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NHAN XET CUA NGUOI HUONG DAN



NHAN XET CUA NGUOI PHAN BIEN



TOM TAT

Tén dé tai: Ung dung dung cic mé hinh hoc may dé du bao mirc do tich liy va rui ro
sinh thai cua mét s6 kim loai nang trong trAm tich mat tai cra An Hoa, song Truong
Giang, tinh Quang Nam.
Sinh vién thue hién: Nguyén Anh Pao
S6 thé SV: 117200033 Lép: 20QLMT
GV huéng din: PGS.TS. Lé Phudc Cuodng

ThS. Nguyén Thanh Trung
Noi dung d6 an: Tién hanh khao sat, danh gia mirc 46 6 nhiém kim loai ning trong tram
tich mat va rui ro sinh thai tai khu vuc ctra An Hoa, song Truong Giang, tinh Quang
Nam. P an thuc hién thu thap mau tram tich tai cac vi tri dic trung, phan tich thanh
phﬁn kim loai nang dé danh gia muc do 6 nhiém, xac dinh cac chi s6 rui ro sinh thai va
nguy co tic dong dén hé sinh thai thity vuc va sitc khoe con ngudi. Pong thoi, ing dung
cac mo hinh hoc may dé du bao murc do tich Ity kim loai ndng trong tram tich va danh
gia do tin cdy ciia mo hinh. Trén co s& két qua nghién ctru, dé xuat cac giai phap kiém
soat ngudn phat thai kim loai nang, han ché sy tich lily trong tram tich, cting céc chinh

sach quan 1y tong hop nham giam thiéu rui ro sinh thai.



LOINOI PAU VA CAM ON

Loi dau tién em xin trén trong cam on céc thay co gido khoa Méi trudng, Truong
DPai hoc Bach khoa, Pai hoc Ba Nﬁng va Phan vién Khoa hoc An toan v¢ sinh Lao dong
va Bao vé méi trudng mién Trung di tao diéu kién tt nhat, thuan loi nhat cho em trong
thot gian hoc tap, nghién ctiru va hoan thanh Capstone Project nay.

Em xin gt 161 cam on chén thanh dén PGS.TS. Lé Phudc Cudng - giang vién
B6 mon Quan 1y Moi Truong, truong Pai hoc Bach khoa, Pai hoc Pa Nang va ThS.
Nguyén Thanh Trung — Phan vién phé, Phan vién Khoa hoc An toan vé sinh Lao dong
va Bao vé moi trudng mién Trung, ngudi di tin tinh hudng din, chi bao em trong sudt
qua trinh thuc hién dé tai thuc té : “Ung dung dung cdic mé hinh hoc mdy dé dw bdo
mikc d§ tich liiy va riii ro sinh thdi ciia mét sé kim loai ning trong tram tich mdt tai
cira An Hoa, song Truwong Giang, tinh Qudng Nam”.

Dé tai nay 1a budc dau di vao thyc té, kién thirc ciia em con han ché va con nhiéu
bd ngd. Do vay, khong tranh khoi nhitng thiéu sot nén em rat mong nhan dwgc nhitng ¥
kién dong gop quy bau cta quy Thay, Co dé kién thirc ciia em trong linh vuc nay duoc
hoan thién hon.

Sau cung, em xin kinh chic quy Thdy, C6 trong khoa Mbi Trudng that dbi dao
stc khoe dé tiép tuc thuc hién st ménh cao dep cia minh la truyén dat kién thtrc cho thé
hé mai sau.

Tran trong,
Da Ning, ngay 06 thang 06 niam 2025

Sinh vién thuc hién

Nguyén Anh Pao




CAM DOAN

Em xin cam doan day 13 dé tai do an tot nghiép doc 1ap cia riéng em. Cac sb lidu
st dung phan tich trong d6 an t6t nghiép c6 ngudn gdc 1d rang, di cong bd theo ding
quy dinh. Céc két qua nghién ciru trong d6 an tot nghiép phan tich mot cach trung thuc,
khach quan va pht hop véi thyc tién. Cac két qua chua timg cong bd trong bat ky d6 an
t6t nghiép nao khac.

Sinh vién thuc hién

Nguyén Anh DPao

1



MUC LUC

TOM TAT aouvreeererrernesssessessessessessessssssessessessessessesssssssssessessesssssessessssessessessessessassesssesses
LOINOI DAU VA CAM ON ....oocurereerrsressessessessessssssssssssessessessssssssssssessessessessessesesses i
CAM DOAN ....oeeererrreressesessessesessesssessssessessassssesssssssssssesssssssesssessesessesssssssessssessssessese ii
DANH MUC HINH ..coucercrernereresesessesesessesessesssssssesssssssesssssssssessesssssssessssessssessesssseses vi
DANH MUC BANG ..ucucuercresctesessesssesssessessssssssssssssssssssssssessssesssssssessssssssssseses viii
DANH MUC CAC TU VIET TAT .uuercercrereresnesesesessessssesssessessssesssssssessssessessseses ix
MO DPAU....crererresreesnessssssssssessessssssssssssssssessessessesssssssessessessessessassssessessessessessessasassessesss 1
1. Muc dich thure hién @@ tAi.....cuecrerecrereeeserseseresesessesesessesessssessssesesssessssssesssesses 1

2. DOi twong va pham Vi NZRIEN CTU ..uvucvereceerercrennceesessesessessesessessssessessssesssessess 1

2L DT TIONE ..t 1

2.2. Pham vi NZIIEN CUU ....eiiiiiiiiiiieeiieeieeeee et aee e 1

R i 111 (1021738 1] 1 T2 o 2R 1

3.1. KDAO CUU A1 HHEU.....cvoveoveeeeeeeeeeeeeeeeeeeee e 1

3.2, PRUONEZ PRAP oottt et et aaeeenes 1

4. CAU trUC A0 AN 0t NEMIBP cuuveveererecreererererseseesesesessesessessesessessssessesessessssessesesseses 2

4.1, TRUYEE NN ... 2

B.2. BAN VB ..ot 2
CHUONG 1. TONG QUAN VE KHU VUC NGHIEN CUTU ..ccuvrrervererrerenreressensenes 3
1.1, DAt VAN @8..eeeeereerereresensesesessesessessssessessssessessssesssesssssssessssessesssessassssessssosess 3

1.2. Tong quan chat lwgng méi truong tai cira An Hoa song Truong Giang ...4
12,1 VI GHA 1o 4

1.2.2. Ché d6 thuy vin khu virc nghidn ClU........oveveeeeeeeeeeeeeeeeeeeeee e 5

1.2.3. Tinh hinh kinh té - xa hoi khu virc nghien clu ......c.ovvveveveeeeeeceeeeeeaee. 5

1.3. Tinh hinh cdc ngudn thai cong nghiép tai khu vire huyén Nai Thanh ....... 7
1.3.1. Céc khu cONG NZHIEP ..eeovvieeiieieee e 7

1.3.2. Tinh hinh thu gom, x1r Iy nudc thai cong nghi€p .......ooeevveeevieeeniiienieens 7

1.4. Cac ngudn thai chinh gAYy 0 NHIEIM c.....cecveeeereererrereerereenessesessessesessessssessessssesens 8

1.5. TONE QUAN V& NOC MAY.evuruirerirererrererersesessesesessessssesessssesssessessssessassssesessesess 9

111



1.5.1. Lich str ra do1 va cac khai ni€m co ban .........ccccooovvvviviiiiiiiiiiiiiiieeieee, 9
1.5.2. Ung dung cac mé hinh hoc may trong ki thuat méi trudng.................... 10

1.6. Anh hwéng ciia bién déi khi hiau dén su tich liiy kim loai niing trong trim

11141 12
1.6.1. Anh hudng cla thily U ..........oveeeeeeeeeeeeeeeeee e 12
1.6.2. Anh huéng ctia X601 16 DO DICN .......eveeeeeeeeeeeeeeeee e 12
1.6.3. Anh huéng ctia XAm NhAP MAN........o..oveeeeeeeeeeeeeeeeeeeeee e e 13

CHUONG 2. KHAO SAT THUC PIA, PANH GIA MUC PO O NHIEM KIM
LOAI NANG TRONG TRAM TiCH VA RUI RO SINH THALL........ccceveevverrerrene 14

2.1. Phurong phap nhi€n ClU ..ccceiiirvericiseicsssanecssanicsssnnesssssessssssssssssesssasssssssssssses 14
2.1.1. Phuong phép thu thap va nghién ctru tai li€u.......ccccvvvviviiiiieiee, 14
2.1.2. Phuong phap tham van ¥ kién cong dong ............ocooovvveveveeeeeeeeeeeeeenn. 14
2.1.3. Phuong phap 1ay mau va phan tich mau ...........c.cooeeveeeeeeeeeeeeeeen. 15

2.2. Khao sat thuc té cong dong dan cu tai khu vire nghién ciru.......eeeevevennee. 16
2.2.1. MUC ti€U KNAO SAt....ccuiiiiiiiiiiiiecieeeee e 16
2.2.2. D6i twong va phuong phap KDA0 Sat..........cooevveveeveeeeeeeeeeeeeeeeeeeeeeen 16
2.2.3. KEt QUA KNAO SAL ... 17
2.2.4. Téng hop va phan tich tinh hinh mac bénh tai khu vuc nghién ciu ....... 19

2.3. Phén tich cac chi tiéu trong nuw6'e va trim tich.....eeceeeeceeerercrnesencsensenn. 21
R T R\ 1 (o« 1o o WO 21
2.3 2. DT THONG oo 21
2.3.3. Pham vi NZhi€n CUU.......eeeiiiiiiiieeiieecee et 21
2.3 4 NOTAUNE ...ttt ettt et e e e e e aaeeearee s 22
2.3.5. Phuong phap va thiét bi qUan trac ..........co.eveeveeeeeeeeeeeeeeeeeeeeee e 23

CHUONG 3. UNG DUNG MO HINH HQC MAY PE DU BAO MUC PO TiCH
LUY KIM LOAI NANG TRONG TRAM TiCH VA PHAN TiCH PO TIN CAY

CUA MO HINH ....ouoevereeereerernesessesessesssessessssessessssessssssssssssessssessesssssssessssesssessassssesans 36
3.1. CO SO dil TEU TAU VA0 eueevecrrecrererererseresesesensesesessesssessessssesssessesssessssesseses 36
311 NGUON AT THBU ..o 36

3.1.2. TH80 XU 1Y A THEU oo 36

3.1.3. Phan chia dlf HEU ....evvveiiiiiee e 36

v



3.2. Lua chon va xay dung mo hinh hgc may........ccovvericirnicnsercssnnccssnnicsssnnesnns 38

3.2.1. Tai va cai dat PhAN MEM.....oeveeeeeeeeeeeeeeeee e 38

3.2.2. Cac mO hinh GUQC ST dUNG.....cueeeiiiiiieiieecieeeee e 40

3.2.3. Quy trinh thyc hién mo hinh ..., 43

3.3. Xay dung mo hinh hQc MAY ...cccoveiiiivericnrnicsssencsssanisssnnicssssnessasesssasssssssssssens 45
3.3.1. Lam sach mo6i truong va cai dat thu Vi€n .........ccceeevcieeviiieeniieeeeeee, 45

3.3.2. Doc dif lidu VA KIGM ta ..o 45

3.3.3. Phan tich phan ph6i va moi trong qUan ..............ceeeeeeeeeeeeeeeeeeeeeeee. 46

3.3.4. Chia dit liéu thanh tap huin luyén va Kiém tra..........occoeeeeeeeeeereeennn. 46

3.3.5. Thiét lap cong thirc mo hinh va kiém tra chéo ..........ccoovevveveeeeeeeeenne. 46

3.3.6. Huln 1uy8n cac mo Dinh ........c.oveovieeeeeeeeeeeeeeee e 47

3.3.7. Banh gid va so sdnh moO hinh............cccoooiiiiiiiiii e, 47

3.3.8. Truc quan hoa két qua moO Hinh.......o.ovoveevieeeeeeeeeeeeeeeeee e 48

3.3.9. Lua chon mo inh t01 WU c...ovveeeeeeeeeeeee ettt 48

3.4. Panh gia hiéu SUAt MO NINN cecvuerecrereceerercreeneserensesesesesessesssessesssessssesseses 48
3.4.1. C4C chi $6 GANN ZIA......o.vooeoeeeeeeeeeeeeeeeeeee e 48

3.4.2. So sanh hiéu sudt gitta cAc MO hinh.........o.coveveeveieeeeeeeeeeeeeeeeeee e, 49

3.5. Chay du b4o nong dd cAc Kim 1021 DANG......eeveererereerereererseressesesessesssessenes 61
CHUONG 4. PE XUAT GIAI PHAP QUAN LY O NHIEM VA GIAM THIEU
RUI RO SINH THAL....c.cuevereerresressessessessessessssssessessessessessessssssssssessessessessessassessssassesss 64
4.1. Bi€n phap qUADN LY .ccueiiiiviieninnicninniennnnnicssnicsssssssssssssssssssssssssssssssssssssssssssssss 64
4.2. Bi€n phap KJ thUult ......uecuiinviiieinneinniinneinsnncssnncsssncsssnssssssssssssssssssssssssssens 65
KET LUAN ..eeeceetcretessesesessesessesssessssessessssessessssesssssssssessessssessesessesssssssessssessssessese 67
KIEN NGHI c..oeueeeeeereeeseesesessesssessesessessssessessssesssssssessssasssssssessssessessssessssessessssesssessese 69
TAI LIEU THAM KHAO......ouueeceeeencrenncsesessesessesssessessssessssessesssssssssessesssessessssesses 71
PHU LUC 1 cuueeceeeeeeeereenesessesesessessssesssessessssssssssssesssessessssessessssesssssssssessesssssssassssessssssseses
PHU LUC 2 .ceeeeeeeeeeereenesessesssessessssesssessessssssssssssesessessesessessssssesssssssssessesssssssssessesssesseses
PHU LUC 3 .cueeteeeeeeneeeseenssesssssssesssssssssssssssssssessssssssssssesssssssssssssssssssesssssssssssessasssasseses




DANH MUC HINH

Hinh 1.1 Ban d0 Khu Ve NERIN CTU......eveeeeeeeeeeeeeeee e 4
Hinh 2.1 Chat lugng moi trudng khong khi tai ctra An HOf.......c.veveeeeeeeeeeeeeeens 17
Hinh 2.2 Chét lugng moi trudng dat tai ctra An HOA .......oveveeeeeeeeeeeeeeeeeeeeeeeeeees 18
Hinh 2.3 Chét luong mai trudng nudc va tram tich tai cira An HOa........o.coovvveneene. 18
Hinh 2.4 Ty I¢ méc cac bénh cua nguoi dan tai cta An HOa......ooeeiieieiiiciee, 19
Hinh 2.5 Thu thap s6 liéu tai bénh vién da khoa Quang Nam ........cccceevevveeniieeeiieeenee, 20
Hinh 2.6 Khu vuc nghién ctru va ¢ac vi tri Ay MAU.......o.oveeveeeeeeeeeeeeeee e 21
Hinh 2.7 M6t s6 hinh anh léy MAU AT CAC VIt evreeeeeeeeeeeeeeeeeeeee et 22
Hinh 2.8 Phan tich céc chi ti€u trong phong thi nghi€m ...........c.ccoooiiiiiiiiiiiii 24
Hinh 2.9 Két qua phan tich chi tiéu pH trong NUGC ............coeevveveeeeeeereeeeeeeerersesnes 27
Hinh 2.10 Két qua phan tich chi tiéu TSS trong NUGC ........c.ovevevveveeeeeeeeeeeeereeeeenens 28
Hinh 2.11 Két qua phan tich chi tiéu NO2 trong NUGC .........c.oeveveeeeeeeeeeerereesesees 28
Hinh 2.12 Két qua phan tich chi tiéu NHa"™ trong nu6C...........o.ovevveveeeeeeeeeeeeeeeeeeeenens 29
Hinh 2.13 Két qua phan tich chi tiéu CI" trong NUGC...........covvvveeeeeeeeeeeeeeeereeseees 29
Hinh 2.14 Két qua phan tich chi tiéu BODs trong NUGC...........cooveveeveeeeeeeeeeeereeesenens 30
Hinh 2.15 Két qua phan tich chi tiéu COD trong NUGC............c.oveveeveeeeeeeeeerersesens 30
Hinh 2.16 Két qua phan tich chi tiéu As trong trim tich...........cocooveveveeeieeeee e, 32
Hinh 2.17 Két qua phan tich chi tiéu Pb trong tram tich.............coccovovveeveiveieeeeeen. 33
Hinh 2.18 Két qua phan tich chi tiéu Hg trong trAm tich ...........c.coovvvvveveeeeeeeeean. 33
Hinh 2.19 Két qua phan tich chi tiéu Cd trong tram tich .............cocoooeveeeeeeeveeeeeennn. 34
Hinh 2.20 Két qua phan tich chi tiéu Zn trong trAm tich...........oo.ovvveveveeeeeeeeeeeen. 34
Hinh 3.1 Biéu twong R-Studio trén man hinh DesKtop .............cocoovevevevrereeeeereeee. 39
Hinh 3.2 Man hinh 1lam viéc ca R-Studio..........coovviiiiiiiiiiiiiiiiiiiiiiieiieeeeeeeeeeeeeeeeeeeeeeeeees 39
Hinh 3.3 So d6 quy trinh thyc hién mo hinh hoc MAY .......oo.ovvvvieeeeeeeeeee e, 44
Hinh 3.4 Két qua sau khi chay KIEM 1A A0 TIEU oo 49
Hinh 3.5 Biéu d6 phan phdi ctia ting DIeN ............oveveevieeeeeeeeeeeeeeeeee e 50
Hinh 3.6 Biéu dd trong quan gitfa CAC BIEN ..........cuovvveieeeeeeeeeeeeeeeeeee e 50
Hinh 3.7 Két qua sau khi chay mo hinh ...........coocooovieviviiieieieeeeeeeeeee e 51
Hinh 3.8 So sdnh MAE gitta cac mO hinh..........ccccoviiiiiiiiiiiii e 51

vi



Hinh 3.9 So sdnh RMSE gitra cd&c mO hinh...........cccoooviiiiiiiiiiieee e, 52

Hinh 3.10 So sanh R? gifta cAc MO hinh ...........ccooveviviiiieiieeceeeceeeeeeee e, 52
Hinh 3.11 MAE trén tap Train theo CAC ty 1€ ......cocvvviiiiiiieiiiee e 56
Hinh 3.12 MAE trén tp Test theo CAC ty 1€......oovviiiiiiiiie e 57
Hinh 3.13 RMSE trén tap Train theo Cac ty 1€ .......c.oovviiiieiiiieiiceeee e 57
Hinh 3.14 RMSE trén tap Test theo cCac ty I€......cccvvveviiiieiiiiee e 58
Hinh 3.15 R? trén tAp Train theo CAC tY 1€ ......covviviiviieeieeeeeeeeeeeeeeeeeeeeee e 59
Hinh 3.16 R? trén tAp Test theo CAC TY 1€.....oviviiveeiiieeeeeieeeeeeeeeeeeeeeee et 59

Vil



DANH MUC BANG

Béang 1.1 Quy hoach cac khu cong nghi€p thudc Khu KTM Chu Lai ......cccccceveereeennen. 7
Béang 2.1 Vi tri cac diém lay mau tai khu vuc nghi€n clru ..o, 16
Bang 2.2 S6 liéu ngudi mic cac bénh vé da va dudng ho hap tai Nai Thanh ............. 20
Bang 2.3 Cac chi ti€éu va phuong phép phan tich.........ccccooooiiiiiiiii 23
Bang 2.4 Két qua phan tich cac chi tiU trong MUGC.........oveeveeeeeeeeeeeeeeeeeeeeeeeeeeeeres 25
Béng 2.5 Két qua phan tich cac chi tiéu trong tram tich ...........coocovevvovveiveieeeeeen, 31
Bang 3.1 Chi $6 rti 10 Risk INdex (RI) c......veeeeeeeeeeeeeeeeeeeeeee e seenees 38

Béng 3.2 Két qua chay cac mo hinh theo cac ty 1¢ khac nhau tir tap dir liéu Training .54
Bang 3.3 Két qua chay cac md hinh theo céc ty 1é khac nhau tir tap dit liéu Testing...55
Bang 3.4 Néng d0 cac KIm 1021 dU DAO .......oovviiiiiiiiiiiiieeeeeeeeeeeeeeeeeeee s 63

viil



Tir viét tit
KCN
ML
QCVN
BTNMT
BOD
COD
CRAN
KNN
RF
SVM
MAE
RMSE
R2

RI

Igeo
PLI

DANH MUC CAC TU VIET TAT

Giai thich

Khu cong nghiép

Machine Learning (Hoc may)

Quy chuan Viét Nam

B6 Tai nguyén Moi truong

Biochemical Oxygen Demand (Nhu ciu oxy sinh hoa)
Chemical Oxygen Demand (Nhu cau oxy héa hoc)
Comprehensive R Archive Network

K-Nearest Neighbors (K- Piém dir liéu gan nhat)
Random Forest ( Ring ngau nhién)

Support vector machine (Mdy hd tro vector)

Mean Squared Error (Sai sb tuyét ddi trung binh)
Root Mean Squared Error (Sai s6 toan phuong trung binh)
R- Square (D9 tin cay)

Risk Index (Chi s6 rii ro sinh thai)

Geo-accumulation Index (Chi sb dia hod)

Pollution Load Index (Chi s 6 nhiém )

X



Ung dung cdc mé hinh hoc may dé dw bao mikc d tich ity va riii ro sinh théi ciia mét s6 kim logi ning trong
tram tich mat tai cva An Hoa, song Truong Giang, tinh Quang Nam

MO PAU

1. Muc dich thye hién dé tai
Nghién ctru danh gia mic do 6 nhiém kim loai ning trong tram tich mat tai cira

An Hoa, song Truong Giang, tinh Quang Nam. Ung dung cic mo hinh hoc may dé du
bao murc do tich lfiy va rui ro sinh thai cia kim loai nang, tor do dé xuét cac bién phap
quan 1y va giam thiéu 6 nhiém.
2. Poi twong va pham vi nghién ciu
2.1. Péi twong

- Tram tich mit tai ctra An Hoa, song Trudng Giang.

- Rui ro sinh thai do 6 nhiém kim loai ning dbi v6i hé sinh thai thuy vuc va suc khoe
con nguoi.
2.2. Pham vi nghién ciru

- Khao sat, thu thap mau trim tich tai cac vi tri dic trung trong khu vuc nghién ctru.

- Phan tich thanh phan kim loai ning trong mau tram tich dé d4nh gia mirc d6 6
nhiém.

- Ung dung cac mé hinh hoc may dé du bao xu huéng tich lity kim loai nang.

- Pé xuét giai phap kiém soat 6 nhiém va giam thiéu rui ro sinh thai.
3. Phwong phap
3.1. Khdo cvu tai li¢u

- Thu thap du li¢u vé dia ly, dia chét, thuy van va hién trang moi trudng tai ctra An
Hoa, song Truong Giang.

- Tong quan vé ngudn thai chinh gay 6 nhiém kim loai ning trong khu vuc.

- Tong hop céac nghién ctu lién quan dén md hinh hoc méy trong danh gia 6 nhiém
moi truong.

- Xem xét tac dong ctia bién doi khi hau (thay triéu, xo6i 1&, xAm nhap man) dén su
tich lity kim loai ning trong tram tich.
3.2. Phwong phap

- Khao sat thuc dia: Xac dinh vi tri léy mau tram tich dai dién cho khu vuc nghién

clru.
SVTH: Nguyén Anh Dao GVHD: PGS.TS Lé Phudc Cuong Trang 1

Lép :20QLMT ThS. Nguyén Thanh Trung



Ung dung cdc mé hinh hoc may dé dw bao mikc d tich ity va riii ro sinh théi ciia mét s6 kim logi ning trong
tram tich mat tai cva An Hoa, song Truong Giang, tinh Quang Nam

- Phdn tich mau: Po dac cac thong sb kim loai ning bang thiét bi chuyén dung va
phan tich trong phong thi nghiém dé danh gia mic do 6 nhiém.

- Phan tich di¥ liéu bang mé hinh hoc may: Ung dung cac thuat toan hoc may dé dy
bao mirc do tich lily kim loai nang va xac dinh cac yéu td anh huong dén qua trinh tich
Iy.

- Pdnh gid riii ro sinh thdi: Tinh toan cac chi s rii ro sinh thai va phan tich tac dong
dén hé sinh thai thiy vuc.

4. Céu tric do an tot nghiép
4.1. Thuyét minh

- Chuong 1: Téng quan vé khu vuc nghién ciru.

- Chuong 2: Khao sat thyc dia, danh gia mtc d6 6 nhiém kim loai ning trong tram
tich va rui ro sinh thai.

