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Xdc dinh rui ro sinh thdi cua mot so kim loai nang trong tram tich mdt tai séng Bong Miéu, tinh
Quang Nam va dy bao hién trang suc khoe moi truong bang cdac moé hinh hoc may

NHAN XET CUA NGUOI HUONG DAN
TOM TAT

Tén dé tai: Xac dinh rdi ro sinh thai cia mot sd kim loai nang trong trAm tich mat tai
song Bong Miéu, tinh Quang Nam va du béo hién trang sirc khoe mdi truong bang cac
moO hinh hoc may.
Sinh vién thwe hién: Tran Minh Hung
S6 thé SV: 117200039 Lop: 20QLMT
GV huéng din: PGS.TS Lé Phudc Cuong

ThS. Nguyén Thanh Trung
Tém tit dé tai: Dé tai tién hanh xac dinh rui ro sinh thai cuia mét s6 kim loai nang trong
trAm tich mat tai song B6ng Miéu, tinh Quang Nam, khu vyc dang chiu anh hudng truc
tiép tir hoat dong khai thac vang, bao gom ca khai thac trai phép. Nghién ctru sir dung
chi s rui ro sinh thai tiém ning (RI) do Lars Hakanson dé xuat dé danh gia mutc do
nguy co tac dong cua cac kim loai nang dén hé sinh théi thuy sinh trong khu vuc. Song
song do6, d¢ tai tién hanh khao sat hién trang strc khoe cong dong dan cu sdng xung
quanh séng thong qua phong van, thu thap s liéu tir co s y té dia phuong, két hop phan
tich mau trAm tich, nudc mat dé danh gia toan dién cac thanh phén moi truong. Ngoai
cac phuong phap danh gia truyén thong, dé tai tng dung cac mé hinh hoc may (Machine
Learning) nham dy bao xu hudng bién dong chét luong moi trudng va sic khoe cong
ddng trong twong lai. Két qua nghién ctru 1a co sé khoa hoc quan trong cho viée dé xuat
cac bién phép kiém so4t, giam thiéu tic dong tiéu cuc cta 6 nhiém kim loai ning, gop

phan bao v¢ stic khoe cong dong va phuc hoi méi truong song Bong Miéu.
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Xdc dinh rui ro sinh thdi cua mot so kim loai nang trong tram tich mdt tai séng Bong Miéu, tinh
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LOINOI PAU

Trong thdi gian thue hién d6 4n ot nghiép, em da nhan dugc nhiéu sy giup d&, dong
g6p ¥ kién cua thay co, gia dinh va ban be.

Em xin gri 161 cdm on chan thanh dén PGS.TS. Lé Phudc Cuong - giang vién Bo
mon Quan 1y Méi Truong, trudng Pai hoc Bach khoa, Pai hoc Pa Nang va ThS. Nguyén
Thanh Trung — Phan vién pho, Phan vién Khoa hoc An toan vé sinh Lao dong va Bao
vé méi trudng Mién trung, ngudi da tan tinh huéng dan, chi bao em trong sudt qué trinh
thue hién dé tai thuc té: “Xdc dinh riii ro sinh thdi ciia mét sé kim loai ning trong
tram tich mdt tai séng Bong Miéu, tinh Quing Nam va dw bdo hién trang sirc khée
moi trwong bang cdc moé hinh hoc may”.

Dé tai nay la budc dau di vao thuc té, kién thtrc cia em con han ché va con nhiéu
bd ngd. Do vay, khong tranh khoi nhitng thiéu sot nén em rat mong nhan dugc nhiing y
kién dong gop quy bau tir quy Thay, C6 va cac ban hoc cung 16p dé kién thirc cia em
trong linh vyc ndy duogc hoan thién hon.

Sau cuing, em xin kinh chiic quy Thay, C6 trong Khoa Méi Truong that doi dao stc

khoe dé tiép tuc thuc hién st ménh cao dep cia minh la truyén dat kién thuc cho thé hé

mai sau.
Tran trong.
Pa Niang, ngay 20 thang 05 nim 2025
Sinh vién thuc hién
Tran Minh Hung
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CAM DOAN
Em xin cam doan day 13 dé tai dd 4n tot nghiép doc 14p cia riéng em. Céc sb liéu
st dung phén tich trong d6 an t6t nghiép c6 ngudn goc 1 rang, dd cong bd theo ding
quy dinh. Cac két qua nghién ctru trong dd 4n tot nghiép phan tich mot cach trung thuc,
khach quan va phu hop véi thyc tién. Cac két qua chua timg cong bd trong bat ky do an
t6t nghiép nao khac.
Sinh vién thuc hién

Tran Minh Hung
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DANH MUC CAC TU VIET TAT

Giai thich

: Biochemical Oxygen Demand (Nhu cau oxy sinh héa)

: B0 tai nguyén moi truong

: Chemical Oxygen Demand (Nhu ciu oxy héa hoc)

: Comprehensive R Archive Network

: Groundwater Quality Index ( Chi sb chét luong nudc dudi dat)
: K-Nearest Neighbors (K- Diém dit liéu gan nhit)

: Mean Squared Error (Sai s6 tuyét dbi trung binh)

: Machine Learning (Hoc may)

: Quy chuan Viét Nam

: R- Square (D9 tin cay)

: Random Forest ( Ring ngau nhién)

: Root Mean Squared Error (Sai s6 toan phuong trung binh)
: Support vector machine (Mdy hd tro vector)

: Khu vuc nghién ctru

: Risk Index (Chi s6 rui ro sinh thai)

: Bdo v€ moi truong

: Trach nhiém hiru han
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Xdc dinh rui ro sinh thdi cua mot so kim loai nang trong tram tich mdt tai séng Bong Miéu, tinh

1. Muc tiéu dé tai

% Muc tiéu tdng quat:
e Xac dinh muc d6 rui ro sinh thai cia mot sbé kim loai nang trong trAm tich mat tai
song Bong Miéu, tinh Quang Nam.
° Ung dung mo6 hinh hoc may dé du bao hién trang suc khde moi truong tai khu vuc
chiu 4nh hudng cua hoat dong khai thac vang.

< Muc tiéu cu thé
e Xac dinh ham lugng mot s6 kim loai nang (As, Pb, Cd, Hg, Cu, Cr, Zn) trong tram
tich mat song Bong Miéu.

e Tinh todn chi s6 rui ro sinh thai tiém niang (RI) cho timg kim loai va tong thé hé sinh
thai theo phuong phép ctia Lars Hakanson (1980).

e Ung dung cac mo hinh hoc may (Machine Learning) nhu Random Forest, SVM...
dé dy bao hién trang stc khoe moi truong khu vuc dua trén dir liéu quan trac kim loai
nang va cac thong sé moi truong lién quan.

o Dé xuit cac giai phap quan Iy — k¥ thuat dé kiém soat va giam thiéu 6 nhiém kim
loai ndng tai khu vuc nghién ctru.

2. P6i twong, pham vi nghién ciru
Doi twong:
- Tram tich mit va nudc mit khu vuc song Béng Miéu, tinh Quang Nam;
- Sirc khée mdi trudng xung quanh khu vuc song Bong Miéu, tinh Quang Nam (thong
qua phiéu khao sat ngudi dan va co quan quan 1y).
Pham vi:
- Khu vuc xung quanh song Bong Miéu, tinh Quang Nam
- Dé xuat mé hinh du béo chat luong tram tich mat béng moO hinh hoc may (Machine
learning) tai khu vuc danh gia, khao sat, tir d6 du bao hién trang moi truong dién
bién theo thoi gian tai khu vuec.
- Dé xuat bién phap quan 1y va giai phap k¥ thuat bao vé méi truong.
3. Phuong phap
3.1. Khdo ciru tai li€u
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Xdc dinh rui ro sinh thdi cua mot so kim loai nang trong tram tich mdt tai séng Bong Miéu, tinh
udng Nam va dy bao hién trang sirc khoe moi truong bang cac mo hinh hoc ma

- Thu thip cac dit liéu vé diéu kién tu nhién: dia chat, dia hinh, khi twong thuy vin
khu vuc xa Tam Lanh, huyén Phu Ninh, tinh Quang Nam

- Tai liéu vé mé hinh hoc may (Machine learning)

- Thu thap dir liéu vé kim loai nang tai khu vuc nghién ctru cua cac nam trude day

3.2. Phwong phap

Phuong phép 1ap phiéu khao sat diéu tra: khao sat ¥ kién ngudi dan vé su thay doi
chat lugng mai truong séng va sic khoe ciia ngudi dan séng xung quanh mo vang

Bong Miéu

Phuong phap ldy mu, phan tich: sir dung cac thiét bi do nhanh d¢ liy mau va do
dac cac thong s6 lién quan, 14y mau phan tich tai phong thi nghiém dé xac dinh nong
d6 cac chat 6 nhidm trong moi trudng nude mit. Trén co s& d6 danh gia duoc hién

trang moi truong khu vuc;

Phuong phéap du bao chit lugng moi trudng tram tich mit: tng dung mé hinh hoc
may (Machine learning) trong du bao chat lugng trim tich mat thong qua ing dung
R/R-Studio

4. Ciu tric do 4n tot nghiép

4.1. Thuyét minh

Chuong 1: Téng quan.

Chuong 2: Panh gia hién trang chat lugng moi trudng nude va tram tich, xac dinh

rui ro sinh thai cua mot s6 kim loai ndng va du bado suc khde moi truong bang cac
moO hinh hoc may tai khu vuc nghién ctru

Chuong 3: Du bao dién bién chit luong moi trudng theo thdi gian va dé xuit cac

giai phap quan ly — k¥ thuat
4.2. Ban vé
BV 1: Két qua khao sat ¥ kién ngudi dan vé hién trang méi truong khu vuc séong Bong
Miéu, tinh Quang Nam
BV2: Ban d6 vi tri ldy mau quan tric khu vuc song Bong Miéu, tinh Quang Nam
BV3: Danh gia hién trang 6 nhiém moi trudng nudc mit va 6 nhiém kim loai ning trong
tram tich mat tai song Bong Miéu, tinh Quang Nam
BV4: So d6 thyc hién mo hinh hoc may
BV5: Két qua mé hinh hoc may
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Xdc dinh rui ro sinh thdi cua mot so kim loai nang trong tram tich mdt tai séng Bong Miéu, tinh
udng Nam va dy bao hién trang sirc khoe moi truong bang cac mo hinh hoc ma

CHUONG 1. TONG QUAN
1.1. Dit van dé

Ké tir sau cong cudc d6i méi nam 1986 cho dén nay, kinh t& Viét Nam c6 xu hudng
phat trién va ngay cang c6 nhiéu thanh twu. Trong qua trinh ting trudng nay, quy mod
san xudt trong cac linh vyuc coéng nghiép va ndéng nghiép khong ngimg duge mo rong.
Song song v6i sy phat trién do, van dé 6 nhiém moéi trudng — dic biét 1a 6 nhiém kim
loai nang trong trAm tich — ngay cang trd nén dang lo ngai. Hién twong nay 1a hé qua
clia qua trinh ling dong va tich tu 1au dai cac kim loai ning tir ngudn nudc vao nén trim
tich.

Nudc dong vai trd quan trong trong hé sinh thai, 13 nhan t6 then chdt quyét dinh chét
lugng moi trudong séng va la tai nguyén thiét yéu, tai tao dugc, phuc vu moi nhu clu cua
sur séng va hoat dong kinh té x4 hoi cua con nguoi.

Kim loai ndng l1a thut ngit chi nhitng kim loai ¢6 ty trong 16n hon Smg/cm? (Crom,
kém, déng, thuy ngéan, asen , chi, cadimi,...).[1] C4c kim loai ndng nay c6 tinh ton luu,
tich Iily sinh hoc, doc tinh cao d6i véi moi truong thuy sinh[2]. Kim loai ning phét sinh
tor nude thai cong nghiép, hoat dong ndng nghiép, dac biét tir cac hoat dong khai thac
khoéang san,... Khi cac chit thai chira kim loai bi thai ra moi truong, mot phén nho sé
hoa tan trong nudc, con phan 16n s& két hop voi cac hat lo ling va lang dong trong tram
tich. Do do, viéc xac dinh mirc d¢ tich liiy kim loai nang trong trAm tich 13 co s& dé danh
gia strc khoe moi truong nude.

Xéc dinh rui ro sinh thai 1a cong cu giup nhan dién, danh gid va dy doan cac tac
dong tiém an tir cac chit 6 nhidm dbi voi hé sinh thai, thong qua chi s rui ro sinh thai
tiém nang (RI) do Lars Hakanson dé xuat nim 1980. Chi s6 nay cho phép danh gia tac
dong tong thé dén hé sinh thai va di duoc tmg dung rong rii trong nhidu nghién ctru trén
thé gioi.

Tai tinh Quang Nam, vi mang ludi song ngoi phong phu, song Bong Miéu 1a mot
nhanh thudc hé thong Vu Gia - Thu Bon, ¢6 vai tro quan trong vé mdi trudng va kinh
té. Tuy nhién, chat lugng nudc va tram tich khu vuc ndy dang chiu anh huong nghiém
trong tir cac hoat dong khai thac vang, dac biét 1a khai thac trai phép dang dan tro lai
manh mé trong thoi gian gan day.

Xuét phat tir nhitng van dé trén, viéc xac dinh rui ro sinh thai cua kim loai nang
trong trAm tich mat va dy bao hién trang strc khoe méi trudng khu vue song Bong Miéu
1a hét stc can thiét. Pay 1a co s& quan trong dé dé xuat cac giai phap kiém soat va giam
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Xdc dinh rui ro sinh thdi cua mot so kim loai nang trong tram tich mdt tai séng Bong Miéu, tinh
udng Nam va dy bao hién trang sirc khoe moi truong bang cac mo hinh hoc ma

thiéu 6 nhiém hiéu qua. Vi vy, dé tai:*X4c dinh rii ro sinh thai ciia mét s kim loai
niing trong tram tich mit tai song Bong Miéu, tinh Quéng Nam va du bao hién trang
strc khée méi treong bang cac méd hinh hoc may” duoc thue hién véi muc tiéu danh
gia mic d6 6 nhiém moi truong trAm tich mat, nudc mit, tir d6 du bao va canh bao stic
khée moi truong thong qua ing dung cac mo hinh hoc may hién dai.
1.2. Téng quan vé khu vwe nghién ciru
1.2.1. Piéu kién tw nhién
a Vitridialy [3]

Khu vye nghién ciru séng Bong Miéu thudc ba huyén mién ndi, huyén Pht Ninh,
huyén Tién Phudc, huyén Bic Tra My cia tinh Quang Nam. Bat ngudn tir xa Tra Kot
huyén Béc Tra My sau d6 chay qua dia phan x3 Tam Lénh, huyén Pha Ninh va x4 Tién
Lap, huyén Tién Phudc, sau do dd vao song Tién cua huyén Tién Phudc.

b. Dia hinh [3]

Dja hinh kha phtrc tap, dia hinh c6 xu hudéng thip dan tir Ty Nam sang Dong
Bic, viing nui cao chiém trén 56%, ving go d6i chiém 30%. Do ddc 16n va chia cit boi
song sudi. P9 cao trung binh 30 - 300m. Phia Tay c6 nhiéu d6i nui cao nhu: ntii Pa Pen
(392,6m), nui Long Cam (306,6m), nii Ba Ngua (283m).

Diéu kién dia chat: C6 nhiéu loai dat tai khu vuc, dién hinh 13 16p dat loai sét
pha 13n s6i san. Lép dat hiru co 13n ré cay co. Lop dat cat pha mau xam vang, trang thai
déo. Lop dat sét mau xam xanh, trang thai déo mém. Lop cat hat tho 1an soi san, mau
xam vang, két cdu chat vira. Lop sét pha 13n s6i san, mau nau vang, trang thai déo cing.
Lop sét pha 14n nhiéu s6i san, mau nau vang, trang thai nira cung.

c. Ché do thuy vin [3]

Soéng Bong Miéu c6 huéng dong chay cha yéu vé phia Tay Bic. Song Bong Miéu
dai hon chuc kilomet (khoang 11,7km), c6 dong bang ven sdng rong trung binh 1.500m
(khu vuc ha Iuu) va hep dan vé phia thuong luu.

Séng Bong Miéu chay theo hudng Tay rdi d6 vé song Tién ¢ xa Tién Lap. Song
Tién nhap vao song Thu Bon ¢ Tan An, tiép theo d6 song Thu Bon chay theo hudng
Bic va huéng Pong sau d6 do vao cira bién Hoi An.

Luu vyc song Bong Miéu va cic song ké tiép ¢ ha luu séng Tién cé tong dién
tich 1a 101km?, trong d6 luu vuc thuong ngudn & Bong Miéu 1a 35km?2. Cac sudi dau
ngudn song Bong Miéu & phia Bong Nam, cao so vi myc nude bién 1a 590m dén 658m.

d. Khi hdau [3]
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Xdc dinh rui ro sinh thdi cua mot so kim loai nang trong tram tich mdt tai séng Bong Miéu, tinh
udng Nam va dy bao hién trang sirc khoe moi truong bang cac mo hinh hoc ma

Khi hau tai khu vuc nghién ctru mang nhiing tinh chit va dic diém cua kiéu khi
hau nhiét doi gidé mua, h'fmg nam c6 2 mua ro rét:

- Muia mua bt dau tir thang 9 dén hét thang 12 hang nim. Luong mua 16n tip
trung ¢ cac thang 9, 10 va 11 thuong c6 mua 16n kém gid bao va li lut.

- Muia kho bét dau tir thang 2 dén hét thang 8, vao mua nay khi hau thudng noéng
btec, kho ning.

* Ché dg ndng
Khu vire va viing phu cin ¢6 s6 gio nang hang nam khoang 1.736 dén 2.259 gio.

- Thang 5 dén thang 8 13 cac thang co s gid nang cao nhit trong nam, dao dong
tir 137 dén 264 gio.

- Thang 9 dén thang 1 1a cac thang c6 sé gid nang thap nhét trong nim, dao dong
tir 19 dén 219 gio.

* Ché dé mua
Luong mua hang ndm trén dia ban tinh Quang Nam bién dong tir 2.000 mm dén
4.000 mm. Ché d6 mua thay ddi theo mua, chia thanh hai mua rd rét trong ndm: Mua
mua va mua kho.

- Mua mua bat ddu vao thang 9 va két thiic vao thang 1 nim sau: Lugng mua
trung binh thang dao dong tir 38 dén 2.385mm, chiém khoang 70 dén 80% tong luong
mua ca ndm, tip trung chu yéu tir thang 9 dén thang 11.

- Mua kho bét dau tir thang 2 dén thang 8: Luong mua trung binh thang dao
dong tir (10 — 160) mm luong mua thap nhat tir thang 2 dén thang 5.

* Ché do gié
Do co ché hoan luu va dia hinh nén ché d6 gi6 tai khu vuc nghién ctru va ving 1an
can phan thanh 2 mua gi6 chinh, do6 1a gi6 mua dong va gié mua he.

- Tir thang 10 dén thang 3 nam sau, gi6 chi yéu la Bac, Pong Bac va Pong, dic
biét thang 11 va 12 gié Pong Bic.

- Thang 4 gi6 Pong hoat dong nhiéu nhat, thiang 6 va thang 7 c¢6 gié mua tay
nam gay kho va néng buec.

* Cdc hién twong thoi tiét dic biét [4]
Theo s6 liéu thong ké nhiéu nam, trung binh nudc ta chiu anh hudng truc tiép tir
5 - 6 con bao va ap thap nhiét d6i (ATND), tap trung tir thang 7 dén thang 11, nhiéu
nhat 13 thang 9 va thang 10.
Tinh Quang Nam trung binh khoang 1 ndm cé 1 dén 2 con bao hoic ATND anh
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Xdc dinh rui ro sinh thdi cua mot so kim loai nang trong tram tich mdt tai séng Bong Miéu, tinh
udng Nam va dy bao hién trang sirc khoe moi truong bang cac mo hinh hoc ma

huong tryc tiép. Mua bao tai Quang Nam thuong bt dau tir thang 9 dén thang 12 hang

nam, tap trung nhiéu nhat vao thang 10 va 11, c4 biét c6 nhitng ndm bdo va ATND xuét
hién som hon (thang 5, thang 6 da c6 bao va ATND).
Khi bdo hay ATND hinh thanh ngoai bién dong va dé bd vao dat 1ién Quang Nam

thuong kém theo gié giat manh co tinh chit xody, phd hong cac cong trinh xdy dung

trén duong cua bio di qua. Thong ké trong 30 nim tré lai ddy, vén toc gi6 trong bio
trung binh dat 17m/s (cap 7), manh nhat dat dén 33m/s (cap 11). Ngoai ra, bdo va ATND
con kém theo mua 16n 1am muyc nude dang cao gy ra 1 lut va sat 16 dat.

1.2.2. Pic diém kinh té - xa hoi

Dic diém kinh té - xa hoi cta khu vuc nghién ciru dugc thé hién ¢ Bang 1.1

Bang 1.1. Dac diém kinh té - xa hoi khu vuc nghién curu

TT

Huyén

Tinh hinh phit trién kinh té

Dac diém van hoa - xa hoi

Phu
Ninh [1]

- Kinh té duy tri toc d0 ting
truong kha, co cdu kinh té
chuyén dich ding dinh hudng:
Nong nghiép gidm con 19%,
Cong nghi¢p - Xay dung tang
1én 45%, Thuong mai - Dich
vu chiém 36%.

- Thu nhép thyc té binh
quan diu nguoi: trén 32,5
tri¢u/ngudi/nam.

- Tong gia tri san xuat dat
gan 5.253 ty dong (gia hién
hanh).

- Dién tich tu nhién 1a 25.565ha,

- Dan sd trung binh nam 2021:
78.303 nguoi. Mat d6 dan so:
306,29 ngudi/km? [4].

- Van hoa - thong tin: Trén dia
ban huyén c6 02 cong trinh van hoa
- thé duc thé thao cép huyén, 103
cong trinh buu di€n, nha van hoa
cap thén - x4.

- Gi1do duc: Toan huyén c6 36
truong hoc gém: 11 trudng mam
non; 13 truong tiéu hoc; 10 truong
THCS va 2 truong THPT. Trong d6

da c6 35 trudng dat chuan qudc gia..

Bic Tra
My [2]

- Co cAu kinh té dén nam
2020: Nong,
37,26%; Cong nghiép, tiéu thu
cong nghiép 23,97%; Thuong
mai, dich vu 38,77%.

- Tong dién tich gieo trong

lam  nghiép

cdy hiang nim dat khoang

- Dién tich tu nhién 1a 84.699ha,

- Dan sd trung binh nam 2021:
41.944 nguoi, 10.396 ho. Mat do
dan s6: 49,52 nguoi/km? [4].

- Vian hoa: 1a mot huyén mién nai

cao, v6i 20 thanh phan dan toc anh

em cung sinh song. Trong do6, dan
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Xdc dinh rui ro sinh thdi cua mot so kim loai nang trong tram tich mdt tai séng Bong Miéu, tinh
udng Nam va dy bao hién trang sirc khoe moi truong bang cac mo hinh hoc ma

3.884ha; hinh thirc chan nuoi
nho 1€ tai cac hg gia dinh, chua
cO cac trang trai chan nudi tap
trung quy mo 16n

- Pinh huéng co ciu kinh té
giai doan 2025 va 2030: Tang
dan ty trong cong nghiép, tiéu
thu cong nghi¢p va thuong
mai, dich vy, giam dan ty trong

cua nong 1am nghiép

toc Cor, X¢é dang, Mo nong va nhém
nguoi Cadong la nguoi ban dia. Voi
da thanh phan dan toc nhu trén da
tao nén buc tranh vin hoéa sdng
dong, da sic mau gop phan 1am giau
ban sdc van hoa trén dia ban huyén

- Gido duc: Toan huyén co 44
truong hoc gém: 15 trudng mam
non; 14 trudng tiéu hoc; 13 truong
THCS va 2 truong THPT. Trong do

da c6 2 truong dat chuan qudc gia.

- Tong dién tich gieo trong
ciy hang nim 3.137 ha

- Tong dan gia stc 26.929;
tong dan gia cam 371.447

- Gia tri san xuat Cong

cung ky nam 2021; gia tri
Thuong mai - dich vu udc dat
2.074 ty dong (theo gia hién
hanh), tang 15,67% so voi
cung ky nam 2021

- Dién tich tu nhién la 45.455ha,

- Dan sé trung binh nam 2021:
67.188 ngudi. Mat do dan sb:
147,81 nguoi/km? [4].

- Van hoa — thong tin: thuc hién

Tién nghiép - Tiéu thi cong nghiép | tuyén truyén va phat thanh theo ké
3 | Phudce udc dat 950 ty dong (theo gia | hoach vao cac ngay 18 16n va sy kién
[3] hién hanh), tang 18,58% so vd1 | tai dia phuong.

