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TOM TAT

Nghién ctiu nay da tién hanh phén tich ham lugng kim loai nang Cu, Hg béing phuang phap quang phd ngudn plasma cdm ting cao tan két ndi khi phé (ICP-
MS) va danh gia rdi ro sinh thai ctia Cu, Hg trong tram tich song Hoang Long, tinh Ninh Binh. Mitc d6 6 nhiém kim loai ndng Cu va Hg trong cdc mau tram tich
dugc danh gia thong qua chi s6 mic dd 6 nhiém (Cy) va mdc d rdi ro sinh thai duoc dénh gid bang chi s ri ro sinh thai tiém an (RI). Két qua nghién ciu cho
thdy trong tat cd cdc mau déu phat hién su cd mat cla kim loai nang Cu va Hg véi ham lugng lan lugt 1a 18,210 - 25,314mg/kg va 0,125 - 0,204mg/kg. So sanh
vdi QCVN 43/2017/BTNMT cho thdy ham lugng kim loai ndng Cu va Hg trong cac mau déu khdng vugt ngudng cho phép theo quy chuan vé Chét lugng tram tich.
Tinh toan cdc gid tri hé s6 muic dd 6 nhiém (Cy) trong khoang 0,113 - 0,326 va chi s6 rdi ro sinh théi tiém an (RI) trong khoang 0,566 - 13,040 cho thay miic d6 6
nhiém, rdi ro sinh thdi thap cla Cu va Hg trong trdm tich song Hoang Long, tinh Ninh Binh.

Tirkhéa: Cu; Hg; trdm tich; rdi ro sinh thdi; sng Hoang Long.

ABSTRACT

This study analyzed the heavy metal content of Cu, Hg by inductively coupled plasma mass spectrometry (ICP-MS) and assessed the ecological risk of Cu, Hg
in the sediment of Hoang Long river, Ninh Binh province. The level of heavy metal pollution of Cu and Hg in the sediment samples was assessed through the
pollution level index (Cd) and the ecological risk level was assessed by the potential ecological risk index (RI). The results of the study showed that in all samples,
the presence of heavy metals Cu and Hg was detected with the content of 18.210 - 25.314mg/kg and 0.125 - 0.204mg/kg, respectively. Compared with QCVN
43/2017/BTNMT, the content of heavy metals Cu and Hg in the samples did not exceed the permissible threshold according to the standards on Sediment Quality.
(alculation of the pollution level coefficient (Cd) values in the range of 0.113 - 0.326 and the potential ecological risk index (RI) in the range of 0.566 - 13.040
shows the low pollution level and ecological risk of Cu and Hg in Hoang Long river sediments, Ninh Binh province.

Tir khéa: Cu; Hg; sediment; ecological risk; Hoang Long river.
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1.MGPAU

Song Hoang Long la con séng 1én, déng thai 1a mot
trong bén tuyén dudng thldy qudc gia trén dia ban tinh
Ninh Binh va la con dudng huyét mach dé xay dung, phat
trién kinh té& cia tinh Ninh Binh. Do nhiéu hoat déng clia
con ngudi nhu van tai dudng séng, xa nudc thai tur cac
nhanh séng ho nhod, hda chat néng nghiép, xa thai céong
nghiép..., hé sinh thai ven séng cé nguy ca bi anh hudng
b&i 6 nhiém kim loai nang truc tiép hoac gian tiép [1]. Hau
hét cac kim loai nang déu c6 déc tinh, tich tu & cac clra
séng, di vao mai trudng séng, do do hoa tan trong nudc
thap nén sé tich tu trong tram tich va tich tu trong céac
sinh vat s6ng, theo chudi thic an sé anh hudng nguy hai
dén stc khoe con ngudi [2]. Nong d6 kim loai nang trong
tram tich dugc coi la mét chi bao vé diéu kién moi truong
va tinh trang 6 nhiém trong hé sinh thai ven s6ng. Nong
dd clia ching trong tram tich s6ng tang tir thugng nguén
xuéng ha luu [3, 4].