- Chuong 3: Ung dung mé hinh hoc may dé dy bao murc do tich lity kim loai ning
trong trAm tich va phan tich do tin cdy cia mo hinh.

- Chuong 4: P& xuat giai phap quan Iy 6 nhiém va giam thiéu rui ro sinh thai.

4.2. Bdn vé

- BV1: Mit bang vi tri ldy mau quan tric khu vuc xung quanh cira An Hoa, song
Truong Giang.

- BV2: Két qua khao sat ¥ kién nguoi dan vé hién trang méi trudng khu vuc xung
quanh ctra An Hoa, song Truong Giang.

- BV3: Két qua phan tich cac chi tiéu trong nude.

- BV4: Két qua phan tich cac kim loai ning trong tram tich.

- BV5: So db thuc hién mo hinh hoc may trong du bao mirc do tich liiy kim loai ndng
va rui ro sinh thai.

- BV 6: Két qua chay mo hinh hoc may.
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CHUONG 1. TONG QUAN VE KHU VUC NGHIEN CUU

1.1. Pit véan dé

Tram tich 14 mot thanh phan quan trong ciia hé sinh thai thay sinh, dong vai tro
nhu mot bé chtra va ngudn phat tan cic chat 6 nhiém trong méi trudng nude. Trong do,
kim loai nang 1a mot nhom chét 6 nhidm dic biét do tinh chat bén virng, kha nang tich
lity sinh hoc va gay doc hai di v6i cac sinh vét ciing nhu con nguoi. Viée 6 nhiém kim
loai ning trong tram tich c6 thé xuét phat tir nhiéu ngudn khac nhau, bao gdm hoat dong
cong nghiép, nong nghiép, nudi trong thity san va sinh hoat ctia con ngudi.

Hién nay, van dé 6 nhiém kim loai ning trong méi truong nudc dang trd thanh
mot thach thie 16n doi v6i nhiéu qubc gia trén thé gidi, trong d6 c6 Viét Nam. Céac kim
loai nang nhu chi (Pb), cadimi (Cd), thuy ngan (Hg), asen (As) va kém (Zn) khi tich Iy
trong tram tich c¢6 thé anh hudng nghiém trong dén hé sinh thai va stc khoe con nguoi
thong qua chudi thirc &n. Dic biét, tai cac khu vuc ctra song, noi co su giao thoa giita
nudc ngot va nudc bién, tram tich d& bi anh huong boi cac hoat dong xa thai tur dat lién,
dan dén sy tich lily kim loai ning trong thoi gian dai.

Khu vyc ctra An Hoa, song Truong Giang, tinh Quang Nam 1a mdt trong nhirng
khu vuc ¢6 tiém nang phat trién kinh té - x3 hoi manh mé, dic biét trong linh vuc nudi
trong thity san va khai thac thuy san tu nhién. Tuy nhién, su gia ting cac hoat dong cong
nghi¢p, nong nghi¢p va sinh hoat tai khu vuc nay da va dang gay ra nhiing tac dong tiéu
cuc dén méi trudng nudc va tram tich. Viée danh gia mic do tich liy kim loai ning
trong tram tich mait tai khu vuc nay 13 rit quan trong nham xéac dinh nguy co 6 nhiém va
rii ro sinh thai d6i véi hé sinh thai thuy vuc.

Dua trén nhiing van dé néu trén, viéc ung dung cac mo hinh hoc may dé du bao
murc do tich lliy va ruai ro sinh thai ciia mot s6 kim loai nang trong trAm tich mit tai cira
An Hoa, séng Truong Giang, tinh Quang Nam 1a mot hudng tiép can khoa hoc va hiéu
qua. Phuong phéap nay gitp phan tich cac yéu t6 anh hudng dén qua trinh tich iy kim
loai ning, dong thoi cung cip cong cu du bao dang tin ciy dé hd tro cong tac quan 1y va
bao vé moi trudng. Trén co s¢ d0, dé tai “Ung dung cdc mé hinh hoc mdy dé duw bdo
mikc dé tich liiy va riii ro sinh thdi ciia mét sé kim loai ning trong tram tich mdt tai

cita An Hoa, séong Truwong Giang, tinh Quing Nam” dugc thuc hién nhdm cung cip
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thong tin khoa hoc phuc vu cho cong tac kiém soat & nhidm va béo vé hé sinh thai khu
vuc nghién ctru.
1.2. Téng quan chét lwong mai truwdng tai cira An Hoa séng Truong Giang
1.2.1. Vitridia ly [1]
Cira An Hoa 12 khu vuc phia Nam cua song Truong Giang trude khi d6 ra bién, thudce

dia phan huyén Nuai Thanh, tinh Quang Nam.

Khu vuc nghién ctru

Hinh 1.1 Ban d6 khu vuc nghién ctru

Soéng Truong Giang c6 chiéu dai khoang 60 km, chdy theo hudng Bic - Nam, song
song v6i dudng bd bién va bi ngin cach voi bién boi mot dai con cat kéo dai. O phia
Bic, song ndi voi ha luu hé thong song Vu Gia - Thu Bon va db ra bién qua cira Pai
(Hoi An); phia Nam, song két hop véi hé thdng song Tam Ky, thoat ra bién tai cira Lo
va cira An Hoa.

Song Tam Ky hinh thanh tir hgp luu ctia 10 séng sudi nhé co ngudn tir khu vuc ddi
nui phia Tay. Cac dong nay chay theo huong Tay - BDong, hop luu tai khu vuc Xuan
Binh - Phu Tho (x& Tam Tra, huyén Nui Thanh), sau d6 chuyén huéng Tay Bac - Dong
Nam va d6 ra bién qua cra An Hoa. Dién tich luu vyc song khoang 800 km2. Véi diéu
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kién lwong mua cao va rimg dau ngudn con giit duoc twong dbi tot, dong chay song Tam
Ky 6n dinh theo mua. Luu lwong 16n nhat ghi nhan 13 20,7 m?/s.
1.2.2. Ché dé thiiy vin khu vwe nghién civu [1]

Vao mua kho, ché d6 dong chay cua séng Truong Giang chiu anh huong chi yéu tir
dao dong thuy triéu. Khi triéu 1én, nude bién xam nhap vao hé théng song qua cac cira,
tao ra dong chay hai chiéu: doan song phia bic c6 xu hudng chay vé phia nam, trong
khi doan song phia nam lai chay vé hudng bac. Nguoc lai, khi triéu xudng, dong chay &
doan phia nam chuyén dong vé phia Cira Lo va An Hoa theo hudng nam, trong khi doan
phia bic d6 ra Cira Pai theo hudng bic. Pic biét, doan song Trudng Giang chay qua dia
phan huyén Thang Binh, nam & khoang giira toan tuyén, c6 hién twong dong chay khong
6n dinh, c¢6 xu huéng dao dong va phan van gitra hai huéng.

Trong mua mua lii, dic biét 1a khi xuat hién cac dot Iii 16n, dong chay cua song
Truong Giang phu thudc vao luu lugng nude tir hai hé thong song chinh 13 Vu Gia —
Thu Bén va Tam Ky — An Tén. Vi tri ctia doan song c6 dong chay dung ding c6 thé
dich chuyén theo hudng bic hodc nam, tiy thudc vao twong quan cudng do dong chay
ctia hai hé théng séng néi trén.

Khu vuc Ctra An Hoa chiu tac dong truc tiép tur thuy triéu vung ven bién. Ché o
thuy triéu & day thudc loai ban nhat triéu khong déu, trong d6 nhat triéu thudng xuat
hién tir 10 dén 15 ngay mdi thang, cac ngay con lai 1a ban nhat triéu. Muc nudc triéu
trung binh tai khu vuc dao dong khoang 1,2m. Bién do triéu trong cac ky triéu 16n dao
dong tir 1,0 dén 1,5m, con trong ky triéu kém dao dong tir 0,4 dén 0,8m. Tc d6 dong
chay trung binh trong khu vuc 13 0,2 — 0,3m/s, va c6 thé dat cuc dai tir 2 dén 2,5m/s.
1.2.3. Tinh hinh kinh té - xa héi khu vwe nghién civu

Trong giai doan 2016-2020, huyén Nui Thanh di ¢ nhitng budc phat trién dédng ké
vé kinh té - xa hoi. Bam sat dinh hudng va chi dao cua Trung wong va tinh Quang Nam,
huyén da chu dong trién khai dong bo nhiéu giai phap phat trién, tdp trung vao nhiing
muc tiéu mang tinh chién lwgce nhu cai thién ha tang, thuc day dau tu va chuyén dich co
cau kinh té. Qua trinh x4y dung nong thén méi dugc day manh, két hop véi viée thao
g0 kho khan trong phat trién d6 thi va tao diéu kién thuan lgi cho hoat dong san xuat -
kinh doanh. Nho vay, toc do tang truong kinh té binh quan hang nam dat trén 10%, dwa
quy md kinh té huyén vao nhom din dau cta tinh. Tinh dén nim 2020, tong gia tri san
xuét cua huyén dat khoang 80.095 ty ddong, gip doi so véi nim 2015. Co cdu kinh té
chuyén bién theo hudng tich cuc, trong d6 nganh phi nong nghiép chiém ty trong vuot

trodi, gan 95%. Thu ngan sach trén dia ban ting trudng kha, voi tong thu giai doan 2016—
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2020 dat gan 49.200 ty dong, chiém hon 43% tong thu cta tinh. Mirc chi ngan sach duoc
dam bao, tap trung cho cic muc tiéu phat trién KT-XH va qudc phong - an ninh.

Cong nghiép - xay dung tiép tuc giit vai tro 1a tru cot chinh trong ting trueéng kinh
té. Téc do phat trién cua linh vuc nay dat gan 9,6%/nam, dong gbp 16n vao gia tri san
xudt toan huyén. Bén canh Khu kinh té mé Chu Lai — trung tim dong luc cong nghiép
cua huyén — cac cum cong nghiép khac nhu Trang Ton va Nam Chu Lai cling thu huat
hang loat du 4n san xuit méi. Dén nim 2020, gi4 tri san xuit cua nganh dat gn 71.000
ty dong, gap 2,3 1an so v6i nam 2015, chiém khoang 85% tong gia tri san xuét. Trén dia
ban c6 hon 110 du 4n cong nghiép dang hoat dong véi tong von ding ky hon 39.000 ty
ddng, tao cong an viéc lam 6n dinh cho hon 17.000 ngudi. Cac cum cong nghiép cua
huyén ciing ghi nhan muc thu hit dau tu tét vi hang chuc du an san xuat, giai quyét
viéc lam cho hon 1.300 lao dong.

Linh vuc thwong mai - dich vu phat trién nhanh ca vé quy mé 1an chat lugng, véi toc
d6 tang truong binh quan gan 14% mdi nam. Ha tang thuong mai duoc mé rong khip
viing ndng thon va mién nui, gitp luu thong hang hoa thuan tién va dap tmg tot nhu cau
tiéu dung. Céc dich vu nhu van tai, vién thong, tai chinh - ngan hang phat trién 6n dinh.
Du lich buéc dau duoc dinh hinh theo hudng phat trién phia Nam tinh Quang Nam, khai
thac 1oi thé vé canh quan va lich st dé thu hat du khach. Tinh dén nam 2020, gia tri san
xudt cia nganh thuong mai - dich vu dat khoang 6.280 ty dong, chiém khoang 10% quy
mo kinh té huyén.

Nganh nong - 14m - thay san tuy chiém ty trong nhé nhung van duy tri tc d6 ting
truong On dinh. Chinh quyén dia phuong cht trong dau tu co so ha tang nong thon, to
chtrc lai san xuét theo huéng hang hoa, va ap dung cic mé hinh canh tac hiéu qua. Dién
mao nong thon tirng budc khoi sic, doi séng nhan dan dugc cai thi¢n 1o rét. Hop tac xa
va to hop tac hoat dong hi¢u qua hon, hd trg nguoi dan vé von, k¥ thuat va dau ra san
pham. Pén nam 2020, tong gié tri san xuit ciia nganh nay dat gin 2.880 ty dong, véi tdc
do tang truong hon 4,5% mdi ndm. San luong luong thyc co6 hat dat gén 44.000 tan, tdng
hon 12% so v&1 nam 2016. Huyén c6 12/15 xa dat chuin nong thon mébi, vugt chi tiéu
nghi quyét Pai hoi dé ra.

Song hanh voi tang trudng kinh té 1a viéc dau tu manh mé& vao hé théng két cAu ha
tang. Nhiéu cong trinh quan trong nhu cong vién, dudng giao thong, chg, khu dan cu va
cong trinh thé thao duoc xdy dung méi hodc nang cip. Dic biét, nhidu dy 4n quy mé
16n do Trung wong, tinh va cac doanh nghiép dau tu nhu duong cao téc Pa Ning —

Quang Ngii, cang bién Chu Lai, sin bay Chu Lai, nut giao thong 2 ting va dudng ven
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bién V4 Chi Cong... di tao diéu kién thuan loi thic day lién két ving, phét trién cong
nghiép - dich vu, ciing nhur gop phan thay doi dién mao d6 thi Nai Thanh mét cach ro
rét. [2]
1.3. Tinh hinh cac nguodn thai cong nghiép tai khu vuee huyén Nii Thanh
1.3.1. Cac khu cong nghiép

Ngay 05/6/2003 Thu tuéng Chinh phu ban hanh Quyét dinh s6 108/2003/QD-TTg
vé viéc thanh 14p Khu kinh t& m¢ Chu Lai (Khu KTM Chu Lai) va diéu chinh tai Quyét
dinh 1737/QD-TTg ngay 13/12/2018, theo d6, tong dién tich dat Khu kinh té khong thay
d6i 14 27.040 ha, nhung ranh gii Khu kinh té dugc diéu chinh gdm 19 x3, phuong trai
dai trén 2 huyén va 1 thanh phd: huyén Nai Thanh, Thing Binh va thanh phd Tam K3y.

Bang 1.1 Quy hoach cac khu cong nghiép thuoc Khu KTM Chu Lai

A s Quy mb oz
TT | Teén khu chire nang Dia diém

(ha)
1 KCN Bic Chu Lai 700 Xa Tam Hi¢p, huyén Nui Thanh
2 KCN Tam Anh 1.545 Xa Tam Anh Nam, huyén Nui Thanh
3 KCN Tam Hiép 530 Xa Tam Hi¢p, huyén Nui Thanh

5 01 phan xa Tam Thang, Tam Ky va 01

4 KCN Tam Thang 800

phan xa Binh Nam, huyén Thiang Binh

KCN khi — ndng lugng, . i
5 . 2 ] 410 Xa Tam Quang, huyén Nui Thanh
san pham sau khi

. . Xa Binh Trung, Binh Nam, Binh Sa,
6 | KCN Nam Théang Binh 655

huyén Thang Binh
. KCN Cong ngh¢ cao 110 Xa Binh Tu, Binh Trung, Binh Sa, huy¢n
Théang Binh Thang Binh
KCN Thaco Truong . i .
8 Hai 451 Xa Tam Hi¢p, huyén Nui Thanh
ai
Tong cong 5.401

1.3.2. Tinh hinh thu gom, xw ly nuwd'c thdai cong nghiép
Céc khu cong nghiép trén dia ban da c6 nhing budc tién quan trong trong cong tac

bao vé mdi trudng thong qua viéc dau tu hé théng xir Iy nudc thai tap trung. Thong ké
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m&i nhat cho thdy 85,7% sb KCN dang hoat dong (6/7) da xay dung va van hanh cac
nha may xt 1y nudc thai chuyén nghiép. Tong cong suit xir Iy cta cac hé thong nay dat
khoang 12.064 m*/ngay dém, dap Gng nhu cau xu 1y nudc thai phat sinh tir hoat dong
san xuat cong nghiép.

Cac hé théng xur Iy nude thai tai day déu duoc thiét ké va van hanh theo tiéu
chuén nghiém ngit. Dién hinh nhu hé thdng tai KCN Bic Chu Lai (1.900 m*/ngay dém)
da hoat dong 6n dinh tir nam 2012, hay hé théng hién dai tai KCN Tam Thang véi cong
sudt 1én téi 28.000 m*/ngdy dém. Pang chu ¥, tit ca cac hé thong nay déu dam bao chat
lwong nudc dau ra dat chudn cot A theo QCVN 40:2011/BTNMT, mot sé con c6 kha
nang tai st dung nudc sau xu ly.

Cong tac giam sat moi truong ciing dugc thyc hién chit ché thong qua hé thdng quan
trac tu dong lién tuc, két ndi truc tiép véi co quan quan 1y moéi trudng dia phwong. Hau
hét cac KCN (5/7) da duoc cap gidy phép xa thai hop 1¢, trong d6 yéu cau bat budc 1a
cac doanh nghiép thanh vién phai xir 1y so bo nudc thai dat chuan trudc khi dau nbi vao
hé théng tap trung. Chi c6 mot sb it trudng hop dic biét nhu Cong ty CP S6 da Chu Lai
dugc phép xa thai riéng do dic thi cong nghé san xuat. [3]

1.4. Céc ngudn thai chinh gay 6 nhiém

Tai khu vuc ctra An Hoa, xung quanh c¢6 rat nhiéu hoat dong cong nghiép dang xa
thai vao luu vuc séong Truong Giang nhu KCN Bic Chu Lai, KCN Thaco Truong Hai,
Bénh vién Pa khoa Trung wvong Quang Nam,... ddy la cdc ngudn thai gay nguy co phat
thai cac chat 6 nhiém hitu co kho phan huy tai khu vuc nghién ctru. Bén canh do, hoat
dong nao vét ludng lach dang thuc hién tai khu virc s& gy x4o tron 16p tram tich va anh
huong dén két qua nghién ctru.

Tinh trang 6 nhiém tai song Truong Giang dang tr& nén nghiém trong, dic biét 1a
van dé dong rac thai tai khu vuc ha luu. Rac thai chu yéu g6m bao ni long, chai nhya,
ngu 1uéi cu bi cudn trdi va tich tu thanh ting déng doc bo bién, gay 6 nhidm moi truong
va mat my quan. Nguyén nhan chinh 13 do séng Trudng Giang chay qua nhiéu khu vuc
dan cu trudce khi d6 ra bién tai xa Tam Hai, tré thanh noi tap két rac tir cac x3 ven bién
thudc TP. Tam Ky va huyén Nui Thanh. Ngoai ra, ctra bién Tam Hai 12 khu vuc neo dau
ctia nhidu tau thuyén dénh bat xa b, khién rac thai tir hoat dong ngu nghiép nhu bao bi
nhya, d6 hop, ludi danh cé bi vat bura bai, kho kiém soat, 1am trAm trong thém tinh trang
0 nhiém.

Hoat dong nudi trong thuy san dang tao ra ap luc 16n déi véi moéi trudng nude song,

dac biét tai cac khu vuc nuoi tré)ng tap trung nhu ha luu cac song thude hé¢ théng song
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Tam Ky va dau phia Nam séng Trudong Giang (thudc huyén Nuai Thanh). Néu khong co
giai phap xtr Iy nudc thai hop 1y, 6 nhiém nudc séng sé trd thanh van dé nghiém trong,
khong chi anh huong truc tiép dén ngudn nude cip cho cac ao nudi ma con tac dong
tiéu cuc dén su phat trién ctia nganh nudi trong thuy san.

Ngoai ra, 6 nhiém nuéc sdng tai khu vire nay con gian tiép anh huéng dén du lich tai
x3 ddo Tam Hai do 1am suy giam chat luong nudc tai cac khu vire cira Lo, cira An Hoa
va ving bién ven bo. Bén canh d6, viéc khai thac nudc ngdm phuc vu nuéi trong thuy
san ciing dang 1am gia ting tinh trang xAm nhdp min vao ngudn nudc ngdm — vén da
khan hiém tai vung ven bién. Hién tuong nay da bat dau xudt hién tai mot s6 khu vuc &
xd Tam Tién, anh huong dén ngudn nude sinh hoat cia ngudi din va co nguy co gia
tang néu khong co6 bién phap kiém soat chit ché.[4]

1.5. Téng quan vé hoc may
1.5.1. Lich svr ra doi va cdc khai niém co ban

a. Lich sw ra doi

Hoc may (Machine Learning) xuét hién vao cudi thap nién 1980 va dau nhitng nim
1990, 1a mgt nhanh cua tri tu¢ nhan tao (Al). Cong nghé nay gitip may tinh c6 kha nang
thuc hién cac nhiém vu cu thé béng cach phan tich dir li¢u va dua ra quyét dinh. Thay
vi dugc lap trinh clirng nhéc, cac thuat toan trong hoc may duogc xay dung sao cho chiing
c6 thé tu hoc va nang cao hiéu suét khi xur 1y thém dir liéu theo thoi gian.

b. Cac khdi niém

Hoc may (Machine Learning) la Iinh vuc cho phép may tinh tu dong hoc hdi va céi
thién hiéu sut thuc hién mot nhiém vu nhit dinh théng qua kinh nghiém va dir liéu. Pay
13 mot nhanh quan trong cta tri tué nhan tao (AI), gitp cac hé théng co thé hoc truc tiép
tur vi dy, dir li¢u hodc trai nghiém ma khong can phai dugc lap trinh chi tiét cho ting tac
vu cu thé.

Thay vi viét cac chuong trinh voi cac budc ¢ dinh, hoc may su dung cac thuat toan
dé phan tich thong tin dau vao, rat ra quy luat va ap dung vao viéc dua ra dy doan hoic
quyét dinh ddi vé6i cac tinh hudng tuong ty. Khi hé théng thyc hién mot nhiém vu nhiéu
lan, hiéu qua xu 1y s& dugc cai thién nho kha nang hoc hai lién tuc.

Viéc huan luyén may tinh trong hoc may dugc thuc hién bang cach cung cip mot
luong 16n dir lidu két hop vai cac thuat toan phu hop, tir d6 cho phép hé thdng hiéu va

thuc hién dugc nhiém vu mdt cach ngay cang chinh xac hon. Néu khong cé hoc may, tri
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tué nhan tao s& gip nhiéu han ché, vi hoc méy chinh 13 yéu t6 mang lai kha nang ty thich
nghi va phat trién cho cac hé théng thong minh.

c. Phin logi hoc may [5]

Hoc may dugc phan lam 4 nhom:

Hoc ¢6 giam sat (Supervised Learning) 1a phuong phép ma trong d6 mo hinh dugc
huén luyén dua trén mot tap dir liéu da duoc gan nhdn — nghia 1a moi dau vao déu di
kém v&i ddu ra mong mudn. Muc tiéu ctia mé hinh 13 hoc cach anh xa tir dit liéu dau vao
sang két qua dau ra, dé tir d6 c6 thé du doan chinh xéc cho dit liéu méi. Day 1a loai thuat
toan dugc sir dung phd bién nhit trong hoc may.

Hoc khong giam sat (Unsupervised Learning) lai khong c6 san nhan dau ra. M6
hinh s€ phai ty phat hién ra cac cAu trac an trong dir ligu, chéng han nhu viéc phan cum
cac diém dit lidu c6 dic diém tuong ddng, hogc rat gon so chiéu dir lidu dé tbi uu viée
luu triy va xu ly.

Hoc ban giam sat (Semi-supervised Learning) 13 phuong phép két hop giita hoc
c6 giam sat va hoc khong giam sat. Trong trudng hop ndy, chi mot phan nho dit lidu co
nhan, con phan 16n 13 dir lidu chua duoc gan nhin. Phuong phap nay dic biét hitu ich
khi viéc gan nhan ton kém vé thoi gian va chi phi, chang han nhu véi dit liéu anh y té
doi hoi chuyén gia phan tich. Trong thuc té, nhiéu bai toan hoc may roi vao nhom nay
vi dir liéu khong nhan thuong cé thé thu thap dé dang hon tir cac ngudn nhu internet.

Hoc ting cuwdong (Reinforcement Learning) 13 k§ thuat ma trong d6 hé thong s&
hoc cach hanh dong thong qua qua trinh thir — sai dé t6i da hoa phan thudng trong mot
moi truong nhat dinh. Mdi hanh dong cta hé théng sé& dugc phan hdi bang mot phan
thudng hodc hinh phat, va qua thoi gian, hé thong s& hoc duoc chién luoc t6i wu. Phuong
phap nay thuong duoc tng dung trong céac trd choi hodc bai toan diéu khién ty dong,
noi can dua ra quyét dinh nbi tiép dé dat dugc két qua tot nhat.

