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The metal speciation analysis in the soil is essential to assess
contamination and environmental risk pollution of lead in the mining
areas. This study applied Tessier’s sequential extraction procedure to
investigate lead (Pb) speciation in tailing soil samples in the Hich
village lead/zinc mining area in Dong Hy district, Thai Nguyen
province. The results showed that Pb existed mainly in carbonate (F2)
phases and minimally in the organic bonds (F4). Besides, it also
presented in the fractions of Fe-Mn oxi-hydroxide (F3), exchange
(F1), and residue (F5). According to the risk assessment index (RAC)
and the national technical regulation on soil quality (QCVN 03-
MT:2015/BTNMT), the pollution levels of Pb in tailing soil samples
in the lead/zinc mining area were at a high level and very high risk of
pollution.
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Viéc phan tich dang hoa hoc cua cac kim loai chi la can thiét &é danh
gia chinh xac muc do 6 nhiém va nguy co giy 6 nhiém téi moi
trudng xung quanh caa Pb trong dét bai thai & vuc khai thac khoang
san. Nghién ctu nay &p dung quy trinh chiét Tessier dé xac dinh cac
dang kim loai cua chi (Pb) trong cac mau dat bai thai & khu vuc mo
chi/kém lang Hich, huyén Pdng Hy, tinh Thai Nguyén bang phuong
phap ICP-MS. Két qua cho thiy, Pb ton tai chu yéu & dang cacbonat
(F2) va it nhit ¢ dang lién két hiru co (F4), ngoai ra con tim thiy &
dang lién két v6i Fe-Mn oxihydroxide (F3); dang trao déi (F1) va
dang can du (F5). Thong qua chi sb tich luy dia chét (lgeo), chi s6
danh gi4 rai ro (RAC) va quy chuan ky thuat qudc gia vé chat lugng
dat (QCVN 03-MT: 2015/BTNMT) di danh gia duoc ham lwong Pb
trong cac mau dit & khu vuc bai thai caa mo chi/kém & mic do 6
nhiém cao va muc dé rai ro méi trudng rit cao.
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1. Mé dau

Khai théc quang Ia mot trong nhiing nguyén nhan gay 6 nhiém kim loai nghiém trong ddi voi
moi truong [1]. Cac hoat dong khai thac quing tao ra cac chat thai gay ra nhiing tac dong nghiém
trong c6 hai dén céc hé sinh thai dudi nuwdc va trén can [2]. Trong hau hét cac hoat dong khai
thac, nhing chat thai nay bi bo lai ma khong 6 sy quan ly thich hgp. Kim loai nang tich luy
trong dat xung quanh cac bai thai da gay ra méi lo ngai va rai ro nghiém trong tgi sic khoe con
ngudi song ¢ khu vuc nay [3], [4].

Mac du nong do tong so cua kim loai trong dat c6 thé cung cap thong tin co gié tri vé mic do
6 nhidm téng thé, nhiéu nghién ctru da két luan rang tong ndng do kim loai 1a mot thude do chua
day du vé tac dong téi moi trudng cua dat bi 6 nhidm [5], [6]. Cac tic dong va anh hudng cia cac
kim loai t6i méi trudong phu thudc nhiéu vao céc dang hda hoc cu thé va trang thai lién két cua
chang [7]. C6 nhiéu cong trinh nghién ciru phan tich dang kim loai cua cac kim loai nang trong
dat bang céac quy trinh chiét lién tuc & cac khu vyc khai thac quing dé danh gia muc do 6 nhiém
cua chung trong dat [8], [9]. Kim loai Pb dwoc coi 1a mét trong nhiing nguyén t6 doc hai nhat
trong moi truong [10]. Chi ¢6 thé gy hai cho hé than kinh trung uong, than, hé théng tao mau,
hé xwong va hé théng mién dich [11]. Céc chi s6 danh gia mirc do 6 nhiém moéi trudng nhur chi s6
tich luy dia chat (Igeo), chi s6 danh gia murc d6 rui ro (RAC) di dugc nhiéu nghién ctu sir dung
dé danh giac murc d6 va rai ro & nhiém moi trudng cua kim loai nang trong dat [12]-[15].

Tai Thai Nguyeén, viéc khai thac quang ¢ mo Pb/Zn lang Hich (huyén DPong Hy) la tac nhan
khong nho gay 6 nhiém moi trudng va anh hudng toi cude sdng ciing nhu sic khoé cua nguoi
dan xung quanh khu vgc mo.