- Gi1do duc: Toan huyén co6 48
truong hoc gém: 15 trudng mam
non; 16 trudng tiéu hoc; 15 truong
THCS va 2 truong THPT va 1 trung
tam day nghé.

Nguon: /1] Thuyét minh quy hoach ving huyén Phii Ninh giai doan dén nam 2030

[2] Thuyét minh quy hoach viing huyén Bac Tra My giai doan dén nam 2030
[3] Béo cdo tinh hinh Kinh té - Xa héi, Quoc Phong - An ninh huyén Tién Phudc
nam 2022
1.3. Hién trang chit lwong mdi trudng tram tich, nwéc mit va sirc khée nguoi
din tai Song Bong Miéu
1.3.1. Hién trang mdi truwdong tram tich, nwéc mit tai KVNC [5]
Trong céc song thudc khu vuc thuong ngudn hé thng song Thu Bon, séng Bong

Miéu c6 chét luong nudc thip nhat v6i nhidu thong sb vuot cot A2 caa QCVN 08-
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Xdc dinh rui ro sinh thdi cua mot so kim loai nang trong tram tich mdt tai séng Bong Miéu, tinh
udng Nam va dy bao hién trang sirc khoe moi truong bang cac mo hinh hoc ma

MT:2015/BTNMT, tham chi vuot cdt B1 nhu: TSS, Fe, Pb, Coliform. Ham lugng TSS
va Fe c6 xu hudong tang tir nam 2016-2018 vdi bién do 16n, vuot gidi han cho phép trong
nhiéu dot quan tric; dot bién vao thang 3/2018 ham luong Fe vuot cot Bl dén 59.6 lan,
TSS vuot 5,76 lan, nhung dén nam 2019 lai gidm trd lai. Ham luong Pb quan tric duge
trén séng Bong Miéu ciing thudng xuyén ¢ muc cao, vuot cot A2 véi tan suit 100% tix
nam 2015-2017, dot bién vao thang 3/2018 vuot cot B1 dén 49,8 1an dan dén hién tuong
c4 chét nhiéu trén song, dén nim 2019 ham lugng Pb giam dan con vugt cot A2 vao mot
s6 thoi diém. Nguyén nhén cua su gia ting ham luong Fe, Pb trén song Bong Miéu 1a
do tir khi Cong ty vang Bong Miéu ngimg hoat dong (nim 2016), loi dung dia ban sin
c6 nén tinh trang khai thac trai phép dién ra phirc tap 1am cho lugng dat d4 va quing thai
chura Fe, Pb cudn troi theo nude mua d6 ra song Bong Miéu gay 6 nhiém; vao nam 2018
d3 xay ra su ¢b v dap hd chira quing sau tuyén tai mo vang Bong Miéu (do Cong ty
CP Tap doan Khoang san cong nghiép 6666 lam cha dau tu) khién 10 m? bun dat va
nuéc thai chay tran ra sudi Trang va song Bong Miéu 1am gia ting 6 nhidm dot bién vao
thoi diém nay.
1.3.2. Cac van dé ndi cdm dodi véi mdi trwdng nwée mit [5]

Hoat dong khai thac khoang san, nhat 1a khai thac trai phép, tiép tuc gay ra nhiing anh
huoéng tiéu cuc dén chét lwong méi trudng nude mit phia thuong lru hé thong séng Vu Gia
- Thu Bon. Véi dic diém phan bd phan tan tai cac khu vuc c6 dia hinh hiém tré nén cong tac
kiém soat hoat dong khai thac khoang san gap rat nhiéu kho khan, nhat 13 cac hoat dong khai
thac trai phép mang tinh chat thu cong, tan thu khong cha y dén van dé BVMT, gay tiém an
nguy co cao xay ra sy c6 moi truong va 6 nhiém moéi truong nghiém trong.

Nhiéu trudng hop khai thac vang trai phép sau khi Céng ty TNHH vang Bong Miéu
thudc Tap doan Besra hét thoi han cap phép khai thac d giy mat an ninh trat tr, an toan xa
hoi trén dia ban va 6 nhiém nghiém trong nudc mit song Béng Miéu. Vao nim 2018 su cb
v dap ho chira quing sau tuyén da xay ra tai mo vang Bong Miéu ctia Cong ty Co phan Tép
doan Khoang san cong nghiép 6666 1lam cho 10 m? bun dat va nudc thai chay tran ra sudi
Trang va song Bong Miéu din dén nudc duc, ca chét hang loat, quan trac chat luong nudc
song Bong Miéu tai thoi diém do6 cho thiy ham luong TSS, Fe va Pb vuot nhiéu lan gidi han
cho phép...
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Xdc dinh rui ro sinh thdi cua mot so kim loai nang trong tram tich mdt tai séng Bong Miéu, tinh
udng Nam va dy bao hién trang sirc khoe moi truong bang cac mo hinh hoc ma

1.3.3. Hién trang chung vé sirc khée ngudi dn tai tinh Quang Nam va khu
vue Séng Bong Miéu [5]

Trong giai doan tir dau ndm 2016 -2019, ca tinh c6 hon 38,3 nghin ca méc cac bénh lién
quan dén 6 nhiém khong khi nhu viém phdi, viém phé quan; hon 45 nghin ca méc lién quan
than kinh va gidc quan (tai, mit, miii, da...), hon 90 nghin ca mic cac bénh lién quan dén 6
nhiém ngudn nudce nhu sét xuat huyét, ta, thuong han, ly, tiéu chay,... Cac thiét hai kinh té do
dau tu kham chita bénh méc phai, nghi viéc vi 6m dau (d6i v6i nguoi 16n), chim soc tré em
cling nhu nguoi mic bénh tao nén ganh ning cho toan cong dong.

Ngudn nude song & mot sé dia phuong hién cung cap nude sinh hoat, san xuat chinh
cho dén cu d6 thi va ving nong thon. O mét sé luu vue séng ¢ nhitng déu hiéu 6 nhiém tir
cac hoat dong khai khoang, nuéi tréng thity san, ngudn thai tir hoat dong cac ving dén cu,
khu cum cong nghiép. Cac tac nhan chinh trong nguén nude bi 6 nhiém nhu chudi vi sinh,
hoa chat, diu m&, kim loai nang... trong nguén nudc mat s€ tac dong truc tiép s¢€ gay kich
ting da, ngtra rat, di tmg man d6, dau mat... Cac bénh vé da thudng mac phai nhu ghé 16, nAm
da, viém da di tmg, mé day... va dic biét phu nit & nong thén dé mic cac bénh viém nhidém
phu khoa. Déan cu ndng thén ¢6 nguy co mac bénh cao hon do tiép xtc thudng xuyén ngudn
nudc sinh hoat tir séng, ao hd khong dam bao tiéu chuan vé sinh. Ngoai ra tac nhan do dong
vat va vat nuoi chét, cac ngudn thai hitu co gop phan tao mam bénh nguy hiém gy nén dich
bénh & ngudi va trén stc vat. Trong giai doan tir nim 2015 dén nay, Quang Nam c6 phan 16n
dién tich nudi trong thiy san c6 ngudn nude tir ao nudi bi 6 nhidm. Nguén nude ti dong cling
1a moi truong song chi dao cua cac loai con tring d6t 1am truyén nhiém cac bénh sét xuét
huyét, sét rét, viém ndo...

Bénh Iy lién quan dén 6 nhiém ngudn nudc xay ra hang niam véi tong s6 truong hop
mac bénh 1én dén hang chuc nghin ca. Riéng vé linh vuc an toan vé sinh thie phdm trong 5
nam qua (tr ndm 2016 dén thang 6/2020) chi tiéu s6 ca mac/100.000 ngudi dan 14 <7, trung
binh trong ca giai doan s6 ca méc/100.000 ngudi dan khdng ché ¢ mirc 1,4 (dat chi tiéu theo
yéu cau chung). Nguyén nhan chi yéu do tinh ngd doc thue pham khéng phai do yéu to vi
sinh, hoa chat... ma cht yéu do ngd ddc tu nhién 1a chinh, mét s6 truong hop khong xac dinh
duoc nguyén do. Mot sb trudng hop ngd doc thuc pham xay ra trong thoi gian qua ciing ¢6
lién quan dén viéc sir dung ngudn nude khéng hop vé sinh (do khong xir 1y trude khi dua vao
str dung).
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Xdc dinh rui ro sinh thai cua mot so kim logi nang trong tram tich mdt tai séng Bong Miéu, tinh
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Hinh 1.1. Ban do vi tri khu vuc nghién citu — Séng Bong Miéu, Qudang Nam

1.4. Tong quan vé hoc may va rng dung cic mé hinh hoc may trong quan ly moi

truong

1.4.1. Tong quan vé hoc may
1.4.1.1. Lich swr ra doi

Hoc méay (Machine learning) ra doi vao cudi nhitng nam 80 va dau nhitng nim
90. La tap hop con cua tri tu¢ nhan tao (Al - Artificial Intelligence) n6 cho phép may
tinh hanh dong va dua ra quyét dinh dya trén dit liéu dé thuc hién mét nhiém vu nhat
dinh. Cac chuong trinh nay 1a cac thuat toan dugc thiét ké theo cach ma chung c6 thé
hoc hoi va cai thién theo thoi gian khi tiép xuc vé6i dir liéu moi.
1.4.1.2. Khai ni¢m
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- Hoc may (Machine learning) 1a mot thuét ngir dé chi hanh dong may tinh tur hoc
dé cai thién mot nhiém vu ma nod dang thuc hién;

- Hoc may 13 mot nhanh cua tri thdng minh nhan tao, cho phép cac hé théng may
tinh dé hoc truc tiép tur cac vi du, dit li¢u va kinh nghiém;

- Hiéu suét cua may tinh khi thyc hién mét nhiém vu s€ tré nén tdt hon khi thuc
hién nhiém vu doé nhiéu lan. Hay noi cach khac kha nang co ban nhét ciia Machine
learning 14 sir dung cac thuat toan dé phan tich cac thong tin c6 san hoc héi tir né roi dua
ra quyét dinh hodc dy doan vé mét thir gi do co lién quan thay vi tao ra mdt ph?m mém
moi véi nhitng hanh dong huéng dan chi tiét dé thyc hién mot nhiém vu cu thé;

- May tinh dugc huin luyén bé“tng cach st dung mot luong 16n dir liéu va cac
thuat toan, nho d6 hoc cach thyc hién nhiém vu mdt cach ty dong. Néu khong c6 hoc
may, tri tué nhan tao s€ bi gidi han vi hoc may cung cép cho may tinh kha nang tu kham
pha ma khong can 1ap trinh cu thé cho ting tac vu.
1.4.1.3. Phan logi hoc may
Hoc may dugc phan lam 4 nhom [6]:

% Hoc c6 gidm sdt (Supervised learning): 13 thuat toan du doan dau ra ciia mot dir
liéu mé1 dya trén cac cap input, outcome da biét tr trude. Cap dir li€u nay con
duoc goi 1a dit liéu, nhin. Supervised learning 13 nhém pho bién nhét trong céc
thuat toan Machine Learning.

% Hoc khéng gidm sdt (Unsupervised learning): khong biét duoc két
qua hay nhan ma chi c6 dit liéu dau vao. Thuit toan Unsupervised learning s&
dua vao ciu tric cua dit liéu dé thuc hién mot cong viéc nao do, vi du nhu phan
nhom (clustering) hodc giam sb chiéu cua dir liéu (dimension reduction) dé thuin
tién trong viéc luu trir va tinh toan.

s Hoc ban giam sdt (Semi-supervised learning): 1a cac bai toan khi chung ta c6
mot luong 16n dir liéu nhung chi mot phan trong chiing duoc gan nhan. Nhing
bai toan thudc nhom nay nam gitra hai nhém duogc néu bén trén. Mot vi du dién
hinh ctia nhom nay 1a chi ¢c6 mot phan anh hodc van ban dugce gan nhan (vi du
btrc anh vé nguoi, dong vat hodc cac van ban khoa hoc, chinh tri) va phan 16n cac
btrc anh/van ban khéac chua dugc gan nhan dugc thu thap tir internet. Thyc té cho
thdy rat nhidu cac bai todan Machine Learning thudc vao nhém nay vi viéc thu

thap dit liéu c6 nhan ton rat nhiéu thoi gian va co6 chi phi cao. Rat nhiéu loai dir
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liéu tham chi cn phai c6 chuyén gia méi gan nhin duge (anh y hoc chiang han).
Nguoc lai, dit liéu chua c¢6 nhan cé thé dugc thu thap voi chi phi thép tlr internet.

*,

D)

» Hoc ting cwong (Reinforcement learning): 1a cac bai toan giip cho mdt hé
théng tu dong xac dinh hanh vi dya trén hoan canh dé dat duoc loi ich cao nhat
(maximizing the performance). Hién tai, Reinforcement learning chu yéu dugc
ap dung vao Ly Thuyét Tro Choi (Game Theory), cac thuit toan can xac dinh
nudce di tiép theo dé dat duoc diém sb cao nhat.

1.4.2. Ung dung cic md hinh hoc may trong quan ly méi truwong

Trong nhirng nim gan day, cac md hinh hoc mdy (machine learning) da duoc tmg
dung ngay cang rong rii trong linh vyrc moi trudng trén toan thé gi¢i nham phuc vy cong
tac giam sat, phan tich, du bao va ra quyét dinh quan 1y. Trén thé gidi, cic mo hinh nhu
Random Forest, Support Vector Machine (SVM), Artificial Neural Network (ANN), va
Gradient Boosting d3 duoc sir dung thanh cong trong céc bai toan du bao chét luong
khong khi, m6 phong 6 nhiém nuéc, xac dinh vung dat bi 6 nhiém kim loai nang, va
giam sat suy giam rimg thong qua dit liéu anh vé tinh. Chang han, mé hinh LSTM d4
dugc ing dung dé du bao chi sb cht luong khong khi (AQI) tai cac d6 thi 16n nhu Bac
Kinh, New Delhi v&i do chinh x4c cao, gop phan hd tro chinh sach kiém soat 6 nhiém.

Tai Viét Nam, cac nghién ctru ing dung hoc may trong moi truong tuy con moi
nhung dang c¢6 xu hudng phat trién manh. Mot s6 dé tai da ap dung cac mo hinh nhu
Random Forest va SVM dé phan tich chét luong nudc mat, dy bao n6ng do kim loai
ning trong nudc ngam, hoic danh gia nguy co strc khoe méi trudng tai cac khu vuc khai
thac khoang san nhu Thai Nguyén, Quang Nam. Nhitng mé hinh nay di cho thay tiém
nang 16n trong viéc hd tro co quan chirc nang va nha khoa hoc dua ra cac quyét dinh
nhanh chdng va chinh xdc hon trong quan ly va bao v¢ méi truong.

Nhin chung, viéc ing dung hoc may trong linh vgc méi trudong dang tré thanh xu
thé tat yéu, dic biét trong bbi canh 6 nhiém ngay cang gia ting va nhu cau xu 1y dir liéu
16n (big data) tir cc thiét bi cam bién, vé tinh, va hé théng quan tric tu dong ngay cang
cao.
1.4.2.1. RF — Random Forest (Rirng ngiu nhién) [7]

RF 1a 1 su két hop ctia cay du doan, nhu vay 1a mdi cdy phu thudc vao gia tri cua
vector ngiu nhién dugc 1dy miu doc 1ap (independently) va v&i sy phan b nhu nhau
cho tat ca cac cay c6 trong rimg. RF 12 mot loai ctia thuat toan tong hop (ensemble) duoc
goi 1a tong hop (aggregation) bootstrap va la mét trong nhiing phwong phap ML phd
12
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bién nhit. RF thuc hién (perform) mot du doan dua vao bién dau vao (x) xay ra & budc
tiép theo:

(1) Ly mau bootstrap va chon ngiu nhién mét tp hop con (subset) cua tap dit
liéu hoc c6 giam sat;

(2) Diéu chinh mot cdy bang cach sir dung phan vung dé quy nhi phan (binary
recursive partitioning);

(3) Bit dau véi tat ca quan sat trong mot nit duy nhat va lap lai dé quy cac budc
cho m&i nut ngat (unsplit) cho dén khi tiéu chi dimg duoc ap dung. Trong budc nay, 2
tham sb turning, mtry (s6 luong cac mau bién ngau nhién nhu cac tmg cir vién & mdi
phén) va ntree (sé lugng cay) dugc st dung. Cubi cung, dua ra mot dy doan cuia mot
diém méi x. Di véi hoi quy, gia tri trung binh ctia mot sd cay hdi quy 1a két qua cudi
cung.
1.4.2.2. SVM — Support vector machines (May hd trg vector) [7]

SVM la mot trong nhitng thuat toan phan 16p phd bién va hiéu qua. SVM 1a mot
khai niém trong thong ké va khoa hoc may tinh cho mét tip hop cac phwong phap hoc
c6 giam sat lién quan dén nhau dé phan loai va phan tich hdi quy. SVM dang chuan nhan
dir liéu vao va phan loai ching vao hai 16p khac nhau. Do d6, SVM la mdt thuat toan
phan loai nhi phan. V41 mdt bg cac vi du luyén tap thudc hai thé loai cho trudc, thuat
toan luyén tdp SVM x4y dung mot mo hinh SVM dé phan loai cac vi du khac vao hai
thé loai d6. Mot mé hinh SVM 13 mét cach biéu dién cac diém trong khong gian va lya
chon ranh giGi gitra hai thé loai sao cho khoang cach tir cac vi du luyén tap t6i ranh giéi
13 xa nhét c6 thé. Cac vi du méi ciing dugc biéu dién trong cting mot khong gian va duoc
thuat toan du doan thudéc mot trong hai thé loai tuy vao vi du do nam & phia nao cua
ranh gidi.
1.4.2.3. KNN - K nearest neighbors [K — dir liéu g?ln nhat) [7]

KNN (K-Nearest Neighbors) 1a mdt thudt toan hoc may thudc nhém hoc cé gidm
sat (supervised learning), dugc st dung phd bién cho cac bai toan phan loai
(classification) va hoi quy (regression). Vé ban chit, KNN 1a mot thuat toan dua trén
truong hop (instance-based) hodc dua trén by nhd (memory-based learning), do khong
xay dung mo hinh huin luyén cu thé ma chi luu trit toan bo tap dir licu huin luyén. Do
do, KNN dugc xem 1a mdt thuat toan hoc ludi (lazy learning), boi tat ca cac tinh toan
chi dugc thuc hién trong giai doan du doan khi c6 dir li€u méi can phan loai hoac du
doan gia tri.
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Nguyén 1y hoat dong ctia KNN duya trén viée tim kiém K diém dir liéu gan nhét
trong tap huén luyén ddi voi mot mau mdéi can phan loai, sau d6 dua vao cac dac diém
ctia cac diém l4n can nay dé quyét dinh dau ra cho mau méi. Viée do luong khoang cach
gifra cac diém dir liéu thuong st dung khoang cach Euclidean, tirc 1a khoang cach giita
hai diém trong khéng gian dic trung. S6 luong K 13 mot tham s do nguoi dung xéac
dinh trudc, va gia tri ndy anh huong truc tiép dén hiéu qua cua thuit toan.

Do KNN dya hoan toan vao viéc so sanh khoang cach véi cac diém 1an can gﬁn
nhat, nén c6 hai yéu to quan trong can duoc cht y: (1) cach thirc xac dinh va lga chon
ham do khoang cach phu hop, va (2) hiéu qua cua viéc tinh todn khoang céach trong cac
tap dir liéu 16n hoac cé s6 chiéu cao.

KNN c¢6 wu diém ndi bat 1a khong yéu cau giai doan huén luyén nén d6 phire tap
tinh toan gan nhu bang 0 trong giai doan nay, dong thoi khong doi hoi gia dinh vé phan
phdi ctia cac 16p dir lidu. Tuy nhién, nhugc diém 16n ciia KNN 14 rat nhay cam véi nhiu
khi gia tri K nho, dong thoi doi hoi tinh toan khoang cach véi toan bo tdp huin luyén
trong mdi 1an du doan, gy tiéu tén nhiéu thoi gian va tai nguyén, dic biét trong cac bai
toan co tap dit liéu 16n hodc nhiéu chiéu. Viéc luu trit toan bo dit liéu trong bd nhé ciing
c6 thé 1am giam hiéu ning cua thuat toan.

Tom lai, KNN 14 mot thuat toan don gian nhung hiéu qua trong nhiéu trudng hop,
v6i nguyén 1y dua vao thong tin cua K diém dir liéu gan nhat dé xac dinh dau ra cho dir
liéu méi. Tuy nhién, khi ap dung, can dic biét can nhic dén hiéu qua tinh toan va lya
chon tham s K phu hop dé dam bao d6 chinh xac va hiéu suat cia mo hinh.
1.4.2.4. Cubist (Lap thé) [8]

Lap thé (Cubist) 1a mot thuat toan dya trén cac nguyén tic (rules) dugc sir dung
dé xay dung cac mo6 hinh dy bao dya trén viéc phan tich dir liéu dau vao. N6 duge phat
trién dua trén sy mé rong cia mo hinh cay quyét dinh M5 cta Quinlan, John R vé&i kha
nang xir Iy 1én t&i hang nghin bién dau vao. Sau do, cdy quyét dinh M5 da dugc cai thién
bdi Wang, Yong va Ian H Witten véi hiéu suét tt hon. Dya trén thuat toan cay quyét
dinh M5 va su cai thién cia Wang, Yong va Ian H Witten, thuat toan Cubist da dugc
phat trién dua trén cac nguyén tac cia thuat toan M3.

Vé mit ly thuyét, thuat toan Cubist duoc thyuc hién qua 4 budc:
- Budc 1: Phan nhanh/chia tach dir liéu dé phat trién mot cdy quyét dinh

hoan chinh;
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- Buéc 2: Phat trién mé hinh hdi quy tai moi nut dé du bao dua trén dix liéu
da dugc phan nhanh/chia tach;

- Budc 3: “Cét tia” cdy dé tranh van dé “thiéu an khop” (under-fitting) hodc
“thira dn khép” (over-fitting) clia cac gia tri du bao so véi cac gia tri thuc té. Trong budc
nay, mot s6 bién phép cit tia duoc ap dung dé chudn hoa dit liéu va lam cho mé hinh

”

“hiéu

2

dir liéu hon trong qué trinh hoc/huan luyén/hudn luyén;
- Budc 4: “Lam min” cdy dé bu cho su gian doan qua phan nhanh/chia tach
dir ligu.

Thuét toan Lap thé 1a mot mo hinh hdi quy huéng du doan duoc mo ta boi
Quinlan (Quinlan, 1992) véi sira chita bé sung dwa vao lan can gin nhat (nearest
neighbors) trong tap huan luyén, nhu da mé ta & Quinlan (Quinlan, 1993). M6 hinh Lap
thé da duogc két hop bang cach st dung két hop tuyén tinh nhu sau:

Vpar = a.x.9, + (1 —a).x.9,
Trong d6: Yk 1a sy du doan tir thuat toan hién hanh; yp 1a mo6 hinh me & trén no
trong cdy; a 1a hé s 1am min.
Lap thé 12 mot mo hinh cdy, dong thoi (simultaneously) tao thanh (constitute)
mot tap hop cac quy tic (a set of rules) va mot s6 mo hinh hdi quy tuyén tinh. No6i cach

I4
Ayq2?

khac, Lap thé sir dung cau 1énh “Néu” va “Sau d6”, “Néu” 1a mot diéu kién va “Sau d6”
1a mot phwong trinh (equation) tuyén tinh dé tinh toan ra két qua. Hai tham s cta Lap
thé ¢ thé mic dinh (default) hodc diéu chinh duoc (tunable), bao gdm cac ban-sb lugng
cac hoat dong thic day (boosting) va 1an can-sb truong hop duoc sir dung dé sta du
doan dua trén quy tic.

1.4.2.5. LR — Linear Regression (Hdi quy tuyén tinh) [6]

Trong thong k&, hdi quy tuyén tinh 1a mot cach tiép can tuyén tinh dé mo hinh
hoa mdi quan hé gilta mot phan tng v hudng va mot hodc nhiéu bién giai thich (con
duoc goi la cac bién phu thudc va doc 1ap). Truong hop cia mot bién giai thich duoc
g0i 1 hoi quy tuyén tinh don gian; d6i véi nhiéu hon mot, qua trinh nay dugc goi 13 hoi
quy nhiéu tuyén tinh. Thuat ngit nay khac v6i hoi quy tuyén tinh da bién, trong d6 nhiéu
bién phuy thudc twong quan dugc du doan, thay vi mot bién vo huéng don 1é.