1.5.2. Ung dung cdc mé hinh hoc mdy trong ki thudt moi truong

Trong bdi canh bién d6i khi hau va tac dong clia con nguoi ngay cang gia ting, viéc
giam sat, danh gia va quan 1y tai nguyén moi trudng trd nén cip thiét hon bao gio hét.
Céac phuong phap truyén thong trong nghién ctru moi trudong thudng doi hoi nhiéu thoi
gian, nhan lyc va chi phi cao, trong khi kha ning phan tich dit liéu 1én con han ché. Su
phat trién cta cdc mé hinh hoc may (Machine Learning - ML) d3 m¢ ra nhitng hudng
di méi, giap t8i wu hoa qué trinh thu thap, xr Iy va du bao dir li¢u moi truong mot cach

chinh xac va hi¢éu qua hon.
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Ung dung ctia hoc may trong linh vuc méi trudng rat da dang, tir du bao chat lugng
khong khi, chat lugng nudce, giam sat tai nguyén thién nhién, cho dén phat hién cac hi¢n
tugng cuc doan nhu chay rimg, x6i 16 dat hay Iii lyt. Cac mé hinh ML c6 kha ning phat
hién quy luat tiém an trong dir liéu, tir d6 giup cac nha khoa hoc va nha quan 1y dua ra
quyét dinh chinh x4c hon trong viéc bao vé mdi truong va phat trién bén viing.

Nhiéu nghién ctru d3 chimg minh rang ML khong chi ning cao hiéu qua giam sat
moi treong, ma con giup canh bao sém céc rui ro va dé xuit giai phap tmg pho kip thoi.
Dé minh hoa cho tinh tng dung ctia ML trong thuc té, c6 thé xem xét hai nghién ctru
dién hinh: du bao chit lugng méi trudng tai Ban ddo Ca Mau va Hoi An, trong dé cac
mé hinh hoc may dé duoc trién khai thanh cong dé phan tich va du bao xu huéng moi
truong. [6]

Nghién ctru vé du bao chét luong nudc mit tai Ban ddo Ca Mau da su dung cac mo
hinh hoc méy dé xac dinh chi s6 chat lugng nude (WQI) dya trén mot sb thong sé quan
trac t6i thiéu. Viéc nay gitp giam chi phi phan tich mau nhung vin dam bao do chinh
xac cao trong danh gia chat lugng nuéc. Cac thuat toan nhu Gradient Boosting va
XGBoost duoc ap dung dé toi vu hoa qua trinh dy bao, trong d6 Gradient Boosting dat
hé s6 xac dinh R? = 0,973, ching t6 kha ning mé phong chinh xac xu huéng bién d6i
chét luong nude theo thoi gian va khong gian. [7]

Trong nghién ctru tai Hoi An, cac mo hinh hoc may duoc st dung dé phan tich va
du bao chi sb chét lugng nudc dudi dat (GWQI) tai khu vyc 1an cén bai rac Cam Ha.
Viéc danh gia chat lvong nudc dudi dit co y nghia quan trong trong viéc phat hién nguy
co 6 nhiém tir kim loai nang va hoa chit doc hai, giup dua ra cac bién phéap bdo vé nguén
nudc. Cac md hinh Random Forest, SVM, KNN va Cubist da dugc so sanh, trong do
Cubist dat R? = 0,96, ching to6 do chinh xac cao nhat trong du bao chit luong nudc dudi
dat.

Hai nghién ciru trén cho thay rang viéc (mg dung hoc may trong linh vyc mdi trudng
1a hét strc can thiét. Hoc may khong chi mo ra kha nang xir Iy va phan tich khéi luong
16n dir lidu mot cach hiéu qua, ma con gitp phat hién sém cic nguy co 6 nhiém va hd
trg cac quyét dinh quan 1y kip thoi. Trong bbi canh cac hé sinh thai ngay cang chiu nhiéu
ap luc tu bién ddi khi hau va hoat dong ctia con nguoi, viée tich hgp cac mé hinh hoc
may vao cong tac quan tric va quan 1y tai nguyén 13 mot hudng di cip thiét nham huéng

tGi phat trién bén ving.
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1.6. Anh huwéng ciia bién ddi khi hau dén sw tich liiy kim loai ning trong tram tich
1.6.1. Anh hwéng ciia thiiy triéu

Thuy triéu 12 mot yéu té quan trong anh huong dén sy phan bd va dong thai cua
trAm tich cling nhu kim loai ndng trong moi truong nudce. Su dao dong lién tuc cua myc
nude do thay triéu cé thé 1am xao tron 16p tram tich bé mat, ddn dén viéc giai phong
kim loai nang tich tu 1au ngay vao cot nudc. Qua trinh nay dac biét quan trong & cac khu
vuc clra song, noi ¢6 sy luan phién gitta nude ngot va nude bién, tao ra su thay doi 16n
trong diéu kién hoa hoc cua tram tich. Khi thuy triéu 1én, tram tich c6 thé bi cudn theo
dong nude va lang dong lai khi thuy triéu xudng, 1am thay ddi vi tri va ndng do kim loai
nang trong tram tich.

Ngoai ra, thily triéu con anh huéng dén diéu kién oxy hoa-khir ciia méi truong tram
tich. Trong diéu kién yém khi (thiéu oxy), nhiéu kim loai ning nhu st (Fe) va mangan
(Mn) c6 thé bi khtr va hoa tan vao nude, 1am gia ting ndng d6 kim loai trong cot nudc.
Nguoc lai, khi méi truong c6 nhiéu oxy hon, cac kim loai ndy c6 thé két tua va lang
xudng, tich lily trd lai trong trim tich. Su thay doi lién tuc nay khién kim loai ning trong
tram tich khong 6n dinh, lam ting nguy co 6 nhiém moi trudng nudc, dic biét khi co
cac hoat dong nhén sinh nhu nao vét, giao thong thity hay xay dung cong trinh ven bién.
1.6.2. Anh hwéng ciia xdi l¢ bo bién

X6i 16 bo bién 1a mot trong nhiing hé qua nghiém trong cua bién doi khi hau, dic
biét & cac vung ven bién ¢6 tbe dd nude bién dang cao va chiu tdic dong manh tir bao,
song 16n. Khi bo bién bi x6i &, mot luong l6n dAt, cat va trAm tich bj cudn ra moi truong
nuoc, lam tang lugng tram tich lo ling va kéo theo sy van chuyén cua kim loai nang.
Céc kim loai ndng c6 thé ton tai trong 16p dat bé mat cta bd bién, dugce tich Ity tur cac
ngudn 6 nhiém nhu chét thai cong nghiép, nong nghiép va sinh hoat. Khi dat bi x6i mon
va troi ra song, bién, nhirng kim loai nay c6 thé hoa tan vao nudc hodc bam vao céc hat
tram tich nho, di chuyén xa hon so véi vi tri ban dau.

Ngoai ra, qua trinh x6i 16 con lam thay d6i mé hinh lang dong cua tram tich. Khi
mot khu vuc bi mat tram tich do x6i 16, vung khac co thé nhan thém luong bun cat 16n
hon, gay bién dong 16n trong viéc tich lity kim loai ning. Diéu nay dic biét quan trong
trong cac hé sinh thai ven bién, noi ma su can bang gitta lang dong va x6i mon quyét
dinh mtrc do 6 nhiém cua trAm tich. Néu kim loai nang duoc van chuyén dén cac khu
vuc sinh thdi nhay cam nhu rimg ngap min hay ran san hd, ching c6 thé gay ra nhiing
tac dong tiéu cuc ddi vai cac loai sinh vat séng ¢ do, anh huong dén toan bo chudi thire

an trong hé sinh thai bién.
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1.6.3. Anh hwéng ciia xdm nhip min

X4m nhap min 13 hién tuong nudce bién x4m 14n vao cac ving nude ngot, lam thay
d6i dang ké cac dic tinh hoa 1y ciia moi trudng nude va tram tich. Sy thay ddi d6 min
c6 thé anh huéng truc tiép dén qua trinh tich liy va phat tan kim loai ning trong tram
tich. Khi d0 méan tang 1én, su trao ddi ion gitra nudc bién va tram tich ¢ thé 1am hoa tan
moét sb kim loai ning nhu chi (Pb), cadmium (Cd), ddng (Cu) va k&m (Zn), khién ching
tré nén dé dang di chuyén hon trong cot nudce. Diéu nay c6 thé dan dén s gia ting ndng
d6 kim loai ning trong nudc, lam ting nguy co 6 nhiém dbi v6i hé sinh thai va ngudn
nudc st dung cho con nguoi.

Ngoai ra, xdm nhap midn con anh huéng dén thanh phan vi sinh vat trong trim tich.
Céac nhom vi khuan yém khi ¢6 vai trd quan trong trong qua trinh chuyén hoa kim loai
nang, co thé bi suy giam hoac thay ddi do dd man cao. Diéu nay din dén sy thay doi
trong co ché ¢ dinh hodc giai phong kim loai niang, tir d6 1am bién dong mirc do 6
nhiém cua tram tich theo thoi gian. Néu khong c6 cac bién phap kiém soat phu hop, su
gia ting cta xAm nhap man do bién d6i khi hau c6 thé 1am tang nguy co 6 nhiém kim
loai nang, anh hudng dén hé sinh thai thuy sinh va chét luong nude ngﬁm o cac khu vuc

ven bién.
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CHUONG 2. KHAO SAT THUC PIA, PANH GIA MUC PO O
NHIEM KIM LOAI NANG TRONG TRAM TiCH VA RUI RO
SINH THAI

2.1. Phwong phap nghién ciru
2.1.1. Phwong phap thu thdp va nghién cvru tai liéu

Thu thap céc tai lidu vé tinh chat, ngudn gay 6 nhiém va doc tinh ciing nhu su lan
truyén cta cac hop chat nghién ciru trong méi trudng bang viée tham khao cac tai liéu
trong cac gido trinh, s6 tay, cac bai bao, cic dé tai nghién ctru trong va ngoai nudc co
lién quan dén ddi twong nghién ctu.

Thu thap céc tai liéu lién quan dén phuong phap danh gia rii ro sinh thai ciia kim
loai ning trong tram tich, cling nhu cac nghién ctru tng dung mé hinh hoc may trong du
bao 6 nhiém méi trudng, nham 1am co s& 1y thuyét va thuc tién cho viéc xay dung va ap
dung md hinh trong nghién ctu.

2.1.2. Phwong phdp tham vén y kién cong dong

Tham van ¥ kién cong dong trong nghién ctru duoc hiéu 13 qua trinh trao d6i truc
tiép voO1 cac dan cu séng lan can tai khu vuc ctra An Hoa, dac biét 1a nguoi dan dang
khai thac ngudn lgi thiy san tai khu vuc nay. Hoat dong tham van da giup tac gia nam
16 hon vé khu vuc nghién curu, 1am co s& dé tién hanh khao sat, bd tri cac vi tri léy mau
cho phu hop véi diéu kién, dic diém thuy van cta khu vyec. So lugng nguoi dan tham
gia phong van theo cong thirc trong thong tu 03/2025/TT-BLDTBXH. [8]

Cong thure xac dinh:

o = N
0= 1+ N xe?

Trong d6 N 1a dan s ctia (N = 150340), chon sai sé cho phép e = 15%, Do gi6i
han vé thoi gian, ngué)n lyc va muc ti€éu nghién ctu hién tai chi nham danh gia so bo
ban ddu, nén sai s6 15% duogc chip nhan trong trudng hop nay. Mic sai s6 nay thuong
dugc xem 1a phu hop cho cac nghién ctru mang tinh chat tham do, gitp tiét kiém chi phi
va thoi gian trong khi van dam bao dd tin ciy nhét dinh cho két qua thu dugc.. Khi do:

_ 150340
"~ 14 150340 X0.152

no =45 (nguoi)
bé dam bao tinh dai dién va du co so ket luan vé hi¢n trang stc khée moi truong,

sinh vién tién hanh khao sat 50 nguoi dan tai khu vuc nghién ctiru. Két qua thu thap duoc
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s& mang tinh tham khao va s& giup cung cip nhitng thong tin so bd, hd tro viéc hinh
thanh cac danh gia ban dau cho nghién ctru.
2.1.3. Phwong phdp ldy méu va phén tich méu

% Ldy mau

- Thoi gian 14y mau: Thang 4/2025 va thang 5/2025.

- S6 lugng mau: 15 mau/dot

- MAu tram tich mat: Mau duoc léy vO1 d0 sau 0 - 10 cm, duogc léy bﬁng thiét bi
14y mAu tram tich kiéu Ponar. Dung cu 14y mau duoc tha xudng va gip mot luong trim
tich xac dinh tiy thudc vao thé tich ciia gau, ap luc ctia nude va tinh cht cua tram tich.
Mau tram tich duoc tron déu bang khay va chuyén vao binh chtta mau phu hgp. Mau
véan chuyén va bao quan theo TCVN 6663-15:2004. [9]

Sau khi 14y miu can chuyén ngay cac mau tram tich duoc ldy tai zip. Mau traim
tich can dugc phan tich trong khoang thoi gian 1 tuan. Néu bao quan méu trong thoi
gian lau hon, can xur 1y so bd mau bang cach lam kho khong khi (tranh anh nang mit
troi) hodc 1am kho trong ti 1am kho lanh. Sau d6 mau can duoc bao quan trong ti lanh
sau. Can tién hanh chiét mau va phan tich cang sém cang tot.

Cac vi tri léy mau trong pham vi khu vuc nghién ctru, dugc lya chon dya dya trén
cac diéu tra khao sat thuc té trong qué trinh di 14y mau. Cac diém ldy mau duoc dya trén
co s6 1a nhimg diém gan voi ngudn thai, nhitng diém co nguy co hodc tiém ning 1a

nhirng diém c6 thé bi 6 nhiém do cac hoat dong giao thong, khai thac, xa nudc thai,...
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Bang 2.1 Vi tri cac diém 1y mau tai khu vuc nghién ctru

STT | Miu| Kinh dd Vi dd M0 ta vi tri ldy mau
1| S-1 |15°28'01.1"N | 108°38'01.9"E | Gan khu vuc xa thai nha méy Chu Lai
2 | -2 | 15°27'15.4"N | 108°3736.3"E | Gén cira xa KDT Vinh An Hoa
3 | S-3 | 15°26'53.3"N | 108°38'18.3"E |  Gén cira xa KDT Vinh An Hoa
4 | S-4 | 15°2634.5"N | 108°38'58.3"E Chu An Tén
5 | S5 | 15°27'51.2"N | 108°38'43.3"E Khu vye song xa Tam Giang
bo phia Tay
6 | S-6 | 15°28'25.9"N | 108°39'00.1"E Khu vie ngd 3 song
7 | S7 |15°2827.6"N | 108°39'09.0"E Khu vuc cang ca An Hoa
8 S-8 | 15°28'00.5"N | 108°39'34.9"E Khu vuc nudi tom xa Tam Giang
9 | S:9 | 15°27'27.0"N | 108°40'00.0"E | Khu vuc nudi tom, ca xi Tam Giang
10 | S-10 | 15°28'05.3"N | 108°40'40.5"E Khu vuc dan cu An Hai Tay
11 | S-11 | 15°2819.2"N | 108°40'51.1"E f;ifltl}?ui?rg‘;a;gu
12 | S-12 | 15°28'30.8"N | 108°41'04.5"E | Cang Ky Ha, nhiéu thuyén neo dau
13 | S-13 | 15°28'31.8"N | 108°40'28.2"F Gén bén pha Tam Hai
14 | S-14 | 15°28'51.9"N | 108°40'01.5"E CéChi’sI; }Il’gaTzn;I:;I S0m
15 | S-15 | 15°28'51.9"N | 108°40'01.5"E Xa Tam Hai

2.2. Khio sat thue té cdng dong din cw tai khu vire nghién ciru

2.2.1. Muc tiéu khdo sat

Khao sat cong d@)ng dan cu tai khu vue cira An Hoa nham ghi nhan céc thong tin
thuc té lién quan dén nhan thirc va phan anh cta ngudi dan vé tinh trang 6 nhiém moi
truong, anh huong cua méi trudng dén st khoe va sinh ké, ciing nhu sy thay doi chat
luong moi trudng trong nhitng nim gan day. Pay 1a ngudn thong tin quan trong nham
hd trg qua trinh danh gia rui ro sinh thai va lya chon vj tri 14y mau phu hop.

2.2.2. Doi twong va phwong phdp khdo sdt

Poi twong khao sat: GOm 50 ho dan sinh séng tai khu vuc ctra An Hoa.

Phwong phdp khdo sat: Phong van truc tiép thong qua bang hoi cau tric két hop
v6i phong van ban cau tric. Noi dung bang hoi tap trung vao viéc ghi nhan nhan thirc,

danh gia va phan anh cia nguoi dan vé hién trang méi trudng, nhitng anh hudng dén
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sttc khoe, sinh ké va nhiing thay d6i moi truong trong nhitng nim gan day.

Tiéu chi lia chon doi fuong: Uu tién lya chon cic hd dan co6 thoi gian cu tra 1au
dai va c6 céac hoat dong, cong vi¢c li€n quan dén moi truong dat, nude tai khu vuc Cura
An Hoa. Viéc chon mau nham dam bao su da dang va khach quan trong thu thap y kién
phan anh tir cong dong dan cu.

Thoi gian khao sat: Thang 4 nam 2025.

2.2.3. Két qua khdo sdt
% Moi trwong khong khi

B Binh thuong
B O nhiém it
2 O nhiém

Hinh 2.1 Chat luong méi truong khong khi tai cira An Hoa

Theo két quéa khéo sat 72% ngudi dan cho rang chat luong khong khi binh thudng,
24% danh gia 1 6 nhiém it, 4% cho rang khong khi 6 nhiém

Nhdn xét: Tir két qua trén co thé thay rang da s6 ngudi dan nhan dinh chét lugng
khong khi ¢ mirc chép nhéan duoc, tuy nhién van c6 mot ty 1¢ nhét dinh phan anh tinh
trang 6 nhiém, trong d6 4% cho rang khong khi bi 6 nhiém rd rét. Cac ngudn giy o
nhiém cha yéu tir hoat dong giao thong, khi thai, nudc thai tir cac nha may, khu cong
nghiép xung quanh va tir hoat dong xay dung cang. Diéu nay cho thdy cin cé bién phap
kiém soat cac ngudn phat thai nham dam bao chat lugng khong khi 6n dinh va an toan

cho suc khoe cong dong.
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< Moi trwong dit

2%

E Binh thuong
B O nhiém it

Hinh 2.2 Chat lwong méi truong dt tai cira An Hoa

Két qua khao sat cho thdy 98% nguoi dan danh gia chat luong dat 1 binh thuong,
chi 2% cho rang c6 hién turong 6 nhiém nhe, chil yéu do hoat dong nuéi trong thuy san
ven song va viéc x4 thai sinh hoat, chét thai rin khong dung quy dinh tir cac ho dan.

Nhdn xét: Phan 16n nguoi dan cdm nhéan rﬁng dét tai khu vuc van dam bao chét
luong tét. Piéu nay cho thdy van dé 6 nhidm dit chua phai 1a mdi quan tdm chinh tai
thoi diém khao sat.

% Moi trwong nwoc

E Binh thuong
B O nhiém it
B0 nhiém

Hinh 2.3 Chat luong méi truong nudc va tram tich tai cira An Hoa
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Ung dung cac moé hinh hoc may dé du bdo mire dg tich liiy va rui ro sinh thai cua mét 56 kim loai nang trong
tram tich mat tai cva An Hoa, song Truong Giang, tinh Quang Nam

Theo két qua khao sat, co 36% ngudi dan cho rang chat luong nudc va tram tich &
muc binh thudng, 30% danh gia 1a 6 nhiém it, va 34% nhan dinh khu vuc dang bi 6
nhiém.

Nhdn xét: Két qua cho thiy phan 16n nguoi dan nhén thidy méi trudng nude va
tram tich c6 d4u hiéu 6 nhiém, v6i tong cong 64% danh gia 1a 6 nhidm hodc 6 nhiém it.
Diéu nay phan anh su lo ngai ctia cong dong vé chit lwong mai trudng thiy sinh tai khu
vuc, ¢6 thé anh huong dén hoat dong danh bat va nudi trong thily san. Theo phan dnh
ctia ngudi dan, cac ngudn gy 6 nhiém chil yéu bao gom: hoat dong nudi trong thity hai
san voi mat do cao, chat thai sinh hoat chwa qua xir 1y tir cac khu dan cu ven song, ciing
nhu tic dong tir cdc nha may, co sd san xuat trong khu vyc. Nhitng yéu td nay gop phan
lam suy giam chat luong nudc va trim tich, anh hudng dén hé sinh thai thay vuc va st
khoe cong dong.

% Ty I¢ mac cac bénh

B Khong c6 bénh
dang ké

B Bénh vé da
@ Bénh vé duong ho
hap

OBénh gan, than

Hinh 2.4 Ty I¢ méc cac bénh ctia nguodi dan tai cira An Hoa

Nhdn xét: Két qua khao sat cho thdy 72% nguoi dan khong mic bénh dang ke,
trong khi 28% con lai ¢6 cac biéu hién vé bénh da liéu (10%), ho hap (10%), va gan,
than (8%). Piéu nay cho thiy mot bd phan din cu co thé dang bi anh hudng boi chat
lwrong méi trudng, dic biét 1a cac bénh 1y lién quan dén 6 nhiém khong khi, nudc va
diéu kién vé sinh. Day 14 co s& quan trong dé danh gia rui ro sinh thai va tac dong sirc
khoe cong dong trong nghién ctru.
2.2.4. Téng hop va phén tich tinh hinh mdic bénh tai khu vwe nghién civu

S li¢u veé s6 ca mac cac bénh da licu va ho hap tai khu vyc Nuai Thanh trong giai
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Ung dung cac moé hinh hoc may dé du bdo mirc d¢ tich liiy va rui ro sinh thai cua mét s6 kim loai nang trong
tram tich mat tai cva An Hoa, song Truong Giang, tinh Quang Nam

doan tir thang 1/2024 dén thang 4/2025 duoc thu thap tir Bénh vién Pa khoa Quang
Nam.

Bang 2.2 S6 liéu ngudi mic cac bénh vé da va dudng ho hip tai Nui Thanh

Bénh vé dudng ho hip Bénh ngoai da
Diéu trj ni tra 366 52
Kham bénh 1231 189

Nhdn xét: Qua so sanh giira két qua khao sat nguoi dan va s6 liéu tir bénh vién tai
khu vue Nai Thanh, ¢6 thé théy su chénh 1éch rd rét vé ty 1€ mic cic bénh ngoai da va
bénh duong ho hap. Cu thé, khao sat ghi nhan khoang 10% dén s (twong dwong khoang
15.034 nguoi) cho biét mic bénh ngoai da va 10% twong ty mac bénh dudng ho hap.
Trong khi do, s6 liéu tir bénh vién chi ghi nhan 241 luot kham bénh ngoai da va 1.597
lugt kham bénh vé dudng ho hap trong thoi gian tir dau nim 2024 dén nay.

Sy chénh léch nay cho thay c6 thé nhiéu nguoi dan khong dén kham tai co s y té
cong 1ap ma lya chon ty diéu tri tai nha, diéu tri béng thude khong ké don, hodc dén
kham tai cac phong kham tu nhan va bénh vién khac trong tinh. Trong thuc té, trén dia
ban tinh c6 nhiéu bénh vién tuyén tinh va phong kham tu nhan, dic biét 1a & khu vuc
thanh phd, c6 thé thu hut nguoi dan dén kham thay vi tai dja phuong. Ngoai ra, mot sb
truong hop co6 thé khong di kham do danh gia mirc d6 bénh khong nghiém trong.

) L4 |

Hinh 2.5 Thu thap s6 liéu tai bénh vién da khoa Quang Nam

SVTH: Nguyén Anh Dao GVHD: PGS.TS Lé Phudc Cuong Trang 20
Lép :20QLMT ThS. Nguyén Thanh Trung



Uhg dung cac moé hinh hoc may dé dvw bao murc do tich lily va rui ro sinh thai cua mot $6 kim logi nang trong
tram tich mat tai cva An Hoa, song Truong Giang, tinh Quang Nam

2.3. Phin tich céc chi tiéu trong nwéc va tram tich
2.3.1. Muc dich

Nham c6 cai nhin téng quan ban dau vé hién trang chat lugng nudc va tram tich
tai khu vyc nghién ctru, sinh vién da tién hanh phan tich mdt s6 chi tiéu co ban trong
nuéc tai cac diém quan tric. Viéc phan tich ndy nhdm danh gia so bo hién trang moi
truong nudce.
2.3.2. Déi twong

Thong sb chat lugng nude/tram tich mat tai khu vuc cira An Hoa

2.3.3. Pham vi nghién curu

BAN DO VIET NAM BAN PO KHU VU'C NGHIEN cUU
TY LE: 1:9000000 TY LE: 1:60000
A A
a
£
NUI THANH
4 515
S6
QUANG NAM = S5 <
|
s9
s2
e
sS4
Y2
- 0 100 200 km 1o A 2km \ GHI CHU
— 1 , . b

Hinh 2.6 Khu vuc nghién ctru va cac vi tri ldy miu
Nghién ctru duoc thuc hién tai khu vuc cira An Hoa trong thoi gian 04/2025. Mau

nudc dugce thu thap tai 15 vi tri dai dién cho chat luong nudc mat trong khu vuce khao

sat.
Diéu kién thoi tiét: troi néng, gi6 nhe.
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Ung dung cac moé hinh hoc may dé du bdo mirc d¢ tich liiy va rui ro sinh thai cua mét s6 kim loai nang trong
tram tich mat tai cva An Hoa, song Truong Giang, tinh Quang Nam

Hinh 2.7 M6t s6 hinh anh léy mau tai cac vi tri

2.3.4. Ngi dung
Tién hanh léy mau nudce va tram tich mat tai cac vi tri
Phén tich cac thong s6 chit luong nudc/tram tich mat
Mau nuwéc
- Phan tich cac chi tiéu: Nhiét d6, 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.