O nhiém kim loai nang trong hé théng séng ngoi trén
thé gidi dugc dinh lugng bang cach st dung cac chi s6
déanh gia 6 nhiém [5]. Kim loai ndng c6 thé dugc chia thanh
hai nhdm chinh: kim loai thiét yéu va khéng thiét yéu. Mot
nhém cac nguyén t6 bao goém sat (Fe), mangan (Mn),
magié (Mg), coban (Co), kém (Zn), dong (Cu) la nhiing
nguyén td thiét yéu cho su phat trién va vong dai cda sinh
vat, nhung déc hai & néng dé cao. Kim loai nang clia nhom
thu hai bao gom chi (Pb), cadmium (Cd), thay kim loai thiét
yéu va khéng thiét yéungan (Hg), asen (As) doc hai ngay ca
3 néng dé thap, khong cé chiic nang sinh hoc trong qua
trinh trao d&i chat cda sinh vat thay sinh [6].

Mat khac, Cu va Hg trong tram tich c6 ham lugng vét
nén viéc nghién ctiu phuong phap phan tich hién dai, c6
d6 chinh xac cao, d6 nhay cao la rat can thiét. Tai tinh
Ninh Binh, chua c6 nhiéu nghién ctu vé tinh toan danh
gia cac chi s6 rdi ro sinh thai tiém an cda kim loai Cu, Hg
trong tram tich séng trén dia ban dé canh bao nguy co 6
nhiém va dinh hudng cac phuong phap bao vé moi
truong séng hé. Chinh vi vay nghién clu nay, da tién
hanh dé: 1) Xac nhan gia tri s dung ctia phuong phap
xac dinh ham lugng Cu, Hg trong tram tich bang phuong
phap ICP-MS; 2) Tinh toan céac chi s6 hé s6 muc dé 6
nhiém (Cy) va chi s8 rui ro sinh thai tiém an (RI) dé danh
gia muc dé 6 nhiém cua Cu, Hg trong tram tich clng nhu
danh gia rai ro sinh thai ctia ching déi véi méi trudng
nudc séng Hoang Long, tinh Ninh Binh.

2. THUC NGHIEM
2.1. Héa chat va thiét bi

Hoéa chat dugc st dung trong nghién ctru gém: axit

nitric dac (HNOs, 65%, d = 1,41g/cm?3) va nudc cat siéu
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sach Milli Q (d€ chuan bi mau tréng, mau chuin va mau
mai trudng). Dung dich chat chuan Hg 1000mg/L; Cu
1000mg/L cho ICP-MS, Merck, xuat xi My.

Thiét bi ICP-MS (iCAP- TQ thermo), khi Argon d6 tinh
khiét 99,999% (Messer); khi Heli do tinh khiét 99,999%
(Messer); khi Oxi d6 tinh khiét 99,999% (Messer) dugc st
dung dé€ phan tich ham lugng Cu, Hg.

2.2 L4y mau va bao quan

Mau tram tich dugc ldy tai 3 diém cha séng Hoang
Long (HL1: 20,3198°N, 105,9184°E; HL2: 20,3212°N,
105,9219°E; HL3: 20,3161°N, 105,9089°E) thudc tinh Ninh
Binh trong nam 2024. Phuong phap lay mau dugc thuc
hién theo Tiéu chuén Viét Nam TCVN 6663-15-2004 [13].

Mau tram tich mat sau khi dugc ldy ti dudi séng & do
sau 5 - 10cm, dugc cho vao tui zip nhua dung mau va dat
ngay vao thung x6p dung da bao quan lanh & 2 - 4°C. Khi
mang vé dén phong thi nghiém, mau tram tich dugc phaoi
khé trong khéng khi, noi bong ram sau dé nhit bé vat thé
la, nghién, sang t&i kich thudc 0,5 mm, lay mau dai dién
theo phuong phap dudng chéo.

