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TOM TAT

Mire dg anh hieong ciia cdc kim logi ndng (KLN) trong tram tich khéng chi phy thudc vao ham
leong kim logi tong ma con phu thudc vao cdc dang lién két ciia chiing. Do d6, trong nghién ciru
nay mirc d¢ 6 nhiém KLN cia Cu va Zn trong tram tich bé mdt song Cau — thanh phé Thdi
Nguyén da dwoc phan tich va danh gid diwa theo két qua phdn tich ham lwong kim logi tong va
ham lwong cdc dang lién két. Cac mau tram tich bé mat dwoc thu thdp tai 08 vi tri, két qua danh
gid 6 nhiém cho thdy, theo QCVN 2012 ham lwong Cu khéng vuwot qud giGi han cho phép con Zn
vieot qua ¢ 03 vi tri Zdy mau S1, S6 va S7. Chi s6 tich luy dia chdt cia Cu la lgeo -cu <0 va cuia Zn
trong khoang 1<lgeo-z0<2 hay dong khong 6 nhiém con kém 6 nhiém mirc trung binh. Hé sé lam
giau cua Cu trong khoang 5<EF<20 trong khi Zn c6 EF >20 hay kha nang lam giau cua Zn la
cao con Cu thi khéng dang ké. Gid tri %RAC ciia Cu trong khodng 10 < %RAC < 30 con ciia Zn
thi %RAC < 10 ¢6 nghia la mirc dg rii ro doi véi hé sinh ciia Zn la thdp con cia Cu la trung
binh. Hé s6 6 nhiém cd nhan ciia Cu va Zn ¢ mirc thap (ICF < 1).

Tir khoa: KLN; Tram tich bé mat; Chi s6 tich luy dia chit; Hé sb lam giau; Mtc d6 rui ro sinh thai.
1. MO PAU

KLN c6 kha nang tich luy sinh hoc rat 16n va khong thé phan huy sinh hoc. Sy tich tu
KLN trong tram tich c6 thé giai phong vao trong méi truong nude giy ra rii ro nghiém trong
dbi v6i hé sinh thai dudi nude [1]. KLN c6 thé tich luy théng qua chudi thirc dn ciing giy ra
nhung rui ro nghlem trong dbi véi strc khoe con ngu'orl [2]. P4 c6 rat nhiéu cong trinh nghlen
ctru vé KLN trong tram tich séng, cira song, cua bién & Vlet Nam ciing nhu cac nudc trén thé
gidi cho thay kha ning tich tu KLN trong trdm tich 1a rt 16n, 16n hon rat nhiéu so vdi trong
nudc. Thai Nguyén 1a mot khu vuc c¢6 nhidu moé khoang san va cac khu cong nghlep, cac
hoat dong nay c6 thé phat tan mot lugng 16n KLN gay ra 6 nhlem moi truong. Trong sO cac
KLN thi Cu va Zn 1a hai kim loai ¢6 nhiéu tmg dung trong thuc té nén kha ning phat tan ra
moi trudng 1a rat 16n, tuy day 1a hai kim loai can thiét ddi v6i co thé con ngudi va sinh vat
nhung khi ham lugng vuot qua ngudng cho phép thi lai 1a tdc nhan doc hai gdy noén mua,
thdm chi tir vong néu ngd doc Cu [3] hogc ton thuong thn, lich hay hé than kinh khi ham
lugng Zn qué cao [4], Dbi véi tram tich song Cau thudc tinh Thai Nguyén chiing toi cung da
cong bd cac két qua nghién ciru vé phan tich dang lién két ddi véi Cu va Zn trong mot sO cot
tram tich, tuy nhién, viéc danh gia cac mirc d6 6 nhidm cua Cu va Zn trong tram tich bé mat
con chua duge nghién ctru day du va chi tiét [5]. Do d6, nghién ciru nay tip trung vao viéc
danh gia cac mirc d6 6 nhiém ciia Cu va Zn trong cac mau trim tich bé mat, mau dugc thu
thap tai song Cau - doan chay qua thanh phd Thai Nguyén. Viéc danh gia 6 nhim KLN c6
thé dua vao ham luorng kim loai téng theo tiéu chuan chat lu'(mg tram tich QCVN 2012 [6],
chi s6 tich luy dia chét (Igeo), hé sb lam giau (EF) [7]; con d6i véi harn lugng cac dang lién
két thi mic do 6 nhiém kim loal c6 thé danh gia dua vao cac thong sb nhu mirc d6 rui ro ddi
v6i hé sinh thai (%RAC), hé s6 6 nhidm ca nhan (ICF) [8].
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2. PHUONG PHAP NGHIEN CUU
2.1. Thuc nghiém
2.1.1. Thu thdp mdu
Céc‘mﬁu tram tich duoc léy b%}ng thiét bi chuyér~1 dung, c6 d¢ sau tu 0 - 29 cm tairlu'u vuc
song Cau doan chay qua thanh pho Thai Nguyén. Mau sau khi dugc thu thap, tién hanh say kho &
100 °C, nghién min bing cé~i it va ry dé duoc kich thudc hat nho hon 0,16 mm dong thoi loai
bo cat, séi. Vi tri thu thdp mau dugc the trong hinh 1.
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Hinh 1. Bdn do vi tri ldy mau.
2.1.2. Xir Iy mau