Madu tram tich

- Phan tich céc thong s6: Cac kim loai nang (As, Cd, Pb, Zn, Hg)
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Uhg dung cac moé hinh hoc may dé dvw bao murc do tich lily va rui ro sinh thai cua mot $6 kim logi nang trong
tram tich mat tai cva An Hoa, song Truong Giang, tinh Quang Nam

- Quy chuén so sanh : QCVN 43 :2017/BTNMT-quy chudn k thut quéc gia vé&
tram tich
2.3.5. Phwong phdp va thiét bi quan tric

- TCVN 6663-1:2011 (ISO 5667-2:2006): Chat lugng nuéc — Liy mau — Phan 1:
Hudng dan ky thuat 1ay mau.

- TCVN 6663-6:2018: Chat luong nudc - Ly miu - phan 6: Huéng din 1dy mau
nudc song va suoi.

- TCVN 6663-3:2003 (ISO 5667-3:1985): Chat lugng nuéc — Liy mau — Phan 3:
Hudng dan bao quan va xur Iy mau.

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

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

Bang 2.3 Cac chi tiéu va phuong phéap phan tich

STT | Chi tiéu phan tich Phwong phap Dung cu va thiét bj

1 | Nhiét do Do nhanh -

2 |pH Do nhanh But do Hanna HI 98107

3 | Amoni (NHy") TCVN 6179-1:1996 May quang pho LIUV 201
UV/Vis

4 | Chloride (Cl-) TCVN 6194:1996 -

5 |TSS TCVN 6625:2000 | Gidy loc, tii sy, cAn phan tich

6 | Nitrit (NO?) TCVN 6178:1996 May quang pho LIUV 201
UV/Vis

7 | COD TCVN 6491:1999 B phéan tich COD VARIO

8 | BOD:s TCVN 6001-1:2008 | B¢ phan tich BOD - FOC225E

Do khong c6 diéu kién va trang thiét bi phu hop dé phan tich céac chi tiéu kim loai
nang, cac mau tram tich dugc thu thap tai cac diém khao sat da dugc guri dén Trung tim
Quan tric va Phan tich méi trudng Quang Nam — mot don vi ¢6 chuyén mon va du ning
lyc phan tich theo cic phuong phap chuan. Két qua phan tich dugc sir dung 1am co s

dé danh gia mic d6 6 nhiém kim loai ning trong khu vuc nghién ciru.
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Ung dung cac moé hinh hoc may dé du bdo mire dg tich liiy va rui ro sinh thai cua mét 56 kim loai nang trong
tram tich mat tai cva An Hoa, song Truong Giang, tinh Quang Nam

Hinh 2.8 Phan tich céc chi tiéu trong phong thi nghiém
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Ung dung cdc mé hinh hoc may dé dw bao mirc dg tich Ly va riii ro sinh théi ciia mét s6 kim logi ndng trong tram tich mat tai ciea An Hoa, séng Truong Giang, tinh Qudng

Nam

s Duoi day la két qua phdan tich mot so chi tiéu chat luong nudc tai cdac diem quan trdac thugc khu vue nghién ciru.

Bang 2.4 Két qua phan tich cac chi tiéu trong nude

Chi tiéu i i i itri

| e vl s N on, | con
Pon vi °C - mg/L mg/L mg/L mg/L mg/L mg/L

S1 25,6 6,5 1 9,6 2,6 0,27 8,0 13,6

S2 25,4 6 1,1 9,6 1,8 0,32 8,0 8,2

S3 254 6,5 0,8 9,6 4,6 0,14 7,0 7,7

S4 25,3 5,5 1,3 11,0 7,5 0,27 7,2 9,7

S5 25,6 7 0,7 11,0 5,1 0,10 7,0 8,7

S6 25,1 7 1,8 12,4 11,4 0,11 7,4 9,5

S7 26,2 6 1,2 12,4 6,1 0,55 5,8 6,9

S8 26,1 7 0,6 11,0 4,2 0,19 5,0 9,0

S9 26,0 7 1,2 11,0 9,0 0,16 5,8 7,7

S10 26,5 6,5 1,5 12,7 6,4 0,3 8,8 9,7

S11 26,4 7 2,5 13,2 7,2 0,15 11,2 15,1

S12 26,6 5,5 0,7 13,8 3,1 0,12 5,6 6,7

S13 26,7 7 2.4 13,8 5,0 0,04 10,6 14,1

S14 26,9 7 0,6 13,2 7,2 0,11 5,6 6,9
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Ung dung cdc mé hinh hoc may dé dw bao mirc dg tich liiy va riii ro sinh théi ciia mét s6 kim loai ning trong tram tich mat tai ciea An Hoa, séng Truong Giang, tinh Qudng

Nam

Chi tiéu

Nhiét

Amoni

Chloride

Nitrit

n H T B
Vi tri a | P NHO) | (cn) > (Noy) | POPs | COD
S15 26,7 6,5 1,1 12,9 6,6 0,31 6,4 6,8
Mirc <10 <10
- — - - < - - -
A 6,5-8,5 <25 mg/L mg/L mg/L
Mirc <15 <15
- — - - < - - -
QCVN B 6,5 - 8,5 <100 mg/L mg/L mg/L
08:2023/BTNMT | Mye > 100 mg/L va khong <20 | <20
- 6,5 - 8,5 - - s Re -
C ¢ rac noi mg/L mg/L
Murc ) < 6,0 hoac i i > 100 mg/L va cé rac i >10 >20
D > 8,5 noi mg/L mg/L
AHSK - - 0,3 250 - 0,05 - -
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Ung dung cac moé hinh hoc may dé du bdo mirc d¢ tich liiy va rui ro sinh thai cua mét s6 kim loai nang trong
tram tich mat tai cva An Hoa, song Truong Giang, tinh Quang Nam

Ghi chii: QCVN 08:2023/BTNMT quy chudn k¥ thut quéc gia vé& chat luong
nudc mat.

AHSK: Gia trj gidi han tdi da cac thong s6 anh hudng tdi sitc khoé con nguoi.

Mike A: Chat luong nude tot. Hé sinh thai trong méi trudng nude cd ham lugng
oxy hoa tan (DO) cao. Nudc c6 thé duoc sir dung cho muyc dich cip nuée sinh hoat, boi
101, vui choi dudi nude sau khi &p dung céc bi¢n phap xir Iy phu hop.

Mirc B: Chit lugng nudc trung binh. Hé sinh thai trong nuéc tiéu thu nhiéu oxy
hoa tan do moét lwong 16n chat 6 nhiém. Nudc co thé sir dung cho muc dich san Xuét
cong nghi¢p, nong nghi€p sau khi ap dung cac bién phap xu ly phu hop.

Mike C: Chat lugng nude xau. Hé sinh thai trong nudc ¢ luong oxy hoa tan giam
manh do chtra mot luong 16n cac chat 6 nhiém. Nude khong gay mui kho chiu, c6 thé
dugc sir dung cho cac muc dich san xuat cong nghiép sau khi ap dung cac bién phap xir
1y phu hop.

Mike D: Nudc ¢ chat luong rat xau, ¢ thé gdy anh huong 16n tdi ca va cac sinh
vét séng trong moi trudng nudc do ndng dd oxy hoa tan thap, ndong do chat 6 nhiém cao.
Nudc 6 thé dugce sir dung cho cac muc dich giao thong thuy va cac muc dich khac voi

yéu cau nude chat luong thap.

9
8.5
8 les 72 4 72 73 7 71 73
7 [°° 67 65 , 63 6.5 6.5
. . 6.5
6
5
4
3
2
1
0
sl s2 s3 s4 s5 s6 s7 s8 s9 sl0 sll s12 s13 sl14 sl5
mmmpH  ——QCVN 08:2023/BTNMT, Cot A
Hinh 2.9 Két qua phan tich chi tiéu pH trong nudc
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Ung dung cdc mé hinh hoc mdy dé di bdo mire dé tich lity va rii ro sinh thai cia mét s6 kim loai ning trong

tram tich mdt tai cira An Hoa, song Truwong Giang, tinh Quang Nam
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Hinh 2.11 Két qua phan tich chi tiéu NO, trong nudc
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Ung dung cac moé hinh hoc may dé du bdo mire dg tich liiy va rui ro sinh thai cua mét 56 kim loai nang trong
tram tich mat tai cva An Hoa, song Truong Giang, tinh Quang Nam
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Hinh 2.12 Két qua phan tich chi tiéu NH4" trong nudc
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Hinh 2.13 Két qua phan tich chi tiéu CI" trong nudc
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Ung dung cac moé hinh hoc may dé du bdo mirc d¢ tich liiy va rui ro sinh thai cua mét s6 kim loai nang trong
tram tich mat tai cva An Hoa, song Truong Giang, tinh Quang Nam
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Hinh 2.14 Két qua phan tich chi tiéu BODs trong nudc
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Hinh 2.15 K&t qua phan tich chi tiéu COD trong nudc

Nhdn xét: Két qua phan tich gia tri pH tai tit ca 15 vi tri dao dong tir 6,2 dén 7.3.
Mic du phan 16n cac vi tri ndm trong khoang gii han cho phép (6,5-8,5 theo QCVN
08:2023/BTNMT, Co6t A), mot sd vi tri nhu S1, S2, S3 va S4 ¢6 pH thap hon gidi han
duéi, cho thay nudc c6 xu hudng hoi axit nhe ¢ nhitng khu vuc nay. Nong do tong chat
rn lo lang (TSS) bién dong 16n, tir 1,8 mg/L dén 11,4 mg/L, véi phan 16n cac diém lay
mau (trir S1, S2, S7 va S12) déu vuot ngudng cho phép 1a 5 mg/L. Dic biét, vi tri S6 ¢6
gi4 tri cao nhit 1én t6i 11,4 mg/L, cho thay kha ning nudc dang chiu anh hudng tir dong
chay mat hodc hoat dong gay xao tron dat da.

Vé ham luong cac hop chét nito, ca Nitrit (NO2") va Amoni (NH4*) déu vuot xa
gidi han an toan cho suc khoe (lﬁn lugt 14 0,05 mg/L va 0,3 mg/L) tai tat ca cac diém
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Ung dung cdc mé hinh hoc mdy dé di bdo mire dé tich lity va rii ro sinh thai cia mét s6 kim loai ning trong
tram tich mat tai cva An Hoa, song Truong Giang, tinh Quang Nam

lay mau. Vi tri S7 c6 gid tri Nitrit cao nhat 13 0,55 mg/L, trong khi S11 ¢6 Amoni cao
nhat 1én téi 2,5 mg/L. Nhiing két qua nay cho thiy d4u hiéu 6 nhiém hitu co va phan
hay hop chat nito, c6 thé lién quan dén ngudn thai tir hoat dong nudi trong thiy san va
cong nghiép. Nguoc lai, néng do Clorua (CI) tai cac diém quan tric dao dong tur 9,6
mg/L dén 13,8 mg/L, thap hon nhiéu so véi ngudng giéi han 1a 250 mg/L, chimg t6
nuée khong bi 6 nhiém béi mudi hodc nude bién.

Céc chi tiéu oxy hoa ciing cho thiy sy 6 nhiém dang ké. Gia tri COD dao dong tir
6,7 mg/L dén 15,1 mg/L, véi cac vi tri S1, S4, S5, S10, S11 va S13 vuot mtc cho phép
12 10 mg/L (Cot A). Vi tri S11 tiép tuc 1a diém c6 murc 6 nhim cao nhit. Tuong tu,
BOD:s tai tit ca cac diém lay miu déu vuot qua giéi han 4 mg/L (Cot A), dao dong tir
5,0 mg/L dén 11,2 mg/L, trong d6 S11 mdt lan nira c6 gia tri cao nhat. Piéu nay phan
anh rd rang su hién dién ciia cac hop chat hitu co dé phan hily sinh hoc trong nguén
nudc.
% Dudi day la két qua phan tich mét sé chi tiéu chat lirong nude tai cde diém quan

trac thudce khu viee nghién ciru.

Bang 2.5 Két qua phan tich cac chi tiéu trong trAm tich

Chi tiéu
Vi tri As Pb Hg Cd Zn
Don vi mg/Kg | mg/Kg | mg/Kg | mg/Kg | mg/Kg
S1 16,7 | 110,1 0,34 1,10 61,5
S2 25,3 | 239,2 0,30 1,60 88,3
S3 21,9 | 2145 0,29 1,06 93,1
S4 20,9 | 241,1 0,29 1,02 83,4
S5 20,1 77,3 0,23 1,00 74,1
S6 20,7 | 234,6 0,26 1,31 82,9
S7 20 338.,6 0,28 1,43 96,3
S8 23,6 | 365,1 0,28 1,30 92,3
S9 22,1 | 1923 0,25 1,07 83,9
S10 19,8 | 356,2 0,15 1,16 95,7
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Uhg dung cac moé hinh hoc may dé dvw bao murc do tich lily va rui ro sinh thai cua mot $6 kim logi nang trong
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Chi tiéu

Vi tri As Pb Hg Cd Zn
S11 6,2 122,6 0,18 0,09 82,1
S12 16,7 | 226,6 0,20 0,13 72,8
S13 17,3 | 253,1 0,20 1,86 81,6

S14 16,6 80,3 0,16 2,59 95

S15 20,2 | 2442 0,19 2,86 91

QCVN 43:2017/BTNMT 17 91.3 0,5 3,5 315

% Ghi chii: QCVN 43:2017/BTNMT quy chuan k¥ thuat quoc gia vé chét luong tram
tich.
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Hinh 2.16 Két qua phan tich chi tiéu As trong trim tich
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Hinh 2.17 Két qua phan tich chi tiéu Pb trong tram tich
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Hinh 2.18 Két qua phan tich chi tiéu Hg trong trim tich
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Hinh 2.19 Két qua phan tich chi tiéu Cd trong tram tich
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Hinh 2.20 Két qua phan tich chi tiéu Zn trong trim tich

Nhdn xét: Két qua phan tich ham luong kim loai ning tai 15 vi tri khao sat (S1—
S15) cho thay murc d6 bién dong dang ké gitta cac diém, dong thoi phan anh tinh trang
6 nhiém kim loai ning tai mot s6 khu vuc. Ham luong Asen (As) dao dong tir 6,2 mg/kg
dén 25,3 mg/kg, trong d6 c6 tdi 11/15 vi tri vuot gidi han cho phép theo QCVN
43:2017/BTNMT (17 mg/Kg). Riéng vi tri S11 ¢6 gia tri thdp hon ngudng, cho thiy
mirc d6 nhidm As tai vi tri nay 1a khong dang ké. Ham lugng Chi (Pb) tai tat ca cac diém
déu vuot chuin, véi gia tri dao dong tir 77,3 mg/kg (S5) dén 365,1 mg/kg (S8), vuot tir
1 dén gan 4 1an so voi ngudng cho phép (91,3 mg/kg), dic biét cao tai cac vi tri S7, S8
va S10, cho thay kha ning c6 ngudn thai Pb trong khu vuc.
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Déi voi Thay ngan (Hg), gia tri tai cac diém dao dong tir 0,15 dén 0,34 mg/kg, déu
nam dudi giéi han cho phép 1a 0,5 mg/kg, cho thidy mirc d6 6 nhiém Hg tai khu vuc 1a
khong dang ké. Ham lugng Cadimi (Cd) c6 gié trj trong khoang 0,09-2,86 mg/kg, déu
nam trong ngudng gidi han cho phép (3,5 mg/kg), tuy nhién céac vi tri S14 va S15 c6 gia
trj tiém can mirc giéi han, can duoc theo ddi bd sung. Ham luong K&m (Zn) tai cac vi
tri dao dong trong khoang 61,5-96,3 mg/kg, thap hon nhiéu so voi gidi han 315 mg/kg,
cho thdy Zn chua phai 13 tac nhan giy 6 nhidm dang ké tai khu vuc khao sat.

Nhin chung, trong s6 cac kim loai ning dugc phén tich, As va Pb 1 hai yéu t6 ¢
muc do 6 nhiém vuot ngudng phé bién va rd rét nhét, dic biét tai cac vi tri S2, S7, S8
va S10. Biéu nay cho thiy can c6 bién phap kiém soat va danh gia ngudn phat thai, dong
thoi ting cuong giam sat moi truong dat tai cac khu vire 6 nong do cao dé dam bao an

toan sinh thai va strc khoe cong dong.
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CHUONG 3. UNG DUNG MO HINH HQC MAY PE DU BAO MUC
PO TiCH LUY KIM LOAI NANG TRONG TRAM TiCH VA
PHAN TiCH PQ TIN CAY CUA MO HINH

3.1. Co sé dir liéu diu vao
3.1.1. Nguén dir ligu

Nguon dit liéu sir dung trong nghién ciru bao gém ca dit liéu do sinh vién thu thap
tryc tiép va dir liéu dugc cung cap tir don vi phén tich chuyén mon.

Cu thé, sinh vién nghién ctru da tién hanh léy 15 mau trAm tich mit tai cac vi tri
dai dién doc theo khu vuc cira An Hoa — song Truong Giang, tinh Quang Nam. Cac mau
nay duoc giri dén Trung tdm Quan tric va Phan tich méi truong Quang Nam (84 Phan
Boi Chau, phuong Tan Thanh, thanh phé Tam Ky, tinh Quang Nam) dé phan tich cac
chi tiéu kim loai nang gom: Asen (As), Chi (Pb), Thuy ngan (Hg), Cadimi (Cd), va Kém
(Zn). Ngoai viéc phén tich 15 mau do sinh vién cung cép, Trung tdm Trung tim Quan
trac va Phan tich moi truong Quang Nam con hd trg va cung cap thém 210 két qua phan
tich tram tich mat duoc thyuc hién trude d6 tai khu vuc song Truong Giang, gop phan
lam phong pht1 va da dang hon b dif liéu dau vao.

Téng cong, bo dir lidu dau vao gdm 225 két qua phan tich trim tich mit bao gdm
cac thong tin dinh luong vé cac kim loai nang (As, Pb, Hg, Cd, Zn) va cac dac tinh moi
truong li€n quan, ddm bao do tin cdy cao, phuc vu cho qua trinh xay dung va hi¢u chinh
moO hinh hoc may mdt cach chinh xac va khach quan.

3.1.2. Tién xir ly dit ligu

Trudc khi dua vao mé hinh hoc may, bo dit liéu duoc tién hanh cac budc tién xir
1y nham dam bao chat lugng, tinh chinh xac va kha ning khai quat ciia mé hinh:

Trong budc xtr 1y dit liéu, viéc phat hién va loai bo nhiing gia tri bt thudng 1a rat
can thiét ¢ moé hinh hoat dong chinh xac hon. Pau tién, sinh vién st dung phuong phap
IQR — tirc 12 xem xét khoang giita cua dir liéu — dé phat hién cac gia tri ndm qua xa so
vol phﬁn 16m cac gia tri con lai, tir do loai bé ching. Sau do, phuong phép z-score cling
dugc dung dé kiém tra xem gia tri nao 1éch qua nhiéu so véi mic trung binh. Nhirng gia
tri qua cao hodc qua thap s& dugc xem xét va xur 1y lai cho phu hop, nhdm dam bao dir
liéu dau vao duge sach va 6n dinh hon trude khi dua vao mo hinh.

3.1.3. Phan chia dir liéu
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Pé huén luyén va danh gia mé hinh hoc may mot cach hiéu qua va khach quan, bd
dir liéu gdm 225 mau duoc phan chia thanh hai tap: tap huan luyén (training set) va tip
kiém tra (testing set). Ty 1é phan chia dugc diéu chinh linh hoat trong khoang tir 70:30
dén 85:15 nham tim kiém c4u hinh tdi uu cho tirng mé hinh cy thé.

Tap huan luyén (70% — 85%): dugc sir dung dé dao tao mé hinh, gitp may hoc
nhén dién cac moi quan hé gitra cac bién dau vao va bién muc tiéu.

Tap kiém tra (30% — 15%): dung dé kiém tra kha ning dy bao va danh gia hiéu
suét ciia mo hinh trén dit liéu chua tung dugc hoc.

Viéc thtr nghiém voi nhiéu ty 16 phan chia giup:

+ Panh gia anh huong cta luong dit liéu huin luyén dén hiéu suat mo hinh.
+ Giam thiéu rui ro qua khop (overfitting) hozc khong khép (underfitting) trong
qua trinh huén luyén.

Pé tang tinh khach quan va do tin cay ctia két qua, k¥ thuat k-fold Cross-Validation
duoc ap dung trong mdi ty 1& phan chia (k = 10). Phuong phap nay cho phép mé hinh
duoc huin luyén va kiém tra trén nhiéu to hop dir liéu khac nhau, tr d6 danh gia mirc
d6 6n dinh va kha nang tong quat hoa ciia mo hinh.

Ngoai ra, trong qua trinh chia dit liéu, cac dic trung thong ké quan trong (nhu gia
trj trung binh, do 1éch chuan, phan b gia trj) ciia cac bién dau vao va dau ra ciing duoc
dam bao gitr on dinh gitra hai tap dit liéu. Piéu nay gitip mo hinh hoc may ¢ thé du bao
chinh x4c hon va phan anh dung xu hudng thuc té cua dit liéu méi truong.

Sau khi dit liéu di dugc xir 1y va phan chia hop 1y, mot trong nhiing bién muc tiéu
quan trong duoc md hinh hoc may du bao 13 chi s6 rii ro sinh thai (RI) — dai luong
phan 4nh mic d6 6 nhiém va nguy co sinh thai tiém an do su hién dién cia cac kim loai
nang trong tram tich. Chi s6 nay duoc dé xuat boi Hakanson (1980), va dugc tinh theo

cong thirc:

n —
- Ci
RI = ZT; X —1
: Ch
i=1

Trong do:
« RI: Tong chi sb rui ro sinh thai
« T!:He¢ s phan tmg doc tinh cta chat the i (Hg = 40, Cd = 30, As = 10, Pb = 5,
Zn=1)

« Cl_,: Nong d6 trung binh cta chat thr i trong 16p tram tich bé mit (0—1 cm)
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« Ci:Muc nén tham chiéu (Hg = 0.25, Cd = 1.0, As = 15, Pb =70, Zn = 175)
Bang 3.1 Chi sb rui ro Risk Index (RI)

STT Chi s6 RI Mikc dd rii ro sinh thai tong thé
1 RI< 150 Rui ro thap
2 150 <RI <300 Rui ro trung binh
3 300 <RI <600 Rui ro cao
4 RI>600 Rui ro rat cao

3.2. Lua chgn va xay dung mo hinh hgc may
3.2.1. Tdi va cai dat phdn mém

R 12 mot ngdn ngir 1ap trinh ma ngudén mé chuyén dung trong linh vuc thong ké,
phan tich dit liéu va hoc may. DPé hd tro qué trinh Iap trinh va phan tich mét cach hi¢u
qua hon, phan mém RStudio dugc phat trién nhu mot moi trudng 1am viée tich hop (IDE
— Integrated Development Environment) danh riéng cho R. RStudio cung cip giao dién
truc quan, ho trg viét ma, theo ddi bién, hién thi do thi, va xuit bao cdo mét cach thuin
tién.