Mau tram tich Phoi kho & didu

kién thuong
g S L2

Sang miu qua ray

—
Nghién

Lz‘iy mau dai dién theo
phuong phap duong chéo

Hinh 1. S d0 gia cong mau trdm tich
2.3. Phan hily mau

XU ly mau bang ky thuat vi séng theo hudng dan cda
Tiéu chuin Viét Nam TCVN 6649-2000 (Chat lugng dat -
Chiét cac nguyén t6 vét tan trong nudc cudng thay) s
dung axit HNOs va HCI [14]. Can chinh xac khoang 0,300g
mau trén can phan tich cho vao 6ng teflon sach, Thém 8
mL dung dich hén hgp cudng thay vao éng Teflon day
kin d€ qua 1 dém. Pua 6ng teflon chiia mau vao 10 vi séng
pha mau. Mau dugc pha theo chudn EPA 3051A (180°C;
ramp: 5,5min; hold: 4,5min). Sau khi pha mau xong,
chuyén hét hén hgp thu dugc qua binh dinh muc dung
tich 50mL va dinh muic dén vach. Loc hén hgp qua giady
loc Cellulose thu dugc dich loc, mau dung dich loc xong
sé chuyén vao 6ng falcon 45mL, danh sé thu tu cac mau
va mang phan tich trén thiét bi ICP-MS.
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Phan tich mau trén ICP-MS: Cac thong s6 diéu kién do
trén ICP-MS: c6ng sudt cao tan ~ 1550W; téc d6 khi mang
~ 0,9L/min; t6c d6 khi phu trg ~ 0,3L/min; nhiét do
khoang phun: 2°C; té¢ d6 bom nhu déng: 0,1r/s.

2.4. Xac nhan gia tri si dung ctia phuong phap xac
dinh ham lugng Cu, Hg trong tram tich bang ICP-MS

Xdy dung dudng chudn: Xay dung dudng chuén cda
hén hgp céc kim loai dugc pha tir dung dich chuén géc:

Xay dung dudng chuan cta Cu trong khodng néng
do tur 10 - 200ug/L;

Xay dung dudng chuan ctia Hg trong mau vai
khoadng nong do tir0 - 15ug/L.

Bdnh gid LOD, LOQ, dé Ip, dé tdi Idp, @6 thu héi cia
madu phdn tich: S& dung mau trdng, mau lap, mau thém
chuéan dé danh gia LOD, LOQ, d¢ lap, do tai lap, do thu hoi
cUia mau phan tich.

2.5. Phuong phap danh gia nguy ca riii ro sinh thai

Dé danh gia rui ro sinh thai tiém nang trudc tién can
thuc hién danh gia muc d6 6 nhiém cta Cu va Hg trong
tram tich theo chi sé muc dé 6 nhiém (Cq) nhu sau:

Ci=gh  Ca=XioiCh

f_a'
Trong do6:
C!- Ham lugng kim loai ndng thi i do dugc trong trdm

tich (mg/kg).

Ci - Ham lugng tham chiéu ctia kim loai ndng trong
QCVN 08:2023/BTNMT [10].

Cl-Yéu t6 6 nhiém clia tiing kim loai ning.

Daénh gid rai ro sinh thai tiém nang (RI) dugc nha khoa
hoc Hakanson (Thuy Dién) dé ra [9]. Chi s6 rai ro sinh thai
tiém nang (RI) dugc danh gia dua vao néng do6 cua cac
kim loai nang trong nuéc mat theo cong thuc:

RI=YML,El ; El=CLTi

Trong d6:

EL-Yé&u t6 rdi ro sinh thai cla tiing kim loai nang.

T, - Hé s6 doc tinh ctia kim loai nang. Theo nghién ctu
clia Hakanson, hé s6 déc tinh T, cGia kim loai nang Cula 5
va clia Hg la 40 [8].

Thang danh gia mdc d6 6 nhiém va rdi ro sinh thai
theo cac dai lugng dugc chia nhu sau:

EL < 40; RI <110 : Rui ro sinh thai thap

40 < EL <80; 110 < RI < 220; Rui ro sinh théi via
phai

80 < El <160; 220 <RI < 440;Rui ro sinh thai
dang quan tam

Vol. 61 - No. 5B (May 2025)

160 < El < 320; RI > 440; Rui ro sinh théi rat cao

EL > 320; Ruiro sinh thai rat cao
3. KET QUA VA THAO LUAN
3.1.Két qua xac nhan gia tri st dung ctia phuong phap
xac dinh ham lugng Cu, Hg trong tram tich bang ICP-
MS

Két qua xay dung dudng chuan clia Cu va Hg dugc thé
hién qua hinh 2. K&t qua cho thdy dudng chuan ctia Cuva
Hg thé hién do tuyén tinh cao, hé s6 héi quy tuyén tinh
(R?) dat trén 0,999 dat yéu cau theo AOAC; khoang tuyén
tinh cia Cu la 10 - 200ug/L; khodng tuyén tinh clia Hg la
0-15ug/L.

Phuong trinh dudng chuén cda Cu: y = 26384,0752x +
188918,2932; R?=0,9961.

Phuong trinh dudng chuan ctia Hg: y = 28242,3866x -
1250,3882; R? = 0,9996.

