/kg thi tai cho dan sinh Lagi phat hién ham luong c6 trong mau ca ngu 1a 3,92 mg/kg
tang 1én 1,26 1an (vi cang ca Lagi cach cho dén sinh Lagi khoang 1,6 km nén céc loai cé | bién
dugce ban tai cho Lagi chu yéu dugce lay tir cang Lagi v&); tai cang ca Ham Tan, trong mau ca
ngtr thi khong phat hién thay c6 ham luong formaldehyde (MDL=0,5), trong khi tai chg Tanh
Linh thi phat hién c6 ham luong formaldehyde trong mau c4 ngir 1a 3,58 mg/kg. Con trong
mau c4 nuc ciing khong phat hién c¢6 ham lugng formaldehyde nhung trong khi dé tai cho
Ham T4an thi ham lugng formaldehyde dwgc phat hién trong mau ca nuc 1a 3,5 mg/kg (tai cho
Ham Tan va cho Tanh Linh thi cac mau ca chu yéu duoc 1y tir cang Ham Tan). Két qua cua
nghién ctru nay thip hon rat nhiéu so v6i ham lugng formaldehyde co trong 5/10 mau ca &
Hoéng Kong, 1én toi 170-570 mg/kg [23] nhung khé trong ddng véi ham luong formaldehyde
dugc tim thdy trong 60 loai thuy san & Thii d6 Kumasi, Ghana dugc phan tich véi nong do
tir 0,174 dén 3,710 mg/kg [24].

3.2 Panh gia rui ro surc khoe khu viee khao sat nguoi dan

Tién hanh tinh liéu lvong phoi nhidm d6i v6i ca bién bj nhiém formaldehyde qua dudng
tiéu hoa. GOm cac khu vuc: cang Miii Né¢, cang cé Lagi, chg dan sinh Phan Thiét, chg dan
sinh Lagi, chg dan sinh Ham Tan, chg dan sinh Tanh Linh.

Bing 5. Liéu luong phoi nhiém d6i voi ca bién bi nhiém formaldehyde qua duong tiéu hoa.

£ x Nong d9 HCHO ING x 107
Khu vire [y mau (mg/kg) (mg/kg.ngay)
Cang Miii Né 4,38 7,75
Céng ca Lagi 3,11 5,51
Cho dan sinh Phan Thiét 2,77 4,9
Cho dan sinh Lagi 3,92 6,94
Cho dan sinh Ham Tan 3,5 6,2
Cho dén sinh Tanh Linh 3,58 6,34

Trung binh 6 khu vuc 3,54 6,27
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* MO ta dac tinh rui ro:

- Anh huong gy ung thu: D61 v6i cac chat gdy ung thu, nguy co ma moi ca nhan phat

trién bénh ung thu trong suot thoi gian phoi nhiem ca doi dugc tinh toan bang cach su dung

s0 li¢u ve lugng hap thy du doan (INGsr) va thong tin liéu lugng - dap Gng cua formaldehyde.

Bang 6. Mirc do rui ro stic khoe formaldehyde gay ra ddi voi ngudi tiép xuc.

Khu vue 1y miu Nong d9 HCHO INGs x 103 Miktc d9 riii ro
) (mg/kg) (mg/kg.ngay) (Risk x 10~
Cang Miii Né 4,38 7,75 3,53
Céng ca Lagi 3,11 5,51 2,51
Cho dan sinh Phan Thiét 2,77 4,9 2,23
Cho dan sinh Lagi 3,92 6,94 3,16
Cho dan sinh Ham Tén 3,5 6,2 2,82
Cho dén sinh Tanh Linh 3,58 6,34 2,88

Thong qua muc d6 rai ro stc khoe cia formaldehyde trén cho thdy ham lwong
formaldehyde duogc phat hién tai cic khu vuc c6 khoang gid tri kha gan nhau. So véi thang
danh gia rui ro thi mic d6 rii ro ciia cac khu vuc phat hién formaldehyde déu 16n hon 10
(10* <R < 10?). Khoang nay thudc trong khoang rii ro mic bénh ung thu cao, can cé bién
phap giam thiéu. Trong d6, & cang Miii Né phat hién ham lugng formaldehyde cao nhat trong
cac khu vyc 1dy mau voi ham luong 4,38 mg/kg, mirc dg rui 3,53 10 va chg dan sinh Phan
Thiét phat hién ham luong formaldehyde thdp nhat trong cac khu vuc 1iy mau ! nong do
2,77 mg/kg, mirc d6 rui ro 2,23x10™ déu thudc mirc do rui ro gay ung thu cao, cin c6 bién
phap giam thiéu. So véi két qua trong nghién ciru [24] thi ham luong formadehyde trong cac
méu dao dong tir 0,174 dén 3,710 mg/kg, thip hon so véi cic mau ca & Binh Thuan nhung
mirc d6 rui ro sire khoe ddi voi ngudi str dung & Kumasi lai cao hon so voi ngudi ddn ¢ Binh
Thuan, v6i mic do rui ro 1a 4,233x10™* va 3,661x10° mg/kg BW.ngdy (thudc mirc rii ro
cao) do ngudi dan & ddy sir dung lwong ca bién nhidu hon so véi ngudi dan & Binh Thuan.

- Anh huong khong gay ung thu: Mure d6 rui ro khong gy ung thu dugc danh gia béng
cach so sanh nong do t1ep xuc trong mot thoi gian cu thé véi lidu lugng tham chiéu (RfD) co
nguon goc, thoi gian t1ep xuc tuong tu.