Trude khi cai dat RStudio, ngudi dung can cai dat phan mém R phién ban mai
nhat. Hién tai, phién ban dang sir dung 13 R 4.3.3, dugc phat hanh ngay 12/03/2024.
Nguoi dung c6 thé tai phan mém R truc tiép tir trang chinh thtrc ctua "Comprehensive R
Archive Network (CRAN)" tai dia chi: https://cran.r-project.org/

Tai trang nay, nguoi dung chon hé diéu hanh phu hop (Windows, macOS hoic
Linux) va tai tép cai dat twong tng, vi du:

Véi1 Windows: R-4.3.3-win.exe

V61 macOS: R-4.3.3.pkg

Sau khi cai dat xong R, nguoi dung tiép tuc truy cdp vao trang chinh thirc cia
RStudio dé tai phan mém RStudio Desktop phién ban mién phi tai dia chi:
https://posit.co/download/rstudio-desktop/

RStudio c6 thé duoc cai dat tuong tu nhu cac phén mém thong thuong. Sau khi cai
dat hoan tat, nguoi dung co thé mé RStudio va bat diu viét ma R dé phuc vu cac muc

ti€u hoc tap, nghién ctru hodc xay dung mo hinh hoc may.
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ESTUdio

Hinh 3.1 Biéu tuong R-Studio trén man hinh Desktop
Sau khi cai dit hoan tit, nhin chudt vao biéu tuong ¢ trén Hinh 3.1, ching ta s€ ¢6

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

@ Rstudio - o X
le Egit d ebug Is  H
o - opy = i
© | untitied2 P Environment  History Connections  Tutorial =0
SourceonSave R /' - *Run | S Source d * import Dataset = @ 137Mi8 - | & st
1] R - | flk Global Enwironment -
Enviro t is empty

Files Plots Packages Help Viewer Presentation &=
5 Expont

Level) =
Console  Terminal - Background Jobs =

R - R433
You are welcome to redistribute 1t under certain conditions.
Type 'license()' or 'licence()' for distribution details.

Natural language support but running in an English locale

R is a collaborative project with many contributors.
Type 'contributors()’ for more information and
'citation()" on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or
‘help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

[workspace loaded from ~/.RData]

Hinh 3.2 Man hinh lam viéc cua R-Studio

Man hinh cira s6 1am viéc ctia R-Studio gom c6 4 khung:

Bén trai phia trén 1a khung “ngudn”, khung nay dung dé soan cic cu lénh dé xtr
1y dir li¢u va thuc hién mo6 hinh;

Bén trai phia dudi 1a khung “twong tac”, khung nay thé hién cac cau lénh va két
qua thyc hién cau lénh. Khung nay gidng véi cira s6 lam viéc ctia R khi khong sir dung
R-Studio.

Bén phai phia trén 1a khung "ddi twong" chira ba the, thé Environment dung dé thé
hién thong tin vé cac doi tuong st dung trong khi thuc hién cac cau 1énh, thé History
dung dé thé hién tit ca cac cau 1énh di soan ké tir mot thoi diém nao déy, thé Connection
thé hién cac két ndi. Bén phai phia dudi 1a khung "da chic ning" chira 5 thé:

+ Files: chtra cac thu muc va tap tin c6 lién quan;

+ Plots: thé hién cac biéu do 1a két qua ciia nhitng 1énh v&;
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+ Packages: thé hién cac phu kién;

+ Help: thé hién cac tro gitp;

+ Viewer: dung dé xem.

Bay gio ta ¢6 thé bit dau thyuc hién cac mé hinh hoc may trén R-Studio
3.2.2. Cac mo hinh dwoc swr dung

a. RF- Random Forest (Rirng ngdu nhién) [10]

RF 1a 1 su két hop cua cay dy doan, moi cay phu thudc vao gia tri cua vector ngéu
nhién duogc ldy miu doc 1ap (Independently) va v6i s phan bd nhu nhau cho tat ca cac
ciy c6 trong rimg. RF 12 mot loai ctia thudt toan tong hop (Ensemble) dugc goi 12 tong
hop (aggregation) bootstrap va 1a mot trong nhitng phuong phap hoc may pho bién nhat.
RF thuc hién (Perform) mét dy doan dia vao bién dau vao (x) xay ra & budc tiép theo:

Lay mau bootstrap va chon ngau nhién 1 tap hop con (Subset) ctia tap dit liéu hoc
cO giam sat;

Diéu chinh 1 cay bang cach sir dung phan ving dé quy nhi phan (binary recursive
partitioning);

Bit ddu voi tit ca quan sat trong 1 nit duy nhat va lip lai dé quy cac budc cho mdi
nut ngat (Unsplit) cho dén khi tiéu chi dimg duoc ap dung. Trong budc ndy, 2 tham sb
turning, mtry (s6 lugng cac mau bién ngau nhién nhu cic tng cir vién & mdi phan) va
ntree (sé lugng cay) dugc st dung. Cubi cung, duara 1 du doan cua 1 diém mai x. Ddi
v6i hodi quy, gid tri trung binh cta 1 s6 cdy hdi quy 1a két qua cudi cung.

b. SVM — Support vector machine (Mdy hé tro vector) [10]

SVM 1a mot trong nhitng thuat toan phan 16p pho bién va hiéu qua. SVM la 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 chudn nhan
dir liu vao va phan loai ching vao hai 16p khac nhau. Do d6, SVM 1la mdt thuat toan
phan loai nhi phan. V61 mdt bd 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
1a xa nhét c6 thé. Cac vi du méi ciing dugc biéu dién trong cting mot khong gian va duoc
thuat todn dy doan thudc mot trong hai thé loai tiy vao vi du d6 nam & phia nao cta
ranh gioi.

¢. KNN — K Nearest neighbors (K- DPiém di liéu gin nhat) [10]
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KNN Ia 1 loai thuat todn phan cum (Clustering), 1 k¥ thuat hoc c6 giam sat st
dung dé phén loai (Classify) cac diém dir liéu méi dua trén vi tri (Position) ctia chiing
trén diém dir liéu gan nhat. KNN dy doan 1 mau moéi st dung mau K- diém dir lidu gan
nhat tir tap huan luyén. KNN khong c6 mé hinh nao chi luu trir toan bo (Entire) tap dix
liéu, va hon nira, chung khong yéu cau hoc cho thuat toan. No st dung cau trac dir liéu
phtre tap nhu cac cdy k-d quan sat va két ndi cac mau moéi trong qua trinh du doan. Poi
véi mdi trudng hop trong dir liéu thir nghiém, ham s& nhan dang KNN sir dung khoang
cach Euclidean (khoang cach giira 2 diém trén mot phang), k 1a s6 do nguoi dung chi
dinh. KNN c¢6 ty 18 18i nho véi dir liéu 16n, né tim ra toi wu 1an can gan nhat cua 1 dién
va s6 luong tinh ning thap (it kich thudc hon).

KNN 1a mdt trong nhirng thuat toan supervised learning don gian. Khi huan luyén,
thuat toan nay khong hoc mot diéu gi tur dir liéu huén luyén ma nhé lai mdt cach may
moc toan bo dir liéu d6. Pay ciing 1a 1y do thuat toan nay duogc sip xép vao loai lazy
learning, moi tinh toan dugc thyc hién khi né can dy doan dau ra cua dit liéu méi. KNN
6 thé ap dung duogc vao ca classification va regression. KNN con dugce goi 1a mot thuat
todn instance-based hay memory-based learning.

Tém lai, KNN 1a thuat toan di tim dau ra ctia mot diém dir liéu méi béng cach chi
dua trén thong tin cua K diém dit liéu gan nhat trong tap huan luyén.

Vi KNN ra quyét dinh dya trén cac diém gan nhét nén co6 hai van dé can luu tam.,
Thi nhét, khoang cach dugc dinh nghia nhu thé nao. Tht hai, can phai tinh toan khoang
cach nhu thé nao cho hiéu qua.

Uu diém ciia KNN:

Do phre tap tinh toan clia qué trinh huan luyén bang 0;

Viéc dy doan két qua cua dir liéu maoi rat don gian (sau khi da xac dinh duoc cac
diém lan can);

Khong can gia st vé phan phdi ciia céc class.

Nhwoc diém ciia KNN:

KNN réit nhay cam véi nhiéu khi K nho

KNN 14 mot thuat toan ma moi tinh toan déu nam ¢ khau kiém thir. Trong d6 viéc
tinh khoang cach téi ting diém dit liéu trong tap huan luyén ton rit nhicu thoi gian, dic
biét 13 véi cac co sd dit liéu c6 s6 chiéu 16n va c6 nhiéu dit lidu. Véi K cang 16n thi do
phtrc tap cling s€ tang lén. Ngoai ra, viéc luu toan bd dit liéu trong by nhd cling anh

hudng té1 higu nang cua KNN.
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d. Cubist ( Mang lgp thé) [11]

Cubist 12 mot thudt toan dua trén cac nguyén tic (rules) duoc sir dung dé xay dung
cac mo hinh du bao dya trén viéc phan tich dir li¢u dau vao. N6 duoc phat trién dya trén
su mo rong ciia md hinh cay quyét dinh véi kha ning xtr Iy 1én toi hang nghin bién dau
vao.

Vé mit ly thuyét, thuat toan Cubist dugc thuc hién qua 4 budc:

Budc 1: Phan nhanh/chia tach dit liéu dé phat trién mét cay quyét dinh hoan chinh;

Budc 2: Phét trién mo hinh héi quy tai méi nut dé du bao dya trén dit liéu da dugc
phan nhanh/chia tach;

Budc 3: “Cit tia” cay dé tranh van dé “thiéu an khop” (under-fitting) hodc “thira
an khop” (over-fitting) cuia cac gia tri du bao so véi cac gia tri thuc té. Trong budc nay,
mét sb bién phap cat tia duge ap dung dé chuan hoa dir liéu va lam cho mé hinh “hiéu”
dir liéu hon trong qué trinh hoc/huin luyén/dao tao;

Budc 4: “Lam min” cdy dé bu cho sy gian doan qua phan nhanh/chia tach dit lidu.

Thuat toan Lap thé 13 1 mé hinh hdi quy huéng dy doan duoc mé ta boi Quinlan
(Quinlan, 1992) [21] v6i sira chita bd sung dwa vao 1an cin gin nhat (nearest neighbors)
trong tap huén luyén, nhu d3 mé ta & Quinlan (Quinlan, 1993) [22]. M6 hinh mang lap
thé da duoc két hop bang cach st dung két hop tuyén tinh nhu sau:

Vpar = a. %9, + (1 —a).x.§, (2)

Trong d6: yk 1a sy du doan tir thuat toan hién hanh, yp 1a mo6 hinh me ¢ trén no
trong cdy, a la hé s6 1am min.

Mang 1ap thé 1 1 mo hinh cay, déng thoi (simultaneously) tao thanh (constitute)

1 tap hop cac quy tic (a set of rules) va 1 s6 md hinh hdi quy tuyén tinh. Noi cach khéc,

14 14
A1

Lap thé sir dung cdu 1énh “Néu” va “Sau d6”, “Néu” 1a 1 diéu kién va “Sau d6” 1a 1
phuong trinh (equation) tuyén tinh dé tinh toan ra két qua. Hai tham s6 ctia Lap thé c6
thé mac dinh (default) hodc diéu chinh duoc (tunable), bao gom cac sd luong cac hoat
dong thuc day (boosting) va 1an cén-sd truong hop dugc st dung dé stra du doan dya
trén quy tac.
e. LR - Linear Regression (Héi quy tuyén tinh) [12]

Trong thdng ké, hdi quy tuyén tinh 1a mot cach tiép can tuyén tinh dé mo hinh héa
mdi quan hé gitra mot phan (mg v hudng va mot hodc nhiéu bién giai thich (con dugc
goi la cac bién phu thude va doc 1ap). Truong hop cia mot bién giai thich duogc goi 1a

hoéi quy tuyén tinh don gian; dbi v&i nhiéu hon mét, qua trinh nay duoc goi 1a hdi quy
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nhiéu tuyén tinh. Thuat ngit nay khac v6i hoi quy tuyén tinh da bién, trong d6 nhiéu bién
phu thudc twong quan duoc du doan, thay vi mét bién vo hudng don 1é.

Trong hdi quy tuyén tinh, cac méi quan hé duge mé hinh hoa bang cach sir dung
cac ham du bao tuyén tinh ma cac tham s6 mo hinh chua biét dugc wée tinh tir dit licu.
Céac m6 hinh nhu vy duoc goi 1a mé hinh tuyén tinh. Thong thudng nhét, gia trj trung
binh c6 diéu kién ctia phan hoi cho cac gi tri cua cac bién giai thich (hodc cac yéu tb
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 co diéu kién cua
phan hoi cho cac gia 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.

Han ché ciia LR:

R4t nhay cdm véi nhiéu cho nén trude khi thuc hién linear regression thi nhiéu can
phai dugc loai bo (tién xtr 1y)

Khong biéu dién dugc cac mé hinh phirc tap

3.2.3. Quy trinh thwc hién moé hinh
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Hinh 3.3 So d6 quy trinh thuc hién mé hinh hoc may
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3.3. Xay dung mo hinh hoc may
Trong nghién ctru ndy, cac md hinh hoc médy duogc trién khai nham du bao chi sb
nguy co sinh thai (RI) dua trén ndng do cac kim loai ning nhu As, Pb, Hg, Cd va Zn
trong tram tich. Qua trinh xay dyng mo hinh duogc thuc hién véi cac bude cu thé nhu
sau:
3.3.1. Lam sach méi trwong va cai dat thw vién
Trude tién, dé dam bao moi trudng 1am viée trong R khong bi anh huéng boi cac
bién cii, can x6a toan b cac ddi trong va tit cac ctra s6 do hoa dang mé. Pong thoi, cai
dat va goi cac thu vién can thiét:
# Lam sach moi truong lam viéc
rm(list=l1s())
graphics.off()
# Cai dat va goi thu vién
install.packages(c("readxl1", "tidyverse", "caret", "randomForest", "e1071", "Cubist",
"kknn", "gridExtra", "ggplot2", "Metrics"))
library(readxl)
library(tidyverse)
library(caret)
library(randomForest)
library(e1071)
library(Cubist)
library(Metrics)
library(ggplot2)
library(gridExtra)
library(kknn)
3.3.2. Poc di¥ ligu va kiém tra
Dit liéu duoc nhap tur tép Excel chira néng do kim loai nang va chi sb rui ro RI
twong ung:
# Doc dir licu twr tép Excel

data <- read_excel("E:/DO AN TOT NGHIEP/File
thuyétminh/DULIEUCHAYHOCMAYTG1 xlsx", sheet = "Sheet1")
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# Kiém tra dir liéu
head(data)
str(data)
summary(data %>% select(As, Pb, Hg, Cd, Zn, RI))
3.3.3. Phin tich phin phéi va moi twong quan
Dé danh gia su phan bd va mdi quan hé giita cac bién dau vao, cic biéu d6 phan
phdi va ma trin twong quan duoc st dung:
# Ve biéu do
data %>%
select(As, Pb, Hg, Cd, Zn) %>%
pivot_longer(cols = everything(), names_to = "Kim loai", values to ="Gia tri")
%>%
ggplot(aes(x = Gia_tri)) +
geom_histogram(bins = 30, fill = "steelblue", color = "white") +
facet wrap(~Kim_loai, scales = "free") +
labs( x = "Nong d6 (mg/kg)", y = "Tan suét")
3.3.4. Chia dit ligu thanh tap hudn luyén va kiém tra
Dir liéu dugc chia thanh hai tap: 70% dung dé huan luyén mé hinh, 30% dung dé kiém
tra hiéu suat mo hinh:
# Chia dir liéu
set.seed(123)
train_index <- sample(nrow(data), size = 0.7 * nrow(data))
train_data <- data[train_index, |
test data <- data[-train_index, ]
# Logi bo cot khong can thiét
train_data <- train_data %>% select(-TT)
test_data <- test_data %>% select(-TT)
3.3.5. Thiét ldp céng thirc mé hinh va kiém tra chéo
Céc bién dau vao duoc khai bao va mé hinh dugc hudn luyén véi ki thuat kiém tra
chéo 10-fold 1ap lai 3 1an dé dam bao tinh 6n dinh:
predictors <- c("As", "Pb", "Hg", "Cd", "Zn")
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formula KQ <- as.formula(paste("KQ ~", paste(predictors, collapse =" +")))

ctrl <- trainControl(method = "repeatedcv", number = 10, repeats = 3, verboselter =
TRUE)

3.3.6. Hudn luyén cdc mé hinh
Nam thuit toan dugce huin luyén trén cung mot tap dir li¢u dé so sanh hiéu suét:
models <- list(

"Random Forest" = train(formula_KQ, data = train_data, method = "rf", trControl =

ctrl),

"SVM" = train(formula_KQ, data = train_data, method = "svmRadial", trControl =
ctrl),

"KNN" = train(formula KQ, data = train_data, method = "kknn", trControl = ctrl),
"Cubist" = train(formula_KQ, data = train_data, method = "cubist", trControl = ctrl),

"Linear Regression" = train(formula_KQ, data = train_data, method = "Im", trControl
= ctrl))

3.3.7. Danh gid va so sanh moé hinh
Sau khi huin luyén, cac mo hinh dugc dadnh gia dya trén ba chi sb phé bién: R2,
RMSE va MAE, trén ca hai tap huan luyén va kiém tra:
# Dy doan trén tap hudn luyén
pred_train <- predict(model, newdata = train_data)
metric_train <- data.frame(
Model = model name,
Dataset = "Training",
R2 = R2(pred_train, train_data$KQ),
RMSE = RMSE(pred _train, train_data$KQ),
MAE = MAE(pred_train, train_data$KQ))
# Dy doan trén tap kiém tra
pred_test <- predict(model, newdata = test data)
metric_test <- data.frame(
Model = model name,
Dataset = "Test",
R2 =R2(pred_test, test data$KQ),
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RMSE = RMSE(pred_test, test data$KQ),
MAE = MAE(pred_test, test data$KQ))
results KQ <- rbind(results KQ, metric_train, metric_test)}
3.3.8. Trwe quan héa két qua mé hinh
bPé dé dang so sanh gitra cac mo hinh, cac biéu dd truc quan dugc st dung:
# Biéu do so sanh R?
ggplot(results KQ, aes(x = Model, y = R2, fill = Dataset)) +
geom_bar(stat = "identity", position = "dodge") +
labs(title = "So sanh R2 gitta caic m6 hinh", y = "R?") +
theme(axis.text.x = element_text(angle =45, hjust = 1))
# Dotplot so sanh két qua tir kiém tra chéo
resamples_obj <- resamples(models)
dotplot(resamples_obj, main = "So sanh cac mé hinh hoc may")
3.3.9. Lwra chon mé hinh t6i wu
M5 hinh c6 hiéu suét tot nhat trén tap kiém tra s& duoc lua chon lam mé hinh du
doan chinh cho chi s6 RI:
best model <- results KQ %>%
filter(Dataset == "Test") %>%
arrange(desc(R2)) %>%
slice(1)
cat("Mo hinh t6t nhét cho chi sé KQ:\n")
print(best _model)
3.4. Panh gia hi¢u sudt mé hinh
3.4.1. Cdc chi sé dinh gid
Hiéu suét ctia md hinh duoc danh gia thong qua ba chi s6 pho bién gém: Hé s xac
dinh (R-squared — R?), Can bac hai cta sai sd binh phuong trung binh (Root Mean
Square Error — RMSE) va Sai s tuyét dbi trung binh (Mean Absolute Error — MAE).
R2: Chi sb nay phan anh mtc d0 ma mo hinh co thé giai thich duogc su bién dong
ctia bién muc tiéu (ndng d6 kim loai ning). Gié tri R? dao dong tir 0 dén 1, trong d6 gia
tri cang gan 1 thé hién mo hinh cang c6 kha ning du béo tét.

RMSE: Pay 1 chi s6 thé hién d6 1éch trung binh giita gia tri du béo va gia tri thyuc
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té, duoc tinh bang cin bac hai trung binh ciia binh phuong sai s6. RMSE c¢6 don vi giéng
nhu bién muc tiéu va nhay véi cac gia tri ngoai lai. Gia tri RMSE cang nho cho thidy mé
hinh du bao cang chinh x4c.

MAE: La trung binh cong ctia cdc sai s6 tuyét d6i giita gia tri du bao va gia trj thuc
té. MAE cho biét sai sb trung binh méot cach truc quan, d& hiéu hon so voi RMSE. Gia
tri MAE cang nho ching to mo6 hinh c¢6 dg chinh xac cang cao.

Viéc két hop ca ba chi s6 giup danh gia mé hinh mot cach toan dién, dam bao tinh
khach quan khi so sanh gitra cac thuat toan hodc cac kich ban huin luyén khéac nhau.
3.4.2. So sdnh hiéu sudt giita cdc mé hinh

Sau khi tién hanh huin luyén va kiém tra cac mé hinh hoc may khic nhau trén
cung tap dit liéu, budc tiép theo 1a thuc hién so sanh hiéu suat nhim xac dinh mé hinh

nao ¢ do chinh xac cao nhat va phu hop nhat véi muc tiéu du bao.

> # Kiém tra dg Tiéu
> head(data)

T As Pb Hg cd n RI

1 16.7 110. 0.343 1.10 61.5 107.
2 25.3 239. 0.299 1.60 88.3 130.
3 21.9 214, 0.286 1.06 93.1 108.
4 20.9 241. 0.293 1.02 83.4 109.
5 20.1 77.3 0.229 1.00 74.1 86.0
6 20.7 235. 0.263 1.31 82.9 112.

> str(data)
tibble [225 x 7] (53: tbl_df/thl/data.frame)

§ TT: num [1:225] 123 4567 8910 ...
$ As: num [1:225] 16.7 25.3 21.9 20.9 20.1 20.7 20 23.6 22.1 19.8 ...
§ Pb: num [1:225] 110.1 239.2 214.5 241.1 77.3 ...
$ Hg: num [1:225] 0.343 0.299 0.286 0.293 0.229 0.263 0.282 0.28 0.246 0.146 ...
$ Cd: num [1:225] 1.1 1.6 1.06 1.02 1 ...
$ Zn: num [1:225] 61.5 88.3 93.1 83.4 74.1 82.9 96.3 92.3 83.9 95.7 ...
§ RI: num [1:225] 107 130 108 109 86 ...
> summary (data %% select(As, Pb, Hg, Cd, Zn, RI))
As Ph Hag Ccd zn RI
Min. :1.20 Min. 1 2.4 Min. 0.0040 Min. 0.010 Min. : 0.7 Min. : 24.85
1st Qu.:12.40 1st Qu.: 72.8 1st Qu.:0.1320 1st Qu.:0.928 1st Qu.: 59.80 1st Qu.: 78.83
Median :16.90 Median : 88.1 Median :0.2100 Median :1.299 Median : 77.80 Median : 95.45
Mean :19.42 Mean :106.1 Mean 10,2817 Mean 1.433 Mean 1 75.11 Mean :109.03
3rd Qu. :22.10 3rd Qu.:108.8 3rd Qu. :0.2820 3rd Qu. :1.906 3rd Qu.: 91.00 3rd Qu.:124.00
Max. :67.10 Max. 1365.1 Max. :1.4230 Max. :2.979 Max . 1269.30 Max. :350.76

Hinh 3.4 Két qua sau khi chay kiém tra dir liéu
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> print(results_KQ)
Model Dataset R2 RMSE MAE
1 Random Forest Training 0.9678883 0.07256678 0.017492144
2 Random Forest Test 0.9521200 0.08348982 0.020565686
3 SVYM Training 0.9162279 0.13375987 0.056067672
4 SVM Test 0.6780586 0.22798299 0.100576733
5 KNN Training 0.9933114 0.03521377 0.006284167
6 KNN Test 0.83683741 0.15733193 0.029411765
7 Cubist Training 0.9941469 0.03111103 0.007409026
8 Cubist Test 0.8987918 0.12169482 0.020872025
9 Linear Regression Training 0.7802264 0.18965141 0.141215712
10 Linear Regression Test 0.8477674 0.14439515 0.116239566
Hinh 3.7 Két qua sau khi chay mé hinh
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Hinh 3.10 So sanh R? gitra cdc mo hinh
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Ung dung cdc mé hinh hoc may dé dw bao mikc d tich ity va riii ro sinh théi ciia mét s6 kim logi ning trong
tram tich mat tqi ciea An Hoa, song Truong Giang, tinh Quang Nam

Sau khi c¢6 két qua chay cdc md hinh hoc may sinh vién tién hanh chay cic mo
minh ndy véi cac ty 18 training (70-85) va testing (30-15) dé so sanh va danh gia anh

huong cua lugng dit liéu huan luyén dén hi¢u suat mé hinh.
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Ung dung cdc mo hinh hoc may aé dy bdao murc do tich lity va rui ro sinh thdi cua mot 56 kim logi nang trong tram tich mdt tai cita An Hoa, song Truong Giang, tinh Quang
Nam

Bang 3.2 Két qua chay cac mo hinh theo céc ty 1& khac nhau tir tip dit liéu Training

MAE RMSE R?