Trong hdi quy tuyén tinh, cic mdi quan hé dugc mo hinh hoa bang cach sir dung
cac ham du bao tuyén tinh ma cic tham s6 mé hinh chua biét dugc wde tinh tir dit liéu.
Céac md hinh nhu vy dugc goi 1a mo hinh tuyén tinh. Thong thudng nhat, gia tri trung
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binh c6 diéu kién ctia phan hoi cho cac gia trj ctia cac bién giai thich (hodc cac yéu td
du doéan) duoc gia dinh 1a mot ham lién két cta cac gia tri do; it phé bién hon, trung vi
c6 diéu kién hodc mot sb luong tur khac dugc stir dung. Giéng nhu tat ca cac hinh thirc
phan tich hdi quy, hdi quy tuyén tinh tap trung vao phan phdi xac suét c6 diéu kién cua
phan hoi cho cac gi tri cua cac yéu td du doan, thay vi phan phdi xac suat chung cua
tat ca cac bién nay, 1a linh vuc cta phan tich da bién.

Nghiém cho bai toan Linear Regression:

Ham mat mat * £(w) c6 dao ham tai moi w. Viéc tim gid tri t6i uu cta w c6 thé
duogc thyc hién thong qua viéc giai phuong trinh dao ham cta £(w) theo w bang khong.

Pao ham cia ham Linear Regression:
VEW) _

(X Tw-
%) NX(X w-y) (1)
Giai phuong trinh dao ham bang khong:

VE(w) _ o
Yo 0 <& XX'w=Xy (2)

Néu phuong trinh XX" kha nghich, phuong trinh (2) c¢6 nghiém duy nhat w=
(XXT) "Xy
Néu ma tran XX" khong kha nghich, phuong trinh (2) s& vo nghiém hoic vo s6
nghiém. Luc nay, mot nghiém dac bi¢t ciia phuong trinh co thé duoc xac dinh dua vao
gid nghich ddo (pseudo inverse). Ngudi ta chimg minh duoc rang véi moi ma tran X,
ludn t6n tai duy nhat mot gia tri w ¢6 1 norm nhé nhat gitp t6i thiéu || X w-y][r. Cu thé,
w= (XX1)Xy. Trong @6 ((XX")!1a gia nghich dao cua XX'. Gia nghich dao ciia mot ma
tran A luon ludn ton tai, thdm chi ca khi ma tran do khong vuong. Khi A 1a vuong va
kha nghich thi gia nghich dao chinh 1 nghich dao. Nghiém ciia bai toan tdi vu:
w= (XX Xy
Han ché cia Linear Regression:
- Rét nhay cam voi nhiéu cho nén trudc khi thyc hién linear
regression thi nhidu cin phai duoc loai bo (tién xir 1)
- Khong biéu dién dugc cac mé hinh phirc tap.
1.4.2.6. CART - Classification and Regression Trees (cAy phan tich va ciy hoi quy)
[6]
Thuéat toan nay da dugc mo ta lan dau tién bdi Breiman L (1984) va dugc phat
trién v4i cac bién mo hinh nhu RF, CART c¢6 thé duoc ap dung vao van dé du doan phan

tach hodc hdi quy. Y tudng cia thudt toan nay 1a moét mo hinh du doan don gian nhung
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manh m¢ (robust). Trong phuong phap nay, dir li¢u dugoc phan vung doc theo cac truc
(axes) du doan thanh cac tap hop con (subsets) voi gia tri ciia bién phu thudc, noi ma
ciy quyét dinh duoc tao ra dé dua ra cac dy doan tir cac quan sat (observations) moi.
Mo hinh CART duoc trinh bay lai nhu mét cay nhi phan (binary tree). Mdi nut gdc duoc
trinh bay mét bién du doan lién tuc (x) va mot diém phan tach trén diém d6. Tir nat gbc,
cac nut 14 ciia ciy duogc tao bang (generated with) mot bién dau ra (y) dugce st dung dé
tao ra dy doan. Qua trinh tiép tuc di dén du doan cudi cing, ndi cach khac, cho dén khi
mot cay phu hgp duoc xay dung.

1.5. Tong quan vé kim loai ning

1.5.1. Khai niém vé kim loai niing

Kim loai ning (KLN) 1a thuat ngit dung dé chi cac nguyén té kim loai c6 ty trong
16n hon 5g/cm’[1]. Trong d6 cac 4 kim nhu asen, selen ciing duoc xem 1a nguyén t6 kim
loai nang. Ty trong ciia mat s6 kim loai nang cy thé: chi (Pb) - 11,3g/cm?, cadimi (Cd)
- 8,6g/cm?, thuy ngan (Hg) - 13,5g/cm?, crom (Cr) - 7,19g/cm?, dng (Cu) - 8,96g/cm?,
k&m (Zn) - 7,1g/cm?, asen (As) - 5,7g/cm’.

1.5.2. Nguon goc 6 nhiém va ddc tinh ciia mot s6 kim loai ning

Kim loai 1a nhém nguyén t6 di dugc con ngudi biét dén va tmg dung tir rat sém
trong doi sdng va san xuat cong nghiép. Mot sb kim loai dong vai tro 13 nguyén td vi
luong thiét yéu, can thiét cho hoat dong séng ctia co thé con ngudi va sinh vat. Tuy
nhién, khi ton tai & ndng d6 cao, cac kim loai ndy c6 thé trd nén doc hai va giy anh
hudng nghiém trong dén sirc khoe ciing nhu mdi trudng sinh thai. Trong s6 118 nguyén
t6 trong bang tuan hoan, c6 khoang 90 nguyén té dugc xép vao nhom kim loai, trong d6
khoang 30 kim loai va ban kim loai d3 duoc nghién ctru chuyén sdu vé mirc do doc hai
d6i voi con ngudi va hé sinh thai.

O nhiém kim loai ning c6 thé bat ngudn tir ca yéu t6 tu nhién nhu phong héa
khoang vat, hoat dong nui ltra, chay rimg, ... va cac ngudn do con ngudi gay ra, ma trong
d6 cac hoat dong nhan sinh 13 nguyén nhan chi yéu. Cac ngudn 6 nhiém kim loai nang
do con ngudi bao gom:

Hoat dong nong nghiép sir dung héa chat bao vé thue vat: Trong hon mot thé
ky qua, cac hop chat nhu chi hydro asenat, canxi asenat, dong sunfat, dong oxyclorua,
d6ng hydroxide va thily ngan sunfat di dugc stir dung dé phong trir sau bénh va nam hai
ciy trong. Dt mot s6 chét hién nay da bi han ché hodc cam str dung, du lugng cta chung
c6 thé van ton tai trong moi truong, bam 1én ciy co, sau do bi rira troi vao dat va ngudn
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nude, tich liy 1au dai va gdy anh huéng dén hé sinh thai. Cac nguyén t6 kim loai ning
nay c6 kha ning tao phurc véi cic chat hitu co trong dat nhu axit humic, axit fulvic hodc
hép phu 1én bé mit cac hat keo, khién chiing c6 xu huéng tich tu 1au dai trong moi truong
dat.

Bun thai tir hé théng thoat nwée va xir Iy nwée thai: Bun cdng 1a san phdm phu
clia qua trinh keo tu, ling trong hé théng xir Iy nude thai, hodc tir qua trinh ria troi ty
nhién. Loai bun nay thuong chira ham lugng cao céac chét hitu co, dudng chit nhu nito,
photpho va cac nguyén té khoang vi lwong nhu kali, canxi, magie. Tuy nhién, trong bun
cling tdn tai lugng 16n cac kim loai nang doc hai nhu cadimi, déng, niken, crom va kém.
Viéc sir dung bun chua xur Iy k¥ 1am phan bon hoic cai tao dat co thé gdy 6 nhiém dat
canh tic va ngudn nudc. Do d6, can c6 quy trinh quan 1y chit ché dé giam thiéu nguy
co 6 nhiém moi trudng tir ngudn bun thai nay.

Khai théac va ché bién khoang san: Cac hoat dong khai thac va luyén kim 1a mdt
trong nhitng ngudn phat thai kim loai nang 16n nhat ra mdi trudng. Trong qué trinh khai
thac mo, cac cong doan nhu nghién, tuyén quing tao ra lugng 16n chat thai chira kim
loai, duoc thai ra dudi dang bun, nudc thai hodc quing nghéo bi loai bo. Nhitng chat
thai nay c6 thé gay 6 nhiém dit, nudc va trdm tich, anh huong dén hé sinh thai va doi
song sinh vat. Ngoai ra, qua trinh luyén quing trong cac 10 ndu con tao ra xi thai va hoi
kim loai dé& phat tdn ra moéi truong xung quanh. Cac co s¢ luyén kim, ma kim loai, dac
hop kim... cling gop phan phat tan cac kim loai nang nhu chi, thuy ngan, asen, niken,
déng, crom, bac, vang,... Tai cac khu vuc gén 10 luyén kim, néng do kém trong 16p dat
mat hitu co c6 thé dat téi 1,6 — 2% trong pham vi ban kinh chi 0,3 km.

Cac nguf‘)n phat thai khac: Viéc ddt nhién liéu héa thach nhu than d4, dau mé,
khi tu nhién trong cong nghiép, san xuat dién, giao thong van tai, sinh hoat... tao ra mot
luong 16n kim loai nang nhu thiy ngan, asen, cadimi, chi, crom, niken,... Trong do, cac
nguyén t6 dé bay hoi nhu thity ngan va cadimi co thé phét tan & dang khi, trong khi cac
kim loai khac thuong ton tai & dang hat min trong khong khi. Bén canh d6, nudc ri rac
tir cac bai chon lap chat thai ran va khi thai tir hoat dong d6t rac (cong nghiép, sinh hoat,
y t&) cling 1a ngudn gy 6 nhiém kim loai dang ké. Trong qua khu, viéc st dung xing
pha chi trong phuong tién giao thong ciing 1a nguyén nhan khién luong 16n chi phét tan
vao khong khi va méi trudng dat.

Tém lai, 6 nhiém kim loai ning c6 thé phat sinh tir ca nguén tu nhién 1an cac hoat
dong clia con nguoi. Trong pham vi nghién ctru nay, toi s& trinh bay vé ngudn gbc phat
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sinh va muc d6 doc hai cua 7 thong sé kim loai ning chinh c6 ¥ nghia trong danh gia
chét luong moi truong.

a. Asen [11]

* Nguon goc phdt sinh

- Qua trinh khai khoang va nghién loc quing,

- Cac chit phé thai trong san xuét cong nghiép,

- Str dung phan bon c6 chtra Asen.

* Doc tinh cua Asen

Asen 1a mot chat doc co tinh tich Iily. Asen gay doc cho co thé khi chiing xam
nhap vao co thé théng qua tiép xuc véi da, qua dudng tiéu hoa, qua dudng ho hip. Sau
khi duoc hép thy, As vao gan, than, tim, xuong, 16ng, toc, da, mong, nao,...Asen hiru
co dé dang hap thu qua da va mang rudt hon.

Nhiém doc cap tinh: Khi co thé hip thu As qua dudng tiéu hoa giy t6n thuong
manh dén hé tiéu hoa, giy rdi loan than kinh, khi ndng d6 As 1én dén 60mg/L c6 thé gay
chét. Khi hit phai khong khi, khoi, hoi chita As s& gdy ton thuong hé ho hap nhu kho
th, ho, gay rdi loan than kinh nhu dau dau; chong mit va gay viém loét da do tiép xuc
VOl As.

Nhiém d6c méan tinh: Tiép xtc voi As & ndng do thap trong thoi gian dai s& gy
viém da, nhiém sic té da, ton thuong niém mac, viém két mac, kich tng dudng ho hap
trén, roi loan da day - rudt, rdi loan than kinh thoi gian tiép xtic cang dai s& gdy nén ung
thu da, ung thu bang quang va ung thu phoi.

b. Chi

* Nguon goc phdt sinh

Chi (Pb) 1a mdt trong cac kim loai ning c6 anh hudng nhiéu t6i 6 nhidm moi
truong, vi nd c¢6 kha nang tich luy 1au dai trong co thé va gay nhiém doc t6i ngudi, dong
vat thuy sinh qua day chuyén thuc pham. [10]

Mic du Pb xuét hién trong moi trudong tu nhién ¢ dang vét, néng do chi trong vé
trai dat vao khoang 20ppm, néng do Pb trong cac ngudén nudc thién nhién khoang Spg/l,
ngudn chi phat tan vao moi truong do cac hoat dong tu nhién (nii lira, chay rimg, ri chay
tir quang mo) chi chiém mot phan nhé so véi ngudn nhan tao, do cac hoat dong ctia con
ngudi. Theo thong ké co téi 360 nghé sir dung chi va cac hop chat chi vo co nhu dot
nhién liéu hoa thach, khai thac khoang san, str dung dc quy chi, son cong nghiép chira

chi (Pb304 mau do, PbSO4 mau tring, PbCrOs mau vang), sit dung thudce trir sdu cd chira
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chi (PbHAsO;), men d6 gbm (PbO), st dung xing pha chi (tetraetyl chi) mot chat chéng
kich nd, chat thai, nudc thai ciia mot sb nganh cong nghiép co6 sir dung chi. Nhiéu hop
chét ctia chi khong tan, khi thai bé vao méi trudng s& sa ling vao méi trudng bun day.

*Doc tinh cua chi [11]

Céc hop chit cua chi duge hap thu chi yéu qua duong ho hip va qua da, mot
phan qua duong tiéu héa. Cac hoi, khoi, bui chi dé dang thAm nhap qua dudng ho hap
di vao co thé. Chi vo co hap thu qua da rét it, chi hitu co thi d& dang hip thy qua da va
thanh rudt hon cac hop chat chi vé co.

Triéu ching nhiém doc cép tinh xuat hién khi ham lugng chi dugc hép thu vao
co thé trén 2000mg/kg thé trong. Triéu chimg hay gip 13 tdo bon, nén mua, dau bung
trén, truy tim mach, trong trudng hop ning c6 thé dan dén tir vong.

Nhiém doc mén tinh do tiép xtic v6i chi trong mot thoi gian dai. Biéu hién ban
dau 12 mét ngu, biéng an, chan ring c6 vién den, nudc bot cd vi tanh cua kim loai.
Truong hop nhiém doc ning s& bi thiéu mau, viém ndo & tré em, viém than man tinh.
M0t sd tré em bi di tit bAm sinh nhu bo ndo chim phat trién, hong than do me tiép xuc
v6i chi khi mang thai.

c. Cadimi

* Nguon goc phat sinh

Cadimi (Cd) 14 kim loai mau trang, d& kéo dan va dat mong. Cadimi phan bd rong
rdi trong vo trai dat véi ndng do trung binh khoang 0,1mg/kg. Mirc do tich lity cao nhat
clia cac hop chat chira Cd trong moéi truong tram tich khoang 15mg/kg.

Cadimi trong tu nhién ¢ 1an trong quing K&m, 1a san phim phu cia qua trinh
khai thac, luyén quing kém, chi. Cadimi con duoc giai phong ra trong qua trinh d6t than
da, réc thai va cong nghiép luyén thép. Cadimi duoc dung chu yéu 1a cyuc cua pin dién,
chét tao mau, tao do cting cho nhya, men. Trong ndng nghiép, st dung rong rdi phan
photphat c¢6 1dn Cd gay 6 nhiém méi truong dat nong nghiép.

* Poc tinh cua Cadimi [11]

Triéu chtng nhiém doc cap tinh do an phai cadimi 12 nudc bot tiét ra nhiéu, budn
nén va nén mira lién tuc, chay mau, choang vang va ngét.

Nhiém doc man tinh: Thuong xuyén giam nhay khiru gic, xuat hién viém miii,
viém phé quan va nhét 1a thung phé quan do tac dung kich mg cta cadimi trén niém
mac duong hd hap. Khi tiép xuc trong dai v6i cadimi s& gay bénh nhuyén xuong, tran

khi, suy thén, suy gan.
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d. Thuy ngan
*Nguon goc phdt sinh
Céc hop chit thuy ngan duoc Gmg dung rong rii trong cic nganh ky thuat khac
nhau (qua trinh dién phén, xtc tac, hoa chat bao vé thuc vat...). Téng san lugng thuy
ngan wén toan cau khoang 10.10° tin/nim [10].
* Poc tinh cua Thuy ngdn

Thiy ngan va cac hop chit cua thiy ngan chu yéu hap thu qua duong ho hip,
khoang 80% hoi thily ngan va metyl thity ngan trong khong khi hap thu véo co thé qua
duong ho hap, do tinh d& tan trong m& nén metyl thiy ngan va phirc chat thily ngan hiru
co dé dang hap thu qua da va qua mang rudt. Metyl thity ngan 13 hop chat rit doc, gy
nguy hiém cho n#o, c6 kha ning tich liiy trong cac md md, ddy 13 nguyén nhan giy ra
bénh Minamata ¢ Nhat vao thap nién 1950, do cu dan da ti€u thu ca c6 chira metyl thuy
ngan.

Céac biéu hién cua ngd doc cép tinh 1a ho, kho6 tho, thd gép, s6t, budn ndn, hon
mé, dau da day va co thit & vung nguc. Ngd doc nang khi an phai lugng 16n thuy ngan
thi c6 thé dan dén tir vong.

Tiép xuc 1au dai v6i thuy ngan thi c6 thé giy ra céc triéu chimg sau:

- Vang da do suy yéu chung ning cta gan

- Réi loan tiéu hoa do suy yéu hoat tinh ctia men tiéu hoa

- Protein niéu

- Viém loi do lwong Hg thai qua tuyén nudc bot tich dong & chin ring

- Céc bénh lién quan dén ndo va hé than kinh nhu dau dau, rdi loan than kinh dan
dén noi lép, run tay, méat cam giac, co giat... va co thé bi teo v tiéu ndo

Nhiém doc man tinh: Khi tiép xtc v6i ndng do thay ngan thap trong thoi gian
dai, gdy anh huong 1én hé than kinh trung wong, gay rdi loan tiéu hoa do suy giam hoat
tinh ctia men tiéu hoa, & nong d6 0,01mg/m? giy ra triéu chig mat ngu, kém an.

e. Bo”‘ng
* Tinh chdt va nguon goc phat sinh

Céc ngudn giy ra 6 nhiém dong cho mdi trudng nhu khai thic mo, nghién, niu,
tuyén quang. Tir phé thai ciia qué trinh ma dong, gia cong my nghé. Trong nong nghiép
cac mudi va oxit cuia dong duge ding dé diét ndm, tao, sir dung trong phan bon.

* Poc tinh cua Dong
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Phoi nhiém dong: O ndng d6 cao rit doc cho co thé, ubng nude co chira ddng 16m
hon 3mg/l s& giy ra hoi chimg da day - rudt, bao gdm nén mira, tiéu chay. Nudt phai
moét luong 16n dong, thuong 1a dong sunfat c¢6 thé gay non 6i, tiéu chay, co thé giy co
giat, hoai tir gan va chét [12].

Trong moi trudng sinh thai, déng 6 hoat tinh diét nAm, vi thé hé vinh vat khac
cling chiu anh hudng tir ddng. Trong hé sinh thai thuy sinh, c4 va giap xac néi chung rat
nhay cam vé&i dong gap 10-100 1an so voi dong vat ¢6 vi, tao gip 1000 lan. Pong tich
tu trong tram tich & ndng d6 cao ciling gy anh huong dén dong vat day.

f. Kém

* Nguon goc phdat sinh

Cac nguén phat sinh cua kém bao gém ma dién, luyén kim va ché bién quang.
Hon nira, kém 1a mot thanh phﬁn quan trong cua duc kim loai, hgp kim khéc, son, dac
biét la qua trinh ma kim loai kém, dé béo vé 16p vat liu bén trong. Hoat dong phat thai
kém ra moi trudng do con ngudi vuot xa lugng phat thai tir cac ngudn ty nhién. Udc
tinh phat thai 26,76 tAn kém vao nudc mat tir 389 co s& san xuét va cac co so ché bién
tai My vao ndm 2002, chiém khoang 0,1% téng lugng phat thai ra moi truong udc tinh
[13].

* Doc tinh cua kem

K&m 12 mot nguyén t6 dinh dudng thiét yéu cho tit ca cac sinh vat, 1a nguyén td
can thiét cho mot luong 16n enzyme hoat dong trong co thé. Tuy nhién khi tiép xuc voi
mot luong 16n s& gay anh hudng dén co thé. Phan 16n cac anh hudéng ciia kém dén co
thé do tiép xtc qua duong ho hip, khi hit phai cac oxit k&m gay kich ung hé ho hip, dau
va kho ¢co hong, dau nguc va kho tho [13]. Ngoai ra, kém di vao co thé béng duong an
ubng v6i ham luong vuot qua 40mg mdi ngdy trong thoi gian dai, s& giy ra tinh trang
ngd doc vdi cac biéu hién nhu st, ho, budn ndn, khé thé, r6i loan tiéu hda, rdi loan phan
rng mién dich.

g. Crom

* Nguon goc phdt sinh

Crom c6 nhiéu Gng dung nhu san xuét sit hop kim crom va nhiéu hop kim khac
chtra coban hay niken, ché tao thép khong ri, cac cromat khic dugc san xuat bang nau
chay, nudng va chiét tich. Crom thuong duoc dung trong cac san pham nhudém. Trong
cong nghiép, crom dugc dung trong san xuét cac hop kim sat - crom, tinh luyén quing,

ma kim loai, st dung Cr lam chit bat va gilt mau trong nhudm len, da, 16ng, sac to trong
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son, muec,... Trong ty nhién Cr phat tan chil yéu do hoat dong cta nai ltra [12].
* Poc tinh cua crom

Crom xam nhép vao co thé qua dudng ho hap, da va dudng tiéu hoa. Crom c6 tinh
doc cao ddi v6i con ngudi va dong vat. Kha ning gy doc cua Cr(VI) manh hon nhiéu
so v6i Cr(III). Khi xAm nhip vao co thé crom s& hoa tan vao mau, lién két véi té bao
mau doé va dugc van chuyén dén cac co quan khac nhau (gan, phdi, than,...). Hip thu
Cr(VI) qua dudng an udng co6 thé gay hu hai tiéu cau va c6 thé gy chét. Cr(VI) 1a chat
in mon, no cling gy ra 16 loét da, bénh cham da khi tiép xuc. Sy hit thd phai Cr(VI),
nhu byi cromat hodc axit cromic, c6 thé gay loét mang nhay miii va lam thung vach miii,

co that phé quan.
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CHUONG 2: PANH GIA HIEN TRANG CHAT LUQONG MOI TRUONG
NUOC VA TRAM TiCH MAT, XAC PINH RUI RO SINH THAI CUA MOT
SO KIM LOAI NANG VA DU BAO SUC KHOE MOI TRUONG BANG CAC

MO HINH HQC MAY
2.1. Khao sat chit lwong madi trudng, hién trang sitec khée méi trudng va nguoi dan
tai khu vue séng Bong Miéu, xd Tam Léinh, huyén Phia Ninh, tinh Quang Nam

Phuong phap 1ap phiéu khao sat diéu tra: khao sat nguoi dan vé sy thay d6i chat

luong méi trudng séng va cac bénh tat cia ngudi dan sdng tai khu vuc song Bong Miéu.
Pénh gia hién trang chit lugng mdi trudong nudc va tram tich, xac dinh rui ro sinh thai
ctia mot sd kim loai nang va dy bao strc khde moi trudong béng cac mod hinh hoc may tai
khu vuc nghién ctru.
% C& méu khdo sdt:
- Cong thirc xac dinh ¢& miu theo TT 03/2025/BLPTBXH [14]:

_ N
" 1+ N xe?2

no
- Trong do6:
n: sd luong mau can xac dinh
N: s6 ho dan tai khu vuce khao sat (N=380)
e: Sai s6 cho phép
- Khi tinh ¢& mau cho toan nganh thi sai s6 e cho phép khong qua 10%.
- Khi tinh ¢& mAu trong mot doanh nghiép cu thé cia timg nganh thi sai sé e cho
phép khong qua 20% ddi voi doanh nghiép c6 dudi 1.000 ngudi lao dong lam
nghé, cong viéc dugc danh gia; khong qua 10% dbi véi doanh nghiép co tir 1.000
ngudi lao dong tré 1én 1am nghé, cong viée duoc danh gia.

no = % =25 (nguoi)

Pé dam bao tinh dai dién va da co s& dé két luan vé hién trang suc khoe moi
truong, sinh vién tién hanh khéo sat 50 nguoi dan tai thon B6ng Miéu, xa Tam Lanh,
huyén Pha Ninh, tinh Quang Nam (Mo vang Bong Miéu). Két qua thu thap duoc s&
mang tinh tham khao va s& gitip cung cap nhitng théng tin so bd, hd tro viéc hinh thanh
cac danh gia ban dau cho nghién ciru.

