KHOA HOC CONG NGHE

THUC TRANG O NHIEM KIM LOAI NANG TRONG DAT
SAN XUAT NONG NGHIEP TiNH HAI DUONG
Tran Thj Minh Thu', Trin Minh Tién!, Pang Thi Thanh Hao?,

TOM TAT

D6 Trong Thing?!, Ta Héng Minh?

Két qua diéu tra, danh gia 6 nhiém kim loai nang (KLN) ctia 387 mau dat san xut nong nghiép ctia tinh Hai
Duong [viing gan nguén gay 6 nhiém: lang nghé, co sé y té, khu cong nghiep (KCN), cum cong nghiép
(CCN), nuéc thai sinh hoat, bai rac va ving chuyén canh] cho thdy hau hét dat san xuat nong nghiép tinh
(74,42%) chua bi 6 nhiém kim loai nidng voi 288/387 mau, & mitc can 6 nhiém 94 mau chiém 24,29% va chi c6
5 mau dat (chiém 1,29%) duoc danh gia & muc 6 nhiém theo nguong giéi han cho phép ctia Bo Tai nguyén
va Moi truong (QCVNO03-MT:2015/BTNMT). Hai kim loai c6 tinh doc cao (Pb va As) cé trong kha nhiéu
mau & nguong can 6 nhiém (27 mau déi voi Pb va 81 mau doi véi As). Cac mau dat duoc danh gia 1a bi 6
nhiém tap trung & lang nghé vang bac Chau Khé, cum cong nghiép Tan Hong - Vinh Héng, cum cong
nghiép Phu Thtt va khu vuc tham canh cao; cac mau dat can 6 nhiém kim loai ning tap trung nhiéu & gan

khu cong nghiép hoac khu vuc tham canh cao.

Tt khoéa: Hai Durong, dét san xuat nong nghiép, nguén gay 6 nhiém, 6 nhiém kim loai nang.

1. AT VAN BE

O nhiém moi truong dat néi chung va dat nong
nghiép néi riéng do su tich liy cac kim loai ning
(KLN), thudc trir sau, phan boén vo co, hoa chit,...
dang duoc dic biet quan tam. Sy phat trién cac lang
nghé, phat trién nganh cong nghiép voi viec xay
dung cac khu cong nghiép (KCN) tap trung, mo rong
san xuat lam mot luong 16n chat thai cong nghiep
dang hing ngay, hing gio thai ra moi truong cé kha
nang gay 6 nhiém cho nguon dat, nuoc va khong khi.
Cac yéu t6 gay 6 nhiém nhu kim loai nang, cac goc
kiém, axit, hoa chat tén du, khéi, bui,... da va dang
tich lity theo thoi gian 1am thoai héa dan nguédn tai
nguyén dat, nuoc va khong khi. Nhiéu nghién ctu
cho thdy ring nguyén nhan ctia 6 nhiém dat thi cé
rat nhiéu, trong dé phai ké dén nguyén nhan dén tir
cac chat thai lang nghé, co sé y té, khu cong nghiép,
nuoc thai sinh hoat, bai chon 14p rac va viing chuyén
canh (Pham Quang Ha va cong sy, 2001; Nguyén
Ngoc Nong, 2003; Nguyén Ngoc Quynh, Lé Huy Ba
va cong s, 2002; Cao Thi Thanh Nga, 2007; Nguyén
Bich Thu, 2008; Nguyén Bich Thu va Pham Quang
Khanh, 2008; Cao Viét Ha, 2012; Tran Thi Minh Thu
va cong su, 2018; Vién Thé nhuong Nong hoa, 2017).