Trong dé: y la gia tri do dugc trén thiét bi ICP-MS; x la
nong do dung dich tuong (ing ctia chat phan tich (ug/L).

63Cu (S-SQ-KED)

5

3

Intensity [cps] (10%6)

2
1

0 -
0 50 100 150 200
Concentration [ppb]

f(x) = 26384.0752*x + 188918.2932

R2 = 0.9961
a) Dudng chudn cta Cu
202Hg (S-SQ-KED)
500
400 -
1:- 300 | £
=
@ 200
100 |
0 5 10 15

Concentration [ppb]

f(x) = 28242.3866*x + -1250.3882
R2 = 0.9996

b) Dutng chudn cta Hg
Hinh 2. Duding chudn ctia kim loai Cu va Hg trén thiét bi ICP-MS
Gi6i han phat hién (LOD) ctia Cu, Hg déu la
0,0047ug/kg; gidi han dinh lugng (LOQ) cla Cu, Hg la
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0,0167ug/kg; Két qua do do lap va do tai lap cho thay do
léch chudn tuong d6i (RSD%) clia d6 ap va do tai lap ddi
vGi Cu tuong Ung la 0,773% va 1,21%; doi véi Hg dat
1,49% va 2,79%, cac gia tri nay déu dap ung tiéu chuan
cla AOAC. Nhu vay, d6 lap va dé tai ldp clia phuong phap
déu dat yéu cau.

D6 thu hoi ctia phuong phéap & 3 mic néng do6 thap,
trung binh, cao cho thay hiéu suat thu héi ctia Cu dat 98,9
- 101% va cla Hg dat 96,2 - 99,28%. K&t qua cho thay do
thu héi ctia phuong phap dat yéu cau theo AOAC.

3.2. Két qua ham lugng Cu va Hg trong tram tich séng
Hoang Long

Két qua phan tich kim loai Cu va Hg trong mau tram
tich sébng Hoang Long cho thay, thdy ham lugng Cu dao
dong trong khoang 22,3 + 3,67mg/kg va ham lugng Hg
dao dong trong khoang 0,163 + 0,040mg/kg. TU cac két
qua ¢6 dugc sau khi phan tich mau tram tich cho thay
ham lugng Cu cao han nhiéu so véi ham lugng Hg, ham
lugng cta Cu va Hg déu dat yéu cau vé chat lugng tram
tich theo QCVN 43/2017/BTNMT véi gia tri ham lugng Cu
cho phép la 22,3mg/kg, thap hon 8,8 lan (theo QCVN
43/2017/BTNMT la 197mg/kg [9]) va gia tri ham lugng Hg
cho phép la 0,163mg/kg, thap hon 3 lan (theo QCVN
43/2017/BTNMT la 0,5mg/kg [9]) (hinh 3).

a)Cu
QCVN 43/ e e By
2017/BTNMT T
2 HL3 E
£ !
Z Ho NN
E 1
S HU BN
| . |
0 50 100 150 200
Ham lwgng Cu (mg/kg)
b) Hg
QCVN 43/ |
2017/BTNMT
HL3
H2 SRRSE
HL1
| : ;
0.00 0.20 0.40 0.60

Ham lwong Hg (mg/kg)

Hinh 3. So sanh ham lugng kim loai Cu va Hg trong mau tram tich song
Hoang Long va QCVN 43/2017/BTNMT

So sanh ham lugng kim loai nang giira khu vuc nghién
ctru véi gigi han ham lugng Cu, Hg trong tram tich séng &
Viét Nam va trén thé gidi cho thdy ham lugng kim loai
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nang Cu va Hg trong tram tich sébng Hoang Long & tinh
Ninh Binh c6 ham lugng thap hon va khong vi pham gidi
han ham lugng cla hai kim loai nay trong tram tich néu
so véi gia tri quy dinh & Hoa Ky, Canada (bang 1).