2.1.2.1. Xur ly mau xé4c dinh ham luong kim loai téng

bé x4c dinh ham luong kim loai téng cling nhu ham lugng kim loai trong dang cédn du, cac
mAu trdm tich dugc phan hiy bang nudc cudng thuy (ty 16 HNOS/HCI 14 1:3) va v6 co hdéa miu
bang hé 10 vi séng dua theo phuong phap EPA Hoa Ky 3051A [9]. Can 0,5 g mau trim tich kho
cho vao binh Teflon, cho thém 10 ml hdn hop cuodng thiy, giit & nhiét do phong tir 2-3 gio, sau dé
dong ndp, dua binh Teflon vao hé 10 vi song pha mau & nhiét d6 160 °C, thoi gian pha mau 50
phut. Sau d6 dé ngudi tu nhién, dudi axit du va ¢6 vé mudi 4m rdi dinh mirc bang HNO; 1% dén
25 ml, loc 1éy dung dich chira kim loai can xac dinh. Mau tréng duoc xur ly twong tu nhu mau
thuc nhung thay 0,5 gam mau bang 0,5 mL nudc cit. Cac mau duge xtr Iy lap lai 3 1an. Ham
lwong cac kim loai dugce xac dinh bang hé thiét bj phan tich khdi phd cam tng plasma ICP-MS
Nexion 2000 ctia hdng Perkin Elmer theo method EPA6020b [10].
2.1.2.2. Quy trinh chiét tudn tu xac dinh ham luong cac dang lién két

Céc dang lién két cua kim loai dugc chiét ra theo quy trinh chiét tun ty cua BCR di duoc sira
ddi trén tram tich va mau bun thai [11] va cua Tessier da duoc cai tién [12], trong d6, dang trao doi
(F1) va dang lién két vi cacbonat (F2) dugc gop lai thanh mot dang lién két (F1,2). Quy trinh
chiét dugc thé hién trong bang 1.

74 Pham Thi Thu Ha, “Pdnh gid é nhiém Cu va Zn trong tram tich ... Thanh pho Thdi Nguyén.”



Nghién ctru khoa hoc cong nghé

Bing 1. Quy trinh chiét cac dang lién két ciia kim loai.

Dang lién két Piéu kié¢n chiét (1 gam miu)

Dang trao d6i va lién két vdi| 20 mL CH3COOH 0,11M (pH = 2,85), lic lién tuc trong 16 gio, t°
cacbonat (F1,2) phong

Lién két véi Fe-Mn oxit (F3) | 20 ml NH,OH.HCI 0,4M trong CH;COOH 25%, & 95 °C l4c lién

tuc 5 gio,

Lién két véi hitu co (F4) 10 ml CH3;COONH, 3,2M trong HNO; 20%, lic 30 phat, t°C
phong