Bang 7. Thuong s rui ro ciia anh hudng khong giy ung thu.

Khu vuc iy méu ING x 10° (mg/kg/ngay) HQ
Céang Miii Né 7,75 0,03875
Céng ca Lagi 5,51 0,02755
Cho dan sinh Phan Thiét 4,9 0,0245
Cho dan sinh Lagi 6,94 0,0347
Cho dan sinh Ham Tan 6,2 0,031
Cho dan sinh Tanh Linh 6,34 0,0317

Qua két qua tinh thuong s rui ro ctia anh huong khong gy ung thu cho thiy thuong sb
rui ro cua anh huong khong gay ung thu HQ déu nhoé hon 1 d6i v6i chat khong gay ung thu;
do d6 khong co tac dong gi dén ddi twong phoi nhiém. Trén thuc té, gia tri ADI (0,2
mg/kg/ngay) 1a di dé dam bao su an toan cua ngudi tiéu ding.

4. Két luan

Qua két qua phan tich ham luong formaldehyde trong ca bién ciia 7 khu vire tai tinh Binh
Thuén cho thay ham luong formaldehyde dugc phat hién trong cic mau ca nuc va ca ngir tai
cac cang va cho tu 2,77-4,38 mg/kg. Trong d6, ham lugng formaldehyde dugc phat hién cao
nhét 14 & cang Mili Né (4,38 mg/kg), thip nhat 12 & cho Phan Thiét (2,77 mg/kg) va & cang
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Ham T4n thi khong phat hién formaldehyde trong cic mau c4. Ham luong formaldehyde phat
hién c6 trong cic mau ca khong vugt gia tri cho phép theo quy dinh trong Pao luat Thuc
pham Malaysia (1983) va Quy dinh thyc phém Malaysia (1985) quy dinh rang gidi han t6i
da voi formaldehyde trong ca va cac san pham 13 5 mg/kg. Két qua nghién ctru vé mirc do
rii gay ung thu cho thdy cac mirc do rui ro sirc khoe dbi véi ngudi dan tai cac khu vire nghién
ctru dao dong tur 2 23><10 dén 3,53x10* thudc trong khoang rui ro méc bénh ung thu cao
(10* <R < 10 2) can ¢ bién phap giam thiéu. Gia tri u6c tinh hang ngay ddi voi
formaldehyde trong ca nuc va ca ngr nam trong khoang 4,9x 10 dén 7,75%10° mg/kg. ngay
va thap hon mtre tiéu thu hang ngay c6 thé chip nhan dwoc 13 0,15 va 0,2 mg/kg. ngay do to
chirc Y té Thé gidi dé& xuit TS chic va Co quan Béo vé Moi truong Hoa Ky vé lugng
formaldehyde tiéu thu, twong Gng. Thuong s rii ro cua anh huéng khong gay ung thu HQ
< 1 cho thay ham luong formaldehyde trong c4 khong c6 kha ning giy ra tac dung phu dbi
v6i con nguoi khi tiéu thy ca bién.

Hién nghién ctru moi chi khao sat 2 loai ca va chi ¢ khu vuc tinh Binh Thuén. Huéng
nghién ctru thoi gian t6i s& khao sat, danh gia ham luong formaldehyde ¢ nhiéu mau ca pho
bién nhu ¢4 com, cé du,... va mé rong khu vire 14y mau 6 cac tinh duyén hai mién trung nhu:
Phu Yén, Khanh Hoa, Binh Dinh, Da Nﬁng,...

DPong gop cua tac gia: Xay dung y tuong nghién ciru: T.V.N.; Diéu tra, 1dy mau: C.T.T.T.;
Xu 1y so ligu: C.T.T.T., T.T.D.; Viét ban thao bai bao: T.T.D., T.T.N.; Chinh stra bai béo:
T.V.N.

Loi cam doan: Tap thé tac gia cam doan bai bio nay 1 cong trinh nghién ctru cua tap thé
tac gia, chua dugc cong bo & dau, khong dugc sao chép tir nhitng nghién ctu trude day;
khong co su tranh chap loi ich trong nhom tac gia.
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Risk assessment of formaldehyde in offshore fish caught in Binh
Thuan province on consumer health
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Abstract: The research aimed to assess the formaldehyde levels in samples of mackerel and
tuna consumed at ports and markets in Binh Thuan. The fish samples underwent determination
of formaldehyde levels through acidification using phosphoric acid followed by distillation.
Formaldehyde was released and dissolved in the distillate and detected through a color reaction
with the chromotropic acid reagent. The formaldehyde content in marine fish samples
(mackerel and tuna) from ports and local markets in Binh Thuan ranged from 2.77 to 4.38
mg/kg. Fish samples from local markets exhibited higher formaldehyde levels compared to
those from ports. The study's findings regarding the cancer risk levels indicated varying health
risks for residents in the researched areas, ranging from 2.23x10* to 3.53x10, falling within
the range of high cancer risk (10 <R < 107?). Therefore, there is a need for measures to reduce
the risk of health impact, especially with prolonged exposure. The hazard quotient (HQ) for
the non-carcinogenic impact being < 1 suggests that the formaldehyde content in fish is
unlikely to cause adverse effects on human consumers when consuming marine fish.

Keywords: Binh Thuan Province; Consumers; Formaldehyde; Risk assessment; Seafood.
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