2.1.1. Péi twong va vi tri khdo sdt
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Hinh 2.1. Vi tri ldy phiéu khdo st hé dan xung quanh séng Bong Miéu
- P6i tugng 1dy phiéu khao sat gdm cac ho gia dinh sinh séng gan song Bong Miéu
- Pham vi 14y phiéu khao sat: Khu dan cu gan song Bong Miéu nhu Hinh 2.1
2.1.2. Thoi gian ldy phiéu khdo sdt
- Thoi gian: Tir 27/03/2025 dén ngay 29/03/2025
- S6 lugng phiéu khao sat: 50 phiéu
- Thoi tiét:
e Nhiét dg: 24-27°C
e Huéng gi6 chu yéu: Pong Nam
e Do am tuong dbi: 72%
- Tinh hinh chét lugng moi truong tai thoi diém di khao sat: troi néng nhe, gi6 nhe,
nhiéu may
2.1.3. Phin tich két qua khao sat
Phuong phap xtr 1y sb liéu: Két qua phéan tich dugc thong ké bang phan mém

Microsoft Excel.
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MOI TRUONG NUOC

M Binh thuong

m O nhiém it/ 6

MOI TRUONG KHONG KHIi

B Binh thuong

m O nhiém it/ 6

nhiém nhiém
MOI TRUONG DAT HIEN TRANG SU DUNG NUOC
S8 hd dan khéng st dung
may loc
H Binh thuong

Sé ho dan str dung _
may loc nwéc
m O nhiém it/ 6
nhiém

0 20 40 60

Biéu d6 2.1: Biéu do danh gid tinh trang méi truong tai khu viee nghién ciru
Nhén xét:
Trong nghién ciru nay, nhom khao sat da thu thap 50 phiéu khao sat tir cac ho dan trong
téng s6 380 ho dan tai khu vuc nghién ciru. Dé dam bao riang két qua khao sat c6 thé suy
rong ra toan bd dan sb nghién ctiru voi do tin cdy théng ké, dé tai da ap dung cong thirc
xac dinh ¢& mau theo TT 03/2025/BLDTBXH. Két qua cho thdy ¢& mau tbi thiéu can
thiét 1a khoang 40 ho dan. Vi vay, c6 thé xem két qua khao sat 1a c¢6 y nghia thong ké va
c6 thé suy rong ra toan bd khu vuc nghién ctru véi do tin cay tuong dbi cao.
- Ngudn nuéc sinh hoat: Toan bd s6 ho dan duoc khao sat (100%) st dung nude
giéng cho muc dich sinh hoat. Trong d6, 85% s6 hd (twong tng 42/50 hd) c6 st

dung thém thiét bi loc nudc nham cai thién chat lugng ngudn nude.
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Xdc dinh rui ro sinh thai cua mot so kim logi nang trong tram tich mdt tai séng Bong Miéu, tinh
udng Nam va dy bao hién trang sirc khoe moi truong bang cac mo hinh hoc ma

- Chit lwgng mdi truomg nuwée: Co 68% phiéu khao sat (34/50) danh gia chat
lrong nude ¢ mac 6 nhiém hodc it 6 nhidm. Cac ngudn giy 6 nhidm chu yéu
duoc xac dinh 13 do hoat dong khai thac vang va sinh hoat hing ngdy ciia ngudi
dan. Mot sb ddu 6 nhiém duoc nguoi dan phan anh gff)m hién tugng nudce bi duc
mau va xuét hién mui la.

- Chit lrgng méi trudomg khong khi: Chi c6 20% s ho (10/50 phiéu) danh gia
moi truong khong khi bi 6 nhiém hodc it 6 nhiém. Nguyén nhan chi yéu 1a do
hoat dong van chuyén gd bang xe tai, gdy hu hong dudng giao thong, phat sinh
bui min va anh huong dén chat lugng khong khi khu vuye.

- Chit lwong mdi trudng dit: Ty 18 ho dan danh gia moi trudng dat bi 6 nhiém
hoic it 6 nhiém 1 6% (3/50 phiéu khao sat). Nguyén nhan chinh duoc xac dinh
la do hoat dong khai thac vang. Biéu hién cua 6 nhiém dat duoc nguoi dan ghi
nhan 13 hién twong giam ning suét cdy trong, dic biét 1a cac loai ciy n qua.

> Két quad khdo sdt hién trang sirc khée ngwoi dan tai khu viee nghién civu

Biéu do hién trang strc khée ngudi
dén tai song Bong Miéu

® Khéng méc bénh E E

B Méac bénh

Ditngda Céc bénh vé Cac bénh vé
dwongtiéu  dwong ho
hoa hap

Biéu do 2.2: Biéu do két qud khdo sat sirc khée nguwoi dan song tai KVNC
Nhén xét:
Két qua khao sat cho thay ty 1¢ nguoi dan mac cac bénh lién quan dén da lidu, dudng
tiéu hoa va duong ho hap chiém khoang 30% (twong dwong 15/50 phiéu khao sat). Trong
do, phu nir chu yéu gap cac van dé vé di ung da, ngtra da,... Trong khi d6, nam gioi
thuong mac cac bénh vé duong tidu héa va dudng ho hap. Pang chu ¥, mot trudng hop
dugc ghi nhan mac ung thu dudng tiéu hoa & giai doan cudi.

* Khdo sdt, diéu tra tai Bénh vign Pa Khoa Quing Nam
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Xdc dinh rui ro sinh thai cua mot so kim logi nang trong tram tich mdt tai séng Bong Miéu, tinh
udng Nam va dy bao hién trang sirc khoe moi truong bang cac mo hinh hoc ma

Bdng 2.1. Théng tin vé tinh trang sirc khde ciia nguoi dan tai khu vue nghién ciru do

Bénh vién Pa Khoa tinh Quang Nam cung cdp

S6 liéu ngudi bénh mic cac bénh vé dwong hé hip, bénh ngoai da khu vire huyén
Phii Ninh kham va diéu tri tai BV PK Quang Nam nim 2024 dén nay

No6i dung Bénh vé duong hé hap Bénh ngoai da
Diéu tri noi tra 487 75

Kham bénh 1343 209

Téng 1830 284

\
L 1"\1 % ha've o
Hinh 2.2. Khdo sdt, diéu tra thuc té tai Bénh vién Pa Khoa tinh Quadng Nam

A

* Nhdn xét chung:

- Két qua phong van tryc tiép cho thiy ty 1& ngudi mic bénh vé da cao hon so vai bénh
vé dudng ho hap (24% so v6i 6%). Tuy nhién, khi so sanh véi s6 lidu tir bénh vién, sb
ca bénh vé duong ho hip lai chiém ty 18 cao hon (1.830 ca) so v&i bénh ngoai da (284
ca). Su khac biét nay co thé do nhiéu nguyén nhan. Thir nhét, bénh vé da thuong c6 biéu
hién nhe, khong qua anh hudng nghiém trong dén sinh hoat nén nguoi dan co thé tu diéu
tri tai nha hodc khong di kham, din dén sb liéu tai bénh vién thép hon thuc té. Nguoc
lai, cac bénh vé duong ho hép, dac biét la cac bénh man tinh, hen suyén, viém phé quan,
thuong gdy anh hudng truc tiép, nang né dén strc khoe va sinh hoat hang ngay, budc
ngudi dan phai dén co so y té kham chira bénh, nén sb liéu ghi nhan tai bénh vién cao
hon nhiéu so véi ty 1& phan anh qua phong van. Ngoai ra, ngudi din c6 thé quen véi cac
biéu hién bénh ngoai da va it quan tdm, trong khi bénh ho hap d& gay lo ling hon, tir d6
tao ra su khéac biét vé xu hudng gitra hai nguén dir liéu.
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Xdc dinh rui ro sinh thdi cua mot so kim loai nang trong tram tich mdt tai séng Bong Miéu, tinh
udng Nam va dy bao hién trang sirc khoe moi truong bang cac mo hinh hoc ma

- Tuy nhién, ngoai cic nguyén nhén trén, c6 thé gia thiét ring tam 1y lo ngai, e dé cua
ngudi dan cling gbp phan 1am sai 1éch két qua khao sat truc tiép. Khu vuc khao sat 1a
diém nong vé khai thic vang trai phép, nhiéu ho dan c6 tham gia hoic lién quan dén
hoat dong nay, do d6 ho ¢ thé han ché cung cp thong tin trung thuc, sg anh huéng dén
cd nhan hoac cong déng khi lam viéc v6i nguoi la, dac biét 1a trong cac ndi dung nhay
cam lién quan dén strc khoe, moi trudng.
- biéu nay cho théy viéc thu thap thong tin tai cac khu vuc nhay cam can c6 su chuén bi
ky ludng vé cach tiép can, ky ning phong véan ciling nhu can két hgp nhiéu nguén dix
lidu (tir cong ddng, y té, moi truong, chinh quyén dia phuong) dé dam bao tinh khach
quan, day du. Pong thoi, két qua khao sat ciing cho thiy murc d6 anh hudng tiéu cuc cua
moi trudng dén stirc khoe ngudi dan 13 van dé dang lo ngai, can c6 sy quan tdm tir cac
cip chinh quyén, t6 chtic y té, moi trudng nham ting cuong giam sat, tuyén truyén, hd
trg nguoi dan tiép candichvuy té, sir dung nguén nudc an toan va giam thiéu tac dong
tor hoat dong khai thac khoang san (khai thac vang).

2.2.Khao sat hién trang chét lwong méi treong nwée va trim tich mit tai Song Bong

Miéu
a. Muc dich
Nhim c6 céi nhin téng quan ban dau vé hién trang chét luong nudce tai khu vyc

nghién ctru, sinh vién d3 tién hanh 14y miu va phan tich mot sé chi tiéu co ban trong
nudc mit tai cac diém quan tric. Viéc phan tich ndy nham danh gia so bo hién trang moi
truong nudc.
b. Poi twong
Thong sb chét luong nudc/ trAm tich mit tai Song Bong Miéu
c. Pham vi nghién ciru

Bang 2.2. Vi tri ldy mdu nuéc séng Bong Miéu

STT Vi tri Kinh d¢ Vi dé M5 ta vi tri ldy miu
Khu vyc ha luu song
1 S1 108°22'28.7"E | 15°26'04.7"N | Bdng Miéu noi tiép giap

v6i song Tién

Khu vuc gan vét tich cua

2 S2 108°23'01.2"E 15°25'20.2"N . .
khai thac vang trai phép
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Xdc dinh rui ro sinh thdi cua mot so kim loai nang trong tram tich mdt tai séng Bong Miéu, tinh

STT Vi tri Kinh d¢ Vi dé MBS ta vi tri 1Ay miu
Khu vire thuong xuét
3 S3 108°23'09.2"E 15°24'50.3"N . _
hié€n dai vang tu phat
Khu vuc cach nha nha
4 S4 108°23'49.4"E 15°24'43.5"N may khai thac vang
khoang 1km vé ha luu
Khu vuc gan cong ty
5 S5 108°24'14.5"E 15°24'49.6"N khai thac vang 6666 vé
phia ha luu
6 S6 108°24'36.1"E 15°24'39.2"N Tai cau Bong Miéu
Khu vuc gan cong ty
7 S7 108°25'03.4"E 15°24'42 4"N khai thac vang Bong
Miéu vé phia ha luu
Gan khu vire trong ciy
8 S8 108°2529.2"E 15°24'16.2"N
lau nam
Gan khu vuc khai thac
9 S9 108°25'58.2"E 15°24'09.6"N vang trai phép & vung
thuong ngudn
Gan khu vyc khai thac
10 S10 108°26'10.4"E 15°24'01.5"N vang trai phép ¢ vung

thuong ngudn

SVTH: Tran Minh Hing
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Xdc dinh rui ro sinh thai cua mot so kim logi nang trong tram tich mdt tai séng Bong Miéu, tinh
udng Nam va dy bao hién trang sirc khoe moi truong bang cac mo hinh hoc ma
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Hinh 2.3. Vi tri ldy mdu nwé6c va tram tich mdt tai séng Bong Miéu
(chu thich vi tri Bang 2.2)
d. Noi dung
Tién hanh léy mau nudc va tram tich mat tai cac vi tri
Phén tich cac thong sé chat lugng nudc/tram tich mat
Méu nwéc
- Phan tich cac chi tiéu: Nhiét do, pH, TSS, BODs, COD, N-NH4", N-NO>", CI.
- Quy chuén so sanh: QCVN 08:2023/BTNMT - quy chuan k¥ thuat quéc gia vé
chét luong nudc mat.
Trdam tich
- Phan tich céc thong s6: Cac kim loai nang (As, Cd, Pb, Zn, Hg, Cr, Cu)
- Quy chuin so sanh : QCVN 43 :2017/BTNMT-quy chuén k¥ thuat quic gia vé
tram tich
e. Phuirong phdp va thiét bi quan tric
- TCVN 6663-1:2011 (ISO 5667-2:2006): Chat lugng nuéc — LAy mau — Phan 1:
Huéng dan ky thuat ldy miu.
- TCVN 6663-6:2018: Chat luong nudc - Lady miu - phan 6: Huéng din 1dy mau
nudc song va sudi.
- TCVN 6663-3:2003 (ISO 5667-3:1985): Chat lugng nuéc — LAy mau — Phan 3:

Hudng dan bao quan va xur Iy mau.
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Xdc dinh rui ro sinh thdi cua mot so kim loai nang trong tram tich mdt tai séng Bong Miéu, tinh
udng Nam va dy bao hién trang sirc khoe moi truong bang cac mo hinh hoc ma

- TCVN 6663-13 : 2000 (ISO 5667-13 : 1997) Phan 13: huéng dan ldy mau bun
nudc, bun nudc thai va bun lién quan.

- TCVN 6663-15 : 2004 (ISO 5667-15 : 1999) Phan 15: Huéng dan bao quan va
xtr Iy mau bun va tram tich.

Bdng 2.3. Phwong phdp va thiét bi phan tich

STT | Chi tiéu phén tich | Phwong phap Dung cu va thiét bj
Nhiét do Do nhanh But do nhanh cac thong s6 co ban
pH Do nhanh Bt do nhanh c4c thong sb co ban
3 Amoni (NH4") TCVN 6179-1:1996 | Mdy quang phé LIUV 201
UV/Vis
4 Chloride (Cl-) TCVN 6194:1996 B dung cu co ban
TSS TCVN 6625:2000 | Gidy loc, ti sdy, cAn phan tich
6 Nitrit (NOy") TCVN 6178:1996 May quang phdo LIUV 201
UV/Vis
COD TCVN 6491:1999 B9 phéan tich COD VARIO
BOD:s TCVN 6001-1:2008 | B phan tich BOD - FOC225E

f. Phwong phdp phan tich méu tram tich
* Chiét mdu tram tich

Mau dugc chiét trong dung dich nudc cuong toang theo hudéng din cua ISO
11466:1995. Quy trinh chiét mau duoc thuc hién nhu sau: Can khoang 3 gam mau tram
tich, chinh xac dén 0,001 gam cho vao binh phan ung dung tich 250 ml. Lam uét véi
khoang tir 0,5 ml dén 1,0 ml nuéc va vira tron vira cho thém 21 ml axit clohidric (HCI)
37%, sau d6 cho thém 7 ml axit nitric ddm dac. Cho 15ml axit nitric (HNO3) 0,5M, vao
binh hép thu. N&i binh hép thu va bd sinh han voi binh phan tng va dé yén 16 gid &
nhiét d6 phong, dé qua trinh oxi hoa cac chat hiru co trong mau xay ra tir tir.

Tang nhiét d6 ctua hdn hop phan tng tir tir cho dén khi dat duoc cac diéu kién hdi
Iru va duy tri trong 2 gid, sau d6 dé ngudi. Cho lugng trong binh hap thu vao binh phan
g qua bd sinh han, trang tiép binh hap thu va bd sinh han bang 10 ml axit nitric (0,5M).

Loc dung dich sau khi phan hity mau qua gidy loc (duong kinh 16 loc khoang 8um),
thu léy dich loc vao binh dinh mirc 100 ml. Loc tat ca dich loc ban dau qua giéy loc, sau
d6 rira can khong tan trén giéy loc v&i mot lugng axit nitric (0,5M) tbi thiéu, thu léy
dich loc.
* Phan tich kim logi ning trong dich chiét mdu
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Xdc dinh rui ro sinh thdi cua mot so kim loai nang trong tram tich mdt tai séng Bong Miéu, tinh
udng Nam va dy bao hién trang sirc khoe moi truong bang cac mo hinh hoc ma

Sau khi chiét mau bang hdn hop nudc cudng toang, thu duoc dich chiét. Phén tich ndng
d6 kim loai ning trong dich chiét bang may quang phd hip thu nguyén tir AAS contrAA
700 cuia hing Analytik Jena, dugc san xuét tai Dic. D6i voi timg thong sb, ky thuat phan
tich s& khac nhau trén may AAS, cu thé nhu sau:

- Nhém théng sé Cd, Pb, Cu, Zn, Cr duoc phan tich bing k¥ thut nguyén tir hoa
ngon ltra (F-AAS) theo hudng dan USEPA Method 7000B:2007.

- Thong s6 As duoc phan tich bang k¥ thuat héa hoi (HG-AAS) st dung Argon
lam khi mang theo huéng dan ISO 20280:2007, thuc hién phan tmg hydride hoéa véi
chat khir natri bohydride (NaBH4) trong méi trudng axit HCI

- Thong s6 Hg duoc phan tich bang k§ thuat hoa hoi lanh (CV-AAS) sit dung
Argon lam khi mang va chat khir NaBH4 trong méi truong axit HCI theo huéng dan ISO
16772:2004.
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Xac dinh rui ro sinh thdi cia mot s6 kim loai ndng trong tram tich mdt tai song Bong Miéu, tinh
udng Nam va dw bdo hién trang swc khoe méi triwvong bang cac mé hinh hoc mad

Hinh 2.4. Hinh anh thuc té ldy mau nuée va tram tich mdt
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Xéc dinh rii ro sinh théi ciia mét s6 kim logi ndng trong tram tlch mdt tai séng Bong Miéu, tinh
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Hinh 2.6. Phén tich cdc chi tiéu nuwéc séng Bong Miéu tai PTN
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Xdc dinh rui ro sinh thdi cua mot so kim logi nang trong tram tich mat tai soéng Bong Miéu, tinh
udng Nam va dw bao hién trang sivrc khoe moi trivong bang cdc mé hinh hoc ma

Bdng 2.4. Két qua phdn tich mdu nuwde séng Bong Miéu (22/4/2025- 29/4/2025)

Chi tiéu

Amoni

Chloride

Nitrit

Vi tri Nhiét do pH (NH) «h) TSS (NOY) BODs COD
Pon vi °C - mg/L mg/L mg/L mg/L mg/L mg/L
S1 26,0 7,8 0,28 6,2 17 0,044 3,0 5
S2 25,7 7,6 0,23 4.4 25 0,055 5,2 5
S3 25,8 7,5 0,27 1,8 55 0,036 3,6 74
S4 26,2 8,0 0,35 4,4 20 0,030 3,8 60
S5 25,8 7,3 0,23 3,5 24 0,027 3,1 3
S6 26,2 7,1 0,29 7,1 29 0,023 5,2 83
S7 26,0 7,5 0,30 3,5 42 0,017 4,1 40
S8 26,0 7,7 0,34 3,5 67 0,051 6,1 94
S9 26,0 7,0 0,38 6,2 84 0,031 6,4 35
S10 26,1 7,9 0,25 7,1 48 0,030 5,2 3
Muc A - 6,5—-8,5 - - <25 mg/L - <4 <10
Mirc B - 6,5—-8,5 - - <100 mg/L - <6 <15
CVN > 100 mg/L
08:20(223/BTNMT Muc € ) 6,5-8.5 i i va khong cégrac ndi i =10 =20
Mite D ] < 6,0 hoac i i > 100 r’ng/I;.Vé co i =10 > 20
> 8.5 rac noi
AHSK - - 0,3 250 - 0,05 - -
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Xdc dinh rui ro sinh thdi cua mot so kim loai nang trong tram tich mdt tai séng Bong Miéu, tinh
udng Nam va dy bao hién trang sirc khoe moi truong bang cac mo hinh hoc ma

Ghi chu:
- C4c murc phan loai danh gia chat luong nude duge dién giai cu thé nhu sau (theo QCVN
08:2023/BTNMT)

AHSK: Gi4 tri giéi han t6i da cac thong sé anh hudng téi strc khoé con ngudi.

Mikc A: Chit luong nude tot. Hé sinh thai trong méi trudng nude c6 ham luong oxy hoa
tan (DO) cao. Nudc co thé duoc st dung cho muc dich cép nudc sinh hoat, boi 101, vui
choi dudi nude sau khi ap dung céac bién phap xir Iy phu hop.

Mirc B: Chit lugng nudc trung binh. H¢ sinh thai trong nudc tiéu thy nhiéu oxy hoa
tan do mot luong 16n chit 6 nhiém. Nudgc c6 thé su dung cho muc dich san Xuét cong
nghiép, ndng nghi¢p sau khi ap dung céc bién phéap xur Iy phu hop.

Mire C: Chét lugng nudc xau. Hé sinh thai trong nudc co lwong oxy hoa tan giam
manh do chira mét lugng 16n cac chat 6 nhiém. Nudc khong gy mui kho chiu, c6 thé
duogc st dung cho cac muc dich san xuat cong nghiép sau khi ap dung céc bién phap xir
1y phu hop.

Mire D: Nudc co chat luong rat xau, c6 thé gay anh hudng 16n tdi ca va cac sinh vat
song trong mdi trudng nudc do ndng d6 oxy hoa tan thap, ndng d6 chit 6 nhiém cao.
Nudc o thé dugce str dung cho cac muyc dich giao thong thuy va cac muc dich khac véi
yéu cau nude chit luong thap [9]

- Céc chi tiéu dugc phan tich theo cdc phuong phap dugc dua ra trong Bang 4, Muc 3,
QCVN 08:2023/BTNMT
> Nhan xét: Két qua phan tich miu nudc mit tai song Bong Miéu tai 10 vi tri cho
théy chat lugng nudc cua song BSng Miéu dat mire tot, c6 mot sd vi tri co chét lugng
nude & mirc trung binh: S2 (ndng d6 NO»2- vuot ngudng cho phép gay anh hudng
dén sirc khoe con ngudi), S4 (ndng d6 NHa+ vuot ngudng cho phép gay anh huong
dén strc khoe con ngudi), S8 (nong d6 NO»2-, NHa+ vuot ngudng cho phép giy anh
huong dén strc khoe con ngudi, ham lwgng TSS dat mte B va ham luong COD vuot
murc D nhiéu lan), S9 (néng d6 NHa+ vuot ngudng cho phép gy anh huong dén
suc khoe con nguoi, ham lugng TSS dat mirc B va ham luong COD vuot muc D).
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Xac dinh rui ro sinh thdi cia mot s6 kim loai ndng trong tram tich mdt tai song Bong Miéu, tinh
udng Nam va dw bdo hién trang swc khoe méi triwvong bang cac mé hinh hoc mad

HAM LUONG AMONI
0,4 0,38
0,35 0,34
0,35 03
03 0.28 o 0,29 ’
’ ’ 0,25
0,25 0,23 0,23
0,2
0,15
0,1
0,05
0
s1 S2 S3 54 S5 S6 57 S8 59 510

e Ham luong Amoni === QCVN 08:2023/BTNMT

Biéu d6 2.3: Biéu do so sanh nong dé Amoni (NHy*) véi QCVN 08:2023/BTNMT

HAM LUCONG NITRIT
0,06 0,055
0,051
0,05 (077
0,04 0,036
003 0031 (03
0,03 ' 0,023
0,02 0,017
0,01 I
0
s1 52 53 s4 S5 s6 57 58 9 s10

mmm Ham lugng Nitrit === QCVN 08:2023/BTNMT

Biéu @6 2.4: Biéu do so sanh nong dé Nitrit (NO»-) véi QCVN 08:2023/BINMT
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Xac dinh rui ro sinh thdi cia mot s6 kim loai ndng trong tram tich mdt tai song Bong Miéu, tinh
udng Nam va dy bao hién trang sirc khoe moi truong bang cac mo hinh hoc ma

HAM LUONG BOD;
12
10
8
6,1 6,4
6 572 572 522
4,1
36 3,8 ’
4 3 3T
0
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10

mmm Ham luwong BODS (mg/l) Mirc A Murc B Mtrc C
Biéu d6 2.5: Biéu do so sanh ham lirong BODs véi QCVN 08:2023/BTNMT

HAM LUONG COD
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Biéu d6 2.6: Biéu do so sanh ham liwong COD véi QCVN 08:2023/BTNMT
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Xdc dinh rui ro sinh thai cua mot so kim logi nang trong tram tich mdt tai séng Bong Miéu, tinh
udng Nam va dy bao hién trang sirc khoe moi truong bang cac mo hinh hoc ma

HAM LUONG TSS
120
100
84
80 =
55
60 48
42
40 g
. 25 20 %
.
s1 52 53 s4 S5 s6 57 s8 9 s10

s Ham luong TSS (mg/1) Mtrc A Mtrc B

Biéu d6 2.7: Biéu do so sanh ham lwong TSS véi QCVN 08:2023/BTNMT
2.3. Xac dinh chi sé riii ro sinh thdi RI theo Lars Hakanson (1980).
2.3.1. Tong quan vé chi sé rii ro sinh thdi RI (Lars Hakason - 1980)
- Chi sb rui ro sinh thai tiém nang (RI) duoc dé xuit boi Lars Hakanson (1980) 13 mot
cong cu danh gia dinh lugng nham phan anh murc d6 nguy co tiém tang cia cac kim loai
nang d6i véi hé sinh thai thity sinh, thong qua murc d6 6 nhiém va doc tinh cta timg kim
loai trong tram tich.
- Phuong phap nay cho phép danh gia tong hop cac yéu té: ndong do thuc té, gia tri nén
dia chit, va doc tinh sinh thai cta tung kim loai. RI 1a mdt chi s6 téng hop co thé sir
dung dé xac dinh muc d6 nguy hiém sinh thai tiém nang tai khu vuc nghién ctru.
- Mot s6 nghién ciru ¢ Viét Nam va trén thé gidi st dung chi s rdi ro sinh thai (RI).
[15], [16]
» Cdc cong thirc tinh [17]
- Hé 56 nhiém bén: (Contamination factor - C;'c)

. C
CL =—
f ci

Trong do:

C;: ndng d6 kim loai i do duogc trong mau tram tich

C,il.' Gia tri nén (background) hodc ndng d6 tham chiéu cua kim loai i trong
tram tich chua bi anh huong.