Céan du (F5) Nudc cuong thiuy

2.2. Phwong phap danh gia mirc dd 6 nhiém trim tich
2.2.1. Chi sé tich ity dia chdt (Igeo)

_ Chi s6 tich Ifiy dia chat (Igeo) do Miiller d& xuat nam 1969 [13] dé dénh gi4 mirc do 6 nhiém
tram tich day. Phuong trinh dugc str dung dé tinh toan Igeo la:

o = 052 (25) g

Trong d6, C, 12 ham lwong kim loai trong mau tram tich, B, 1a ham luong nén dia hod cua
kim loai trong vo6 Trai dat [15] hay trong da phlen sét. 1,5 1a h¢ s6 bu cho ham luong nén do
nhiing bién ddi vé thach hoc trong tram tich. Néu gid tri chi s tich liiy dia chit: Igeo < 0 —
Khong bi 6 nhiém; 0 < Igeo<1— O nhiém nhe; 1 <Igeo <2 — O nhiém trung binh; 2 < Igeo <3
— O nhiém trung binh dén ning; 3 <Igeo <4 —Bi 6 nhlem ning; 4 < Igeo < 5 — O nhiém ning
dén 6 nhidm rat nghiém trong; va 5 < Igeo — O nhidm rat nghiém trong [13].

2.2.2. Hé 56 lam giau (EF)

Hé s6 lam giau (EF) 1a mot cong cu gitip danh gia tac dong cua con nguoi dbi voi moi truong
[14]. EF dugc xac dinh dya trén sy chuan hoa ndng do ciia mot nguyén t6 ma do nhidm ban cua
n6 dugc danh gia dua trén nong d6 ctia mot kim loai tham chiéu, day 1a kim loai ¢ kha nang
bién thién thap trong vo trai dat. Cac kim loai duoc tham chiéu 1a nhém, canxi, sit, mangan va
titan. Tuy nhién, duoc sir dung nhiéu nhat 1a mangan, nhém va sat [16]. Cong thic tinh EF nhu

sau [7]:
[c2]
Cyl_»
EF = —— 2 miu__ @)
[c2]
Cm
Trong do, (Cn/Cy) 1a ty sb giita ndng d6 nguyén t6 n (C,) va nong do kim loai tham chiéu
(Cw) trong miu dung dé nghién ctru va trong vo trai dat. Cac ham luong dugc tinh theo don vi
mg/kg (trong lugng kho). Vi tram tich tir cac s6ng, ho rat giau ham luong Fe, nén Fe thuong
dugc chon la nguyén t6 tham chiéu dung dé tinh gia tri cac EF cua kim loai trong tram tich. Hé
s6 1am giau c6 5 muc: EF <2 — Muc do lam giau bang khéng; 2 < EF < 5 — Muc d¢ lam trung
binh; 5 <EF <20 - Murc d6 lam giau dang k&; 20 < EF <40 — Muc d6 lam giau cao; EF > 40 —
Mt do lam giau rat cao [7].
2.2.3. Chi s6 dénh gid mirc d¢ riii ro (%RAC)
Chi s6 danh gid mirc do rii ro (%RAC) ding dé danh gid kha nang gidi phong kim loai vao
nudc tir trong tram tich [1?]. Chi s6 nay dugc xac dinh dya vao hai dang lién két tuong doi yeéu
voi tram tich (dang trao doi va dang lién két voi cachbonat), day 1a hai dang dé giai phong vao

vo trai dat
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nude gy 6 nhidém moi trudng. Chi sé %RAC duoc tinh theo cong thire:
. %RAC = %F1 + %F2 ’ (3)

%F1 la phan tram cua dang trao d6i, %F2 la phan tram cua dang lién két voi cacbonat. Mirc
d6 rui ro duogc coi la thép khi %RAC < 10, mutc trung binh khi 10 < %RAC < 30, mtrc cao khi 30
< %RAC < 50 va mirc rat cao khi %RAC > 50 [8].
2.2.4. Hé 56 6 nhiém cd nhén (ICF)

Hé s6 6 nhiém ca nhan (ICF) duoc xac dinh dya trén ty s6 cua n(‘A)ng d6 dang lién két khong
phai can du véi dang can du [8]. Do do, ICF dugc tinh theo cong thuc:

F14+F24+F3+F4

ICF =———— (4)

Trong d6, F1 1a dang trao d6i, F2 1a dang lién két véi cacbonat, F3 1 dang lién két véi sat -
mangan oxi hydroxit, F4 1a dang lién két v6i hiru co va F5 la dang can du. Mirc do 6 nhidm thip
néu ICF < 1, 6 nhiém trung binh néu 1 < ICF < 3, 6 nhiém cao tmg véi 3 < ICF < 6 va 6 nhiém
rat cao ng v6i ICF > 6 [8].