Split Ratio
LR [SVM | KNN | RF |Cubist| LR |SVM | KNN | RF |Cubist| LR | SVM | KNN | RF | Cubist

70 0,141 | 0,056 | 0,006 | 0,018 | 0,007 | 0,190 | 0,134 | 0,035 | 0,074 | 0,031 | 0,780 | 0,916 | 0,993 | 0,967 | 0,994

71 0,142 | 0,056 | 0,006 | 0,017 | 0,008 | 0,190 | 0,134 | 0,035 | 0,073 | 0,035 | 0,777 | 0,915 | 0,993 | 0,967 | 0,993

72 0,143 | 0,060 | 0,007 | 0,016 | 0,008 | 0,190 | 0,137 | 0,038 | 0,070 | 0,035 | 0,778 | 0,912 | 0,992 | 0,970 | 0,993

73 0,143 | 0,056 | 0,007 | 0,020 | 0,008 | 0,190 | 0,134 | 0,038 | 0,069 | 0,034 | 0,777 | 0,916 | 0,992 | 0,972 | 0,993

74 0,142 | 0,056 | 0,007 | 0,020 | 0,008 | 0,189 | 0,134 | 0,038 | 0,070 | 0,035 | 0,777 | 0,915 0,992 | 0,972 | 0,993

75 0,142 | 0,056 | 0,007 | 0,017 | 0,008 | 0,188 | 0,134 | 0,037 | 0,070 | 0,034 | 0,776 | 0,915 | 0,992 | 0,970 | 0,993

76 0,140 | 0,055 | 0,000 | 0,016 | 0,007 | 0,187 | 0,130 | 0,000 | 0,069 | 0,033 | 0,782 | 0,918 | 1,000 | 0,970 | 0,993

77 0,141 | 0,054 | 0,000 | 0,020 | 0,009 | 0,188 | 0,127 | 0,000 | 0,069 | 0,037 | 0,782 | 0,922 | 1,000 | 0,972 | 0,992

78 0,139 | 0,055 | 0,000 | 0,021 | 0,009 | 0,187 (0,129 | 0,000 | 0,071 | 0,038 | 0,783 | 0,919 | 1,000 | 0,970 | 0,991

79 0,139 | 0,053 | 0,000 | 0,020 | 0,009 | 0,186 | 0,130 | 0,000 | 0,072 | 0,038 | 0,782 | 0,919 | 1,000 | 0,969 | 0,991

80 0,138 | 0,053 | 0,022 | 0,020 | 0,009 | 0,185 |0,124 | 0,092 | 0,068 | 0,037 | 0,786 | 0,925 | 0,956 | 0,973 | 0,992

81 0,137 | 0,052 | 0,014 | 0,020 | 0,009 | 0,185 0,128 | 0,066 | 0,071 | 0,036 | 0,786 | 0,922 | 0,976 | 0,970 | 0,992
82 0,137 | 0,052 | 0,000 | 0,016 | 0,009 | 0,185 0,122 | 0,000 | 0,070 | 0,037 | 0,789 | 0,927 | 1,000 | 0,970 | 0,992
83 0,137 | 0,055 | 0,000 | 0,017 | 0,008 | 0,184 | 0,127 | 0,000 | 0,071 | 0,037 | 0,789 | 0,919 | 1,000 | 0,969 | 0,992
84 0,135 0,052 {0,013 { 0,020 | 0,008 | 0,183 | 0,123 | 0,065 | 0,069 | 0,036 | 0,789 | 0,925 | 0,977 | 0,972 | 0,992
85 0,136 | 0,052 | 0,000 | 0,017 | 0,008 | 0,183 | 0,123 | 0,000 | 0,071 | 0,036 | 0,792 | 0,925 | 1,000 | 0,968 | 0,992
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Ung dung cdc mo hinh hoc may aé dy bdao murc do tich lity va rui ro sinh thdi cua mot 56 kim logi nang trong tram tich mdt tai cita An Hoa, song Truong Giang, tinh Quang
Nam

Bang 3.3 Két qua chay cac mo hinh theo céc ty 16 khac nhau tir tap dit liéu Testing

MAE RMSE R?
Split Ratio

LR |SVM | KNN | RF |[Cubist| LR |SVM | KNN | RF |Cubist| LR | SVM | KNN | RF | Cubist

70 0,116 | 0,105 | 0,029 | 0,020 | 0,021 | 0,144 | 0,233 | 0,157 | 0,081 | 0,122 | 0,848 | 0,659 | 0,838 | 0,954 | 0,899

71 0,113 0,099 | 0,030 | 0,021 | 0,022 | 0,140 | 0,230 | 0,160 | 0,084 | 0,121 | 0,859 | 0,687 | 0,838 | 0,952 | 0,902

72 0,109 | 0,077 { 0,019 | 0,021 | 0,022 | 0,134 | 0,205 | 0,107 | 0,084 | 0,118 | 0,868 | 0,735 | 0,936 | 0,949 | 0,903

73 0,106 | 0,090 | 0,016 | 0,028 | 0,023 | 0,131 | 0,229 | 0,106 | 0,083 | 0,121 | 0,876 | 0,672 | 0,942 | 0,951 | 0,901

74 0,107 1 0,097 { 0,017 | 0,033 | 0,024 | 0,133 | 0,239 | 0,108 | 0,089 | 0,122 | 0,877 | 0,653 | 0,942 | 0,946 | 0,902

75 0,107 | 0,097 { 0,018 | 0,023 | 0,025 | 0,133 | 0,241 | 0,109 | 0,088 | 0,130 | 0,879 | 0,659 | 0,941 | 0,950 | 0,893

76 0,111 0,084 | 0,019 | 0,024 | 0,022 | 0,136 | 0,220 | 0,136 | 0,091 | 0,099 | 0,867 | 0,697 | 0,891 | 0,944 | 0,935

77 0,105 | 0,090 | 0,019 | 0,029 | 0,019 | 0,128 | 0,232 | 0,139 | 0,086 | 0,091 | 0,871 | 0,623 | 0,885 | 0,948 | 0,945

78 0,108 | 0,084 | 0,020 | 0,033 | 0,023 | 0,130 | 0,223 | 0,141 | 0,095 | 0,112 | 0,871 | 0,679 | 0,885 | 0,938 | 0,921

79 0,108 | 0,101 | 0,021 | 0,029 | 0,024 | 0,131 | 0,254 | 0,144 | 0,091 | 0,114 | 0,877 | 0,569 | 0,884 | 0,945 | 0,921

80 0,108 | 0,082 | 0,026 | 0,030 | 0,022 | 0,132 {0,222 | 0,144 | 0,092 | 0,098 | 0,870 | 0,668 | 0,888 | 0,948 | 0,938

81 0,109 | 0,102 | 0,027 | 0,030 | 0,023 [0,134 [ 0,257 | 0,154 [ 0,097 | 0,101 | 0,873 [ 0,532 | 0,877 | 0,948 | 0,938

82 0,107 | 0,088 | 0,024 | 0,018 | 0,028 | 0,129 | 0,232 | 0,156 | 0,079 | 0,124 | 0,861 | 0,646 | 0,895 | 0,968 | 0,907

83 0,108 | 0,079 | 0,026 | 0,018 | 0,030 | 0,131 0,217 0,160 | 0,078 | 0,127 | 0,864 | 0,768 | 0,895 | 0,971 | 0,907

&4 0,111 0,090 | 0,030 | 0,027 | 0,026 | 0,135 |0,245|0,167 | 0,093 | 0,109 | 0,867 | 0,685 | 0,892 | 0,960 | 0,933

85 0,108 | 0,082 | 0,029 | 0,015 | 0,028 | 0,132 | 0,241 | 0,171 | 0,081 | 0,113 | 0,850 | 0,809 | 1,000 | 0,999 | 0,928
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Ung dung cac moé hinh hoc may dé du bdo mirc d¢ tich liiy va rui ro sinh thai cua mét s6 kim loai nang trong
tram tich mat tai cva An Hoa, song Truong Giang, tinh Quang Nam
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Ung dung cac moé hinh hoc may dé du bdo mirc d¢ tich liiy va rui ro sinh thai cua mét s6 kim loai nang trong
tram tich mat tai cva An Hoa, song Truong Giang, tinh Quang Nam
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Ung dung cac moé hinh hoc may dé du bdo mirc d¢ tich liiy va rui ro sinh thai cua mét s6 kim loai nang trong
tram tich mat tai cva An Hoa, song Truong Giang, tinh Quang Nam
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Ung dung cdc mé hinh hoc mdy dé di bdo mire dé tich lity va rii ro sinh thai cia mét s6 kim loai ning trong
tram tich mat tqi ciea An Hoa, song Truong Giang, tinh Quang Nam
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Hinh 3.16 R? trén tap Test theo céc ty 1&

Trong nghién ctru nay, dé xay dung mo hinh dy bao kim loai ning va rui ro sinh
thai trong tram tich mat tai cra An Hoa, song Truong Giang. Sinh vién da thir nghiém
va so sanh hiéu suét cia ndm thuat todn hoc may phd bién gdm: Random Forest, Support
Vector Machine (SVM), K-Nearest Neighbors (KNN), Cubist va Linear Regression (hoi
quy tuyén tinh). Viéc danh gia cac mé hinh dwoc thuc hién dya trén ba chi s6 quan trong:
hé sb xac dinh (R?), 15i trung binh tuyét d6i (MAE) va cin phuong sai trung binh 13i
(RMSE) trén ca tap huin luyén va tap kiém tra.

Mo hinh Linear Regression (LR) cho thay hiéu suat khong 6n dinh giita hai tap dir
ligu. Trén tap huén luyén, LR dat R? trung binh khoang 0,78-0,79, nhung MAE va
RMSE kha cao (MAE = 0,135-0,141; RMSE = 0,18-0,19). Trén tap kiém tra, LR dat
R? trung binh khoang 0,85-0,88; MAE = 0,105-0,116; RMSE =~ 0,128-0,136. Diéu nay
phan anh han ché cta LR trong viéc mé hinh héa cac mbi quan hé phi tuyén phtc tap
trong dir liéu moi truong.

Mo hinh SVM thé hién hiéu suat t6t trén tap huan luyén (R2 = 0,912-0,927; MAE
~ 0,052-0,056; RMSE =~ 0,123-0,137), trén tap kiém tra (R? = 0,532-0,809; MAE ~
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Uhg dung cac moé hinh hoc may dé dvw bao murc do tich lily va rui ro sinh thai cua mot $6 kim logi nang trong
tram tich mat tai cva An Hoa, song Truong Giang, tinh Quang Nam

0,077-0,105; RMSE =~ 0,217-0,254). Sy suy giam nay cho thdy SVM c6 thé bi anh
huong boi hién tugng overfitting hodc thiéu tinh téng quat héa khi ap dung vao dit liéu
moi.

Mo hinh KNN dat két qua gan nhu hoan hao trén tip huin luyén (R? = 0,99-1,0;
MAE = 0,006 —0,022; RMSE ~ 0,000—0,092), nhung hiéu suit giam manh trén tap kiém
tra (R? = 0,84-1,0; MAE = 0,016-0,03; RMSE = 0,106-0,171). Sy chénh 1éch 16n nay
13 dau hiéu rd rang cia overfitting, khién KNN khong pht hop dé ap dung trong thuc té.

M6 hinh Random Forest (RF) va Cubist thé hién hiéu suét vuot troi va on dinh trén
ca hai tap dir licu. RF dat R*? = 0,967-0.973; MAE = 0,016 —0,020; RMSE = 0,068—
0,074 trén tap huan luyén va R? =~ 0,938-0,999; MAE =~ 0,015-0,03 va RMSE = 0,078
0,095 trén tap kiém tra. Trong khi d6, Cubist ciing cho két qua tt voi R = 0,991-0,994;
MAE = 0,007-0,009; RMSE =~ 0,031-0,038 trén tap huan luyén va R? = 0,893-0,945;
MAE = 0,019 —0,030; RMSE = 0,091-0,130 trén tap kiém tra. Ca hai mé hinh nay déu
duy tri dugc do chinh xac cao ma khong co dau hiéu overfitting.

Dua trén phan tich toan dién, mé hinh Random Forest (RF) dugc lya chon 1a mo
hinh chinh thtrc ctia nghién ctru nho vao hiéu suat vuot troi, sai sb thap, kha ning khai
quat hoa tdt va tinh 6n dinh cao trén tap dir licu kiém tra. M6 hinh Cubist duoc xem 1a
phuong an dy phong tin cdy, thich hop khi can thay thé hodc so sanh m hinh trong cac
diéu kién cuy theé.

Céac mo hinh con lai (LR, SVM, KNN) khong dugc lya chon do han ché vé do tin
cay hoac kha nang téng quat hoéa. Pac biét, KNN va SVM cho théy su bién dong 16n
giita tap huan luyén va kiém tra, trong khi LR khong dii manh dé xtr Iy cac mbi quan hé
phuec tap trong dir li€u moi trudong nén da bi loai bé.

Két qua nay khong chi khang dinh tiém ning tmg dung cua Random Forest va
Cubist trong dy bao 6 nhiém kim loai ning, ma con cung cip co s khoa hoc dé phat
trién cac hé thong giam sat méi truong tr dong. Trong bdi canh bién ddi khi hau va gia
tang ap luc 18n tai nguyén nudc, viée sir dung cac mo hinh hoc mdy tién tién nhu Cubist
c6 thé hd tro hidu qua cong tac quan 1y va giam thiéu rui ro sinh théi tai cac khu vyc ctra
song.

Nghién ctru ciing mé ra hudng phat trién méi trong viéc tich hop da dir liéu dé
nang cao do chinh xac cia mo hinh, dong thoi dé xuét mg dung cac k¥ thuat t6i wu hoa

tham s6 nham cai thién hiéu suit dy bao trong tuong lai.
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Ung dung cac moé hinh hoc may dé du bdo mirc d¢ tich liiy va rui ro sinh thai cua mét s6 kim loai nang trong
tram tich mat tai cva An Hoa, song Truong Giang, tinh Quang Nam

Két lugn: Random Forest va Cubist 1a hai md hinh tdi wru nhat dé dy bao tich liiy
kim loai ndng trong trAm tich tai khu vuc nghién clru, voi uu diém vuot troi vé do chinh
xéc, tinh 6n dinh va kha ning tong quat hoa.

3.5. Chay dw b4o ndng dd cac kim loai ning

Sau khi danh gia va hi€u chinh mé hinh, tién hanh du bao néng do cac kim loai
As, Pb, Hg, Cd va Zn cho nam 2026 tai cac vi tri léy mau tuong tng. Muc tiéu nham
udc luong xu hudng bién dong va nguy co tich lity kim loai nang trong twong lai gan,
tir d6 hd tro cong tac quan 1y va kiém soat 6 nhiém méi trudng. Cac bude thuc hién
chay:

# 1. Don sach moi truong
rm(list = 1s())
graphics.off()
# 2. Cai dat va goi goi can thiét
if (require(pacman)) install.packages("pacman")
pacman::p load(readxl, dplyr, caret, randomForest, writexl)

# 3. Doc dir liéu tuw file Excel

data <- read_excel("E:/PO AN TOT NGHIEP/File thuyét minh/File
excel/  DULIEUCHAYHOCMAYTG.xIsx", sheet = "Sheet1")

#4. Tién xir 1y: chi ldy cdc cdt can thiét va loc 2024—2025
data <- data %>%
rename(Vi_tri = Vi tri ldy mau") %>%
select(Vi_tri, Nam, As, Pb, Hg, Cd, Zn) %>%
filter(Nam %in% c(2024, 2025)) %>%
mutate(
Vi_tri = as.factor(Vi_tri),
Niam = as.numeric(Ndm) # Chuyén sang numeric dé tranh 16i "new level"
) %>%
na.omit()
#5. Tao dir lieu du bdao cho nam 2026 (15 vi tri)

vi_tri_list <- levels(data$Vi_tri)
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tram tich mat tai cva An Hoa, song Truong Giang, tinh Quang Nam

du bao 2026 <- data.frame(
Vi_tri = factor(vi_tri_list, levels = vi_tri_list),
Nam = 2026 # Numeric (khong phai factor))
# 6. Cdu hinh hudn luyén mé hinh
set.seed(123)

_n

ctrl <- trainControl(method = "repeatedcv", number = 10, repeats = 3)
# 7. Hudn luyén va du bao tung kim loai
kim_loai <- ¢c("As", "Pb", "Hg", "Cd", "Zn")
for (kl in kim_loai) {
cat("\n Hu4n luyén mo hinh cho:", kI, "\n")
df <- data %>%
select(Vi_tri, Nam, all of(kl)) %>%
rename(GT = all_of(kl))
model <- train(
GT ~ Vi_tri + Nam,
data = df,
method = "rf",
trControl = ctrl,
preProcess = c("center", "scale") )
du bao 2026[[kl]] <- predict(model, newdata = du bao 2026)
cat("Du bao xong cho", kI, "\n")}
du bao 2026 <- du bao 2026 %>%
mutate(Vi_tri_so = as.numeric(gsub("S", "", Vi_tri))) %>%
arrange(Vi_tri_so) %>%
select(-Vi_tri_so)
# 8. Hién thi két qua
cat("\n KET QUA DU BAO NAM 2026:\n")
print(du_bao 2026)
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Ung dung cdc mé hinh hoc mdy dé di bdo mire dé tich lity va rii ro sinh thai cia mét s6 kim loai ning trong
tram tich mat tai cva An Hoa, song Truong Giang, tinh Quang Nam

Béang 3.4 Néng d0 cac kim loai du bao

Vitri | Nam | As (mg/Kg) | Pb(mg/Kg) | Hg(mg/Kg) | Cd(mg/Kg) | Zn(mg/Kg)
S1 | 2026 19.1 198.5 0.270 1.2 80.3
S2 | 2026 23.9 217.7 0.333 1.8 81.0
S3 | 2026 20.9 202.3 0.244 1.4 77.8
S4 | 2026 18.7 217.8 0.248 1.1 79.8
S5 | 2026 17.8 125.7 0.202 0.8 79.1
S6 | 2026 18.7 213.1 0.254 1.1 78.1
S7 | 2026 18.6 285.1 0.221 1.3 86.1
S8 | 2026 21.2 311.1 0.219 1.3 86.5
S9 | 2026 18.5 193.9 0.216 1.0 76.3
S10 | 2026 18.0 298.4 0.320 1.1 79.8
S11 | 2026 15.1 156.2 0.457 0.3 79.4
S12 | 2026 19.1 207.2 0.307 0.8 75.9
S13 | 2026 22.7 2293 0.382 2.0 79.7
S14 | 2026 19.8 130.0 0.198 24 79.0
S15 | 2026 18.7 220.7 0.211 2.2 79.5
SVTH: Nguyén Anh Dio GVHD: PGS.TS Lé Phudc Cudng Trang 63

Lép :20QLMT

ThS. Nguyén Thanh Trung



Ung dung cdc mé hinh hoc may dé dw bao mikc d tich ity va riii ro sinh théi ciia mét s6 kim logi ning trong
tram tich mat tai cva An Hoa, song Truong Giang, tinh Quang Nam

CHUONG 4. PE XUAT GIAI PHAP QUAN LY O NHIEM VA GIAM
THIEU RUI RO SINH THAI

4.1. Bién phap quan ly
4.1.1. Kiém sodt nguén 6 nhiém

Céc co s& cong nghiép, xi nghiép va khu dan cu can lip dat hé thong xtr 1y nude
thai hién dai trudc khi xa thai ra moi truong. Mot sé cong nghé c6 thé ap dung bao gdom
keo tu — lang, trao doi ion, hap phu bang than hoat tinh va mang nano dé loai bé kim
loai ndng. Viéc kiém tra dinh ky chét luong nudce thai nén dugce thuc hién theo chu ky 3
dén 6 théng/lén, nhim dam bao nudc thai diu ra dat tiéu chuén QCVN
40:2011/BTNMT.

Chét thai rin cong nghiép, dac biét 1a bun thai, can duoc thu gom va xu ly béng
cac phuong phap nhu d6t, chén 1ap an toan hodc 6n dinh hoa bang xi mang va voi. Bén
canh d6, can ting cudng hoat dong thanh tra va xir phat nghiém khéc cac hanh vi vi
pham. Céc co s& vi pham nén bi cong khai thong tin va budc boi thudng thiét hai moi
truong gay ra.

Can thu gom chat thai phat sinh tir tau thuyén, dic biét 1a dau thai va nudc dan tau.
Viéc trang bi hé thong thu gom tai cac cang bién s& gop phan han ché tinh trang xa truc
tiép ra song. Khuyén khich chuyén d6i sang str dung nhién liéu sach, it luu huynh, dong
thoi 1ap dat bo loc khi thai dé giam phat tan kim loai nang.

Thiét 1ap ving dém cdm xa thai cach bo t6i thiéu 500m 1a can thiét nham ngin
chan viéc xa rac, ddu m& va chat thai sinh hoat ra song.

Viéc st dung thirc dn va hoa chat trong nudi trong thily san can duoc kiém soat
chat ché. Nén khuyén cdo ngudi dan sir dung thirc dn cong nghiép an toan va han ché
dung céc hoa chit co chira CuSOs, Pb, As.

Quy hoach vung nudi can hop 1y, c¢6 thé ap dung cac md hinh nhu nudi tom két
hop rimg ngap man hodc mé hinh tuan hoan sinh théi (biofloc) nham giam thiéu ap luc
6 nhiém moi truong.

T6 chirc tap hudn k¥ thuat cho ngudi dan giup nang cao nhan thic va ki niang sir

dung hoa chat cling nhu xtr Iy nudce ao nudi hi¢u qua hon.
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Giam sat va danh gia rui ro
4.1.2. Giam sat va danh gia rui ro

Can tién hanh liy mau nudc va tram tich tai cac diém noéng it nhat 6 thang/lan.
Viéc phan tich nén str dung thiét bi hién dai nhu ICP-MS dé dam bao do chinh xac.

Toan bd dir liéu quan tric nén dugce tich hop vao hé théng GIS, gitup thuan ti¢n cho
viéc truy cap, phan tich khong gian va theo dbi bién dong 6 nhiém theo thoi gian.

Pénh gia rui ro sinh théi c¢6 thé thuc hién thong qua céac chi sé nhu Igeo, PLI, va
RI dé phan loai muc d6 6 nhiém va khoanh ving canh béo.

4.1.3. Cinh bdo sém va truyén thong cong dong

Can xay dung va cong bd ban do rti ro 6 nhiém truc tuyén, giup ngudi dan dé dang
tiép can thong tin moi trudng.

Tb chue cac hoi thao, phat to roi nham tuyén truyén vé tac hai ctia kim loai nang,
d6ng thoi huéng dan ngu dan cach phong tranh va phan hoi thong tin nhanh chong.
4.1.4. Chinh sdach va quy hoach vung

Can ban hanh quy dinh cdm xa thai chua qua xtr Iy vao song Truong Giang, dong
thoi thanh 14p Ban diéu phdi bao vé maoi truong luu vuce song dé didu hanh hiéu qua.

Viéc quy hoach khong gian st dung bién — song can c6 su phan ving rd rang giita
khu bao ton, khu san xuat va khu dan cu dé tranh xung dot chitc ning va 6 nhiém chéo.

Can c6 chinh sach thu hat dau tu xanh, uu dai cho cac doanh nghiép ap dung cong
nghé sach va xir 1y chét thai hiéu qua.

4.2. Bién phap ky thuat
4.2.1. Xi¢ ly 6 nhiém hién cé

Xtr 1y bang thyc vat (phytoremediation) 14 giai phap than thién v4i moi trudng.
Mot s6 loai ¢ thé duge trong nhu co vetiver, béo tay, siy hodc rong nham hap thu kim
loai nang tir nudc va tram tich.

Ngoai ra, c6 thé bd sung cac chung vi sinh vat nhu Pseudomonas, Bacillus... gitip
chuyén hoa kim loai nang sang dang it doc hoac khong doc.

C6 thé c¢b dinh kim loai nang bﬁng cach st dung céc vat liéu hr?ip phu nhu biochar,
zeolit hodc apatit, giup giam dgc tinh cua chiing trong mdi truong.

Nao vét trAm tich 6 nhiém ciing 12 mot giai phap hiéu qua, sir dung céng nghé hit

bun kin nham han ché phat tan, sau d6 tién hanh xir Iy bang phuong phép rira tréi hoic
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dong ran. Cai tao ddy song bang cach phu mot 16p dat sach hodc vat liéu cach ly ciing
gitip ngan chin su lan truyén ciia kim loai ning trong tram tich.
4.2.2. Cong nghé giam thiéu é nhiém

Hé théng nay co thé duoc thiét ké dudi dang bai loc sinh hoc, tréng cac loai cay
nhu lau, sy, duong xi dé loc nudce thai dau ra.

Lép dat cac rao chin hodc dap chin bun tai cac cua song va nhanh rach gitip han
ché sy lan truyén ctia trAm tich c6 chtra kim loai nang ra khu vuc rong 16n hon.
4.2.3. Cong nghé tién tién (dp dung khi cé ngdn sdch)

Cong nghé mang loc nano (nanofiltration) ¢ thé duoc sir dung dé loai bo kim loai
nang trong nudc thai tai cac nha may.