Bai bao nay duogc thuc hién véi muyc tiéu 1a (1) phan tich ham lugng tong s6 va phan tich dang
hoa hoc cua kim loai Pb bang quy trinh chiét Tessier cai tién trong cac mau dat sau khai thac ¢
khu vyc mo Pb/Zn lang Hich, huyén Dong Hy, tinh Thai Nguyén bang phuong phap ICP- MS; (2)
trén co s¢ d6 danh gia muc do 0 nhiém va murc d6 rai ro méi truong cua Pb trong cac mau dat
phan tich dua trén cac thong s6 danh gia méi trudng (Igeo va RAC).

2. Thuc nghiém
2.1. Mdu phan tich

Céc mau dat duoc liy ¢ dap bai thai (& do sdu 0-40 cm) cua mé Pb/Zn (lang Hich, tinh Thai
Nguyén) vao thang 11/2018. Sau khi dwa vé phong thi nghiém, cac mau duoc tién xir Iy bang
cach phoi kho tu nhién roi nghién nho va sang qua ray c6 dwong kinh 16 2 mm, bao quan bang
tdi nilon kin va dan nhan. Théng tin vé& cac mau phan tich dugc thé hién & Hinh 1. Cac mau BT1-
BT5 la cac mau ¢ khu vuc giira bai thai cia mo Pb/Zn, con mau BT6 1a mau & ngay miéng cong
ong xa tr khu vuc mo khai théc dén bai thai.

Hinh 1. So do vi tri ldy mdu dat ¢ khu v bai thai cia mé Pb/Zn lang Hich, Thai Nguyén
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2.2. Phwong phdp xir Iy mau va phan tich mdu

Xir Iy mau phan tich bang phuong phéap v6 co hoa uét voi hon hop axit HNOs/HCI dac (ty I¢
thé tich 1:3) trong 10 vi s6ng. Chi tiét nhu sau: can 0,5000 gam mau dat, thém vao d6 2,0 mL
dung dich axit HNOs dic va 6,0 mL dung dich HCI dic, sau d6 chuyén vao ng Teflon cua 10 vi
song Mars 6. Péng lai theo quy dinh ciia nha san xuat va dit ché do 1o vi song dé pha mau. Mau
sau khi xtr ly trong 10 vi séng duoc dé ngudi, loc bang gidy loc, dinh mirc va sau d6 dem phan
tich bang thiét bi ICP-MS (Agilent 7900).

Quy trinh chiét lién tuc Tessier cai tién duoc &p dung dé tién hanh phan tich dang hoé hoc ciia kim
loai Pb trong cac mau dat. Quy trinh chiét Tessier cai tién dugc mo ta va thuc hién theo Bang 1.

Bang 1. Quy trinh chiét dang hda hoc ciia Pb theo quy trinh Tessier cdi tién [16]

Dang Dang hoa hoc Hoa chat Thoi gian
chiét lic/nhiét do
FI  Dang trao doi NH:OAc 1M (pH = 7) 1h/25°C

F2 Dang lién két véi cacbonat NH40Ac (HAc pH = 5) 5h/25°C

F3 Dang lién két v6i Fe-Mn oxihydroxide NH,0H.HCI 0,04M/HOACc 25% 5h/95°C

F4 Dang lién két véi hitu co NH4OAc 3,2M/ HNO3; 20% 0,5h/25°C

F5 Dang can du HNOs: HCI dac (1:3 V/IV) 0,5h/25°C

2.3. Danh gida quy trinh phdn tich

Puong chuan xac dinh ham lwong Pb bang phwong phap ICP-MS da duoc xay dung (Hinh 2).
Céc thong sé dé danh gia quy trinh phén tich bao gdm gia tri gigi han phat hién (LOD) va gioi
han dinh lwong (LOQ), khoang tuyén tinh. Dé kiém tra do tin cdy cua phuong phap phan tich, do
thu hoi trung binh cua Pb duoc danh gia dua trén két qua phan tich ham luong tong cua Pb trong
mau tram tich chuan.

2.4. Thong sé 6 nhiém méi trwong
2.4.1. Chi s¢ tich luy dia chdt (Igeo)

Chi s6 tich luy dia chat (lgeo) 1a chi s6 duoc sir dung rong rai dé danh gia mirc d6 6 nhiém hodc
6 nhiem kim loai trong moi truong dat. Chi so 1geo cua kim loai trong dat c6 the dugc tinh toan
bang cong thuc sau [17]:

log " Bn Q)

Trong do: Cp: 1a ham lu:qng klm loai trong mau; By: la gia tri ham lwong cua kim loai trong vé
Trai dat va 1,5: 12 hé s6 duoc dua ra dé giam thiéu tac dong cua nhiing thay doi co thé xay ra ddi
vé6i gia tri nén do nhiing bién ddi vé thach hoc trong tram tich. Mac do 6 nhiém kim loai dwgc
danh gia theo bay loai 6 nhiém dua trén gia tri s ting dan cua chi s6 nhu sau [17]: lgeo < 0: khong
0 nhiém; 0 < lgeo < 1: 6 nhiém nhe; 1 < lgeo < 2: 6 nhiém mirc trung binh; (2 < Igeo < 3): 6 nhiém
trung binh dén nang; 3 < lgeo < 4: 6 nhiém ning; 4 < lgeo < 5: ning dén rat nghiém trong va 5 <
lgeo: © NNiéM murc rat nghiém trong.