3. KET QUA VA THAO LUAN

3.1. Két qua phén tich ham lwong tong va dang lién két ciia Cu va Zn trong trim tich bé
mit song Cau — Thanh pho Thai Nguyén

Két qua phan tich ham luong kim loai tong thé hién trong hinh 2, ham lugng Cu nam trong
khodng tir 34,42 mg/kg dén 68,02 mg/kg véi gia tri trung binh 13 51,81 mg/kg va ham luong Zn
trong khoang 211,15 - 447,40 mg/kg voi gia tri trung binh la 311,24 mg/kg (hinh 2a va 2b). Ham
lugong tong ctia kim loai Cu va Zn trong tram tich bé mat song Cau twong duong so voi mau tram
tich bé mit cua song Nhué va song Pay [12], song Sai Gon nhung thdp hon so v6i mot sé mau
tram tich thudc nhur kénh Nhiéu Loc — Thi Nghé [18]. Su phan phé ham luong Cu kha dong déu &
cac vi tri léy mau, con ham luwgng Zn thi tai vi tri S1 va S6 1a cao hon ca, diéu nay thé hién ham
lwong Zn tai vi tri S1 va S6 dé bi anh hudng boi hoat dong cua con ngudi gy ra nhidu hon so
v6i cac vi tri khac. Két qua nay c6 thé 1a do vi tri S1 gan cau Gia Bay day 1a noi chiu danh huong
boi cac ngudn thai ra tir cac khu khai thac khoang san, nha may gidy Hoang Vin Thu va khu
cong nghiép Son Cam, dong thoi day 1a noi c6 mat dé dan cu déng duc nén nude thai sinh hoat
clia ngudi dan ciing gop phan anh huéng dén ham luong kim loai trong tram tich; con vi tri S6
ciing 1a khu vuc hop luu ctia ngoi Trai Bau v6i song Cau, ngdi Trai Bau 1a noi tiép nhan ngudn
thai ctia khu cong nghiép Gang — Thép, nha may luyén kim mau va nudc thai sinh hoat cta
ngudi dan; Vi vay, 02 vi tri nay c¢6 ham lugng Cu va Zn la cao hon so véi cac vi tri khac.
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Hinh 2. () Ham heong kim logi tong ciia Cu va Zn trong tram tich bé mdt theo tirng vi tri ldy mau;
(b) khodng ham luong cia Cu va Zn trong tram tich bé mat song Cau — Thanh pho Thai Nguyén.
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Hinh 3. Ham lirong cdc dang lién két ciia Cu (a) va Zn (b) trong tram tich bé mat.

Dbi voi két qua phan tich ham luong dang lién két cua Cu va Zn duogc thé hién trong hinh 3
cho théy Cu va Zn déu ton tai & dang can du > dang F3 > dang F1,2 > dang F4. Cy thé @i voi
nguyén té Cu (hinh 3a), dang cin du chiém tir 70,37% dén 82,75%, dang F3 chiém khoang
7,88% — 14,22%, dang F1,2 chiém 6,80% — 12,19% va dang F4 chiém khoang 2,57% — 5,07%.
Dbi véi kém (hinh 3b), dang cin du chiém tir 71,87% dén 87,18%, dang F3 chiém khoang 7,17%
— 14,53%, dang F1,2 chiém 4,16% — 12,15% va dang F4 chiém khoang 1,23% — 1,59%. Nhin
chung dang F5 thuong chiém phﬁn 16n hay céc kim loai thudong tdn tai chu yéu ¢ dang can du,
két qua nay twong tu nhu ddi voi tram tich song Nhué va séng Pay [12], H6 Tri An [19], tuy
nhién, cac dang khac con tuy thudc vao dic tinh ciia timg khu vuc nghién ctru, nhu trong tram
tich Song Nhué va song Péy thi dang F4 cta Cu va Zn lai kha 16n so voi tram tich song Cau, két
qua nay 1 do trong tram tich song Nhué va Pay c6 ham luong chét hitu co va mun cao. Ngoai
dang F3 thi dang F1,2 ctia ca Cu va Zn trong tram tich song Cau déu chiém phan trim dang ké,
diéu nay c6 thé 1a do tram tich luu vuc song Céu ¢6 phz‘m tram cat 16n dan toi dang F4 1a rat nho
nén ngoai dang chinh F5 thi Cu, Zn ¢ thé chuyen d6i qua 2 dang F1,2 va F3, tuy nhién, dang F3
16n hon vi ham lugng sit — mangan oxit trong trim tich thuong rat 16n nén kha ning hap phu kim
loai 1én bé mat 1a cao. Dang F1,2 day la dang trao ddi va dang lién két v&i cacbonat, cac dang
nay dé bi hoa tan va giai phong vao nudc tir tram tich khi lyc ion va pH cia nudc thay doi giy
nén 6 nhiém moi truong.