Bang 1. Ham lugng kim loai nang Cu, Hg ctia trdm tich séng Hoang Long
50 v6i gidi han ham lugng kim loai trong tram tich quy dinh 6 Viét Nam va trén
thé gidi

Ham lugng (mg/kg)
Dia diém Tai liéu tham khao
Cu Hg
Song Hoang Long 223 0,163 Nghién ctiu nay
Viét Nam 197 0,5 9]
Hoa Ky 28 0.2 ]
(anada 35,7 0,17 [12]

3.3. Panh gia mdic d6 rai ro cia Cu va Hg déi véi hé
sinh thai tram tich séng Hoang Long

K&t qua tinh toan hé sé muc dé 6 nhiém (Cq) clia kim
loai nang Cu va Hg trong tram tich séng Hoang Long
c6 gia tri 1a 0,4392. Déi chiéu gia tri Cq trong thang
danh gia muic d6 6 nhiém kim loai cho thdy muc d6 6
nhiém kim loai nang Cu va Hg trong cadc mau tram tich
sOng c6 gia tri Cy nam trong khoang Cq < 8 nén muic do
6 nhiém ctia 2 kim loai Cu va Hg & sobng Hoang Long
cta Ninh Binh la thap.

Sau khi danh gia mdc dé 6 nhiém ctia kim loai ndng Cu
va Hg, tinh todn hé sé rui ro sinh théi tiém an (E/) va chi
sO rdi ro (RI) ctia kim loai ndng Cu va Hg trong tram tich
tai sdbng Hoang Long, két qua tinh toan thé hién & bang 2.

Bang 2. Hé sd muic d6 6 nhiém clia kim loai Cu va Hg trong tram tich song
Hoang Long

ci ci Ci Hés6:m’fcd@ EL RI
0 nhiém kim
loai (Cy)
Cu| Hg |Cu|Hg| Cu | Hg G= C(u | Hg
n=1Ci
22,310,163(1970,5/0,113 {0,326 0,439 0,566 | 13,04| 13,606

K&t qua tinh chi s6 rdi ro sinh thai tiém an (RI) ctia kim
loai ndng Cu va Hg trong tram tich séng Hoang Long &
Ninh Binh c6 gia tri la 13,606. D&i chiéu véi gia tri danh gia
rai ro sinh thai tiém an (RI) nhan thay chi sé rai ro sinh thai
tiém an Rl cla mau tram tich séng trong nghién nay nam
trong khodng (E/' < 45; RI < 150), diéu d6 cho thay mic
dd rai ro sinh thai thap tai tram tich séng Hoang Long
tuong doi thap. Tuy nhién, s6 lugng mau ctia nghién cdu
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van con it, nén van can phai c6 cac nghién clu véi s6
lugng mau I6n han va véi nhiéu kim loai han dé cé nhiing
két qua danh gia dong bo, va van can c6 nhing bién phap
nham gidm thiéu cac kim loai ndng nhu Cu, Hg béi tinh
doc cao ca ching dén hé sinh thai.
4.KET LUAN

Nghién ctu da xac nhan dugc gia tri st dung clia
phuong phap phan tich lugng Cu, Hg trong tram tich
trén thiét bi ICP-MS véi do tuyén tinh tot, do lap va do
tai lap tot, d6 thu hoi cao. Phan tich tram tich séng
Hoang Long, tinh Ninh Binh cho thay kim loai ndng Cu
¢6 ham lugng trong khodng 22,3 + 3,67mg/kg va ham
lugng Hg dao déng trong khodng 0,163 + 0,040mg/kg,
cac gia tri nay khong vugt nguéng cho phép ciia QCVN
43/2017/BTNMT. Mtic d6 6 nhiém va rui ro sinh thai ctia
kim loai nang Cu va Hg trong tram tich song Hoang Long
déu & muc thap véi hé sé mic dé 6 nhiém (Cq) trong
khodng 0,113 - 0,326 va chi s8 rui ro sinh thai tiém &n (RI)
trong khoang 0,566 - 13,040. Kim loai nang Cu va Hg
trong cac mau tram tich nay khéng gay anh nhiéu dén
hé sinh thai cing nhu moi trudng séng cla cac loai
dong thuc vat dudi nudc. Tuy nhién day mdéi chi la
nghién cru budc dau vi trong nghién clru nay con han
ché vé sé lugng mau tram tich cing nhu s6 lugng cac
kim loai phan tich, chua dé cap dén cac yéu to rui ro sinh
thai tir cac tac dong khac, do d6 can nhing nghién ctu
v6i s6 lugng mau nhiéu han va nhiéu kim loai nang hon,
phan tich cac tac dong clia cac yéu té khac mot cach
déng bo dé danh gia téng thé vé muc d6 6 nhiém kim
loai nang trong tram tich.
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