Hai Duong 1a mot trong nhimg tinh c6 toc do
cong nghiép hoa, do6 thi hoa nhanh. Trén dia ban tinh
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c6 66 lang nghé, 977 co s&'y té, 21 khu cong nghiép,
33 cum cong nghiép da di vao hoat dong. Su phat
trién cac lang nghé, phat trién nganh cong nghiép
véi viec xay dung cac khu cong nghiép tap trung, mo
rong san xuat lam mot luong 16n chat thai cong
nghiép dang thai ra méi truong c6 kha niang giy 6
nhiém cho nguon dat, nuéc va khong khi. Ngoai ra,
Hai Duong c6 diéu kién thuan loi dé phat trién san
xudt noéng nghiép, mé rong thi truong tiéu thu nong
san, hién nay da hinh thanh nhiéu ving san xuat
nong nghiép chuyén canh tip trung, nhu: chuyén
canh cay luwong thuc, cay rau (hanh, t6i, ca rot,
rau,..), cdy mau (ngo, d6 twong,...), cay dn qua (vai,
i, na, cam,...). Viéc st dung phan bon khong hop ly,
can d6i tai cac ving chuyén canh ciing 12 mot trong
nhitng nguyén nhan gay 6 nhiém KLN trong dat sin
xuat nong nghiép (Zarcinas B va cs., 2004). Dudi day
la két qua danh gia thuc trang 6 nhiém KLN (As, Cd,
Pb, Cr, Cu va Zn) trong dat san xuat nong nghiép
(khu vuc gin ngudén gay 6 nhiém) cua tinh Hai
Duong, 1a co s& khoa hoc dé dé xuit st dung dat bén
vitng va hiéu qua, dong thoi xay dung ké hoach bao
vé moi truong dat phu hop.

2. 01 TUONG, PHAM VI VA PHUONG PHAP NGHIEN CUU

2.1. Péi tugng va pham vi nghién ctu

- P6i twong nghién ctu: Dat san xuit nong
nghiép va kim loai nang: Cu, Pb, Zn, Cd va Cr trong
dat.

- Pham vi nghién cttu: Mot s6 viing dat san xuat
nong nghiép cta tinh Hai Duong gan cac ngudn c6
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kha nang gay 6 nhiém: Lang nghé, co s& y t€, khu
cong nghiép, cum cong nghiép (CCN), nudc thai
sinh hoat, bai rac va viing chuyén canh.

2.2. Phurong phap nghién ctru

- Mau dat duoc 14y theo Tiéu chudn Viét Nam
TCVN 5297:1995, TCVN 7538-2:2005, Thong tu s
33/2011/TT-BTNMT va Thong tu s6 60/2015/TT-
BTNMT.

Déi voi dién tich nhiém ban cuc bg: Dugc xac
dinh 14 cac viing dat san xuit nong nghiép gan nguon
gay 6 nhiém lang nghé, co sé 'y té, khu cong nghiép,
cum cong nghiép, nudc thai sinh hoat, bai rac. Vi tri
cac diém lay mau dat dé danh gia 6 nhiém dat duoc
xéac dinh xung quanh tuyén 14y mau (ban kinh < 300
m) bat dau tir ngudn gay 6 nhiém; khoang cach gitta
2 diém lay mau lién ké < 500 m. Méi vi tri ctia nguon
gay 6 nhiém 14y 3 mau dat theo huong lan téa hinh
quat.

Déi voi dién tich nhiém ban todn bg: La nhiém
bén do viéc st dung cac héa chat bao ve thuc vat,
phan ho4 hoc va hitu co. Ldy mau rai déu, ldy tai 4
vung chuyén canh.

- Phan tich cac KLN (Cu, Pb, Zn, Cd va Cr) trong
dat theo TCVN 6496:2009; phan tich As theo TCVN
8467:2010.

- S6 liéu phan tich dat duoc xit ly bang phan
mém Excel.

- banh gia mic d¢ 6 nhiém KLN theo QCVN 03-
MT:2015 va Thong tu 60/2015TNMT: Muc do
nhiém KLN trong dit nong nghiép tinh Hai Duong
duoc chia thanh 3 muc: (1) Khong 6 nhiém: Chi tiéu
duoc danh gia c6 gia tri nhé hon 70% gia tri gidi han
cho phép trong QCVN 03-MT:2015; (2) Can 6 nhiém:
Chi tieu duoc danh gia co gia tri tir 70% dén can 100%
gia tri gioi han cho phép trong QCVN 03-MT:2015 va
(3) O nhiém: Chi tiéu duoc danh gia c6 gia tri bang
hoac 16n hon gia tri gidi han cho phép trong QCVN
03-MT:2015.