2.4.2. Chi'sé danh gid mirc d6 riii ro (RAC)

Chi s danh gia mic do rui ro (RAC: Risk Assessment Code) rét hitu ich dé danh gia rui ro
moéi trudng khi két hop vai viéc st dung quy trinh chiét xuat tuan tu nhu moét phwong phéap dic
trung [15]. Mot s téc gia da xac dinh dic diém cua cac kim loai nang trong dat dé cung cap
thong tin ddy du hon trong viéc danh gia rii ro méi truong [12]-[14]. Theo do, cac kim loai trong
dat lién két & cac murc d6 khac nhau vai céc thanh phan dia hda khac nhau, din dén su khac biét
vé kha nang cuia kim loai dwoc giai phong va di vao méi truong [15]. Ngoai ra, RAC con la chi sb
guan trong trong viéc danh gia cac hoat dong 6 nhiém nhan tao do cac hoat dong ctia con ngudi gay
ra, thé hién rd kha nang gy anh huong thuc té dén hé sinh vat ciia cac kim loai nang trong dét hay
tram tich [18]. Chi s danh gia muc do rii ro RAC duogc danh gia trén ty 1¢ tong cac dang linh dong
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(F1) va dang cacbonat (F2) chia cho tong ndng d6 cua ca 5 dang (F1-F5) va duoc tinh theo cong
thac:
rac = LD 1000,
ST 0
Tiéu chun dénh gia mtc do 6 nhiém dya vao chi s6 RAC la: thap (< 10%), trung binh (10-
30%), cao (30-50%) va rat cao (> 50%) [19].

3. Két qua va ban luan
3.1. Céc thdng sé ddinh gid quy trinh phén tich

Céc két qua phan tich & Hinh 2 va Bang 2 cho thay phuong trinh duong chuan cé do tuyén
tinh rat tét (R? =1). Ngoai ra, gisi han phét hién (LOD) va gi6i han dinh luong (LOQ) cua phép
do ICP-MS phén tich ham lugng Pb di dwoc xac dinh lan luot 0,0137 ppb va 0,0415 ppb. Do thu
hoi trung binh ciia phuong phap khi phan tich Pb trong mau tram tich chuan MESS-4 d6i véi Pb
1a 103,22% va nam trong khoang pham vi cho phép cua tiéu chuan AOAC la tir 80 - 120%. Nhu
vay, quy trinh phan tich c6 d6 tin cay va chinh xac cao dé phan tich Pb trong cac mau dat.

Béing 2. Bang cAc thdng so dg thu hai trung binh, gigi han phét hién (LOD), gidi han dinh heong (LOQ),
xdc dinh Pb bang phuong phdap ICP-MS

Nguyén té LOD (ppb) LOQ (ppb) P thu hodi Pb trong miu chuan MESS-4 (%)
Pb 0,0137 0,0415 103,22
Pb
_ 800000
gmoo0 .
T 600000 e
&s00000 o
~§ 400000 o
< 300 -
£ 100000 g y = 7155.8x + 1367.8
= PR Rz=1
@) 0 e
0 20 40 60 80 100 120

Nong d (ppb)

Hinh 2. Buong chudn xdc dinh ham lirong Pb bang phirong phdp ICP-MS
3.2. Ham lwong tong sé ciia Pb trong cac mdu dat phan tich bang ICP-MS

Két qua phan tich ¢ Hinh 3 cho thiy, ham lwong trung binh cta Pb téng sb trong cac mau dat
& bii thai BT1, BT2, BT3, BT4, BT5, BT6 Ian luot 1a 4307 mg/Kg; 2431 mg/Kg; 3554 mg/Kg;
2029 mg/Kg, 3398 mg/Kg, 7978 mg/Kg va giam dan theo ther ty BT6 > BT1 > BT3 > BTS >
BT2 > BT4. Piéu nay c6 thé duoc giai thich 1a miu BT6 1a mau dat liy & gan khu vuc mleng bng
xa chat thai ra béi thai nén ham lugng céc chét thai tap trung ¢ khu vuc nay s& cao nhat va vi vay
ham lugng tong sé cia Pb trong mau dat thuoc mau BT6 la cao nhat. Bung tha 2 1a mau BT1,
day 1a mau dit & gan trung tdm cua khu vuc lay mau va triing hon so v6i cac mau khac nén khi bj
ngap nudc hang nam thi cac chét thai s& dén vé khu vyc ndy nhiéu hon so vai cac khu vuc khao
st con lai. Cac mau BT2 va BT4 & cac vi tri cao hon so véi vi tri ciia cac mau dat con lai nén cé
ham luong Pb thip hon tuong dbi. Nhu vay, ham lugng Pb téng sé trong cac mau dat & khu vuc
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bai thai khac nhau twong d6i nhiéu. Khi ddi chiéu voi QCVN 03-MT: 2015/BTNMT cho théy,
ham luong Pb tong s6 trong cac mau dat bai thai déu cao hon so vdi tiéu chuan cho phép ddi véi
d4t cong nghiép (300 mg/Kg). Mau BT1-BT6 c6 ham lwgng Pb tdng sb cao géap tir 6,8-26,5 lan so
Vv6i tiéu chuan Viét Nam di voi dat cong nghiép. Nhu vay, tit ca cac miu dat & khu vuc phan
tich déu bi & nhiém Pb theo tiéu chuan Viét Nam ddi voi dat cong nghiép.