- Chi $é riii ro sinh thdi riéng 1é (Ecological Risk Factor - E%)
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Xdc dinh rui ro sinh thdi cua mot so kim loai nang trong tram tich mdt tai séng Bong Miéu, tinh

Trong do:
Tf. : Hé s doc tinh cuia kim loai i — phan anh d§ nguy hai sinh hoc cua kim loai
- To”’ng chi sé viii ro sinh thdi (RD):

. . C
RI = ZE:,= Z(T;xc—%)

Bdng 2.5. Gid tri nén (C,EL) va hé s6 doc tinh (T;) cua 7 kim logi nang [17]

Kim loai ning Ky hi¢u Gia trinén( C,) | Hé sé dpc tinh(T)
Cadimi Cd 1,0 30

Chi Pb 70 5

Kém Zn 175

Pong Cu 50

Crom Cr 90 2

Thiy ngan Hg 0,25 40

Asen As 15 10

2.3.2. Xdc dinh chi sé riii so sinh thdi (RI) tai khu viee nghién civu (séng Bong Miéu,
tinh Quang Nam)
- Tai khu vuc séng Bong Miéu, tinh Quang Nam — noi chiu 4nh huéng manh mé tir
hoat dong khai thac vang, cac mau tram tich mat duoc thu thap va phan tich dé xac
dinh néng do cac kim loai nang. Tur do, ap dung cong thire trén dé tinh toan chi s rui
ro sinh théi RI.

Bdng 2.6. Nong dg kim loai ndng trong tram tich va chi sé rii ro sinh thai RI (10 vi tri

dwoc thwe hién ldy mau va phdn tich vao 5/2025)

Vi tri miu Pb As Hg Cd | Cr | Cu | Zn RI
(mg/kg)
S1 407,2 | 232,8 | 0,064 | 1,187 | 21,7 | 24,8 | 87,0 | 233,6
S2 378,3 1277,3 10,248 | 1,161 | 23,6 | 28,7 | 85,9 |290,3
S3 411,6 | 299,6 | 0,033 | 1,524 | 23,0 | 30,6 | 106,9 | 284,3
S4 709,9 | 272,4 1 0,049 | 2,713 | 28,9 | 46,6 | 134,2 | 327,6
S5 463,3 | 434,8 | 1,431 | 2,614 | 23,9 | 83,2 | 184,2 | 640,2
S6 546,6 | 195,6 | 0,877 | 1,882 | 19,3 | 49,1 | 146.,5 | 372,4
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Xdc dinh rui ro sinh thai cua mot so kim logi nang trong tram tich mdt tai séng Bong Miéu, tinh
udng Nam va dy bao hién trang sirc khoe moi truong bang cac mo hinh hoc ma

Pb As Hg Cd | Cr | Cu | Zn RI

Vi tri mau

(mg/kg)
S7 561,9 | 182,3 [ 0,123 | 1,978 | 18,6 | 28,3 | 122,5 | 244,6
S8 21841974 |0,068 | 0,944 | 17,1 | 28,3 | 61,7 |123,3
S9 511,8 | 138,1 [ 0,148 | 2,881 | 29,9 | 33,2 | 116,7 | 243.,4
S10 491,6 | 152,1 {0,153 | 1,867 | 21,4 | 26,3 | 97,9 |220,7
OCVN
43:2017/BINMT* [18] 91,3 | 17,0 | 0,5 3,5 90 | 197 | 315
Ghi chu:

“*: Ap dung d6i véi tram tich nude ngot

RI < 150: Rui ro sinh thai thap cho hd/ luu vuc

150 <RI < 300 : Rui ro sinh thai trung binh cho hd/ luu vuc
300 < RI < 600: Rui ro sinh thai dang ké dbi v6i hd/ luu vue
RI >= 600: Rui ro sinh thai rat cao dbi véi hd/ luu vuc

Chi s6 rui ro sinh thai (RI) tai cac diém |ay mau

Chi s6 Ri

S1 S2 S3 54 S5 S6 S7 S8 S9 510
Vi tri mau

Biéu @6 2.8: Chi sé riii ro sinh thdi (RI) ciia timg vi tri ldy mau (dot 5/2025)
Nhdn xét:
a. Poi véi Asen
Két qua phan tich cho thdy nong d As trong tram tich dao dong tir 97,4 dén 434,8
mg/kg, voi gia tri trung binh 1a 224,2 mg/kg. Néng dd cao nhat dugc ghi nhan tai vi tri
S5, trong khi gié tri thap nhat tai vi tri S8. So sanh v&i giéi han cho phép theo Quy chuan
ky thuat qudc gia vé chat lugng tram tich (QCVN 43:2017/BTNMT), véi gia tri gidi han
ctia As 1a 17,0 mg/kg, cho thdy ham luong As trong khu vie nghién ctru da vuot tir 5,7
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Xdc dinh rui ro sinh thdi cua mot so kim loai nang trong tram tich mdt tai séng Bong Miéu, tinh
udng Nam va dy bao hién trang sirc khoe moi truong bang cac mo hinh hoc ma

dén 25,5 1an so véi tiéu chuén, trung binh vuot 13,5 lan.
b. D6i véi Chi
Nong d6 Pb trong cac miu tram tich dao dong tir 218,4 dén 709,9 mg/kg, véi gia
tri trung binh dat 470,1 mg/kg. Vi tri c6 néng dd Pb cao nhét 1a S4, khu vuc tiép nhan
ngudn thai truc tiép tir nha may khai thac vang; trong khi d6, vi tri S8 ghi nhén gia tri
thip nhat. So véi giéi han cho phép theo QCVN 43:2017/BTNMT (91,3 mg/kg), ndng
dd Pb tai tat ca céc vi tri léy mau déu vuot quy chuan tr 2,4 dén 7,8 1an, v&i muc trung
binh vuot 4,5 1an.
c. Déi véi Thity ngan
Két qua phan tich cho thay nong d6 Hg trong trim tich dao dong tir 0,033 dén
1,431 mg/kg, v6i gia tri trung binh 13 0,319 mg/kg. Nong d6 cao nhat dugc ghi nhan tai
vi tri S5, nam gan khu vuc khai thac vang ctia Cong ty 6666, trong khi gia tri thip nhat
thudc vé vi tri S3. So véi gidi han cho phép theo QCVN 43:2017/BTNMT (0,5 mg/kg),
¢6 hai vi tri (S5 va S6) c6 ham luong Hg vuot ngudng tiéu chuan, voi mic vuot tir 1,3
dén 3 lan.
d. Doi véi Cadimi
Nong do Cd trong tram tich dao dong tir 0,944 dén 2,881 mg/kg, voi gia tri trung
binh 1a 1,87 mg/kg. Tai tit ca cac vi tri 1y mau, ham luong Cd déu nam dudi ngudng
gi6i han cho phép theo QCVN 43:2017/BTNMT (3,5 mg/kg), cho thiy mirc d6 6 nhiém
Cd trong khu vuc nghién ctru chua vuot qua tiéu chuan quy dinh.
e. Déi véi Crom
Nong do Cr trong cac mau tram tich dao dong tir 17,1 dén 29,9 mg/kg, voi gia tri
trung binh dat 22,74 mg/kg. So vi gi61 han cho phép theo QCVN 43:2017/BTNMT (90
mg/kg), ham luong Cr tai tt ca cac diém 14y mau déu ndm trong ngudng an toan, khong
vuot qua tiéu chuan quy dinh.
£ Doi véi Bong
Nong do Cu trong tram tich dao dong tir 24,8 dén 83,2 mg/kg, véi gid tri trung
binh 1a 37,9 mg/kg. So sanh véi gidi han cho phép theo QCVN 43:2017/BTNMT (197
mg/kg), cho thay tit ca cic mau tai cac vi tri khdo sat trong ca hai dot déu c6 nong do
Cu nam trong ngudng cho phép, khong vuot qué tiéu chuan quy dinh.
g. Doi véi Kém
Nong d6 Zn trong cic mau tram tich dao dong tir 61,7 dén 184,2 mg/kg, véi gia
tri trung binh 1a 114,2 mg/kg. So sanh véi gigi han cho phép theo QCVN
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Xdc dinh rui ro sinh thdi cua mot so kim loai nang trong tram tich mdt tai séng Bong Miéu, tinh
udng Nam va dy bao hién trang sirc khoe moi truong bang cac mo hinh hoc ma

43:2017/BTNMT (315 mg/kg), cho thay toan bo cac mau déu c6 ham luong Zn nim
trong ngudng an toan, khong vuot qué tiéu chuan quy dinh.
h. Chi s6 RI

Mirc d6 rii ro sinh thai téng thé tai cac diém dao dong tir 123,3 (S8) dén 640.2
(S5), phan anh sy khac biét 10 rét vé muc dd 6 nhiém kim loai nang tai tung vi tri.
Theo phan loai mtrc 46 nguy co sinh thai tiém tang cua Hakanson (1980):

- Rui ro thdp — Ghi nhan tai S8 (123,3).
- Rui ro trung binh — Gdm cac diém S1, S2, S3, S7, S9, S10.
- Rui ro cao dén rat cao — Ghi nhan tai S4 (372,4), S5 (640,2), S6 (327,6).

Vi tri S5 ¢6 chi s6 RI cao nhét (640,2), tiém can ngudng rui ro sinh thai rat cao,
chu yéu do ham luong As va Hg vuot trdi so v6i cac diém khac. Diéu nay cho thay khu
vuc ndy c6 thé dang chiu anh huéng manh tir nguon thai kim loai ning — c6 kha ning
lién quan dén hoat dong khai thac vang hoic tich tu tir dong chay mit.

Céc kim loai nhu Cd, As va Hg 1a nhitng thanh phan gop phan 16n nhit vao RI
tai da sb cac vi tri do c6 hé s6 doc tinh cao (T;), dic biét 1a Cd (Ti = 30) va Hg (T: = 40),
du nong d6 khong qua 16n nhung vin gy anh huong manh dén chi sé tong.

Nhirng diém nhu S1, S8, R10 c6 RI thip hon twong d6i, cho thdy mirc d6 6 nhiém
kim loai & murc trung binh hodc cuc bo, co thé 1a khu vuc it bi tac dong bai cac nguén 0
nhiém chinh.

> Noi dung tinh todn chi tiét, ddy di dit liéu xin dwoc trinh bay tai Phu luc 1 vi
gidi han soé trang ciia Pé dn tot nghiép
2.4. Xac dinh md hinh hoc may phut hop dé dw bio chat hwong méi truwong tram tich
mit tai khu vue Song Bong Miéu, Tinh Quing Nam
2.4.1. So do thwe hién mé hinh hoc mdy
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Xdc dinh rui ro sinh thai cua mot so kim logi nang trong tram tich mdt tai séng Bong Miéu, tinh
udng Nam va dy bao hién trang sirc khoe moi truong bang cac mo hinh hoc ma

SO PO PHAT TRIF;N MO HINH
HOC MAY

Chuén bj
dix lidu

Thu thap, tong hop dit liéu vé kim loai
nang trong tram tich tai KVNC tur cac
nguon cé uy tin.

Tém tat dir liéu dau vao, dua cac
dir liéu dong nhat vé cac kiéu so.

Chuéin hoa dir liéu, dua dit liéu mdy hoc
vao phan mém R-Studio.

UNG DUNG CAC MO HINH
DU POAN DUA TREN MAY
HOC

Thyc hién chia b) dif liéu ban dau dé
"Huén Luyén* va "Kiém Chimg" lai m6 hinh.

Dy doan m6 hinh t0i tu trén co & b di liéu
da c6. Cacmod hinh dydodn gdm: RF, SVM,

_ . R LR, KNN va Cubist.
HIEU CHINH MO
HINH
. Str dung b dit liéu Training
—— GIAIDOANTI g dé "Huén Luyén" méy ho
v

Strdung bd : .
ditliéu Validation dé"Kiém — Str dyng cdc thujt todn cta moimo
Chimg! lai mdhinh hoc méy hinh dé dua ramo hinh i uu.

Str dung 10 fold- cross validation: gitip danh

P gia mot cach ddy da va chinh xéc hon khi tap dii
liéu khong 16n.

ﬂcm_m md hinh t8i vutir tp dit liéu Training

Kéthop két qua tir dit lidu Training va Validation bién
luan dé dua ramd hinh tdi vu nhét chotap dirlidu.

\
St dung mo hinh t5iu
GIAI POAN II da chon trude do dé durbéo chat lugng traim tich

din bién theo thoi gian

v

PUARA KET QUA DU BAO VE CHAT LUONG TRAM TICHMAT
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Xdc dinh rui ro sinh thdi cua mot so kim loai nang trong tram tich mdt tai séng Bong Miéu, tinh
udng Nam va dy bao hién trang sirc khoe moi truong bang cac mo hinh hoc ma

2.2.2. Thu thdp sé ligu

bé chay mo hinh hoc méy danh gia va du bao chat luong trAm tich mat tai khu vuc
khao sat, can c6 bo dit liéu dang tin cay vé cac thong sd nudc mit va tram tich. Do quy
mo va kinh phi 1am d6 4n t6t nghiép con nhiéu han ché nén sé liéu vé chit luvong trAm
tich mat dé chay mé hinh du bao dugc thu thap, tham khao tir cac nguén khac nhau.
B dit li¢u thu thap duoc gém 210 dit liéu trAm tich tai khu vuc song Béng Miéu, tinh
Quang Nam tur nam 2024 — 2025.

Trong do:

- Trung tAm Quan tric va Phéan tich méi truong Quang Nam (TP. Tam Ky)
cung cfip: 200 dit liéu va 10 mau dugc thuc hién léy mau truc tiép trong thoi gian thyuc
hién nghién ctru va dugc phan tich tai trung tam nay.

Trong do an tot nghiép nay, sinh vién st dung phan mém R-Studio dé thuc hién
chay mo6 hinh hoc may dy bao chat luong trAm tich mat tai khu vuc nghién cuu.

2.2.3. Gidi thiéu vé ngon ngiv R

Trong phan tich s6 liéu véi khéi lugng dit liéu 16n, cac phan mém thong ké nhur
SPSS, SAS, Stata, S-Plus thuong dugc sir dung rong rai tai cac truong dai hoc va trung
tam nghién ctru trén thé gidi. Tuy nhién, vi chi phi ban quyén cao, viéc sir dung 1au dai
cac phan mém nay 13 tré ngai d6i voi nhiéu truong dai hoc & cac qudc gia dang phat
trién.

Trude thuc té do, vao nam 1996, hai nha théng ké hoc Ross Thaka va Robert
Gentleman thudc Pai hoc Auckland (New Zealand) da gidi thi€u mdt ngoén ngit 1ap
trinh théng ké méi mang tén R. Pay 1a phan mém ma ngudn mé va hoan toan mién
phi, duoc cong dong cic nha nghién ctru théng ké toan ciu chung tay phat trién va cai
tién khong ngimg.

Hién nay, R da tro thanh mot trong nhitng cong cu phd bién va manh mé nhat trong
linh vuc phan tich théng ké va khoa hoc dit liéu. Piac biét, giao dién RStudio dugc phat
trién nham hd trg ngudi dung twong tac vai R dé dang va truc quan hon. Vé ban chat,
R va RStudio khong chi 1a phan mém théng ké, ma con 1a mot ngdn ngit 1ap trinh da
nang, c6 kha ning thyuc hién tir cac phép tinh don gian dén nhitng phan tich dir liéu
phirc tap va tiy bién cao.

Véi tinh linh hoat, manh mé& va hoan toan mién phi, R/RStudio dang ngay cang duoc

wa chudng trong giang day, nghién ctru va img dung thuc té.

46

SVTH: Tran Minh Hiing GVHD: PGS.TS. Lé Phudc Cuong
CBHD: ThS. Nguyén Thanh Trung




Xdc dinh rui ro sinh thdi cua mot so kim loai nang trong tram tich mdt tai séng Bong Miéu, tinh
udng Nam va dy bao hién trang sirc khoe moi truong bang cac mo hinh hoc ma

2.2.4. Tdi R — Studio va cai dat

Dé str dung R-Studio, viéc dau tién 1a chung ta phai cai dit R- Studio trong may tinh
ciia minh. Dé 1am viéc ndy, ta can truy cip vao website c6 tén 1a “Comprehensive R
Archive Network” (CRAN), sau day: https://cran.r-project.org/.

Chon file tai liéu can tai vé dé cai diat phan mém, tiy theo phién ban, nhung thuong
c6 tén bit diu bang mau ty R va sb phién ban. Vi dy phién ban sinh vién sir dung dugc
cap nhat lai vao ngay 28/02/2025 va file tai li¢u co6 tén 1a R- 4.4.3 tar.gz.

Khi ti file tai liéu xuéng may tinh, budc tiép theo 1 cai dat vao may tinh. D¢ 1am
viéc nay, chung ta can nhan chudt vao file tai liéu da tai vé va 1am theo cac hudng din
cach cai dit trén man hinh. Sau khi hoan tat viéc cai dit, trén man hinh desktop da xuét

hién:

Hinh 2.7. Biéu twong ciia phan mém R trén desktop
Sau khi cai dit hoan tt, nhan chudt vao biéu tuong ¢ trén Hinh 2.7, ching ta sé co

mot cua so lam viéc trén R-Studio nhu sau:

L et T i

Conmebt Tl Mg St LT e

Hinh 2.8. Man hinh cira s6 cia R- Studio
Man hinh cira s6 1am viéc ciia R-Studio gém c6 4 khung:
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https://cran.r-project.org/

Xdc dinh rui ro sinh thai cua mot so kim logi nang trong tram tich mdt tai séng Bong Miéu, tinh
udng Nam va dy bao hién trang sirc khoe moi truong bang cac mo hinh hoc ma

Bén trai phia trén (1) 13 khung “ngudn”, khung nay dung dé soan cac cu 1énh dé xir ly
dir liéu va thuc hién mo hinh;
Bén trai phia dudi (2) 13 khung “twong tac”, khung nay thé hién cac cau lénh va két qua
thue hién cdu 1énh. Khung nay giéng véi cira s6 lam viée cia R khi khong sir dung R-
Studio.
Bén phai phia trén (3) 1a khung "d6i twong" chira ba thé, thé Environment dung dé thé
hién thong tin vé cac doi tuong st dung trong khi thuc hién cac cau Iénh, thé History
dung dé thé hién tit ca cac cau 1énh da soan ké tir mot thoi diém nao déy, thé Connection
thé hién céc két ndi.
Bén phai phia dudi (4) 1a khung "da chirc ndng" chura 5 thé:
Files: chtra cac thu muc va tap tin c6 lién quan;
Plots: thé hién cac biéu d0 1a két qua cua nhiing 1énh vé;
Packages: thé hién cac phu kién;
Help: thé hién céc tro gitp;
Viewer: dung dé xem.
Bay gio ta co thé bat dau thuc hién cac mo hinh hoc may trén R-Studio.
2.2.5. Cac buoc chay mo hinh hoc may

Trude khi tién hanh thuc hién cac bude trong mo hinh, can lam sach dir liéu béng
céch x6a bo cac cau lénh va két qua thuc hién trude d6 (khi sir dung 1an 2 tr di) bang
1énh rm() (x6a bo cac cau 1énh, két qua da thuc hién trude d6), 1énh graphics() ( xda bo
cac biéu dd) nham dam bao khong bi nham 1an két qua khi thuc hién lai mé hinh tir dit
liéu khac.

Budc 1: Lam sach b dir li€u cii

# lam sach, xoa bo du lieu cu
rm(list=l1s())
graphics.off()

Dé thuc hién duoc viée chay mo hinh, can tai cac g61 dit liéu va thu vién chira cac
thudt todn trong cac mo hinh.

Budc 2: Tai va Nap cac goi dir liéu

# Tai va nap cac goi du lieu
-> Tai: install.packages(")
-> Nap: library()

install.packages("caret")
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Xdc dinh rui ro sinh thai cua mot so kim logi nang trong tram tich mdt tai séng Bong Miéu, tinh
udng Nam va dy bao hién trang sirc khoe moi truong bang cac mo hinh hoc ma

library(caret)
install.packages("corrplot")
library(corrplot)
install.packages("lattice")
library(lattice)
install.packages("Cubist")
library(Cubist)
install.packages("caTools")
library(caTool)
install.packages("psych")
library(psych)
install.packages("e1071")
library(e1071)
install.packages("class")
library(class)
install.packages("FNN")
(Fast Neighbor, hd trg nhanh, KNN hoi quy)
library(FNN)
install.packages("randomForest")

library(randomForest)
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Xdc dinh rui ro sinh thai cua mot so kim logi nang trong tram tich mdt tai séng Bong Miéu, tinh

Consele  Terwsinal Backgrownd jobs -
R-R44

» Insta Kages("caret -
WARNIN( 5 ed to bulld R packapes but 15 not currently installed, Please domnload and
install the appropriate version of Rtools before proceeding

https cran. retudio, com/Din/windows /Rt o

Instal ling package into ‘< User Acer/Aappata/Local/ W/ win-1ibrary/4. 4

(as "1ib" 15 unspecified)

trying UAL 'https://cran. rstudio.con/bin/windows/contrib/4.4/caret LO<1 2’
Content type 'application/zip' length 3602995 bytes (3.4 WB)

dosnioaded 3.4 M8

package ‘caret' successfully unpacked and MD5 sums checked

The domnloaded binary packages are in
Ci\users\Acer\AppData'\Local\ Tesp \RUmpANFHS0 \down loaded_packages
> inatal L patRagest corTp oL )

WARNING: Rtools is required to build R packages but 5 not currently installed, Please download amd
inatall the appropriate version of Rtools before praceeding

https cran.rstudio.con/b windows /Rtools/

Install ) package into ¢ Users/Acer/AppData/Local /R/win-library/4. 4

(as 1ib" 15 unspecified)

tryang W 'https://cran, rstudio. con/bin/windows /contrib/4,.4/corrplot_0, 95, zp'

Content type 'application/zip' length 3826087 bytes (3.6 ME)

dosn loaded 3.6 M8

package ‘corrplot' successfully unpacked and MDS sums checked

The domnloaded binary packages are in

C\users\Acer\Apphata’\Loca l\Tenp\RtmpaAHFHS0 \ down loaded_packages
Thstal Kages( Lattice )
WARNING: required to b 5 but 15 not currently installed. Please download and
install ¢ appropriate version of R e proceeding:
https cran. rstudio, com/bin/windows /Rtools
Installing package into 'C:/Users/Acer/AppDataslocal /R/win-library/4,.4
Cas "1HDL" 15 unspecified)

warning in Install.packages :
package ‘Lattice' is not available for this version of R

oo 3ot ShA: mekanm. Sor wentwoes oo of skt b i Aahde:aTsonbars
Hinh 2.9. Tai va nap thanh cong cac goi dir liéu (Packages)
Chon dwong dan va doc dix liéu vao hoc mdy: St dung 1énh setwd(): dudng dan dén noi
ma R-studio 1ay dir lidu vao. Sau dé dua file dit litu "heavymetalsDATA.csv" vao
duong dan d6 dé phan mém doc dit licu.
getwd()

heavymetals <- read.csv("heavymetalsDATA.csv")
Console  Termina Background Jobs —
R-R343
» Qetwdd)
[1] "C:/users/Acer/Docunents”
> data <- read,csv("heavymetalsDATA, csv")
» heavwymetals <- read.csv("heavynetalsDATA, csv")

Hinh 2.10. Thé hién duong dan va doc dir liéu kim loai ndang vao hoc may
# Kiem tra bo du lieu

Heavymetals
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str(heavymetals)

> str(heavymetals)

'"data.frame’': 210 obs. of 8 wvariables:

Pb: num 547 463 512 492 218 ...