2.3. Thoi gian va dia diém nghién ctru

Nghién cttu duwoc thyc hién nam 2020 tai cic
ving dit san xuit nong nghiép gan ngudn giy o
nhiém trén dia ban tinh Hai Duong.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Xac dinh vi tri va s6 luong miu d4it nghién

7,

cuu

Bang 1. S6 luong miu @4t da 14y trén dia ban tinh Hai Duong

S6 mau da lay
Chia ra theo ngudn 6 nhiém
TT Tén huyén T 61}g KAhu C};m Ling | Cosory NLr(yc Réc Vimig
so cong | cong : . thai sinh \ chuyén
nghiép | nghiép nghé e hoat thai canh
1 Gia Loc 21 3 3 6 9
2 Tu Ky 30 3 3 3 6 15
3 Ninh Giang 24 3 6 15
4 Chi Linh 42 3 3 3 6 27
5 Kinh Moén 48 12 3 6 27
6 Cam Giang 30 9 3 3 6 9
7 Nam Sach 27 3 3 3 6 12
8 TP. Hai Duong 33 3 9 3 3 6 9
9 Thanh Ha 24 3 6 15
10  |Kim Thanh 36 6 6 3 3 6 12
11 Binh Giang 39 6 9 3 3 6 12
12 | Thanh Mién 33 3 3 3 6 18
Téng cong 387 24 48 15 21 27 72 180

Cac mau dat duoc 14y dua trén 7 nguon cé kha
nang gay 6 nhiém chd yéu trén dia ban tinh Hai
Duong, cu thé nhu sau:

Dé7 véi nguon gdy 6 nhiém 13 khu céng nghiép:
L4y mau tai 8 KCN dang hoat dong, @ méi KCN lay 3
mau.
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Do7 voi nguén gay 6 nhiém Ia cum cong nghiép:.
L4y mau tai 16 CCN c6 ty le 1ap day cao trong 33
CCN da di vao hoat dong tai Hai Duong, & mbi vi tri
ldy 3 mau.

Poi voi nguén giy 6 nhiém I3 ling nghé 1y
mau tai 5 lang nghé co khi, kim hoan. Pay 1a nhimg
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lang nghé c6 nguy co gay 6 nhiém KLN, & méi lang
nghé ldy 3 mau.

Doi vor nguon gdy 6 nhiém Ia co s¢ y té& Liy
mau & 7 bénh vién c6 kha niang giy 6 nhiém dén dat
san xudt nong nghiép, gdm: Bénh viéen Nhi, bénh
vien cac huyén Thanh Mién, Cim Giang, Binh
Giang, Ninh Giang, Kim Thanh, Thanh Ha, & mdi
bénh vien 14y 3 mau.

Doi voi nguon gy 6 nhiém Ia nudc thdi sinh
hoat: Lay mau dai dién tir 3 nguon (i) nudc thai sinh
hoat d6 thi, (i) nudc thai sinh hoat néng thoén, (iii)
nuoc thai sinh hoat & ving d6 thi nong thon (thi tran,
thi t@). O' méi nguon ldy 3 vi tri, & méi vi tri ldy 3
mau.

Poi voi nguon gy ¢ nhiém Ila bai rdc: 14y dai
dién 02 bai rac/huyén (01 mau & thi tran, thi t¢ va 01
mau & nong thon), & mdi bai rac 14y 3 mau.

Doi voi dién tich tham canh cao. Lay dai dién
theo loai hinh chuyén canh cay trong c6 st dung
nhiéu phan bén va thuoc BVTV. Mau dat duoc 14y tai
4 vung chuyén canh: (i) vung chuyeén rau, (i) ving
chuyén mau, (iii) vung chuyén cay an qua, (iv) vung
chuyén lua. Déi voi mdi loai hinh chuyén canh 14y dai
dién tai 3 tiéu vung khac nhau, & méi tiéu viing 14y 15
mau.

3.2. Panh gia thyc trang mmrc d6 6 nhiém KLN
trong d4t san xuit nong nghiép tinh Hai Duong

3.2.1. Him luong asen (As)

Ham luong As trong dat viung nghién ctru cé gia
tri trung binh 1a 8,31 mg/kg dat kho, gia tri cao nhat
la 14,53 mg/kg dat kho, gia tri thap nhat 1a 2,26
mg/kg dat kho, dao dong tir 8,06 — 8,56 mg/kg dat
kho (khoang tin cay 95%). Trong tdng s6 387 mau dat
khong c¢6 mau nao c6 ham luong asen vuot qua mic
gi6i han cho phép trong QCVN 03-MT:2015/BTNMT
cua Bo Tai nguyén va Moi truong (> 15 mg As/kg
dat kho).