3.2. Mitc d9 6 nhiém Cu va Zn trong trim tich bé mit song Cau — Thanh pho Thai Nguyén
3.2.1. Bdnh gid mirc dg 6 nhiém theo ham hrong kim logi tong (Igeo, EF, QCVN 2012)

Dé danh gia hién trang muac d6 6 nhiém cta Cu va Zn trong tram tich theo ham luong kim
loai tong, tir két qua phan tich thu duoc & trén chi sd tich luy dia chat (Igeo) va hé s6 lam giau
(EF) duoc tinh toan cho hai kim loai Cu va Zn ¢ 8 vi tri ldy mau, voi gia tri nén Bn ciia Cu va Zn
lan luot 1a 55 mg/kg va 70 mg/kg theo Hamilton [15], trung binh ham luong Fe trong vo trai dat
la 47200 mg/kg [14], ham lugng Fe trong mau trim tich dugc thé hién trong bang 2. Gia trj Igeo
va EF ciia Cu va Zn dugc thé hién trong hinh 4.

Duya vao phan loai mirc do 6 nhiém va d6 thi hinh 4(a) cho thay cac gia tri I cua Cu & tat ca
cac vi tri 1y mau tir S1 dén S8 déu cho két qua &m hay Cu trong tram tich bé mét thuge khu vue
nghién ctru khong bi 6 nhiém, con cac gia tri Igeo cia Zn & tat ca cac vi tri 1dy mau thuong nim
trong khodng 1 < lgeo.zn < 2 hay mitc 6 nhiém ctia Zn & muc trung binh trir vi tri 56 co gia tri Igeo
1a 2,09 trén murc trung binh nhung khong dang ké. Ddi v6i danh gia theo hé s6 1am giau thi gia
tri EF cta Cu nam trong khoang tir 5 < EF < 20 (trir vi tri S4 c6 EF<5), gia tri EF ctia Zn nim
trong khodng 20 < EF < 40 di v6i céc vi tri S2, S4 va S8 con céc vi tri khac déu 16n hon 40, nhu
vay mirc do 1am gidu dong 1a dang ké con mirc d6 1am gidu Zn tir cao dén rat cao.
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Bing 2. Ham liong Fe trong cdc mau tram tich.
Vi tri mau S1 S2 S3 S4 S5 S6 S7 S8
Fe (mg/kg) 3344 5094 3869 5956 3633 3641 4327 6210
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Hinh 4. Gid tri Igeo (a); EF (b) ciia Cu va Zn trong tram tich bé mdt séng Cau — Thai Nguyén.

Theo tiéu chuan QCVN 2012 thi gi6i han cho phep d6i voi Cu va Zn lan lugt 1a 197 mg/kg;
315 mg/kg [6] thi Cu trong tat ca cac miu nghién ctru déu nho hon gidi han bi 6 nhiém hay
khong 6 nhiém dong, con dbi voi Zn thi chi ¢6 3 vi tri S1, S6 va S7 ¢6 ham lugng Zn vuot qua
gi¢i han cho phép hay 3 vi tri nay bi 6 nhiém kém.

3.2.2. Bdnh gid mirc do 6 nhiém theo ham hrong dang lién két cia kim logi tong (%RAC, ICF)
Viéc danh gia dya trén ham luong kim loai téng doi khi khong phan anh day da hién trang 6
nhiém cho nén can phai danh gia mic d6 anh huong cia cac kim loai dén moi truong thong qua
ham luong céc dang lién két. Mirc d6 rui ro d6i véi h@vsmh thai (%RAC) va hé so 6 nhiém ca
nhan (ICF) duogc tinh theo cong thirc (3), (4) thu dugc thé hién trong hinh 5.
(@ ®)

[0 Cu EE Zn
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S1 82 83

Hinh 5. Gia tri %RAC (), ICF (b) ciia Cu va Zn trong tram tich bé mdt séng Cau — Thai Nguyeén.