Xt 1y dién hoa (electrokinetic remediation) str dung dong dién mot chiéu dé di
chuyén céc ion kim loai ra khoi tram tich, 13 phuong phap hién dai va hiéu qua cao.

C6 thé tai sir dung chét thai bang cach xur Iy bun chira kim loai ning, sau d6 bién

chung thanh vat liéu xay dung thong qua cac céng nghé 6n dinh hoa.
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KET LUAN

Nghién ctru da tap trung vao viéc ing dung cic mé hinh hoc may hién dai nham
du bao muc d tich lity va rui ro sinh thai cia mét s6 kim loai ning (As, Pb, Cd, Hg)
trong trdm tich mit tai khu vuc cira An Hoa, song Truong Giang, tinh Quang Nam —
mot khu vuc dac thu chiu &nh hudng manh tir cac hoat dong cong nghiép, giao thong
thiy va nudi trong thity san. Thong qua viéc xdy dung va so sanh nim mé hinh hoc may
gém Random Forest, Support Vector Machine (SVM), K-Nearest Neighbors (KNN),
Cubist va Linear Regression, luin vin di danh gia hiéu suit ctia tmg mé hinh dua trén
cac chi tiéu thong ké gdm hé sb xac dinh (R?), sai s6 trung binh tuyét d6i (MAE) va cin
béc hai cta sai s6 trung binh binh phuong (RMSE).

Két qua phan tich cho thdy mé hinh Random Forest (RF) thé hién hiéu qua du bao
vuot trdi, voi gia tri R? dao dong tur 0,938 dén 0,999 trén tap kiém tra, MAE trong khoang
0,015 dén 0,030 va RMSE tir 0,078 dén 0,095. Trén tap huan luyén, RF ciing duy tri
hi¢u suat cao véi R2 tir 0,967 dén 0,973, MAE tir 0,016 dén 0,020, va RMSE tir 0,068
dén 0,074. Day 1a mo6 hinh c6 d¢ chinh x4c va dg on dinh cao nhat trong s6 cac mo hinh
dugc nghién ctru, nho kha niang xtr Iy hiéu qua cac quan hé phi tuyén va giam thiéu
nhiéu trong dit liéu mdi trudng.

M0 hinh Cubist ciing dat hiéu suat tot, vi R2 tir 0,893 dén 0,945, MAE tir 0,019
dén 0,030 va RMSE tir 0,091 dén 0,130 trén tap kiém tra. Trén tdp huin luyén, Cubist
dat R2 tir 0,991 dén 0,994, MAE tir 0,007 dén 0,009, va RMSE tir 0,031 dén 0,038. Véi
cAu tric két hop giita cdy quyét dinh va hdi quy tuyén tinh, Cubist t6 ra linh hoat va hiéu
qua trong xtr 1y dit liéu phi tuyén. Tuy nhién, so v6i RF, mé hinh nay c6 d6 dao dong
sai s6 16n hon, dic biét 1a & tap kiém tra, cho théy tinh 6n dinh thép hon mét chut. Cac
mo6 hinh con lai nhw SVM, KNN va hdi quy tuyén tinh cho két qua khong 6n dinh va c6
sai s6 cao, do d6 khong phu hop véi yéu cau thuce tién ciia bai toan du bao 6 nhiém kim
loai ndng.

Két qua mo hinh héa khong chi giup nhan dién khong gian phan bd 6 nhiém ma
con cung cap co sé dir liéu dau vao cho cac chuwong trinh gidm sat moi truong trong
tuong lai. M6 hinh Random Forest (RF) thé hién tiém ning ndi bat nho kha nang du bao

nhanh, chinh xac va 6n dinh trén nhiéu ty 1¢ dir liéu khac nhau. Pay 1a cong cu cé thé
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gitip co quan quan 1y thuc hién giam sat dinh ky chét luong trAm tich, dua ra canh bao
som tai cac khu vuc ¢6 nguy co vuot ngudng an toan va wu tién xir Iy cac ngudn 6 nhiém
xuat phat tir hoat dong san xuét cong nghiép hodc nudi trong thiy san.

Maic du dat dugc nhirng két qua tich cuc, nghién ctru van con tdn tai mot s6 han
ché. Dit liéu thu thap trong khuon kho luén van mdéi chi gi61 han tai khu vyc ctra An
Hoa va sb luong chua du nhiéu do d6 khi chay cac moé hinh két qua van chua dat duoc
su tdi wu nhit. Ngoai ra, mo hinh hién tai chua tich hop cac yéu té thuy vin nhu dong
chay, thuy triéu hay lvgng mua, von c6 thé anh huong 16n dén dong hoc va tich lity cua
kim loai ning trong méi trudng tram tich.

Vé mit khoa hoc, luan van 1a mét minh ching 6 rang cho hiéu qua tng dung mo
hinh Random Forest va Cubist trong du bao 6 nhiém kim loai nang tai cac h¢ sinh thai
ven bién — cira song, déng thoi xay dung duoc mot quy trinh phan tich va danh gia co
thé ap dung cho cac nghién ctru tuong ty & cac khu vuc khac. Vé mat xa hoi, két qua
nghién ctru gép phan quan trong trong viéc hd trg co quan quan Iy moi trudng dua ra
quyét dinh dya trén dit liéu, qua d6 bao vé hé sinh thai thity sinh va strc khoe cong dong.
Luan vin dong thoi dua ra cac dinh huéng va giai phap bén vitng nham gop phan can

bang giita phat trién kinh té dia phuwong va bao ton tai nguyén méi trudng.
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KIEN NGHI

<% Do6i véi khu vue nghién ciru

Két qua nghién ctru di cho thdy khu vuc cira An Hoa dang d6i mit véi rii ro sinh
thai & muc tir trung binh dén cao tir cac kim loai nhu As, Pb, Cd va Hg. Do d6, can thiét
1ap h¢ théng giam sat moi trudng thuong xuyén va dong bo. Cu thé, viéce trién khai hé
thdng quan trac ty dong tai cac diém nong nhur khu cong nghiép, cang bién va ving nudi
trong thuy san s& gitup theo doi dinh ky ndng d6 kim loai ning, cung cap dit liéu kip thoi
phuc vu cong tac quan 1y.

Ngoai ra, can xay dung ban dd rui ro sinh thai duva trén két qua ctia mé hinh hoc
may dé xac dinh nhimng khu vyc uu tién xir y. Céc bién phap xt 1y tai chd nhu trong cé
Vetiver hodc sir dung béo tay — nhiing loai ¢6 kha nang hap thu kim loai ning — nén
duoc trién khai nham giam thiéu su tich tu trong tram tich.

Vé mat quan 1y ngudn phat thai, can siét chit cac quy dinh vé x4 thai dbi véi cac
nha may cong nghiép, yéu cau xtr Iy nude thai dat chuan trude khi x4 ra song. Pong
thoi, can c6 su diéu chinh trong quy hoach ving nudi trong thily san theo huéng bén
vitng, giam st dung hoa chit va thirc in cong nghiép chira kim loai ning. Cac hoat dong
giao thong thuy cling can dugc giam sat chat ché hon, dac bi¢t 1a viéc xa dau thai va rac
tir tau thuyén.

Bén canh d6, cong tac nang cao nhan thirc cong dong 1a yéu td then chdt. Viée to
chtre cac chuong trinh tip huan cho ngu dan va doanh nghiép dia phuong s& giup ho
hiéu rd hon vé tac hai ctia kim loai ning va cac bién phap phong tranh. Dit liéu 6 nhiém
cling nén duoc cong khai trén cac nén tang truc tuyén dé ngudi dan co thé chu dong theo
doi, gidm sat va cung tham gia vao qua trinh bao v¢ moi truong.

% Poi vé6i md hinh hoc may

Nghién ctru da chirng minh hi€u qua cua m6 hinh Random Forest va Cubist trong
viéc du bdo mirc do tich liiy kim loai ndng va dadnh gia rui ro sinh thai trong trAm tich.
Dé cai thién d6 chinh x4c va 6n dinh, cin tang sb luong cua bd dir 1i€u va tich hop thém
cac bién méi trudng nhu luu luong dong chay, ché do thuy triéu va d6 min — nhing yéu
t6 c6 thé anh huong 16n dén qua trinh phat tan va tich liy kim loai trong méi truong

nude. Ngoai ra, nén xem xét thir nghiém cac mo hinh lai (hybrid models) két hop Cubist
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v6i céac thuat toan hoc sdu nhu LSTM (Long Short-Term Memory) hodc GRU (Gated
Recurrent Unit) nhdm ning cao kha ning du bao xu hudng tich liy dai han.

Viéc hiéu chinh va t6i wu hoa tham sé cho Random Forest va Cubist cling can duoc
thue hién nham giam thiéu sai sb trén tip kiém tra va ting tinh tong quat cia mé hinh.
Dong thoi, dé danh gia tinh tmg dung rong hon, cac mé hinh nay nén duoc trién khai tai
cac khu vuc ctra song khac trong luu vuc Truong Giang va cac vung chiu tac dong manh
tr con nguoi.

Pé mo hinh dy bao tré nén dé hiéu va dang tin cdy hon, can ap dung cac phuong
phap phan tich gitp xac dinh rd yéu td nio trong dit liéu c6 anh huong 16n dén két qua
du bao. Viéc nay sé giup chung ta hiéu rd nguyén nhan giy 6 nhiém va dua ra giai phap
kiém so4t hiéu qua hon. Bén canh do, ciing nén sir dung cac phuong phap kiém tra tinh
chic chian cia mo hinh, nham dam bao két qua du bao van dang tin ciy trong diéu kién
moi truong thay doi phire tap, nhu anh hudng ciia thoi tiét, thily triéu hay hoat dong con

nguoi.
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PHU LUC 1

D
a BACH KHOA
*

MOI TRUONG

BACH KHOA DA NANG

OZ>»zZ

PHIEU KHAO SAT
Chit lwong mai truong, tinh hinh sirc khée ngwoi din tai
cira An Hoa, song Truong Giang, Quiang Nam
Nhitng théng tin ma quy vi cung cap nham phuc vu cho dé tai nghién ciru ciia sinh vién
Khoa Moi truong - Truwong Dai hoc Bach khoa, Pai hoc Pa chng,

moi thong tin sé dam bao dwoc hoan toan giir bi mat.

A. Thong tin ngudi dwge phéng van

1. Tinh trang hon nhan hién tai:
A. Doc than
B. Két hon

C. Khac
2. Dan tdc:
A. Kinh B. Dan toc khac
3. Nghé nghiép hién tai:
A. Nong dan B. Cong nhan
C. Can b vién chuc D. Khac
4. Thu nhap binh quan gia dinh:
A. Duéi 1 triéu dong/thang B. Tir 1-2 triéu dong/thang
C. Tir 2-5 triéu dong/thang D. Trén 5 triéu ddng/thang

Phu luc



Hoat dong kinh ké ciia gia dinh ong
(ba) la gi? Sy dong gdp nay quan
trong thé nao?Ngudn thu nhap

Murc d6 quan trong cua sy dong gop

RAt
quan

trong

Quan

trong

Khong
quan trong

lam

Khong quan
trong chut

nao

Trong lGa nudc

Trong rimg

Trong rau/cay an trai

Chéan nuoi gia stc

Chan nudi gia cam

Nuéi trong va danh bat thay hai san

Ché bién lam san

Ché bién nu6c mam

Co khi

Xay dung

Gia cong moc

Buon ban

Lam thué

Khac (ghi r0)

Ghi chu ma so6 mirc dg quan trong:

6. Thoi gian sng tai khu vuc nay

A. Chua dugc 1 nam
B. {t hon 5 nam

C. Hon 5 nam

1. Rat quan trong

2. Quan trong

3. Khéng quan trong lam

4. Khong quan trong chut nao

B. Danh gia hién trang moi truwong va rui ro sinh thai

I. Méi trwong khong khi

1. Theo Ong (Ba) mdi truong khong khi hién nay tai khu vuc 13 nhu thé nao?
B. O nhiém it

D. O nhiém nghiém trong

A. Binh thuong
C. O nhiém

2. M6 ta chi tiét nguyén nhan gay 6 nhiém:

Phu luc




Cac hoat

Nguon .
dong

gy 6 nhiém e x
gay 0 nhiém

Mirc do anh
hwéng

Thoi gian anh
hwoéng

Hoat dong giao thong thuy

Hoat dong nudi trong thuy

san

San xuat cong nghiép gan

khu vuc

Hoat dong sinh hoat dan cu

Nguon khéc (néu co)

Ghi chit ma so muwc dp anh hwong:

Ghi chii m so thoi gian anh hwéng:

3. Theo dng/ba rimg noéi chung va ciy xanh néi riéng c6 giup giam 6 nhiém khong

khi & khu vuc nay khong ?
A. Co

4. Theo 6ng/ba hién trang tai nguyén rung cua dia phuong hién nay so voi 5 ndm

trudc nhu thé nao?
A. Tét hon trudc
B. Kém hon truée
C. Khong biét

Phu luc

1. Khéng ding ké

2. Trung binh

3. Kha nghiém trong

4. Nghiém trong
5. Rat nghiém trong

1. Theo mua

2. Theo ngay

3. Tuy tieng thoi diém

B. Khong




IL. Chét lwong mdi tredong nwée va tram tich
1. Theo Ong (Ba), chit lvong nude va tram tich tai khu vuc Ctra An Hoa, song

Truong Giang hién nay nhu thé nao?

A. Binh thuong B. O nhiém it
C. O nhiém D. O nhiém nghiém trong
2. Mo ta chi tiét nguyén nhan gy 6 nhiém:
N Cac hoat o e e
Nguon 46 Murc d0 anh Thoi gian anh
x on
giy 6 nhidm - ons huong huéng
gay 0 nhiém
Hoat dong nudi tréng thuy san
Hoat dong khai thac cat, nao
vét song
Nudc thai tir khu dan cu, nha
may
Nguén khac (ghi r3):
Ghi chii mi sé6 mivc dp anh huwéng: 1. Khong ding ké

2. Trung binh

3. Kha nghiém trong
4. Nghiém trong

5. Rat nghiém trong

Ghi chii mi so thoi gian dnh huwéng: 1. Theo mia
2. Theo ngay
3. Tuy tieng thoi diém
3. Ong (Ba) c6 str dung nudc giéng khoan phuc vu sinh hoat hang ngay khéng?
A. Co B. Khong
Hay giai thich ly do

4. Nguoén nudc phuc vu néng nghiép cua gia dinh lay tir dau?
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Ngudn nuée d6 c6 6n dinh hay khéng?
A. Co B. Khong
II1. Mi trwong dat

1. Theo Ong (Ba) moi trudng dét hién nay tai khu vuc 1a nhu thé nao?

A. Binh thuong B. O nhiém it
C. O nhiém D. O nhiém nghiém trong
2. M ta chi tiét nguyén nhan gay 6 nhiém
N Cac hoat o e,
Ngudn d6 Mirc do anh Thoi gian anh
~ on
gdy 0 nhiem R g.: huong huong
gay 0 nhiém
Hoat dong nudi trong thuy
san
Xa rac sinh hoat & cong
nghiép
Hoat dong khai thac cat &
phu sa
Nguén khac (néu co)
Ghi chii mi sé6 mivc dp anh huéng: 1. Khong dang ké

2. Trung binh

3. Kha nghiém trong
4. Nghiém trong

5. Rat nghiém trong

Ghi chii mi s thoi gian anh huwéng: 1. Theo mia
2. Theo ngay
3. Tuy tieng thoi diém
3. Ong (Ba) c6 st dung dat cho muc dich trong trot hay khong?
B. Co B. Khong
4. Chat lugng cay trong hién nay so véi trude ddy nhu thé nao?
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IV. Anh hwéng dén sirc khée cong dong

1. Trong 1 nam qua, Ong/Ba hodc ngudi than c6 mic cic bénh nao sau day khong?

[0 Bénh vé da (mun nhot, viém da...)

[0 Bénh dudng ho hip (viém phdi, ho kéo dai...)

[0 Bénh dudng tiéu hoa (tiéu chay, rdi loan tiéu hoa...)
[1 Bénh gan, than

[0 Khong c6 bénh dang ké

2. Ong/Ba c6 cho rang céac van dé strc khoe trén ¢ 1ién quan dén 6 nhiém moi

truong khong?

0 Co
L1 Khong
L1 Khong rd

3. Ong/Ba c6 thudng xuyén tap thé duc hoic tham gia hoat dong thé chat khong?

[1 Hang ngay
[ 2-3 lan/tuan
[ it hon 1 1an/tuan

[0 Hau nhu khong bao gid

4. S6 1an kham strc khoe dinh ki clia On/DA?.......c.ovveeeeeeeeeeeeeeeeeeee e

5. Theo Ong (Ba) thi chat lwong dich vu y té tuyén Phuong (X3) tai dia phuong 1a

nhu thé nao?

A. Tot

B. Kha

C. Trung binh
D. Kém

6. Ong/Ba c6 gip kho khin trong viée tiép can cac dich vu y té khi can khong?

[1 Khong gap kho khan

O Khé khan vé tai chinh

01 Kho khan do khoang céch, giao thong
[0 Khé khan do qué tai tai co so y té

V.Y kién cOng dong veé giai phap bao vé moi truong va sirc khée
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1. Ong/Ba c6 tham gia vao cac hoat dong bao vé méi truong khong?
A. Co B. Khong
2. Néu c6, d6 1a hoat dong gi?
[ Don dep v¢ sinh bo song
[0 Tuyén truyén nang cao nhén thirc
[0 Dong gop v kién vé quan 1y moi truong
[ Hoat dong khac (Ghi10): .....ooviiiiiii e
3. Theo Ong/Ba, chinh quyén dia phuong can thyc hién bién phap nio dé giam
thiéu 6 nhiém nudc va tram tich?
[0 Kiém so4t chit ché ngudn xa thai tir doanh nghiép
[ Cai thién hé thong xir Iy nudc thai sinh hoat
[] Tang cudong gidm sat moi truong
[0 Trong thém rimg ngap man
[0 H4 tro ngudi dan chuyén doi sinh ké it anh hudng dén méi trudng
Y Ki€n KhAC: ..o,

4. Theo Ong/Ba thi doanh nghiép tai khu vuc cira An Hoa, song Truong Giang c6
phai chiu trach nhi¢m chi tra cac thiét hai vé moi truong va stc khoe cho nguoi
dan tai dia phuong khong?

A. Co B. Khong
5. Ong/ba c6 d& xuit, kién nghi gi véi trung tam y té cAp Phudng (x3) dé nang cao

chét luong dich vu chiam séc strc khoe cong dong?

Xin chdn thanh cam on sw giup dé' cua quy vi!

Ngay ... thang ... nam 2025
Ngudi diéu tra Ngudi cung cap thong tin
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PHU LUC 2

o Gidi | . o o Ghi
STT Ho va tén Rk Tuoi Dia chi So dién thoai Chir ky )
tinh chu
N L . bong Thanh, Tam Hoa, Nui Thanh, "l-(il[uwg‘
Tran Thi Hwong N 32 . 0356585978 e
1 Quéang Nam “Taée Thi Hidng
) A bong Thanh, Tam Hoa, Nai Thanh, v
Ngo6 Quyén Nam 68 ) 0894525217 T~
) Quang Nam Kgo 6oy
. Pong Thanh, Tam Hoa, Niti Thanh, F
Lé Quang Trang Nam 32 . 0362823243 . -
3 Quéang Nam ¢ @mﬁ reng
o i Pong Thanh, Tam Hoa, Nai Thanh, g/
Nguyén Thi Hué¢ Nu 27 . 0344800879 T guegen Th FlE
4 Quang Nam /7 ‘ ‘
L ) Pong Thanh, Tam Hoa, Nai Thanh, B
Tran Thi Cuc N 30 ) 0943472927 STl
5 Quang Nam Tar T (e
. N bong Thanh, Tam Hoa, Nui Thanh, W*Tr—
Pham Thi Thu N 70 ) - o i T
6 Quang Nam i '
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Gioi

Ghi

STT Ho va tén ] Tuoi Pia chi S6 dién thoai Chir ky )
tinh chu
R bong Thanh, Tam Hoa, Nti Thanh,
Ng6 Hiru Thanh Nam 50 . 0352396269
7 Quang Nam
i bong Thanh, Tam Hoa, Nti Thanh,
Pham Thao Nam 50 . 0326890122
8 Quang Nam
Nguyén Thi Thu . Doéng Thanh, Tam Hoa, Nai Thanh, 369‘;
. N 43 ) 0326240568 2N
9 Tam Quéing Nam W T
_ . Doéng Thanh, Tam Hoa, Nai Thanh, Y
Phan Thi Tién Nit 42 . 0357809939 PhinAfrar Lior
10 Quang Nam ’
. i Pong Thanh, Tam Hoa, Nti Thanh, .
Nguyén Thi Binh N 40 . 0989461968 — )
11 Quang Nam weuss e Byas
) i Pong Thanh, Tam Hoa, Nti Thanh, W "
Ping Ngoc Vil Nam | 17 ” 0327272849 AR
12 Quéang Nam Harg T
I . bong Thanh, Tam Hoa, Nuti Thanh, ok =
Po Cong Tai Nam | 30 ) 0347610476 ey la
13 Quang Nam i
. A Doéng Thanh, Tam Hoa, Nti Thanh, Ko
Huynh DPirc An Nam 33 . 0917188535 0 A
14 Quéang Nam Pognh AN
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Gidi 2 . Ghi
STT Ho va tén i Tuoi Dia chi So dién thoai Chir ky i
tinh chua
o Déng Thanh, Tam Hoa, Nti Thanh, fn
Pham Van Tuan Nam 53 . 0974353927 Parry vt (Con
15 Quang Nam S Veny Then
Dinh Cong Qué N 20 Dong Thanh, Tam Hoa, Ni Thanh, 0869003852 Gudc .
inh Cong Quoc am = =
16 g Quéng Nam Dimh oy Gutoe
Ao . . KCN Cang Tam Hiép, Nti Thanh, e
HO Thi Kim Van N 22 , 0865671603 i 1o Lo
17 Quang Nam Wa Thi1c/
A KCN Cang Tam Hi¢p, Nti Thanh, " M\ -
Pham Viét Canh Nam 29 ) 0387603544 T Al
18 Quang Nam tham T Ol
Neuvin Thi Thi Ni 45 Dong Tuan, Tam Hai, Ni Thanh, 4@
uyén Thi Thu 3] - = —
19 siyen T T Quing Nam W KT
) Pong Tuan, Tam Hai, Nai Thanh, Fas ™
Pham Thi Lan N 50 , - phena +h: Lop
20 Quang Nam :
Huynh Thi Ngoc ) Thén Péng Tudn, x3 Tam Hai, Nui N2
= N 55 . ) 0987165484 T gt Lecn
21 Liéu Thanh, Quang Nam HLJLA &M 1y
o i Thon Péng Tudn, x3 Tam Hai, Ni [~
Tran Thi Téi N 69 i . 0388447978 T !
22 Thanh, Quang Nam Crown T Tdy
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Gioi 2 £ on . . Ghi
STT Ho va tén i Tuoi Dia chi So dién thoai Chir ky i
tinh chu
. i Thon Dong Tudn, xa Tam Hai, Nai Che="_ o jan
Nguyén Minh Thuin | Nam 45 i i 0935617606 e pllk
23 Thanh, Quiang Nam Nyt
N Thon Pong Tuan, xa Tam Hai, Nui - _
Lé Van Huy Nam 62 . . 0913418730
24 Thanh, Quang Nam
Newvin Thi Chud NG 6l Thén 7, Tam Hai, Nai Thanh, _ % - M
uyén Thi Chuén o -
5 sy : & Quéang Nam A et
L . Thon Pong Tuan, xa Tam Hai, Nui A
Bui Van Thanh Nam 58 : ) 0333011965 T e A,
26 Thanh, Quang Nam B i e
e . Thon Long Thach Pong, Tam Hai, —= -
Pham Thi Xuin Di¢u Nir 18 L . 0799312395 Phanm Thi Xaan Dia
27 Nui Thanh, Quang Nam R ‘
o . Thén Pong Tuan, xa Tam Hai, Nai -
Pham Thuy Tién Niur 17 - ) 0987647960 in
28 Thanh, Quang Nam >
N R . Thon Dong Tuan, xa Tam Hai, Nui ke
Nguyén Thi Thi N 40 . . - N o 5 Tl Ghi
29 Thanh, Quang Nam 1" '
Nguyén Thi Ngoc 3 Thon Pong Tuan, xa Tam Hai, Nui — WA
) Nir 29 - . 0348808695 Mook <€ Wowe Tl
30 Trinh Thanh, Quang Nam R s
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Giéi |, . o o o Ghi
STT Ho va tén i Tuoi Dia chi So dién thoai Chir ky i
tinh chua
e y Thon Péng Tuan, xa Tam Hai, Nui =
Bui Thi Thoi N 31 - ) 0984241288 RS
31 Thanh, Quang Nam b T e
. ) Thon Pong Tuén, xa Tam Hai, Nai ey
Ho Thanh Thi Niur 49 ) 0704145939 s
32 Thanh, Quang Nam e My Tk
. 5 Thon Long Thanh Dong, xa Tam e
Huynh Van Vwong Nam 18 e i 0389567313 / @K\w\
33 Hai, Nai Thanh, Quang Nam O
, Thon Tan Lap, xa Tam Hai, Nui Wz
Lé Thanh Hiéu Nam | 18 AP, X4 0342869754 . /\f; wuin
34 Thanh, Quang Nam b
x . N Thon Pong Xuan, xa Tam Giang, j@:
Nguyeén Thi Loc N 60 o ) - Mool 0l
35 Nui Thanh, Quang Nam ton VW Lo
. . . Thon Pong Tuan, xa Tam Giang, @ 4
Vi Ngoc Binh N 35 o , - AL
36 Nui Thanh, Quang Nam At 9
R . Thon Tién Xuan 1, xa Tam Anh U _
Dwong Thi Thao Nt 58 . , 0944513042 Dy Ui Thao
37 Nam, Nui Thanh, Quang Nam ‘
U < . Thon Dong Xuan, xa Tam Giang, puger— ,
Lé Thi Minh Tuyét Nt 38 L ) - B W rifs Tt
38 Nui Thanh, Quang Nam W Min, T
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Gioi 2 . Ghi
STT Ho va tén i Tuoi Dia chi So dién thoai Chir ky i
tinh chua
X Thoén Dong Xuén, xa Tam Giang, M=
Nguyén Van Hung Nam 45 o . - B U
39 Nui Thanh, Quang Nam s i
. R Thon Bong Xuan, xa Tam Giang, (K
Vo Minh Quan Nam 33 L . - ==
40 Nui Thanh, Quang Nam Nk @iz
N Thon Dong Xuén, xa Tam Giang, / “% hL—
Lé Vin Ngoc Nam | 38 e q 0987377641 v
41 Nui Thanh, Quang Nam 12 b Npee .
. Thon Bong Xuan, xa Tam Giang, (431},5«-7
Pham Van Long Nam 50 o . - D Vor |
42 Nui Thanh, Quang Nam Pram 6z Lo
N L. . Thon Pong Xuan, xa Tam Giang, /q == — _
Tran Thi Kim Ngan N 27 e , - =T Kum N
43 Nui Thanh, Quang Nam Tadn T B
o ‘ i Thén An Hai, xi Tam Quang, Nui (A
Lé Thi Nhw Quynh Nir 27 . . 0368547592 S Nl G
44 Thanh, Quang Nam L Th 7
Tam Anh Nam, Nui Thanh, Quang : , ,,,,,,,,,,,
Bui Van Tinh Nam 22 0384980914 S
45 Nam B v g
~ Tam Giang, Nui Thanh, Quan —< =y
P3 Lwong Trong | Nam | 23 8 Quang 0336595983 ;11 &.)} -
46 Nam Dz Libg ) ey
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s o Gioi 20 o £ 1on . - Ghi
STT Ho va tén i Tuoi Dia chi So dién thoai Chir ky i
tinh chua
Nguyén Thi Quynh . thon An Hai, xa Tam Quang, Nui l/‘ S
Nu 29 \ 5 #_ﬁii_@\ a; ﬁ Hloe.
47 Hoa Thanh, Quiang Nam - Ngumgén VP Gy
R , . Thon An Hai, xa Tam Quang, Nui & =
V6 Thi Thanh Truc N 32 . . o Thonf Trme
48 Thanh, Quang Nam - Vo 1
Thoén An Hai, xa Tam Quang, Nui " bocaer
Pinh Viin Toan Nam | 48 ‘ fam Quang o ==
49 Thanh, Quang Nam _ i b T
. . Thon An Hai, xa Tam Quang, Nui ‘q!) -
Huynh Van Dat Nam 38 . . L
50 Thanh, Quang Nam - Hugnh Vel
Phu luc 2