Tuy nhién, c6 81 mau dat duoc xac dinh 1a can 6
nhiém As, chiém 20,93% t6ng s6 mau da 1ay. Cac mau
nay nam rai rac & cac huyén va bi anh huéng cha yéu
1a tir nguon thai ctia cac KCN, CCN (chiém 33,33% s6
mau lay tir dat san xudt nong nghiép chiu anh huéng
ctia KCN), tiép theo 1a anh hudng tir nguodn bai rac
sinh hoat (chiém 22,22%) va tir hoat dong tham canh
ctia nguoi dan (chiém 20%). D6i véi cac ngudn khac,
ty 1é s6 mau dat bi can 6 nhiém As 1a khong dang ké.

Dai da s6 mau dat gan nguon nudc thai sinh hoat
va CCN bi can 6 nhiém & vi tri 14y mau s6 1 (vi tri gan
nguén gay 6 nhiém nhat). Trong khi cac mau can 6
nhiém duoc 14y gan bai rac bi can 6 nhiém & ca 3 vi
tri 14y mau, dién hinh Ia cac mau ldy tai bai rac xa
Binh Minh, huyén Binh Giang; phudng C6 Thanh va
phuong Tan Dan (TP. Chi Linh).

16
14 C
. Yo
5 L 4 ¢
2 ‘ 9% o °
. M ]
'y YR N R YN ‘
S0y” .".' 2 e Va0tV e O,
3 . ) o v .-' ° .v '] S ‘..
¥ 3 o ¥ Y=’ - Yot s ? ey
5t .. e ¢ ' . o
g “,?.. e v' 14.‘1.-.1. )
. ., % 'L AR 8o
£ 6 . ’ & v 9.
Q S ’ - v
. - - o0
. . ’
! ‘e
I
s
.
0
¢ Asen(As) w===Gigihan 6 nhiém Gidt han cjn 6 nhiém

Hinh 1. Ham luong asen trong dat viing nghién ctu
3.2.2. Him luong cadimi (Cd)

Trong tdng s6 cac mau dat thu thap khong phat
hién mau nao c6 ham luong cadimi vuot muic cho
phép theo QCVN 03-MT:2015/BTNMT (> 1,5 mg
Cd/kg dat kho). Ham luong Cd trong dat co gid tri
cao nhat 1a 1,02 mg/kg, gia tri thap nhat la 0,08
mg/kg, trung binh 1a 0,36 mg/kg dat kho (gia tri nay
thap hon rat nhiéu so véi ngudéng giy 6 nhiém moi
truomg theo QCVN 03-MT:2015/BTNMT) va khong
c6 mau nao duoc xac dinh 1a can 6 nhiém Cd.
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« Cadimi(As) =—Gidihan 6 nhiém Gidi han cin 6 nhiem

Hinh 2. Him luong cadimi trong d4t viing nghién
clru
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3.2.3. Him luong chi (Pb)

Ham luong Pb trung binh ctia 387 méu dat 14y tai
cac vung nghién ctru 1a 33,78 mg/kg dat kho; gia tri
thap nhat 1a 7,2 mg/kg dat kho; cao nhat 1a 77,1
mg/kg dat kho; dao dong tir 32,7 - 34,8 mg/kg dat
kho (khoang tin cay 95%). Nhin chung, phan 16n cac
mau dat c6 ham luong Pb & muc thdp hon so véi
nguong cho phép duoc quy dinh trong QCVN 03-
MT:2015/BTNMT (>70 mg Pb/kg dat kho). Chi c6
01 mau vung chuyén canh mau thuoc xa Tién Tién,
huyén Thanh Ha duoc danh gia 6 nhiém Pb v6i ham
luong 77,1 mg/kg dat kho.

Ngoai ra, toan tinh c6 27 mau c6 ham luong Pb
duoc danh gia & mirc can 6 nhiém. Trong 27 mau nay
c6 18 mau dat dwoc 14y tai cac viitng chuyén canh va 9
mau tai cac viing dat san xudt nong nghiép chiu anh
hudng ctia cac nguon: CCN, lang nghé, bai rac va
nuoc thai sinh hoat. 18 mau dat can 6 nhiém tai ving
chuyén canh rai rac & cac huyén Binh Giang, Cim
Giang, Chi Linh, Thanh Ha va phan lon déu la dat
chuyén canh rau, mau lau nam cta dia phuong.
Khong c¢6 mau dat chuyén canh ciy lau nim nao
duoc xac dinh 6 nhiém hodc can 6 nhiém véi chi tiéu
nay.