Két qua (hinh 5a) cho thdy %RAC ctia Zn hau hét 1a nho hon 10 trir vi tri S6 c6 %RAC la
12,15, do 6 mirc d6 rai ro d6i véi hé sinh thai ciia k&m 1a thap (trir vi tri S6 1a mic trung binh).
D6i v6i Cu thi %RAC tai cac vi tri S1 dén S4 va S8 trong khoang 10 < %RAC < 30 hay mirc do
rui ro la trung binh, con cac vi tri S5, S6 va S7 ¢c6 %RAC nho hon 10 nén & mirc rii ro thép. Murc
d6 6 nhi®m c4 nhan (ICF) cua ca Cu va Zn (hinh 5b) theo phan loai thi déu ¢ muc thip vi tai tat
ca cac vi tri ldy mau tir S1 dén S8 gid tri ICF < 1. Nhu vy, tuy mirc do 6 nhiém c4 nhén ciia Cu
va Zn déu thap vi Cu va Zn ton tai nhidu & dang cin du nhung ham luong dang trao d6i va dang
lién két véi cacbonat ctia Cu ciing chiém mot phin dang ké nén c6 mirc do rui ro ddi véi hé sinh
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Nghién ctru khoa hoc cong nghé

thai da s6 1a trung binh. Diéu nay khang dinh viéc danh gia 6 nhiém ciia kim loai trong tram tich
can dua trén nhicu chi so dé co the ket luan day du hon.

4. KET LUAN

Ham lugng kim loai téng va ham lugng dang lién két ctia Cu va Zn tai 8 vi tri léy mau trAm
tich bé mat thudc luu vuc song Cau — thanh phd Thai Nguyén da dwoc xac dinh dé danh gid mirc
do 6 nhiém.

Dbi vé6i kim loai Cu, theo QCVN 2012 va chi s6 Igeo (Igeo < 0) thi dong khong 6 nhidm,
hodc 6 nhidm thap theo gié tri ICF (ICF < 1) nhung c¢6 mirc d6 lam giau déng ké theo EF (5 < EF
< 20) va c6 mirc do rui ro ddi voi hé sinh thai da s trung binh (10 < %RAC < 30 trir vi tri S5
dén S7).

Déi v6i kim loai Zn, mirc d6 6 nhidm 1 trung binh theo chi sé Igeo (1 < lgeo-zn < 2) trir vi tri
S6 1a trén trung binh va murc d6 1am gidu cao dén rat cao (EF > 20) nhung muc d6 rii ro d6i véi
hé sinh thai da s 1a thip %RAC < 10 (trir vi tri S6) va mirc do 6 nhiém ca nhén ciing thap (ICF
< 1). Theo QCVN 2012 thi Zn bi 6 nhiém & 03 vi tri S1, S6 va S7.

Céc két qua danh gia 6 nhiém Cu va Zn s& cung cép dif liéu tham khao vé 6 nhiém KLN trong
tram tich b& mat song Cau — thanh pho Thai Nguyén.
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ABSTRACT
Assessment of Cu and Zn pollution in surface sediments of Song Cau — Thai Nguyen city

The level of heavy metals pollution on the aquatic environment depends not only on the
total metal concentration but also on the fractions of heavy metals in the sediments. In this
study, the level of contamination of Cu and Zn in surface sediments of Cau river - Thai
Nguyen city has been analyzed and assessed by the total metal concentration and the
fractions of these metals. Surface sediment samples were collected at 08 locations, the
results showed that, according to QCVN 2012, the Cu concentration didn 'z exceed the
pollution limit and the Zn concentration of 03 sampling locations (S1, S6, and S7)
exceeded the pollution limit. The geological accumulation index of Cu is Igeo -Cu < 0 and
that of Zn is about 1 < Igeo-Zn < 2 or copper is not polluted and zinc is moderately
polluted. The enrichment factors of Cu are in the range of 5 < EF < 20 while Zn has an
EF > 20 or the enrichment capacity of Zn is high and Cu is insignificant. The %RAC value
of Cu is in the range of 10 < %RAC < 30 and for Zn %RAC < 10 that means the risk
assessment code of Zn is low and that of Cu is moderate. Both of the individual
contamination factors of Cu and Zn are low (ICF < 1).

Keywords: Heavy metal; Surface sediments; Geoaccumulation index; Enrichment factors; Risk assessment code.
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