PHU LUC 3

TT As Pb Hg Cd Zn RI KO
(mg/Kg) | (mg/Kg) | (mg/Kg) | (mg/Kg) | (mg/Kg)
1 16.7 110.1 0.343 1.099 61.5 107.2 |  Rui ro thap
2 25.3 239.2 0.299 1.599 88.3 130.3 Rui ro thap
3 21.9 214.5 0.286 1.056 93.1 107.9 |  Rui ro thap
4 20.9 241.1 0.293 1.024 834 [109.2| Ruiro thip
5 20.1 77.3 0.229 1.002 74.1 86.0 Rui ro thap
6 20.7 234.6 0.263 1.309 82.9 [1124| Ruiro thip
7 20 338.6 0.282 1.429 96.3 126.1 Rui ro thap
8 23.6 365.1 0.28 1.299 92.3 126.1 Rui ro thap
9 22.1 192.3 0.246 1.067 83.9 [100.3 Rui ro thap
10 19.8 356.2 0.146 1.159 95.7 97.3 Rui ro thap
11 6.2 122.6 0.18 0.089 82.1 44.8 Rui ro thap
12 16.7 226.6 0.199 0.125 72.8 63.3 Rui ro thap
13 17.3 253.1 0.197 1.859 81.6 |117.4| Ruiro thip
14 16.6 80.3 0.163 2.589 95 121.1 Rui ro thap
15 20.2 244.2 0.191 2.859 91 147.8 |  Ruiro thap
16 8.2 96.4 0.767 1.021 28.4 | 165.9 | Riii ro trung binh
17 16.8 225.5 0.645 1.521 55.2 | 176.5 | Rui ro trung binh
18 13.4 200.8 0.238 0.978 60 91.0 Rui ro thap
19 12.4 227.4 0.243 0.946 50.3 92.1 Rui ro thap
20 11.6 63.6 0.158 0.924 41 65.5 Rui ro thap
21 12.2 220.9 0.338 1.231 498 | 1152 | Ruiro thip
22 11.5 324.9 0.123 1.351 90.1 91.6 Rui ro thap
23 15.1 351.4 0.139 1.221 80.4 94.5 Rui ro thap
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TT As Pb Hg Cd Zn RI KO
(mg/Kg) | (mg/Kg) | (mg/Kg) | (mg/Kg) | (mg/Kg)

24 13.6 178.6 0.154 0.989 71.1 76.5 Rui ro thap

25 11.3 342.5 0.823 1.081 79.9 | 196.6 | Rui ro trung binh
26 6.7 108.9 1.377 0.011 93.3 | 233.4 | Ri ro trung binh
27 8.2 212.9 0.094 0.047 89.3 37.6 Rui ro thap

28 8.8 239.4 0.099 1.781 80.9 92.7 Rui ro thap

29 8.1 66.6 0.014 2511 92.7 88.3 Rui ro thap

30 11.7 230.5 0.194 2.781 238 | 138.9| Ruiiro thap

31 25.1 137.4 0.337 0.957 69.4 | 109.6 | Ruiro thap

32 59.2 54.1 0.293 1.421 96.2 | 133.4| Ruiro thap

33 9.2 102.6 0.28 0.914 101 86.3 Rui ro thap

34 2.3 82.4 0.287 0.882 91.3 80.3 Rui ro thap

35 43 190.8 0.223 0.86 82 78.4 Rui ro thap

36 4.7 130.9 0.257 1.167 90.8 89.1 Rui ro thap

37 6.6 2.4 0.276 1.222 1042 | 86.0 Rui ro thap

38 22.6 300.7 0.274 1.152 100.2 | 115.5| Ruiro thip

39 3.9 110.2 0.24 0.925 91.8 77.1 Rui ro thap
40 43 152.7 0.14 1.017 103.6 | 67.3 Rui ro thap

41 24 187.2 0.174 0.053 90 59.3 Rui ro thap

42 22 142.3 0.193 0.011 80.7 56.5 Rui ro thap

43 56.1 59 0.191 1.716 89.5 |[124.2| Ruiro thip
44 6.1 107.5 0.157 2.442 1029 | 110.7| Ruiro thip

45 9.4 87.3 0.185 2711 98.9 | 124.0| Ruiro thap
46 42.6 82.8 0.866 1.975 60.2 | 232.5 | Rii ro trung binh
47 47.2 88.2 0.989 2.702 97.9 | 277.6 | Rii ro trung binh
48 53.2 48 0.137 2.979 30.4 | 150.4 | Rui ro trung binh
49 44.7 27.8 0.142 1.975 11.6 | 113.8 | Riiro thap
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TT As Pb Hg Cd Zn RI KO
(mg/Kg) | (mg/Kg) | (mg/Kg) | (mg/Kg) | (mg/Kg)

50 40.4 136.2 0.057 1.038 88.4 77.4 Rui ro thap

51 46.9 76.3 0.237 1.221 489 | 111.5| Ruiro thip

52 46.3 52.2 0.022 1.618 20.6 86.8 Rui ro thap

53 52.2 246.1 0.038 2.805 479 | 1429 | Ruiro thip

54 45 55.6 0.053 1.274 0.7 80.7 Rui ro thap

55 41.9 98.1 0.112 2.035 362 | 114.1 Rui ro thap

56 15 132.6 0.018 0.068 79.4 24.8 Rui ro thap

57 56.5 87.7 0.863 1.936 42.9 | 240.3 | Rii ro trung binh
58 61.1 38.2 1.417 2.672 73.9 ]350.8 Rii ro cao

59 67.1 52.9 0.134 2.942 43.8 | 158.5 | Rui ro trung binh
60 58.6 32.7 0.139 1.942 852 | 122.4| Ruiro thip

61 15.4 97.5 0.267 1.263 49 .4 98.1 Rui ro thap

62 42.6 102.1 0.223 1.991 87.1 131.6 |  Rui ro thap

63 28.5 108.1 0.21 2.266 19.6 | 128.4 | Ruiro thap

64 27.1 99.6 0.217 1.268 69.3 98.3 Rui ro thap

65 23.4 95.3 0.153 0.326 77.6 57.1 Rui ro thap

66 15.6 101.8 0.187 0.543 38.1 64.1 Rui ro thap
67 17.6 101.2 0.206 0.903 9.8 79.1 Rui ro thap

68 22 107.1 0.204 2.092 37.1 117.9|  Ruiro thap

69 19.8 99.9 0.17 0.568 19.5 64.7 Rui ro thap

70 24.4 96.8 0.769 1.323 25.4 | 186.1 | Rui ro trung binh
71 23 56 1.323 0.678 68.6 | 251.7 | Rui ro trung binh
72 30 75.2 0.04 1.215 32.1 68.4 Rui ro thap

73 64.1 79.8 0.045 1.941 63.1 1142 |  Ruiro thip

74 14.1 85.8 0.17 2.232 33 109.9 |  Rui ro thap

75 7.2 77.3 0.14 1.136 59.8 67.1 Rui ro thap
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TT As Pb Hg Cd Zn RI KO
(mg/Kg) | (mg/Kg) | (mg/Kg) | (mg/Kg) | (mg/Kg)

76 24.8 98.9 0.28 1.866 64.4 | 1247 | Ruiro thip

77 29.4 103.5 0.236 2.136 70.4 | 1292 | Ruiro thip

78 35.4 109.5 0.223 1.136 61.9 | 101.5| Ruiro thip
79 26.9 101 0.23 0.199 57.6 68.2 Rui ro thap

80 22.6 96.7 0.166 0.416 64.1 61.4 Rui ro thap

81 29.1 103.2 0.2 0.775 63.5 82.4 Rui ro thap

82 28.5 102.6 0.219 1.962 694 | 120.6| Ruiro thap

83 34.4 108.5 0.217 0.436 62.2 78.8 Rui ro thap

84 27.2 101.3 0.183 1.182 59.1 90.4 Rui ro thap

85 24.1 98.2 0.782 0.771 17 171.4 | Rui ro trung binh
86 18 56.1 1.336 1.073 457 | 262.2 | Rui ro trung binh
87 10.7 84.8 0.053 1.803 54.3 76.1 Rui ro thap

88 19.3 93.4 0.058 2.073 50.9 91.3 Rui ro thap

89 15.9 90 0.183 1.045 49.9 77.9 Rui ro thap

90 14.9 89 0.153 0.852 111 67.0 Rui ro thap

91 11.7 54.8 0.367 1.608 107.6 | 119.3 |  Rui ro thap

92 20.3 51.4 0.323 1.871 106.6 | 125.6| Ruiro thap

93 16.9 50.4 0.31 0.834 105.8 | 90.1 Rui ro thap

94 15.9 49.6 0.317 0.698 1064 | 86.4 Rui ro thap

95 15.1 50.2 0.253 0.152 1057 | 59.3 Rui ro thap

96 15.7 49.5 0.287 0.517 109.3 | 76.1 Rui ro thap

97 15 53.1 0.306 1.708 107.8 | 114.6 | Ruiro thap

98 18.6 51.6 0.304 0.178 105.5 | 70.7 Rui ro thap

99 17.1 49.3 0.27 0.938 91.9 86.8 Rui ro thap
100 | 148 35.7 0.869 0.508 133.4 | 167.5 | Rui ro trung binh
101 19 77.2 1.423 0.815 117.9 | 271.0 | Rui ro trung binh

Phu luc




TT As Pb Hg Cd Zn RI KO
(mg/Kg) | (mg/Kg) | (mg/Kg) | (mg/Kg) | (mg/Kg)

102| 13.9 61.7 0.14 1.543 1169 | 83.0 Rui ro thap
103 | 105 60.7 0.145 1.811 116.1 | 89.5 Rui ro thap
104 9.5 59.9 0.27 0.823 116.7 | 79.2 Rui ro thap
105 8.7 60.5 0.24 1.906 53.5 | 106.0 | Ruiro thap
106 | 129 125.5 0.418 2.627 91.2 | 163.8 | Rui ro trung binh
107 9.5 42.2 0.541 2.903 23.7 | 183.1 | Rui ro trung binh
108 8.5 90.7 0.128 1.906 4.9 89.8 Rui ro thap
109 7.7 70.5 0.133 0.969 81.7 61.0 Rui ro thap
110 8.3 178.9 0.048 1.186 42.2 61.8 Rui ro thap
111 7.6 119 0.228 1.546 13.9 96.5 Rui ro thap
112 112 88 0.013 2.733 41.2 98.1 Rui ro thap
113 9.7 288.8 0.029 1.211 67.1 68.4 Rui ro thap
114 7.4 98.3 0.044 1.989 29.5 78.8 Rui ro thap
115 6.2 140.8 0.103 0.056 72.7 32.8 Rui ro thap
116 18 175.3 0.182 1.592 36.2 | 101.6| Ruiro thap
117 198 130.4 0.854 2313 67.2 | 228.9 | Ri ro trung binh
118 | 188 47.1 1.408 2.592 37.1 | 319.1 Riii ro cao
119 18 95.6 0.125 1.556 78.5 86.0 Rui ro thap
120 18.6 75.4 0.13 0.753 106 61.8 Rui ro thap
121 13 104.9 0.413 1.59 1114 | 130.6| Ruiro thap
122 216 110.3 0.536 2.32 71.2 | 178.0 | Rui ro trung binh
123 182 70.1 0.123 2.59 51 114.8 |  Rui ro thap
124 172 49.9 0.128 1.59 1594 | 84.1 Rui ro thap
125| 164 158.3 0.043 0.653 99.5 49.3 Rui ro thap
126 17 98.4 0.223 0.87 75.4 80.6 Rui ro thap
127 | 163 74.3 0.008 1.23 269.3 | 55.9 Rui ro thap

Phu luc




TT As Pb Hg Cd Zn RI KO
(mg/Kg) | (mg/Kg) | (mg/Kg) | (mg/Kg) | (mg/Kg)

128 19.9 268.2 0.024 2.42 78.8 | 109.3 |  Ruiro thap
129 | 184 77.7 0.039 0.89 1213 | 514 Rui ro thap
130 | 16.1 120.2 0.098 1.65 155.8 | 85.4 Rui ro thap
131 159 154.7 0.177 0.36 1109 | 61.4 Rui ro thap
132 162 109.8 0.849 1.63 61.4 | 203.7 | Rui ro trung binh
133 208 60.3 1.403 2.36 76.1 | 313.9 Rui ro cao
134 | 268 75 0.12 2.63 559 | 121.6| Ruiro thap
135 183 54.8 0.125 1.63 88.3 85.5 Rui ro thap
136 | 13.1 70.4 0.309 1.68 92.9 | 114.1| Ruiro thap
137 | 217 75 0.265 2.41 98.9 | 135.1| Ruiro thap
138 | 183 81 0.252 2.68 904 | 139.2| Ruiro thap
139 17.3 72.5 0.259 1.61 86.1 | 106.9 | Ruiro thip
140 | 16.5 68.2 0.195 0.743 92.6 69.9 Rui ro thap
141 17.1 74.7 0.229 0.96 92 82.7 Rui ro thap
142 | 164 74.1 0.248 1.32 97.9 96.1 Rui ro thap
143 20 80 0.246 2.51 90.7 | 1342| Ruiro thap
144 | 185 72.8 0.212 0.98 87.6 81.4 Rui ro thap
145 | 162 69.7 0.112 1.74 51.7 86.2 Rui ro thap
146 6.7 33.8 0.146 0.11 70.1 33.9 Rui ro thap
147 21 52.2 0.165 1.72 78.7 96.2 Rui ro thap
148 |  29.6 60.8 0.163 2.45 753 | 124.1| Ruiro thap
149 | 262 57.4 0.129 2.72 743 | 1242 | Ruiro thap
150 | 252 56.4 0.157 1.72 73.3 98.0 Rui ro thap
151 169 106.7 0.276 1.006 77.9 93.7 Rui ro thap
152 |  44.1 111.3 0.232 1.506 83.9 | 120.1 | Ruiro thap
153 30 117.3 0.219 0.963 75.4 92.7 Rui ro thap

Phu luc




TT As Pb Hg Cd Zn RI KO
(mg/Kg) | (mg/Kg) | (mg/Kg) | (mg/Kg) | (mg/Kg)

154 | 286 108.8 0.226 0.931 71.1 91.3 Rui ro thap
155| 249 104.5 0.162 0.909 77.6 77.7 Rui ro thap
156 | 17.1 111 0.196 1.216 77 87.6 Rui ro thap
157 | 19.1 110.4 0.215 1.332 82.9 95.5 Rui ro thap
158 | 235 116.3 0.213 1.206 75.7 94.7 Rui ro thap
159 | 213 109.1 0.179 0.928 72.6 78.9 Rui ro thap
160 | 25.9 106 0.778 1.02 34.4 | 180.1 | Rui ro trung binh
161 12.3 67.8 1.332 0.08 61.1 | 228.9 | Rui ro trung binh
162 8.2 94.5 0.049 1.78 60.1 73.8 Rui ro thap
163 | 12.8 93.5 0.054 1.72 59.3 75.8 Rui ro thap
164 | 18.8 92.7 0.179 2.45 59.9 | 121.6| Ruiro thip
165| 103 93.3 0.149 2.72 759 | 119.4| Ruiro thap
166 | 16.9 76.7 0.33 0.936 80.5 98.1 Rui ro thap
167 | 159 81.3 0.286 1.436 86.5 |105.7| Ruiro thap
168 | 15.1 87.3 0.273 0.893 78 87.2 Rui ro thap
169 | 157 78.8 0.28 0.861 73.7 87.1 Rui ro thap
170 15 74.5 0.216 0.839 80.2 75.5 Rui ro thap
171 18.6 81 0.25 1.146 79.6 93.0 Rui ro thap
172 | 17.1 80.4 0.269 1.266 85.5 98.7 Rui ro thap
173 | 148 86.3 0.267 1.136 78.3 93.3 Rui ro thap
174 4.5 79.1 0.233 0.858 75.2 72.1 Rui ro thap
175 | 123 76 0.133 0.95 44.1 63.7 Rui ro thap
176 1.2 44.9 0.167 0.01 84.7 31.5 Rui ro thap
177 | 255 85.5 0.186 1.71 89.3 | 104.7| Ruiro thip
178 | 30.1 90.1 0.184 1.65 953 | 106.0 | Ruiro thap
179 |  36.1 96.1 0.15 2.38 86.8 | 126.8| Ruiro thap

Phu luc




TT As Pb Hg Cd Zn RI KO
(mg/Kg) | (mg/Kg) | (mg/Kg) | (mg/Kg) | (mg/Kg)

180 | 276 87.6 0.178 2.65 757 | 133.1 Rui ro thap
181 6.2 78.5 0.359 0.57 80.3 84.7 Rui ro thap
182 | 108 83.1 0.315 0.169 86.3 69.1 Rui ro thap
183 | 16.8 89.1 0.302 0.946 77.8 94.7 Rui ro thap
184 8.3 80.6 0.309 0.914 73.5 88.6 Rui ro thap
185 4 76.3 0.245 0.892 80 74.5 Rui ro thap
186 | 10.5 82.8 0.279 1.199 79.4 94.0 Rui ro thap
187 9.9 82.2 0.298 1.319 853 [100.2| Ruiro thip
188 | 15.8 88.1 0.296 1.189 78.1 100.3 |  Rui ro thap
189 8.6 80.9 0.262 0.918 75 81.4 Rui ro thap
190 5.5 77.8 0.861 1.01 39.1 177.5 | Rui ro trung binh
191 17 46.7 1.415 0.07 57.5 | 243.5 | Rui ro trung binh
192 15 87.3 0.132 1.77 66.1 90.8 Rui ro thap
193 | 196 91.9 0.137 1.71 62.7 93.2 Rui ro thap
194 | 182 97.9 0.262 2.44 61.7 | 134.6| Ruiro thip
195 17.1 89.4 0.232 2.71 88.2 [ 136.7| Ruiro thip
196 | 124 71.8 0.245 1.69 92.6 | 103.8| Ruiro thip
197 17 76.4 0.348 2.42 9.3 145.1 Rui ro thap
198 23 82.4 0.017 2.69 57.8 |[105.0| Ruiro thip
199 | 145 73.9 0.093 1.69 37.6 80.7 Rui ro thap
200 10.2 69.6 0.008 0.753 61.8 36.0 Rui ro thap
201 16.7 76.1 0.115 0.97 75.7 64.5 Rui ro thap
202 | 16.1 75.5 0.027 1.33 42.4 60.6 Rui ro thap
203 22 81.4 0.011 2.52 2559 | 99.3 Rui ro thap
204 | 148 74.2 0.004 0.99 46.8 45.8 Rui ro thap
205 | 117 71.1 0.063 1.75 107.9 | 76.1 Rui ro thap

Phu luc




TT As Pb Hg Cd Zn RI KO
(mg/Kg) | (mg/Kg) | (mg/Kg) | (mg/Kg) | (mg/Kg)

206 | 14.1 32.9 0.049 0.47 86.9 34.2 Rui ro thap
207 | 159 59.6 0.842 1.8 59.9 | 203.9 | Rui ro trung binh
208 | 132 58.6 0.789 2.53 97.6 | 215.7 | Rui ro trung binh
209 | 113 57.8 0.113 2.8 30.1 113.9 |  Ruiro thap
210 | 157 58.4 0.118 1.8 11.3 87.6 Rui ro thap
211 142 96.8 0.23 1.803 87.3 | 107.8| Ruiro thap
212 188 101.4 0.333 2.532 91.9 | 149.5| Ruiro thap
213 | 2438 107.4 0.073 2.453 97.9 | 110.0 | Ruiro thap
214 | 163 98.9 0.078 1.542 89.4 77.2 Rui ro thap
215 12 94.6 0.007 0.864 85.1 423 Rui ro thap
216 | 185 101.1 0.173 1.045 91.6 79.1 Rui ro thap
217 | 179 100.5 0.012 1.443 91 64.8 Rui ro thap
218 | 238 106.4 0.004 2.631 96.9 | 103.6| Ruiro thap
219 | 16.6 99.2 0.011 1.101 89.7 53.5 Rui ro thap
220 | 135 96.1 0.048 1.861 86.6 79.9 Rui ro thap
221 114 57.9 0.034 0.78 50.7 40.9 Rui ro thap
222 134 84.6 0.827 1.529 69.1 | 193.6 | Rui ro trung binh
223 | 138 83.6 0.774 2.392 77.7 | 211.2 | Rii ro trung binh
224 | 157 82.8 0.098 2.643 743 | 111.8 | Ruiro thap
225| 134 83.4 0.103 1.642 73.3 81.0 Rui ro thap

Phu luc