Dbac biét, ca 3 mau dat dugc 14y tai viing chuyén
canh mau thuoc xa Tién Tién, huyén Thanh Ha déu
bi 6 nhiém hoac can 6 nhiém: c6 01 mau 6 nhiém voi
ham luong Pb 1a 77,1 mg/kg dat va 02 mau can 6
nhiém, ham luong Pb lan luot 1a 66,24 va 63,09
mg/kg dat kho.
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Hinh 3. Ham luong chi trong dat viing nghién ctru
3.2.4. Him Iuong crom (Cr)

Toan bo 387 mau dat dwoc ldy trén dia ban
nghién ctu déu c6 ham luong Cr trong dat khong
vuot qua ham luong cho phép quy dinh & QCVN 03-
MT:2015/BTNMT (>150 mg Cr/kg dat kho) véi gia
tri trung binh 1a 19,74 mg/kg dat kho, dao dong tir
19,05 - 20,42 mg Cr/kg dat kho (khoang tin cay
95%). Cac gié tri nay thap hon rat nhiéu so voi muc
d06 cho phép cta Cr trong dat san xuat nong nghiép.
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Hinh 4. Ham luong crom trong dat viing nghién ctu
3.2.5. Ham Irong dong (Cu)

Ham luong Cu trong dat ving nghién ctu dao
dong tir 8,97 mg/kg dén 173,63 mg/kg dat kho; gia
tri trung binh 1a 27,92 mg/kg dat kho. Hau hét cac
mau dat c6 ham lwong Cu thdp hon rit nhiéu so voi
nguong cho phép theo QCVN 03-MT:2015/BTNMT
(>100 mg Cu/kg dat kho).

C6 3 mau vuot nguong voi ham luong Cu kha
cao, d6 1a cac mau tai: Lang nghé vang bac Chau
Khé, xa Thuac Khang, huyén Binh Xuyén (172,43 mg
Cu/kg dat kho), CCN Tan Hong - Vinh Hong, xa Tan
Hoéng, huyen Binh Giang (173,63 mg Cu/kg dat kho)
va vung chuyén canh lia xd C§ Ding, huyén Kim
Thanh (121,5 mg Cu/kg dat kho).

6 mau c6 ham luong Cu & mutc can 6 nhiém.
Trong d6 5 mau duoc 14y tai cac viung chuyén canh
lta huyén Binh Giang, Kim Thanh va 01 mau gin
CCN Trang Liét, huyén Binh Giang.
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Hinh 5. Him luong ddng trong dat vilng nghién ctru
3.2.6. Him luong kém (Zn)

Ham luong Zn trong dat cé gia tri trung binh la
52,93 mg/kg dat kho, trong d6 gia tri cao nhat la
250,05 mg/kg, gia tri thap nhat 1a 10,37 mg/kg. C6
thé thay duoc su chénh léch kha 16n gitta ham lueong
Zn trong dat gitta cac mau dat vung nghién ctu.

02 mau c6 ham luong kém vuot mitc cho phép
theo QCVN 03-MT:2015/BTNMT (> 200 mg Zn/kg
dat kho), trong d6: 01 mau dat ving chuyén canh laa
xa C6 Diing, huyén Kim Thanh (250,05 mg/kg dat
kho) va 01 mau dat gan CCN Phu Th, thi trdn Pha
Thtt, huyén Kinh Mén (247,8 mg/kg dat kho).

4 mau dat duoc xac dinh 1a can 6 nhiém Zn, do
la: 02 mau dat vung chuyén canh lua xa Cé Ding,
huyén Kim Thanh, 01 mau dat ving chuyén canh cay
an qua xa Nam Dong, thanh phé Hai Duong va 01
mau dat viing san xuét nong nghiép chiu anh huéng
tir nguon rac thai sinh hoat cta thi tran Gia Loc.