As: num 195.6 434.8 138.1 152.1 97.4 ...

Hg: num ©0.877 1.431 0.148 0.153 0.068 ...

Cd: num 1.882 2.614 2.8R81 1.867 0.944 ...

Cr: num 19.3 23.9 29,9 21.4 17.1 23.6 23 28.9 21.7 18.6 ..
Cu: num 49.1 83.2 33.2 26.3 28.3 28.7 30.6 46.6 24.8 28.3 ..
Zn: num 146.5 184.2 116.7 97.9 61.7 ...

RI: num 372 640 243 221 123 ..

Hinh 2.11. Két qua sau khi kiém tra b div liéu
Ttr hinh anh, ta thiy dir liéu gdm 210 dong, c6 8 bién: Pb, As, Hg, Cd, Cr, Cu, Zn
va RI. Nhin vao phan két qua xuét ra tir 1énh Str() tir Hinh 2.11, ta thiy cac bién di dong

nhat v€ 1 kiéu dit li¢u. Néu c6 bién chua cung dit liu vé dang “numeric” thi thyc hién

LT T BT BT BT BT BT B

chuyén doi dang dir liéu nhu sau:
Vidu: Néu bién Pb & dang “Character” chua cing dang dir liéu thi dung ct phap:
heavymetals$Pb <- as.numeric(as.character(heavymetals$Pb))
Tom tat bo dir lidu dau vao bang 1énh Summary():
# Tom tat du lieu

summary(Heavymetals)
> summary Cheavymetals)
Pb As Hg Cd
Min. :153.8 Min. : 59.1 Min. :0.0100 Min. :0.711
1st Qu.:376.9 1st Qu. :148.0 1st Qu.:0.0935 1st Qu.:1.177
Median :453.6 Median :203.4 Median :0.1460 Median :1.757
Mean :449.0 Mean :220.9 Mean :0.3361 Mean :1.798
3rd Qu.:518.8 3rd Qu. :274.4 3rd Qu. :0.2655 3rd Qu. :2.487
Max. (728,60 Max. 444, 6 Max. :1.5490 Max. :4.126
cr Cu Zn RI
Min. :11.80 Min. : 0.50 Min. o 2.40 Min. :101.2
1st Qu. :25.40 1st Qu. :18.57 1st Qu.: 73.25 1st Qu.:227.1
Median :31.65 Median :27.35 Median :113.05 Median :263.0
Mean :31.95 Mean :28.15 Mean :129.36 Mean :291.3
3rd Qu.:38.98 3rd Qu. :34.80 3rd Qu. :162.55 3rd Qu. :320.3
Max. :53.40 Max. :83.20 Max. :491.20 Max. :657.6

Hinh 2.12. Két qua sau khi tém tat dit liéu dau vao
Nhin vio bang két qua duoc trinh bay & Hinh 2.12 ta biét dugc két qua gia tri 16n
nhét, gia tri nhé nhét, gia tri trung vi, trung binh, 25% dir li¢u va 75% dir li¢u cua tung

bién s0.
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Sau khi tién hanh xr 1y, hi¢u chinh dir li€u va xac dinh cac thudc tinh cua tirng bién
dau vao, nhdm hiéu r6 hon vé dic diém ciing nhu mdi quan hé giita cac bién, biéu d6
tuong quan duoc xay dung thong qua ham pairs.panels() dé truc quan hoa ma tran tuong
quan giita cac bién.

# Ve bieu do tuong quan giua cac bien

pairs.panels(heavymetals)

o ) 10 25 40 b &0 100 300 500
Sebeltid LAl ! bdd L L S B

1 [ | ks
EI& ‘ 0.18 ‘ 0.09 0.72 0.17 0.15 0.45 032 7
a2 ! 8

0.57 0.24 0.06 ‘ 0.35 0.07 0.85

od * [ H [o
= /" mx g 0.32 0.00 0.40 0.08 088 [ -

3 = 036 || 050
] | 021 || oo8 ¥

: iﬂﬁ % £ g L 015 || oae
e 1 ey s Zn Ei
o 3% L : |2t & P8 W Bk T E&
S a2 bt R e e A | 07

- . B T | i W ool g | e Rl

L e e || e e | |

20 4

Hinh 2.13. Biéu dé twong quan giita cdc bién trong bé dir liéu
Biéu d6 tuong quan gitra cac kim loai nang va chi s6 rui ro sinh thai (RI) cho thay
mot sd yéu t6 nhu Hg, As, va Cd c6 h¢ ) tuong quan tuong ddi cao voi chi sé RI (r>
0,6), trong d6 dac bi¢t Hg c6 tuong quan rat manh (r = 0,88). Tuy nhién, cac kim loai
khac nhu Cr, Zn va Pb lai c6 twong quan thap hon, phan dnh dic tinh khong tuyén tinh
hodc phirc hop trong cach cac kim loai anh hudng dén tong chi so RI.
# Tuong quan ma tran giua cac bien
cor(heavymetals[,c("Pb", "As", "Hg","Cd","Cr","Cu","Zn","RI")])
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> corCheavymetals[,c("Pb", "As", "Hg","cd","cr","Cu","zn" ,"RI")])

Pb As Hg Ccd cr Cu zZn
Pb 1.00000000 0.18021909 (.08519125 0.7161734 0.17181666 0.1510865 0.45056245
As 0.18021909 1.00000000 0.56973001 0.2410895 0.05726176 0.3498412 0.06536216
Hg 0.08519125 0.56973001 1.00000000 0.3182833 -0.00266994 0.3999069 0.08110828
Cd 0.71617340 0.24108946 0.31828326 1.0000000 0.25175575 0.3019158 0.35624331
Cr 0.17181666 0.05726176 -0.00266994 0.2517557 1.00000000 0.1714420 0.21455480
Cu 0.15108645 0.34984121 0.39990687 0.3019158 0.17144205 1.0000000 0.15497805
Zn 0.45056245 0.06536216 0.08110828 0.3562433 0.21455480 0.1549780 1.00000000
RI 0.32255267 0.85378940 (0.87791806 0.5036610 0.08316543 0.4572628 0.16977669

Hinh 2.14. Moi twong quan ma trdn giita cdc bién

Sinh vién tién hanh chia bg dit li¢u ban dau sau khi hi¢u chinh thanh 2 phan gom:
Training va Validation. St dung 1€nh Split() dé thyc hién chia dir li€u. Vi day la phép
todn chia mot cach ngau nhién nén dung Iénh set.seed() dé két qua khong do61 sau khi
thuc hién lai mo hinh lan 2.

# Thuc hien chia bo du lieu
set.seed(22)
heavymetals$ID <- 1:210
split <- sample.split(heavymetals$ID, SplitRatio = 0.70)
split
table(split)

Dong dau tién, vi day la phan chia mdt cach ngau nhién nén ta can mac dinh cho 1
sO bat ki dé két qua khong doi khi sinh vién chay lai lan 2.

Thém bién ID dé dé dang chia bd dir li¢u ban dau, tién hanh chia by dit liéu bang
1énh Split() dé chia bd dir liéu dua vao bién ID, chia ty 1€ Training va Validation tir dit
liéu ban dau theo ty 1¢ 1a (70:30)

> split <- sample.split(heavymetals$%$ID, SplitRatio = 0.70)
> split
[1] TRUE TRUE FALSE TRUE FALSE FALSE TRUE FALSE TRUE TRUE FALSE TRUE TRUE FALSE
[15] TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE FALSE FALSE FALSE TRUE FALSE
[29] TRUE TRUE TRUE TRUE FALSE TRUE FALSE TRUE FALSE TRUE TRUE TRUE TRUE TRUE
[43] TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE FALSE FALSE TRUE TRUE TRUE TRUE
[57] FALSE TRUE TRUE TRUE FALSE TRUE TRUE TRUE FALSE FALSE TRUE TRUE TRUE TRUE
[71] TRUE FALSE TRUE TRUE FALSE TRUE TRUE TRUE TRUE TRUE TRUE TRUE FALSE TRUE
[85] FALSE FALSE FALSE TRUE FALSE TRUE FALSE TRUE TRUE TRUE TRUE FALSE TRUE TRUE
[99] FALSE TRUE TRUE TRUE FALSE TRUE TRUE TRUE TRUE TRUE FALSE TRUE TRUE TRUE
[113] FALSE FALSE TRUE FALSE FALSE TRUE TRUE TRUE TRUE TRUE FALSE TRUE TRUE FALSE
[127] TRUE FALSE TRUE TRUE FALSE FALSE TRUE FALSE FALSE TRUE TRUE TRUE TRUE FALSE
[141] TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE FALSE TRUE FALSE TRUE FALSE
[155] TRUE FALSE FALSE TRUE FALSE TRUE FALSE TRUE TRUE TRUE TRUE TRUE FALSE FALSE
[169] FALSE TRUE TRUE FALSE FALSE TRUE TRUE TRUE TRUE TRUE TRUE TRUE FALSE TRUE

[183] TRUE TRUE FALSE TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE FALSE TRUE TRUE
[197] TRUE TRUE TRUE FALSE TRUE TRUE TRUE FALSE TRUE FALSE FALSE FALSE TRUE TRUE

Hinh 2.15. Cac dong dir liéu sau khi chia ngcfu nhién bo dir licu
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Tom tét dit liéu sau khi phan chia:
= table(split)

split
FALSE TRUE
63 147

Gén tap dir liéu Training gém c6 147 quan sat (TRUE), Validation gdm 63 quan sat
(FALSE)
# Gan tap du lieu
Training <- subset(heavymetals, split==TRUE)
Validation <- subset (heavymetals, split== FALSE)

Sau khi hoan tit qua trinh phén chia dit liéu, bude tiép theo 1a chuén bi khai thac dit
liéu nham d4nh gia hiéu qua ciia cac thuat toan thong qua cac chi s danh gia gom: MAE
(Mean Absolute Error - sai s6 tuyét d6i trung binh), RMSE (Root Mean Squared Error
- sai s6 binh phuong trung binh), va Rz (D9 tin cdy). Qua trinh danh gia duoc thuc hién
bang phuong phap xac thuc chéo 10 1an (10-fold cross-validation) trén tap dir liéu huan
luyén, véi moi lan xac thuc duoc lap lai 3 lan dé dam bao tinh 6n dinh va do tin cay cua
két qua.

# Chuan bi khai thac du lieu bang xac thuc cheo 10 lan, lap lai 3 lan
trainControl <- trainControl(method="repeatedcv", number=10,repeats=3)
metric <- "RMSE"

Nghién ctru d3 lya chon nhiéu thuat toan khac nhau phi hop v6i bai toan hdi quy dé
xdy dung mo hinh hoc may, bao gébm: Rimng ngau nhién (Random Forest - RF), May
vector hd tro (Support Vector Machine - SVM), K-Diém gin nhat (K-Nearest Neighbors
- KNN), Hoi quy tuyén tinh (Linear Regression - LR) va thuét toan Cubist (md hinh cay

1ap thé).
Thuét todn ciia 5 m6 hinh hoc may tur tap dir liéu Training:
#RF
set.seed(22)

fit.rfl <- train(RI ~ ., data = Training, method = "rf", metric = metric,

"nn

preProc = c("center", "scale"), trControl = trainControl)

#SVM
set.seed(22)

fit.svml1 <- train(RI ~ ., data = Training, method = "svmRadial", metric = metric,

"nn

preProc = c("center", "scale"), trControl = trainControl)
#KNN
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set.seed(22)
fit.knnl <- train(RI ~ ., data = Training, method = "knn", metric = metric,
preProc = c("center", "scale"), trControl = trainControl)
#LR
set.seed(22)
fit.Ir1 <- train(RI ~ ., data = Training, method = "Im", metric = metric,
preProc = c("center", "scale"), trControl = trainControl)
# cubist
set.seed(22)
fit.cubistl <- train(RI ~ ., data = Training, method = "cubist", metric = metric,

preProc = c("center", "scale"), trControl = trainControl)

TAt ca cac thuat toan déu sur dung cac tham s6 diéu chinh mic dinh. Sinh vién s& sir
dung mot bang két qua don gian dé biét nhanh vé hiéu suét cta cdc mé hinh, sir dung
biéu d6 dé hién thi mutrc d6 tin cdy 13 95% cho cac chi s6 udc tinh.

# ket qua
results1 <- resamples(list(RF1=fit.rf1, SVM1=fit.svm1, KNN1=fit.knnl,
LR=fit.Ir1, CUBIST1=fit.cubist1 ))
summary(results1)
> resultsl <- resamples(1ist(RF1~Fit.rfl, SVMl<fit.svml, KNN1<fit.knnl, LR«Fit.Trl, CUBIST1«fi

t.cubistl ))
> summary(resultsl)

call:
summary.resamples(object = resultsl)

Models: RFL, SVML, KNN1, LR, CUBIST1
Number of resamples: 30

MAE

Min. Ist Qu. Median Mean 3rd Qu. Max. NA's
RFL 6.13566500 7.68375093 9.13680639 9.39675506 10,4062151 15.B82359190 0
Svsl 9.97558653 13.53702167 16,94136014 17,63539967 21,8210345 30.05743974 0
KNN1 15.62933333 19.30538462 21.78790476 21.58477411 24.5005357 27.60285714 0
LR 0.01763346 0.02294039 0.02523258 0.02532284 0.0281545 0.03226899 0
CUBISTL 0.12785950 0.17958578 0.20283624 0.21171516 0.2318625 0.32280986 0
RMSE

Min, Ist Qu. Median Mean 3rd Qu, Max. NA's
RFL 7,74464752 10,12874109 12.01143416 13.06584062 13.86833488 25.46332587 0

sSvMl 14.58390172 18.20050135 25,14268473 26,71886824 31,45498612 46, 73480006 0
KNN1 18.44942781 24.49779810 27.56951101 27.75374278 31.82216113 37.69414960 0
LR 0.02163368 0.02663038 0,02993619 0.02978832 0.03262337 0,03795947 0
CUBISTL 0.17524658 0.22356688 0.26357190 0,27712909 0,31465145 0,44798712

O

Rsquared

Min. 1st Qu, Median Mean 3rd Qu, Max, NA's
RF1 (.9320942 0.9833033 0.9916943 0.9867220 0.9949711 0.9984038 0
s 0.8962202 0.9446860 0.9663746 0.9616850 0.9821753 0.9906211 0
KNN1 0.8022730 0.9342538 0.9516140 0.9428882 0.9717883 0.9923671 0
LR 0.09999998 (.999949499 (. 9999999 (.9999999 1.0000000 1.0000000 0
CUBIST1 0.9999691 0.09999040 0.9999963 0.9999042 0.0909478 (.9999084 0

Hinh 2.16. Két qua sau khi thyc hién 5 mo hinh hoc may tue tap dir liéu Training
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V¢ biéu do cac mo hinh véi do tin cay 95%

dotplot(results1)

o

5 10 15 20 25 30
| | | | | | | | | | | |

|
RMSE Rsquared

KNN1 = —— 43
SVMA1 —a— —— @
RF1 = v @
CUBIST1 | @ @
LR | = @ @

T T T T T T T T T T T T T T T T

0 5 10 15 20 25 30 0 5 10 15 20 25 30

MAE RMSE Rsquared

Confidence Level: 0.95
Biéu do 2.9: Két qua tir di liéu Training
Tir két qua Hinh 2.16 va Biéu dé 2.9, ta thiy mo hinh LR va Cubist ¢6 gia tri R?
~1 va chi s6 RMSE, MAE la thap nhét.
Dé kiém ching lai két qua da thu duogc, sinh vién tién hanh thuc hién kiém ching
cac mo hinh trén tap dit liu Validation va khong str dung xac thuc chéo 10 lan.
Cu phap thuc hién:
## Validation
pred.rf <- predict(fit.rf1, newdata = Validation)
pred.svm <- predict(fit.svm1, newdata = Validation)
pred.knn <- predict(fit.knn1, newdata = Validation)
pred.Ir <- predict(fit.Ir1, newdata = Validation)
pred.cubist <- predict(fit.cubist], newdata = Validation)
# RF
rmse_rf <- rmse(Validation$RI, pred.rf)
mae_rf <- mae(Validation$RI, pred.rf)
r2_rf <- R2(pred.rf, Validation$RI)
# SVM
rmse_svm <- rmse(Validation$RI, pred.svm)
mae svm <- mae(Validation$RI, pred.svm)
r2_svm <- R2(pred.svm, Validation$RI)
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# KNN
rmse_knn <- rmse(Validation$RI, pred.knn)
mae_knn <- mae(Validation$RI, pred.knn)
r2_knn <- R2(pred.knn, Validation$RI)
# LR
rmse_Ir <- rmse(Validation$RI, pred.Ir)
mae_Ir <- mae(Validation$RI, pred.Ir)
r2_Ir <- R2(pred.Ir, Validation$RI)
# Cubist
rmse_cubist <- rmse(Validation$RI, pred.cubist)
mae_cubist <- mae(Validation$RI, pred.cubist)
r2_cubist <- R2(pred.cubist, Validation$RI)

Két qua va biéu do thu duoc:
results <- data.frame(
Model = c("Random Forest", "SVM", "KNN", "Linear Regression", "Cubist"),
RMSE = c¢(rmse_rf, rmse_svm, rmse_knn, rmse_Ir, rmse_cubist),
MAE = c(mae _rf, mae_svm, mae_knn, mae Ir, mae cubist),
R2 =c(r2_rf, r2_svm, r2_knn, r2_Ir, r2_cubist))
print(results)

> print(results)
Model RMSE MAE R2

1 Random Forest 10.60325158 7.93536624 0.9925763
2 SVM 21.14199587 12.87324583 0.9724774
3 KNN 21.20896052 16.48222222 0.9714673
4 Linear Regression 0.03162783 0.02794912 0.9999999
5 Cubist 0.26970565 0.20011953 0.9999962
Hinh 2.17. Két qua chay mé hinh tir tdp dir liéu Validation
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Biéu d6 2.10: Két qua tir dir liéu Validation

Tuong ty thuc hién chia bo dit liéu cho ty 18 (71:29), (72:28) dén (85:15) thu duoc

bang so li€u sau:

Bang 2.7. Két qua chay mé hinh tir dit liéu Training

TRAINING
RMSE MAE R?
Split Ratio
RF SVM | KNN LR CUBIST RF SVM | KNN LR CUBIST RF SVM | KNN LR CUBIST
70:30 13,07 | 26,72 | 27,58 | 0,03 0,28 9,4 17,63 | 21,58 | 0,03 0,21 0,99 0,96 0,94 1,00 1,00
71:29 12,8 24,35 | 26,53 | 0,03 0,27 9,3 15,5 20,3 0,02 0,21 0,98 0,96 0,94 | 0,99 0,99
72:28 12,7 25,5 25,03 | 0,03 0,26 9,23 | 15,04 19,8 0,03 0,26 0,98 0,97 0,97 1,00 0,99
73:27 12,67 | 25,13 | 24,35 | 0,03 0,27 9,18 | 16,60 | 18,65 | 0,02 0,21 0,99 0,98 0,97 1,00 0,99
74:26 13,01 | 26,25 | 24,43 | 0,03 0,27 9,39 | 16,86 | 18,83 | 0,02 0,21 0,99 0,98 0,97 1,00 0,99
75:25 12,79 | 28,05 | 24,56 | 0,03 0,27 9,14 | 17,74 | 19,05 | 0,02 0,21 0,99 0,98 0,97 1,00 0,99
76:24 12,56 | 22,02 | 24,86 | 0,03 0,26 9,10 | 14,05 | 19,26 | 0,02 0,19 0,98 0,97 0,94 | 0,99 0,99
77:23 12,71 | 21,64 | 25,42 | 0,03 0,26 9,11 | 13,71 | 19,34 | 0,02 0,19 0,98 0,97 0,94 | 0,99 0,99
78:22 12,10 | 20,88 | 24,73 | 0,03 0,25 9,06 | 13,33 | 19,14 | 0,02 0,19 0,98 0,97 0,94 | 0,99 0,99
79:21 12,58 | 19,82 | 25,20 | 0,03 0,25 9,08 | 12,85 | 19,07 | 0,02 0,19 0,98 0,97 0,93 0,99 0,99
80:20 12,40 | 25,28 | 24,91 | 0,02 0,25 8,99 | 16,45 | 18,77 | 0,02 0,18 0,99 0,96 0,95 0,99 0,99
85:15 11,93 | 21,18 | 25,96 | 0,03 0,24 8,67 | 13,79 | 19,62 | 0,02 0,18 0,98 0,97 0,95 0,99 0,99
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Bdng 2.8. Két qua chay mé hinh tir dit liéu Validation

VALIDATION
RMSE MAE R?
Split Ratio
RF SVM | KNN LR CUBIST RF SVM | KNN LR CUBIST RF SVM | KNN LR CUBIST
70.00 13,07 | 2672 | 2758 | 003 | 028 | 94 | 1763 2158 [003 | o021 |09 096 | 094 | 100 | 1,00
71.00 1241 | 39,73 | 2544 | 003 | 024 | 962 | 2086 [ 1978 [ 002 | o018 | 099 | 094 | 097 | 100 [ 099
72.00 12,09 | 41,99 | 2495 [ 002 | 027 | 951 | 2241 [ 1963 [ 002 | o021 | 099 094 | 097 | 1,00 [ 099
73.00 13,08 | 43,53 | 2533 | 002 | 025 | 1031|2357 [ 2004 [ 002 02 |09 094 | 097 | 100 | 099
74.00 13,68 | 4493 | 2470 | 002 | 025 | 1043 | 2434 [ 1942 [ 002 | 019 | 099 093 | 097 | 1,00 [ 099
75.00 12,33 | 47,61 | 2326 | 002 | 025 | 958 | 2576 [ 1970 [ 002 | 019 | 099 093 | 097 | 100 [ 099
76.00 12,33 | 4230 | 2450 | 002 | 027 | 947 | 2297 [ 1906 [ 002 | 019 | 099 094 | 097 | 100 [ 099
77.00 12,78 | 3936 | 2492 | 002 | 027 | 976 | 2126 [ 1961 [ 002 | 019 |099 | 096 | 097 | 100 [ 099
78.00 1321 [ 3896 | 2377 [ 002 | 030 | 969 | 2101 [ 1844 [ 002 | 023 [099| 096 | 097 | 100 [ 099
79.00 12,67 | 37,12 | 2436 | 002 | 032 | 940 | 1984 [ 1899 [ 002 | 025 | 099 096 | 097 | 100 | 099
80.00 13,07 | 3976 | 2324 | 002 | 030 | 946 | 21,73 [ 1806 [ 002 | 022 | 099 095 | 097 | 100 [ 099
85.00 10,77 | 2976 | 23,03 | 002 | 028 | 867 | 1490 [ 1773 [ 002 | 023 [ 099 097 | 097 | 100 [ 099
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Bdng 2.9. So sanh hiéu sudt ciia tirng mé hinh giita tdp Training va Validation

RMSE MAE R? b Nhin
Model L N
Training | Validation | Training | Validation | Training | Validation 1éch xet
Gidam | Mo hinh
RF1 13,07 10,6 9,40 7,93 0,99 0,99 R
nhe on
Chap
SVM1 26,72 21,14 17,63 12,97 0,98 0,97 Giam nhan
duoc
B Trung
KNN1 27,58 21,21 21,58 16,48 0,98 0,97 Giam .
binh
Gan Qua
LR 0,03 0,03 0,03 0,03 1,00 1,00 . ]
bang 0 Khép
Gan Qua
Cubist 0,28 0,27 0,21 0,21 1,00 1,00 .
bang 0 Khép

Nhan xét:

Sau khi kiém chirng lai cadc mo hinh tir tdp dit liéu Validation thi 2 mé hinh LR va
Cubist c¢6 hiéu sut cao nhat véi do tin cdy R? ~ 1 va céc chi s6 MAE va RMSE rat thép

(tiém can bang 0). Tir day dit ra mot gia thiét, co thé vi kich ¢& cua tap dit liéu dau vao

quéa nhé nén mo hinh da hoc thudc long tap Training hodc dir liéu bi ro ri va m6 hinh da

hoc dugc nén khong con kha ning tong quat hoa .Vi vy ma ching ta thiy duoc du

hiéu rat o ciia “Overfiting” (Quéa khép) ddi véi 2 md hinh nay.