Nguén thai Zn vao dat cha yéu la tir chat thai
trong cong nghé han va cac cong nghé luyén kim
thiéc va chi, cong nghé pin, cong nghe dién tir va
cong ngheé cao su... Mot so loai thudc trir sau ciing
chtta Zn trong thanh phan. Khi phun tryc tiép lén 14,
Zn sé truc tiép di vao hé tuan hoan cta cay trong
cuing voi mot lvong khong nhé ngam xudng long dat.
biéu nay co6 thé ly gidi tai sao cac mau 6 nhiém va
can 6 nhiém Zn trén dia ban tinh Hai Duong chua yéu
do 4nh hudng ctia viec thdm canh cay trong cua
nguoi dan. Viéc vat rac thai nguy hai nhu pin, 4c quy
hét han st dung ra bai rac sinh hoat ciing 1a nguyén
nhan gay 6 nhiém Zn.
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Hinh 6. Him luong kém trong dat viing nghién ctru
4. KET LUAN VA BE NGHI
4.1. Két luan

D4t san xuat nong nghiép (ving gan nguon gay
6 nhiém: lang nghé, co s& y té, khu cong nghiép,
cum coéng nghiép, nudc thai sinh hoat, bai rac va
ving chuyén canh) ctia tinh Hai Duong hau hét déu
c6 ham luong KLN dudi nguong cho phép (98,71%)
so véi gioi han vé kim loai nang trong tang dat mat
theo QCVN 03-MT : 2015. Trong d9, 24,29% s6 mau
dat & mutc can 6 nhiém KLN.

Chi ¢6 5 mau dugc danh gia & mic 6 nhiém
(chiém 1,29%). Trong d6, c6 02 mau bi 6 nhiém Cu,
01 mau 6 nhiém ca Cu va Zn, 01 mau 6 nhiém Zn va
01 mau 6 nhiém Pb. Cac mau bi 6 nhiém duoc 1y tai
ving dat san xuat nong nghiép gan lang nghé vang
bac Chau Kheé, CCN Tan Héng - Vinh Héng, CCN
Pha Tht va khu vuc chuyén canh lda xa Cé Ding,
huyén Kim Thanh va chuyén mau xa Tién Tién,
huyén Thanh Ha.

Cac KLN & mtrc vuot nguong cho phép chu yéu
mang doc tinh thdp (Cu, Zn), chi duy nhat 01 mau c6
ham luong Pb vuot tiéu chuin cho phép, day la kim
loai c6 tinh doc cao d6i véi stc khde con nguoi.

4.2. bé nghi

Déi véi nhitng dién tich dat bi 6 nhiém KLN
hoic c6 nguy co 6 nhiém KLN can duoc 1y mau
phan tich, kiém tra, danh gia dinh ky dé c6 bién phap
str dung va cai tao phu hop.
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KHOA HOC CONG NGHE

Tién hanh cac nghién ctu thir nghiem dé dé
xuat gidi phap khic phuc 6 nhiém, ciing nhu st dung
va cdi tao cac ving dat 6 nhiém va can 6 nhiém.
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CONTAMINATION STATUS OF HEAVY METAL IN AGRICULTURAL PRODUCTION LAND
IN HAI DUONG PROVINCE

Tran Thi Minh Thu!, Tran Minh Tien', Dang Thi Thanh Hao',

Do Trong Thang!, Ta Hong Minh?
1Soils and Fertilizers Research Institute

?Department of Natural Resources and Environment of Hai Duong

Summary

The survey result and assessment of heavy metal pollution of 387 agricultural soil samples in Hai Duong
province (near pollution sources: craft villages, medical facilities, industrial parks, industrial clusters,
domestic wastewater, landfills, and specialized cultivation areas) show that most of the agricultural land
(74.42%) has not been contaminated by heavy metals with 288/387 soil samples are safe; 94 samples are at
sub-poll pollution level (24.29%) and only 5 soil samples (1.29%) are at the pollution level according to the
standard of the Ministry of Natural Resources and Environment (QCVNO3-MT: 2015 / BTNMT). Two
highly toxic metals (Pb and As) have many samples in the sub-poll pollution level (27 Pb samples and 81 As
samples). The polluted area concentrated in Chau Khe gold and silver handicraft village, Tan Hong - Vinh
Hong and Phu Thu industrial cluster, and highly intensive farming area, the sub-poll pollution of heavy
metal was concentrated nearby industrial zones or highly intensive areas,

Keywords: Hai Duong province, agricultural production land, pollution sources, heavy metal pollution.
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