Nguoc lai, d6i v6i mo hinh RF (Random Forest) cho ra két qua tir tap dir liéu

Training va Validation déu co6 hiéu suit & muc tdt véi do tin cay R2 gén béng 1, chi sd
MAE va RMSE & mitc 6n chi xép sau 2 m6 hinh LR va Cubist va két qua sau khi kiém

chirng lai vo1 tap Validation thé hién su can béng gitta d0 chinh x4c va kha ning téng

quat hoa (thé hién ¢ bang 2.7, bang 2.8 va bang 2.9)
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Badng 2.10. Xép hang cdc mé hinh t6i wu héa dit liéu nhdt

Xép hang M6 hinh tét nhat

Can bang gitra d6 chinh xac va kha ning tong

Random Forest (RF) L

quat hoa

Hiéu suat khong qua té, nhung khong tdt ban
SVM C g quate g g g

RF

Overfiting ning — khong nén ding néu khon
LR & Cubist snang 8 8 8

xur 1y lai dir li€u

Két Luén:

Khi hoan thién viéc xay dung cac mo hinh hoc may, dit li¢u ban dau duoc chia theo
ty 18 tir (70:30) dén (85:15) cho tap hudn luyén va tap kiém ching. M6 hinh duoc Iya
chon 1a m6 hinh tdi wu cho viéc du bao chat luong tram tich mat tai khu vuc khao sat sé
dua trén cac chi s6 danh gia nhu sai sb tuyét d6i trung binh (MAE), sai s6 binh phuong
trung binh (RMSE) va hé s xac dinh (R?).

Trong qué trinh phan tich, hai mé hinh Linear Regression (LR) va Cubist cho két
qua dy bao gan nhu hoan hao trén ca hai tap huin luyén va kiém ching, voi sai sb rat
thap va gia tri R? tiém can 1. Tuy nhién, chinh hiéu suat qué cao ndy va gan nhu khong
¢6 sy chénh 1éch gitra hai tap Training va Validation khién cho kha ning “overfitting”
tré nén dang nghi ngd — tirc 1a moé hinh da hoc qua sat véi dir lidu huan luyén, co thé
lam giam kha ning tong quat hoa ddi véi cac dir liéu méi.

Nguoc lai, m6 hinh Random Forest (RF) tuy khong dat hiéu suit cao nhét theo cac
chi s6 danh gia, nhung lai thé hién sy 6n dinh va can bang giita hai tap dir liéu. Bén canh
d6, RF 1a thuét toan von duoc biét dén véi kha nang chéng overfitting tdt, nhor co ché
14y mau ngiu nhién (bootstrap) va téng hop nhiéu cay quyét dinh (bagging).

Vi vy, mic du khong phai 1a mo hinh c6 chi s tot nhat, Random Forest van duoc
Iya chon 1 mé hinh phu hop nhét trong nghién ciru nay — nhu mét giai phap an toan,
dang tin cdy va co6 kha nang trng dung thuc té cao, dic biét trong diéu kién dit liéu con

han ché.
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CHUONG 3: DU BAO DIEN BIEN CHAT LUQNG MOI TRUONG THEO
THOI GIAN VA PE XUAT CAC GIAI PHAP QUAN LY - KY THUAT
3.1. D bAo hién trang méi trudng dién bién theo thoi gian dwa trén mé hinh tdi
wu da lya chon.
3.1.1. D bao chi sb rii ro sinh thai tai 10 vi tri nghién ciru dén thang 1/2026
Cac budc thuc hién du bao:
Budc 1: Cai dit va tai cac thu vién nhu & Chuwong 2
Budc 2: Doc va xu ly dir liéu
# Céac cot: Time, Location, As, Zn, Pb, Cr, Cu, Hg, Cd, RI
# Chuyén cot Time tir dang 'YYYY-M' vé s (vi du: "2023-9" -> 2023.9)

heavymetals$Time <- as.numeric(gsub("-", ".", heavymetals$ Time))
Buwéc 3: Huan luyén mo hinh Random Forest dé du bao RI
set.seed(123)

trainControl <- trainControl(method = "repeatedcv", number = 10, repeats = 3)
fit.rf <- train(
RI ~ Time + Location + As + Zn + Pb + Cr + Cu + Hg + Cd,
data = heavymetals,
method = "rtf",
trControl = trainControl,
preProc = c("center", "scale")
)
Budc 4: Tao dir liéu du bao cho thang 1/2026
future dates <- c("2026-1")
future data <- expand.grid(
Time = future dates,

Location = unique(heavymetals$Location)

)
# Chuyén cot Time tir "2026-1" thanh s6 2026.1 (néu dit liéu dau vao chua chuyén)
future data$Time <- as.numeric(gsub("-", ".", future data$Time))

metal means <- heavymetals %>%
group_by(Location) %>%
summarise(across(c(As, Zn, Pb, Cr, Cu, Hg, Cd), mean, na.rm = TRUE))

future data <- merge(future data, metal means, by = "Location")
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#Du bao
future data$RI predicted <- predict(fit.rf, newdata = future data)
Buéc 5: Xuat két qua
print(future data[, c("Time", "Location", "RI predicted")])
# Tuy chon: xuét ra file CSV
write.csv(future data, "RI du bao 2026.csv", row.names = FALSE)
# Tuy chon: v& biéu d6 (néu can)
ggplot(future data, aes(x = Time, y = Rl predicted, color = Location, group =
Location)) +
geom_line(size = 1.2) +
geom_point() +
theme minimal() +
labs(title = "Dy bao chi s6 RI theo thoi gian (1/2026)",
x = "Thoi gian (ndm-thang)", y = "Chi s6 RI dy bao") +
theme(axis.text.x = element_text(angle =45, hjust = 1))

> print(future_datal, c("Time", "Location", "RI_predicted")])
Time Location RI_predicted

1 2026.1 51 226.4023
2 2026.1 510 215.1000
3 2026.1 52 282.7633
4 2026.1 53 279.5357
5 2026.1 54 319.0563
6 2026.1 55 ©625.6487
7 2026.1 56 362.0046
8 2026.1 57 240.2300
9 2026.1 58 115.7690
10 2026.1 59 241.3365

Hinh 3.1. Két qua dw bdo chi sé rii ro sinh thai (RI) cho thang 1/2026

3.1.2. Dw bao nong dd ciia tirng kim loai ning tai 10 vi tri nghién ciru dén thang
1/2026

Budéc 1: Huan luyén md hinh cho ting kim loai

# Thiét 1ap xac thuc chéo
train_control <- trainControl(method = "repeatedcv", number = 10, repeats = 3)
# Huan luyén md hinh cho kim loai As
fit. As <- train(
As ~ Time + Location,
data = heavymetals,
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method = "rf",

"nn

preProcess = c("center", "scale"),
trControl = train_control,
metric = "RMSE"
)
# Huan luyén mo hinh cho kim loai Pb
fit.Pb <- train(
Pb ~ Time + Location,
data = heavymetals,
method = "rf",
preProcess = c("center", "scale"),
trControl = train_control,
metric = "RMSE"
)
# Huan luyén mo hinh cho kim loai Hg
fit. Hg <- train(
Hg ~ Time + Location,
data = heavymetals,
method = "rf",

"nn

preProcess = c("center", "scale"),
trControl = train_control,
metric = "RMSE"
)
# Huan luyén mo hinh cho kim loai Cu
fit.Cu <- train(
Cu ~ Time + Location,
data = heavymetals,
method = "rf",
preProcess = c("center", "scale"),
trControl = train_control,
metric = "RMSE"
)

# Huan luyén mo hinh cho kim loai Cr
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fit.Cr <- train(
Cr ~ Time + Location,
data = heavymetals,
method = "rf",

"nn

preProcess = c("center", "scale"),
trControl = train_control,
metric = "RMSE"
)
# Huan luyén mo hinh cho kim loai Cd
fit.Cd <- train(
Cd ~ Time + Location,
data = heavymetals,
method = "rf",
preProcess = c("center", "scale"),
trControl = train_control,
metric = "RMSE"
)
# Huan luyén mo hinh cho kim loai Zn
fit.Zn <- train(
Zn ~ Time + Location,
data = heavymetals,
method = "rf",

"nn

preProcess = c("center", "scale"),
trControl = train_control,
metric = "RMSE"
)
Budce 2: Tao khung dir liéu mai cho thang 1/2026 (10 vi tri S1-S10)
future month <- data.frame(
Time = rep("2026-1", times = 10),
Location = paste0("S", 1:10)

)
#Chuyén dang ky tu
library(zoo)
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future_month$Time <- as.numeric(as.yearmon(future_month$Time, "%Y-%m"))
Bwéc 3: Du bao néng do tirng kim loai ndng
#Du bao néng dd cua tung kim loai nang
pred.As <- predict(fit.As, newdata = future month)
pred.Zn <- predict(fit.Zn, newdata = future month)
pred.Pb <- predict(fit.Pb, newdata = future _month)
pred.Cr <- predict(fit.Cr, newdata = future_month)
pred.Cu <- predict(fit.Cu, newdata = future_month)
pred.Hg <- predict(fit. Hg, newdata = future_month)
pred.Cd <- predict(fit.Cd, newdata = future_month)
# GOp céac dir liéu kim loai nang thanh 1 bang
future_results <- cbind(

future _month,

As =pred.As,
Zn = pred.Zn,
Pb = pred.Pb,
Cr = pred.Cr,
Cu = pred.Cu,
Hg =pred.Hg,
Cd = pred.Cd
)

Buéc 4: Xuat két qua
print(future results)

write.csv(future results, "du bao kim loai tung vi tri.csv", row.names = FALSE)

> print(future_results)

Time Location As zn Pb cr Cu Hg Ccd
1 2026 51 227.01617 102.59067 410.0322 21.68470 27.23168 0.06907447 1.2834231
2 2026 52 271.17560 85.45001 363.5953 22.28897 27.57371 0.29427420 1.2959852
3 2026 53 294.50167 104.60164 399.8656 21.94626 28.98766 0.06212110 1.4633172
4 2026 54 266.05447 217.61687 694.0941 26.08566 42.57336 0.06588440 2.6743979
5 2026 55 429.77174 161.12208 447.4077 22.41663 77.56820 1.44344760 2.5369593
6 2026 S6 194.07708 154.28526 531.3542 20.37227 45.35751 0.92483347 1.8260730
7 2026 57 180.52744 141.42671 546.4471 19.69181 27.58220 0.16236860 1.8792795
& 2026 S8 091.92829 75.12253 202.6763 18.36655 27.50529 0.06950610 0.9127865
9 2026 59 133.81815 120.05459 495.2550 26.90243 30.93611 0.18859850 2.9226447
10 2026 510 149.19276 103.39395 475.2088 21.42132 26.98365 0.19317607 1.6187493

Hinh 3.2. Két qua dy bdo nong dg cdc kim loai ning thang 1/2026
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Badng 3.1. Tong hop diF liéu sau duw bdo (1/2026)

RI RI

Vitri | Thoi As Zn Pb Cr Cu Hg Cd du bio) (tinh
~ w bao i

mau | gian todn)

(mg/kg)
S1 | 1/2026 | 2254 | 102,3 | 386,1 | 30,5 | 22,5 | 0,089 | 1,131 | 2264 | 229,6
S2 | 12026 | 2699 | 77,3 | 3572 | 32,8 | 24,5 | 0273 | 1,122 | 282,7 | 286,5
S3 | 1/2026 | 2922 | 95,6 | 390,5 | 323 | 249 | 0,058 | 1,459 | 279,5 | 279,6
S4 | 1/2026 | 265,1 | 224,9 | 688,8 | 36,6 | 33,0 | 0,074 | 2,642 | 319,0 | 322,5
S5 | 1/2026 | 4275 | 142,7 | 4422 | 33,7 | 468 | 1371 | 2,524 | 6256 | 618,0
S6 | 1/2026 | 1883 | 157,9 | 5255 | 293 | 29,3 | 0,902 | 1,814 | 362,0 | 366,3
S7 | 1/2026 | 1749 | 156,3 | 5408 | 28,1 | 23,2 | 0,148 | 1,855 | 2402 | 2385
S8 1/2026 90,1 91,2 197,3 28,1 22,9 0,093 | 0,875 115,7 | 118,8
S9 | 1/2026 | 130,8 | 131,8 | 490,7 | 369 | 29,7 | 0,173 | 2,847 | 2413 | 239,9

S10 1/2026 | 144.,8 113,3 | 470,5 31,1 24,8 0,178 | 1,709 | 215,1 | 213,7
OCVN
43:2017/BTN | 17,0 | 315 | 91,3 | 90 | 197 | 05 | 35
MT* [18]

Nhan xét:

So v6i nhitng thang gan nhat, nong do cac kim loai ning dugc du bao bang mé hinh
Random Forest (RF) c6 xu hudng giam nhe. Tuy nhién, tai cac vi tri, nong do cta cac
kim loai niing nhu Pb va As van vuot ngudng cho phép theo QCVN 43:2017/BTNMT,
va khong c6 su thay d6i dang ké. Chi sb rui ro sinh thai (RI) du béo tir mé hinh cho thay
cac vitri S5 va S6 tiép tuc 1a hai diém co gia tri RI cao nhat. Khi so sanh két qua du bao
véi chi s6 RI duge tinh theo cong thirc cua Lars Hakanson, d6 sai s6 dao dong trong
khoang 0,01-0,03, cho thay sai s rat nho. Piéu nay chimg té mé hinh RF ¢6 d6 chinh
xéac cao va hiéu sut du bao tt.

3.2. Cac giai phap quan ly - ky thuat

Khu vuc séng Bong Miéu (tinh Quang Nam) dang chiu anh huéng nghiém trong
béi cac hoat dong khai thac vang trai phép dién ra trong thoi gian dai. Cac hoat dong
nay khong nhirg giy mat an ninh trat ty dia phuong, pha v& cau tric ty nhién ma con
dé lai hau qua nghiém trong vé moi truong, dac biét 1a o nhiém kim loai nang (thuy

ngan, chi, asen, kém, dong, Crom, Cadimi...) trong tram tich, nudc va sinh vat thay sinh.
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Dé han ché va ngin chin tinh trang nay, can phai ap dung dong thoi ca bién phap quan

1y hanh chinh 14n bién phap k¥ thuat mot cach quyét liét va bén ving.

Hinh 3.3. Hién trang khai thdc vang va méi truong tai séng Bong Miéu
3.2.1 Bién phap quan ly
3.2.1.1 Tang cwong giam sat va xu ly hoat dong khai thdc trai phép

« Thanh lip lyc hrgng lién nganh kiém tra, truy quét thwong xuyén: Thiét lap
cac to cong tac lién nganh g(‘Sm cong an, kiém 1am, va dai dién chinh quyén dia
phuong dé phéi hop kiém tra dinh ky va dot xuét tai cac khu vuc thudng xuyén
xay ra hoat dong khai thac vang trai phép. Dac biét chu trong cac diém néng tai
khu vye ring nui, noi kho kiém soat.

« Ung dung cong nghé cao trong giam sat: Tan dung may bay khong nguoi lai
(drone), anh vé tinh va hé thong dinh vi GPS dé giam sat dién rong, phat hién
som cac dau hiéu khai thac trai phép. Cong nghé nay dic biét hitu ich tai nhiing
khu vyce dia hinh phuc tap, noi lyc lugng chirc nang kho tiép can.
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« Ting cwong ché tai xir phat nghiém minh: Ap dung nghiém khic cac hinh phat
theo quy dinh cua Luit Bao vé Mo6i trudng va Luit Khoang san ddi véi ca nhan
hoic t6 chtrc vi pham. Céc hinh thirc xtr 1y ¢ thé bao gdm xtr phat hanh chinh,
budc boi thuong thiét hai moi truong, va xu 1y hinh sy néu co du can ct. [19],
[20]

3.2.1.2 Qudadn ly quy hoach vang nhay cam

« Khoanh ving va cim méc ré rang cac khu vwe nghiém cdm khai thac, dic
biét 1a thuong ngudn séng Béng Miéu va cac ving ¢ hé sinh thai nhay cam.

o Xay dung va ap dung quy trinh dianh gia tac dong moéi trwomg nghiém ngat
néu c6 du an khai thac hop phap, nham tranh anh huong dén nudc song va doi
song nguoi dan.

3.2.1.3 Nang cao nhdn thirc cong dong

« To chirc cac budi truyén thong cong dong, pho bién kién thirc vé tac hai cia
kim loai nang dbi véi stc khoe (gay ung thu, ton thuong hé than kinh, anh hudng
hé sinh san...).

« Két hop gido duc mdi truwdng trong truong hoc, tao ¥ thirc bao vé tai nguyén
cho thé hé tré.

« H® tro chuyén doi sinh ké cho nguoi dan timg tham gia khai thac trai phép sang
céc nganh nghé bén virng nhu néng nghiép hitu co, du lich sinh thai, trong rimg.

3.2.2 Bién phap k¥ thuat
3.2.2.1 Xur ly nwoc thai co chira kim logi ngng

« Xay dung hé thong xir Iy nwée thai tap trung tai khu vuc mo vang cil, gom cac
budc:
o Két tia hoa hoc: st dung NaOH, Ca(OH):, hodc sulfide dé két tua céc
ion kim loai nhu Pb*, Hg*, Cd*".
o Hap phu: dung vat liéu hap phu nhu than hoat tinh, zeolit, biochar tir phé
phu phim nong nghiép dé loai bo kim loai ning trong nude. [21]
o Loc mang: 4p dung cong nghé loc nano hodc mang RO cho cac ngudn
nude can phuc hdi ¢ cip do cao hon. [22]
3.2.2.2 Qudn Iy ban thdi va chdt thai nguy hai
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« Xay dung hd ling nhiéu ngin, thu gom bun thai c6 chira cyanua hoic thuy ngan
dé xtr Iy riéng theo quy dinh vé chat thai nguy hai.

« Tuyét dbi khong dé bun thai, nwéc thai chwa qua xir Iy chay vao séng, dic
biét vao mua mua khi dong chay manh va dé phat tan.

3.2.2.3. Bo sung hé théng cip nwéc sach

Tai khu vuc song Bong Miéu, hién nay gan nhu 100% ho dan van dang str dung ngudn
nuéc giéng khoan hodc giéng dao, trong khi nudc sach tir cic cong trinh cip nude tap
trung van chua dugc dua vao st dung hoac bi bo hoang sau dau tu. bay 1a mot thuc
trang dang lo ngai, dic biét khi cdc mau quan trac tai khu vuc da ghi nhan sy ton luu
kim loai ndng nhu thiy ngan, asen, chi trong moi truong déat va nuéc — nhirng chét ¢
thé tham thau va tich tu trong ngudn nudc ngam.
Viéc khong c6 ngudn nude sach thay thé khién ngudi dan phai st dung nudce tiém an
nguy co cao gay bénh tat man tinh, nhu ton thuong gan, than, h¢ than kinh, hodc thim
chi 1a ung thu. Do d6, can:

o Rasoatlai cac cong trinh cAp nude sach da dau tu tai dia phuong, xac dinh nguyén
nhan chua thé dua vao hoat dong (vi du: thiéu von van hanh, chua co duong 6ng
két noi...).

« Khan truong khoi phuc va dua cac cong trinh cip nudc vao sir dung, vu tién khu
vuc dan cu gan song Bong Miéu va ving timg bi anh hudng khai thac vang trai
phép.

o Tiang cudng ldy mau giéng ngam dé kiém tra chat luong nude dinh ky, canh bao
som néu vuot ngudng cho phép.

Viéc dam bao tiép can ngudn nudc sach khong chi 1a mot giai phap k¥ thuat ma con 1a
mot bién phap bao vé stc khoe cong déng lau dai va thé hién vai tro quan ly cua chinh
quyén dja phuong.
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KET LUAN

Tur két qua nghién ctru cho thr?iy sy hién dién dang ké ctia mot sd kim loai nang nhu
chi (Pb), asen (As) va cadimi (Cd) trong trAm tich bé mat tai khu vyc séng Bong Miéu,
tinh Quang Nam. Nhiéu vi trf 14y mau ghi nhan ndng d vuot ngudng cho phép theo quy
chuan QCVN 43:2017/BTNMT, dic biét tai vi tri S4, S5 ¢6 ndng d6 KLN vuogt ngudng
cho phép nhpha, phin 4nh tinh trang 6 nhiém kim loai ning nghiém trong tai khu vuc
nghién ctru. Chi s6 rui ro sinh thai (RI) dugc tinh toan dao dong tir mirc trung binh dén
rat cao, v6i gid tri RI 16n nhat 1én téi 640,2 (S5) — cho thay nguy co anh huong nghiém
trong dén hé sinh thai thay sinh va strc khoe cong dong.

Dit liéu khao sat y kién nguoi dan dia phuong cling phan anh thyc trang dang lo ngai
vé strc khoe, voi ty 18 dang ké ngudi dan bao cao cac triéu ching bénh 1y lién quan dén
da 1idu, ho hap va tiéu hoa. Nhitng dau hiéu nay c6 kha nang lién quan dén 6 nhiém méi
truong do su tich tu kim loai nang kéo dai trong nude va tram tich.

Vé mit phuong phap, nghién ciru da Gng dung thanh cong cic moé hinh hoc may,
trong d6 Random Forest (RF) dugc xac dinh 13 mo hinh tdi uu v6i do chinh xac cao
trong dy bao chi s RI. So sanh két qua dy bao tir mo hinh véi chi sé tinh theo cong thirc
ctia Lars Hakanson cho thay sai s rat nhé (0,01-0,03), ching minh hiéu qua mé hinh
trong thuc tién. Viéc ap dung cac mo hinh hoc may hién dai nhu RF, SVM va XGBoost
khong chi nang cao do tin cdy trong danh gia va dy bao chat lugng méi truong, ma con
g6p phan giam thiéu thoi gian, chi phi va cong strc cho cong tic quan trac truyén thong.

Bén canh d6, hudng tiép can tich hop gitta dir liéu moi trudng, dit liéu strc khoe cong
d6ng va mo hinh hoa bang hoc may da dugc ching minh 1a kha thi va hiéu qua. Pay l1a
mot dinh huéng nghién ciru tiém ning, gbp phan hd trg cong tic giam sat moi truong,
canh bao sém rui ro sinh thai va dé xuat cac giai phap can thiép kip thoi. Két qua nghién
ctru khong chi ¢6 ¥ nghia khoa hoc ma con c6 gia tri thuc tién cao trong viéc xay dung
chién lugc quan Iy moi truong bén ving, dic biét tai cac khu vuc chiu tdc dong manh

tr hoat dong khai thac khoang san.
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KIEN NGHI

% D6i v6i hién trang stec khoée méi truong

Trudc thuc trang 6 nhiém kim loai ning trong tram tich va mutc d6 rui ro sinh thai
cao tai khu vuc song Béng Miéu, nghién ctru kién nghi cac noi dung sau:

+ Ting cudng quan tric moi truong dinh ky tai cac diém c6 nguy co cao (dic biét
13 vi tri S5 va S6), v6i pham vi mé rong bao gdm ca nude mit, trim tich va sinh
vat thuy sinh, nhim danh gia chinh xac dién bién 6 nhiém theo thoi gian.

+ Ap dung cac mé hinh hoc may nhu Random Forest vao hé théng quan Iy méi
truong dia phuong, phuc vu muyc dich canh bao sém va hd tro ra quyét dinh trong
cong tac kiém soat 6 nhiém, dic biét tai cac khu vuc chiu anh huong tir khai thac
khoang san.

+ Thuc hién cac nghién ciru chuyén sau vé mbi lién hé giira 6 nhiém méi trudng va
sttc khoe cong dong, tir d6 xay dung bd chi thi méi trudng — sirc khoe phu hop
v6i diéu kién dia phuong, phuc vu cong tac giam sat va phan Gng nhanh véi cac
nguy co moi truong.

+ Dé xuit cac bién phéap cai tao va phuc hdi méi truong, nhu xir 1y trAm tich 6
nhiém, kiém soat ngudn thai tir hoat dong khai thac khoang san, dong thoi ting
cudng phd bién kién thirc moi trudng cho cong ddng dan cu dé ning cao nhan
thirc va kha nang tu bao v¢ suc khoe.

% P6i vé6i mé hinh hoc may

Ttr qua trinh thr nghiém va so sanh cdc mo hinh hoc may khac nhau nhu K-Nearest
Neighbors (KNN), Support Vector Machine (SVM), Cubist va Linear Regression (LR),
nghién ctru nhan thiy rang moé hinh Random Forest (RF) cho hiéu suat dy bao 6n dinh
va chinh x4c hon trong diéu kién dit liéu dau vao con han ché. Trong khi cac mo hinh
Cubist va LR ¢6 diu hiéu “overfitting”, lam gidm d¢ tin cdy cua két qua, thi mo6 hinh RF
d3 chirmg minh kha ning xt Iy tot di liéu phi tuyén va khéng yéu ciu nhiéu gia dinh vé
phan phdi dir liéu.

Tir d6, nghién ctru kién nghi cac co quan quan 1y méi trudng nén can nhic tich hop
cac mo6 hinh hoc may, dac biét 1a Random Forest, vao hé théng quan 1y va giam sat chat
lugng moi truong. Viée nay khong chi hd tro hidu qua trong viéc du bao xu huéng 6
nhiém va danh gia rui ro sinh thai ma con gitp giam thiéu chi phi, thoi gian ldy miu va
phan tich thuc dia — mot loi thé quan trong trong bdi canh nguén luc con han ché va yéu
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cau canh bdo sdém ngay cang cao. Pong thoi, cling can dau tu moé rong co sé dir liéu moi
truong, vi chat lugng va do tin cay ciia mo hinh hoc may phu thudc chat ché vao quy
mo va do da dang cua dir li€u dau vao.
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PHU LUC 1
BANG DU LIEU NONG PQ CAC KIM LOAI NANG VA
CHI SO RUI RO SINH THAI (RI)

Thoi gian Vitrimiu | Pb As Hg Cd Cr Cu Zn RI
S1 407.2 [ 232.8 | 0.064 | 1.187 | 21.7 | 24.8 87 |233.6
S2 378.31277.310.248 | 1.161 | 23.6 | 28.7 | 85.9 |290.3
S3 411.6 [ 299.6 | 0.033 | 1.524 | 23 30.6 | 106.9 | 284.3
S4 709.9 | 272.4 1 0.049 | 2.713 | 28.9 | 46.6 | 134.2 | 327.6
Théng 5/2025 S5 463.3 | 434.8 | 1.431 | 2.614 | 239 | 83.2 | 184.2 | 640.2
S6 546.6 | 195.6 | 0.877 | 1.882 | 19.3 | 49.1 | 146.5 | 372.4
S7 561.9 | 182.3 1 0.123 | 1.978 | 18.6 | 28.3 | 122.5 | 244.6
S8 2184 | 97.4 | 0.068 | 0.944 | 17.1 | 283 | 61.7 | 123.3
S9 511.8 | 138.1 [ 0.148 | 2.881 | 29.9 | 33.2 | 116.7 | 243.4
S10 491.6 | 152.1 | 0.153 | 1.867 | 21.4 | 26.3 | 97.9 | 220.7
S1 397.7 | 234.6 | 0.175 | 1.161 | 17.5 | 21.7 | 81.7 | 250.7
S2 368.8 1279.1 | 0.359 | 1.765 | 19.4 | 25.6 | 80.6 |326.3
S3 402.1 | 301.4 | 0.144 | 1.501 | 18.8 | 27.5 | 101.6 | 301.5
S4 700.4 | 2742 | 0.16 | 2.691 | 24.7 | 43.5 | 128.9 | 344.8
Thing 4/2025 S5 453.8 | 436.6 | 1.542 | 2.598 | 19.7 | 80.1 | 178.9 | 657.6
S6 537.11197.4 {0988 | 1.861 | 15.1 46 | 141.2 | 389.6
S7 552.4 1 184.1 | 0.234 | 1.921 | 144 | 252 | 117.2 | 260.8
S8 208.9 | 99.2 | 0.179 | 0.924 | 129 | 25.2 | 56.4 | 140.5
S9 502.3 1 139.9 1 0.259 | 2.864 | 25.7 | 30.1 | 111.4|260.7
S10 482.1 11539 0.264 | 1.115| 17.2 | 23.2 | 92.6 | 216.0
S1 402.6 | 219.5 | 0.133 | 1.037 | 33.1 | 20.9 | 122.2 | 231.0
S2 373.7| 264 [ 0317 |1.018| 35 24.8 | 93.3 | 287.7
S3 407 |286.30.102 | 1.367 | 344 | 26.7 | 126.6 | 281.4
S4 705.3 1 259.1 | 0.118 | 2.568 | 40.3 | 42.7 | 424.9 | 326.6
Thing 3/2025 S5 458.7 14215 1.5 |2345] 353 | 793 | 1783 | 633.8
S6 542 | 1823 10.946 | 1.738 | 30.7 | 45.2 |261.6 | 370.4
S7 5573 169 [0.192 | 1.745| 30 | 244 |276.9 |240.2
S8 213.8 | 84.1 | 0.137 | 0.801 | 28.5 | 244 | 66.6 | 120.7
S9 507.2 | 124.8 | 0.217 | 2.664 | 41.3 | 29.3 | 226.8 | 239.2
S10 487 | 138.8 10.222 | 1.738 | 32.8 | 22.4 | 206.6 | 219.1
S1 387.41242.6 | 0.131 | 1.656 | 30 | 21.8 | 361 |265.0
Thing 2/2025 S2 358.5|287.1 | 0315 | 1.264 | 319 | 17.6 | 32.5 | 308.0
S3 391.8 13094 | 0.1 |1.624| 31.3 | 19.6 80 |302.1
S4 690.1 | 282.2 [ 0.116 | 2.814 | 37.2 | 24 |299.1 | 3453




Thoigian | Vitrimdu| Pb | As | Hg | Cd | Cr | Cu | Zn | RI

S5 443.5 | 444.6 | 1.498 | 2.714 | 32.2 | 44.6 | 52.5 | 654.7

S6 526.8 [ 205.4 | 0.944 | 1.984 | 27.6 | 17.4 | 135.8 | 388.3

S7 542.1(192.1 | 0.19 | 2.044 | 26.9 | 26.4 | 151.1 | 262.6

S8 198.6 | 107.2 | 0.135 | 1.047 | 25.4 | 25.4 | 192.4 | 142.9

S9 492 | 147.9 1 0.215]2.984 | 382 | 30.5 | 101 |262.1

S10 471.8 | 161.9 | 0.22 | 1.536| 29.7 | 29.1 | 80.8 |226.9

S1 414.3 1 209.4 | 0.053 | 1.251 | 43.9 | 7.7 | 188.5|218.0

S2 385.4 (2539 (0237 | 1.231 | 45.8 | 11.6 | 159.6 | 274.7

S3 418.7 | 276.2 [ 0.022 | 1.591 | 45.2 | 13.5 | 192.9 | 268.7

S4 717 | 249 |0.038 [ 2.781 | 51.1 | 29.5 | 491.2{313.6

Théng 1/2025 S5 470.4 | 411.4 | 1.42 |2.681 | 46.1 | 66.1 | 244.6 | 624.5
S6 553.7 [ 172.2 [ 0.866 | 1.951 | 41.5 | 32 |327.9|357.4

S7 569 |158.9 | 0.112 | 2.011 | 40.8 | 11.2 | 343.2|228.8

S8 2255 74 [0.057 [1.014 | 393 | 11.2 | 111 [107.6

S9 518.9 | 114.7 [ 0.137 | 2.951 | 52.1 | 16.1 |293.1 | 228.4

S10 498.7 | 128.7 | 0.142 | 1.951 | 43.6 | 9.2 |272.9 | 206.1

S1 361.1 {228.6 [0.041 | 1.113 | 21.6 | 25.7 | 652 |221.6

S2 332.2 1273.1 | 0.225 | 1.093 | 23.5 | 21.5 | 64.1 [277.6

S3 365.5 12954 | 0.01 |1.453| 229 | 23.5 | 85.1 [271.6

S4 663.8 | 268.2 | 0.026 | 2.643 | 28.8 | 27.9 |112.4 | 313.7

Théng 12/2024 S5 417.2 | 430.6 | 1.408 | 2.543 | 23.8 | 48.5 | 162.4 | 624.7
S6 500.5 ( 191.4 [ 0.854 | 1.813 | 19.2 | 21.3 | 124.7 | 357.6

S7 515.8(178.1| 0.1 |1.873| 18.5 | 30.3 |100.7 | 231.8

S8 172.3 | 93.2 [0.045[0.876 | 17 | 29.3 | 39.9 [111.5

S9 465.7 | 133.9 | 0.125 | 2.813 | 29.8 | 34.4 | 94.9 | 231.6

S10 445511479 | 0.13 | 1.813 | 21.3 | 33 | 76.1 |209.8

S1 4237 1228.1[0.118 | 125 | 452 | 9.4 | 62.8 |241.0

S2 394.8 (272.6 [0.302 | 1.23 | 47.1 | 0.9 | 61.8 |296.6

S3 428.1 | 294.9 | 0.087 | 1.59 | 46.5 | 2.8 | 75.2 |290.5

S4 726.4 | 267.7 | 0.103 | 2.78 | 52.4 | 18.8 | 71.2 |333.7

Théng 11/2024 S5 479.8 | 430.1 | 1.485 | 2.68 | 47.4 | 554 | 67.2 | 646.0
S6 563.1{190.9 [0.931 | 1.95 | 42.8 | 21.3 | 40.4 | 3783

S7 5784 177.6 [ 0.177 | 2.01 | 42.1 | 0.5 | 74.6 |249.7

S8 2349 92.7 [0.122 | 1.013 | 40.6 | 0.5 | 53 |129.7

S9 528.3(133.4 (0202 | 295 | 53.4 | 54 | 72 |249.6

S10 508.1 | 147.4 {0207 | 1.95 | 449 | 7.8 | 62.3 | 2283

Thang 10/2024 S1 363.8 (1945 0.11 | 1.202 | 34.1 | 9 | 53.5 |211.3




Thoigian | Vitrimdu| Pb | As | Hg | Cd | Cr | Cu | Zn | RI
S2 3349 | 239 0294 | 1.182 | 32.7 | 12.9 | 52.4 | 268.1
S3 368.2 (2613 [0.079 | 1.542 | 32 | 14.8 | 73.4 |262.0
S4 666.5 | 234.1 [ 0.095 | 2.732 | 35.6 | 30.8 | 100.7 | 305.3
S5 419.9 | 396.5 | 1.477 | 2.632 | 37.3 | 67.4 | 150.7 | 618.0
S6 503.2 ( 157.3 [0.923 | 1.902 | 28.7 | 33.3 | 113 |350.2
S7 518.5| 144 [0.169|1.962 | 31.8 | 12.5 | 89 |221.4
S8 175 | 59.1 | 0.114 [ 0.965 | 32.1 | 12.5 | 28.2 | 101.2
S9 468.4 | 99.8 | 0.194 | 2.902 | 33.9 | 17.4 | 83.2 |221.1
S10 4482 | 113.8 [ 0.199 | 1.902 | 32.9 | 10.5 | 64.4 | 198.9
S1 355.4 | 230 [0.044 | 1.165| 25.4 | 9.9 |162.6|223.2
S2 326.5(274.5 0228 | 1.119 | 25.6 | 13.8 | 161.6 | 279.2
S3 359.8 {296.8 [ 0.013 | 1.479 | 29.2 | 15.7 | 175 |273.2
S4 658.1 | 269.6 | 0.029 | 2.669 | 27.7 | 31.7 | 171 |316.2
Thang 9/2024 S5 411.5| 432 | 092 [2.569 | 27.5 | 68.3 | 167 |550.1
S6 494.8 | 192.8 | 0.857 | 1.839 | 30.9 | 34.2 | 140.2 | 361.1
S7 510.1{179.50.103 | 1.543 | 11.8 | 13.4 | 174.4 | 221.5
S8 166.6 | 94.6 | 0.047 | 0.902 | 26.3 | 13.4 | 152.8 | 112.3
S9 460 | 135.3]0.124 | 2.839 | 26.5 | 18.3 | 171.8 | 231.5
S10 439.8 | 149.3 | 0.131 | 1.839 | 25.7 | 11.4 | 162.1 | 209.7
S1 378 | 202 |0.062 | 1.262 | 25.4 | 13.4 | 53.6 | 211.7
S2 349.1 [ 246.5 [ 0.246 | 1.242 | 39.5 | 27.5 | 52.5 | 269.8
S3 382.4 (268.8 [0.031 | 1.602 | 38 | 26 | 73.5 |263.4
S4 680.7 | 241.6 | 0.047 | 2.792 | 35.7 | 23.7 | 100.8 | 304.7
Thang 8/2024 S5 434.1 | 404 |0.998 | 2.423 | 36.8 | 24.8 | 150.8 | 536.9
S6 517.4 | 164.8 | 0.875 | 1.987 | 37.8 | 25.8 | 113.1 | 350.5
S7 532.7 | 151.5 | 0.121 | 2.022 | 332 | 21.2 | 89.1 [222.4
S8 189.2 | 66.6 | 0.066 | 1.025 | 35.9 | 23.9 | 28.3 | 102.6
S9 482.6 | 107.3 [ 0.146 | 4.126 | 36 | 24 | 83.3 |256.8
S10 462.4 | 121.3 [ 0.151 | 1.962 | 36.6 | 24.6 | 64.5 |200.6
S1 342.6 | 241.5 | 0.059 | 0.948 | 28.4 | 343 | 84.6 |227.9
S2 313.7 | 286 [0.243]0.928 | 27 | 32.9 | 83.5 |284.2
S3 347 [308.30.028 | 1.427 | 26.3 | 32.2 | 104.5 | 282.0
Théng 7/2024 S4 645.3 | 281.1 [ 0.044 | 2.477 | 29.9 | 35.8 | 131.8|319.8
S5 398.7 | 443.5 | 1.426 | 2.378 | 31.6 | 37.5 | 181.8 | 629.1
S6 482 204.3 10872 | 1.648 | 23 | 28.9 |144.1|363.8
S7 497.3 | 191 |0.118 | 1.708 | 26.1 | 32 | 120.1 [237.4
S8 153.8 | 106.1 | 0.063 | 0.711 | 26.4 | 32.3 | 59.3 | 117.3




Thoigian | Vitrimdu| Pb | As | Hg | Cd | Cr | Cu | Zn | RI
S9 4472 | 146.8 | 0.143 | 2.648 | 28.2 | 34.1 | 114.3 | 236.8
S10 427 |160.8 | 0.148 | 1.535 | 27.2 | 33.1 | 95.5 | 211.9
S1 372.1 (2248 [0.044 | 099 | 39 | 345 | 142.6 | 2183
S2 343.2(269.3 [0.228 | 0.97 | 40.9 | 36.4 |113.7|274.8
S3 376.5(291.6 [ 0.013 | 1.33 | 40.3 | 35.8 | 147 |268.6
S4 674.8 | 264.4 | 0.029 | 2.52 | 46.2 | 41.7 | 445.3 | 312.4
Théng 6/2024 S5 4282 | 426.8 | 1.411 | 2.42 | 41.2 | 36.7 | 198.7 | 619.2
S6 511.5|187.6 | 0.857 | 1.69 | 36.6 | 32.1 | 282 |355.1
S7 526.8 | 1743 [0.103 | 1.75 | 35.9 | 31.4 |297.3 | 228.4
S8 183.3 | 89.4 | 0.048 | 0.753 | 34.4 | 29.9 | 65.1 | 107.1
S9 476.7 | 130.1 | 0.128 | 2.69 | 47.2 | 42.7 | 247.2 | 228.7
S10 456.5 | 144.1 [ 0.133 | 1.69 | 38.7 | 342 | 227 |206.2
S1 369 |235.7(0.182| 1.02 | 23.8 | 25.7 | 108.1 | 246.9
S2 340.1 | 280.2 10366 | 1 | 224 | 243 | 107 |303.2
S3 373.4(302.5[0.151 | 1.36 | 21.7 | 23.6 | 128 |296.9
S4 671.7 {2753 [ 0.167 | 2.55 | 253 | 27.2 | 155.3 | 338.9
Théng 5/2024 S5 425.1 | 437.7 | 1.549 | 245 | 27 | 28.9 | 2053 | 648.2
S6 508.4 | 198.5 1 0.995 | 1.72 | 18.4 | 20.3 | 167.6 | 382.8
S7 523.7 | 185.2 1 0.241 | 1.78 | 21.5 | 23.4 | 143.6 | 256.5
S8 180.2 [ 100.3 [ 0.186 [ 0.783 | 21.8 | 23.7 | 82.8 [ 136.3
S9 473.6 | 141 [0.266 | 2.72 | 23.6 | 25.5 | 137.8 | 255.9
S10 453.4 | 155 [0.271 | 1.72 | 22.6 | 24.5 | 119 |2343
S1 390.4 {202.6 [0.119 | 1.06 | 31.7 | 32.3 | 12 |217.8
S2 361.5 | 247.1 | 0.303 | 1.04 | 30.3 | 28.1 | 16.9 |273.8
S3 394.8 1269.4 | 0.088 | 1.4 | 29.6 | 30.1 | 16.4 |267.6
S4 693.1 | 242.2 1 0.104 | 2.59 | 332 | 34.5 |314.7 | 311.3
Théng 4/2024 S5 446.5 | 404.6 | 1.486 | 2.49 | 34.9 | 55.1 | 68.1 |620.8
S6 529.8 | 165.4 [ 0.932 | 1.76 | 26.3 | 27.9 | 151.4 | 354.3
S7 545.1 (1521 [0.178 | 1.82 | 29.4 | 36.9 | 166.7 | 228.7
S8 201.6 | 67.2 [0.123 [ 0.823 | 29.7 | 35.9 | 176.8 | 108.8
S9 495 1107.9 10203 | 2.76 | 31.5 | 41 |116.6|228.0
S10 474.8 1 121.9 [ 0.208 | 1.76 | 30.5 | 39.6 | 96.4 |206.4
S1 345.5(213.3 [ 0.108 | 1.134 | 41.3 | 21.6 | 59.8 |221.6
S2 316.6 | 257.8 [ 0.292 | 1.114 | 432 | 23.5 | 30.9 | 278.1
Thang 3/2024 S3 349.9 { 280.1 [ 0.077 | 1.474 | 42.6 | 22.9 | 642 | 2719
S4 648.2 | 252.9 [ 0.093 | 2.651 | 48.5 | 28.8 | 362.5 |315.3
S5 401.6 | 4153 | 1.475 | 2.567 | 43.5 | 23.8 | 115.9 | 622.6




Thoigian | Vitrimdu| Pb | As | Hg | Cd | Cr | Cu | Zn | RI

S6 484.9 | 176.1 | 0.921 | 1.834 | 38.9 | 19.2 | 199.2 | 358.3

S7 500.2 | 162.8 [ 0.167 | 1.894 | 382 | 18.5 |214.5|231.7

S8 156.7| 77.9 | 0.112|0.897 | 36.7 | 17 | 129 |111.2

S9 450.1 | 118.6 | 0.192 | 2.834 | 49.5 | 29.8 | 164.4 | 232.0

S10 429.9 1 132.6 | 0.197 | 1.175 | 41 | 21.3 | 144.2 | 189.7

S1 383.9 (2419 [0.133 | 1.131 | 143 | 3.3 | 53.7 | 2449

S2 355 (28640317 | 1.111 | 284 | 17.4 | 82.6 |303.2

S3 388.3(308.7 [0.102 | 1.471 | 26.9 | 159 | 49.5 |296.5

S4 686.6 | 281.5 [ 0.118 | 2.661 | 24.6 | 13.6 | 249 |338.7

Théng 2/2024 S5 440 | 4439 | 1.5 2561 | 257 | 147 | 2.4 |646.2
S6 523.3(204.7 [ 0.946 | 1.845 | 26.7 | 15.7 | 85.7 |383.2

S7 538.6 [ 191.4 [0.192 | 1.891 | 22.1 | 11.1 | 101 |255.7

S8 195.1 [ 106.5 [ 0.137 [ 0.894 | 24.8 | 13.8 | 42.5 | 1358

S9 488.5 | 147.2 1 0.217 [ 2.472 | 24.9 | 13.9 | 50.9 |244.1

S10 468.3 | 161.2 [0.222 | 1.831 | 25.5 | 14.5 | 30.7 |233.6

S1 418.5 | 229 |0.057 | 0.994 | 34.2 | 26.7 | 136 |225.7

S2 389.6 | 273.5 [ 0.241 | 0.974 | 36.1 | 28.6 | 134.9 | 282.4

S3 422.9 12958 | 0.026 | 1.334 | 35.5 | 28 |1559 |276.1

S4 721.2 | 268.6 | 0.042 | 2.524 | 41.4 | 33.9 |183.2 [318.4

Thingl/2024 S5 474.6 | 431 |1.424 2424 | 364 | 28.9 | 23326268
S6 557.9 [ 191.8 | 0.87 | 1.694 | 31.8 | 24.3 | 195.5 | 362.0

S7 5732 178.5[0.116 | 1.754 | 31.1 | 23.6 | 171.5 | 235.2

S8 229.7 | 93.6 | 0.061 | 0.757 | 29.6 | 22.1 | 110.7 | 114.8

S9 523.1 | 134.3 | 0.141 | 2.694 | 42.4 | 349 |165.7 | 235.7

S10 502.9 | 148.3 | 0.146 | 1.644 | 33.9 | 26.4 | 146.9 | 211.7

S1 404.9 | 231.5]0.053 | 1.01 | 43 | 452 | 53.3 | 2278

S2 376 | 276 |0.237 | 0.99 | 44.9 | 47.1 | 52.2 | 284.5

S3 409.3 1298.3 [ 0.022 | 1.35 | 44.3 | 46.5 | 73.2 | 278.2

S4 707.6 | 271.1 [ 0.038 | 2.54 | 50.2 | 52.4 | 100.5 | 320.5

Théng 12/2023 S5 461 |433.5| 1.42 | 2.44 | 452 | 47.4 | 150.5 | 628.9
S6 5443 [ 194.3 | 0.866 | 1.71 | 40.6 | 42.8 | 112.8 | 364.1

S7 559.6 | 181 [0.112| 1.77 | 39.9 | 42.1 | 88.8 |237.3

S8 216.1 | 96.1 [0.057 | 0.773 | 38.4 | 40.6 | 28 |116.9

S9 509.5 | 136.8 [ 0.137 | 2.71 | 512 | 53.4 | 83 |2378

S10 489.3 | 150.8 | 0.142 | 1.57 | 42.7 | 44.9 | 64.2 |211.1

Théng 11/2023 S1 399.3{223.3(0.078 | 1.09 | 38.7 | 40.5 | 40.1 |227.7
S2 370.4 | 267.8 [ 0262 | 1.07 | 40.6 | 42.4 | 11.2 |284.2




Thoigian | Vitrimdu| Pb | As | Hg | Cd | Cr | Cu | Zn | RI
S3 403.7 1 290.1 [ 0.047 | 1.43 | 40 | 41.8 | 44.5 |278.0

S4 702 [262.9]0.063 | 2.62 | 459 | 47.7 |342.8 | 321.8

S5 4554 | 4253 | 1.445 | 2.52 | 40.9 | 42.7 | 96.2 | 628.6

S6 538.7 | 186.1 [ 0.891 | 1.79 | 36.3 | 38.1 | 179.5 | 364.4

S7 554 | 172.8 [ 0.137 | 1.85 | 35.6 | 37.4 | 194.8 | 237.8

S8 210.5| 87.9 [ 0.082 | 0.853 | 34.1 | 359 | 148.7 | 117.5

S9 503.9 | 128.6 | 0.162 | 2.79 | 46.9 | 48.7 |144.7 | 238.1

S10 483.7 | 142.6 | 0.167 | 1.79 | 38.4 | 402 | 124.5 | 215.6

S1 425.9 1 239.6 | 0.058 | 1 16.6 | 10.3 | 87.3 |{231.3

S2 397 [284.10.242 | 0.98 | 18.5 | 12.2 | 86.2 |288.0

S3 430.3 | 306.4 | 0.027 | 1.34 | 17.9 | 11.6 | 107.2 | 281.7

S4 728.6 (279.2 [ 0.043 | 2.53 | 23.8 | 17.5 | 134.5 | 324.0

Thang 10/2023 S5 482 | 441.6 0994 | 2.43 | 18.8 | 12.5 | 184.5 | 563.5
S6 565.3 12024 | 0871 | 1.7 | 142 | 7.9 |146.8 |367.6

S7 580.6 | 189.1 [0.117 | 1.76 | 13.5 | 7.2 |122.8 2408

S8 237.1 1042 [0.062 | 0.763 | 12 | 5.7 | 62 |120.4

S9 530.5 | 144.9 [0.142 | 2.7 | 248 | 18.5 | 117 |2413

S10 510.3 | 158.9 1 0.147 | 1.7 | 163 | 10 | 982 |218.8

S1 365.7 1229.6 | 0.052 | 1.11 | 31.1 | 34 |131.9 |225.7

S2 336.8 | 274.1 | 0236 | 1.09 | 33 | 359 | 60.8 [281.9

S3 370.1 {296.4 [ 0.021 | 1.45 | 32.4 | 353 | 27.5 | 2753

S4 668.4 | 269.2 | 0.037 | 2.64 | 383 | 41.2 [270.8 | 318.8

Théng 9/2023 S5 421.8 1 431.6 | 0.988 | 2.54 | 33.3 | 362 | 24.2 | 556.6
S6 505.1 | 192.4 | 0.865 | 1.81 | 28.7 | 31.6 | 107.5 | 361.5

S7 5204 | 179.1 | 0.111 | 1.87 | 28 | 30.9 | 122.8 | 234.8

S8 176.9 | 94.2 | 0.056 [ 0.873 | 26.5 | 29.4 [220.7 | 115.4

S9 470.3 | 134.9 | 0.136 | 2.81 | 39.3 | 422 | 72.7 |235.1

S10 450.1 | 148.9 [ 0.141 | 1.81 | 30.8 | 33.7 | 52.5 |212.6
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