Ham lwong Pb
9000

38 5000

S

Sp 7000

E 6000

£ 5000 40373

« 4000 3554.3 3398,4
"5 3000 2431 0
o

S 2000

&0 1000

=
< 0

7977,5

2028 8

Mau dat

Hinh 3. Do thj biéu dién ham lirong tong sé cua Pb trong cac mau dat ¢ khu vuc bai thai

3.3. Phan tich dang cia Pb trong cac mdu dit

% Cac dang cia Pb

o
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BT1 BT2 BT3 BT4 BT5 BT6

MaAu dat

MF1 uF2 “F3 mF4 MF5

Hinh 4. Si phan bé cac dang héa hoc cuia Pb trong cac mau dat bai thdi

Két qua phan tich dang lién két ctia Pb trong cdc mau dat duoc thé hién ¢ Hinh 4. Céc két qua
phan tich cho thiy, trong cac mau dat, Pb déu ton tai chi yéu & dang cacbonat (F2) va it nhat &
dang lién két v6i cac chét hitu co (F4). Ham luong Pb t6n tai cht yéu & dang F2 ¢6 thé duoc giai
thich vi quang Pb gan lién v&i Pb/Zn ma tai mo quing Pb/Zn lang Hich thi cac loai quing ton tai
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chu yéu ¢ quang cacbonat [20] Dang F4 c6 it Pb nhat c6 thé giai thich 12 do ham luong cac chit
hiru co trong d4t & cac mau dat khu vuc mo Pb/Zn 1a rat thap < 2% [21].

Ngoai ra, ham luong Pb con ton tai chii yéu ¢ dang can du (F5), ham luong Pb ¢ dang nay
trong hau hét cdc mau dat thi dung thir 2 chi sau dang F2. Diéu nay 1a pht hop véi thuc té vi sau
khi tuyén quing, ham lugng kim loai Pb con lai s& ton tai trong dat thai & dang can du kho phan
huy. Trong cic mau dét phan tich thi ham lugng Pb ¢ dang linh dong (F1) la van con tuong ddi
cao, vi vay khi ngap nudc dé bi hoa tan va ngam xuong nude ngam hodc gy 6 nhiém moéi truong
dat xung quanh khi nudc & bii thai day tran ra ngoai.

3.4. Céc chi so ddanh gid 6 nhiém méi trwong
3.4.1. Chi s¢ tich luy dia chat (Igeo)

CAc gia tri lgeo ctia kim loai Pb trong cac mau dat bai thai duogc thé hién ¢ Hinh 5.

Igeo cua Pb
9 8,5
8 7,5 7.3 ,
; 65 o 7,2
6
2 5
=y
3
2
1
0
BT1 BT2 BT3 BT4 BT5 BT6
Miu

E=alge0  =®—mirc 6 nhiém cao

Hinh 5. Chi s6 lgeo Ciia kim logi Pb trong cac mdu dat bai thai

Theo su phan loai cua cac gid tri lgeo, khi gia tri lgeo NAM & muic > 5 tirc 1 mirc d6 6 nhidm cua
kim loai d6 & muc 6 nhidm cao. Theo nhu két qua & Hinh 5 cho thiy, tit ca 6 mau dat ¢ khu vuc
bai thai déu c6 gia trj lges @M trong khoang tir 6,8 — 8,5 va déu > 5. Chi $6 lgeo ca0 nhét doi véi
mau BT6 (8,5) va thap nhat ddi V6i mau BT4 (6,5). Nhu vay, ca 6 mau dit déu co ham luong Pb
nam & mic 6 nhidm cao theo chi 6 lgeo.

3.4.2. Chi sé ddanh gid nguy co 6 nhiém (RAC)

Chi s6 danh gia mirc d6 rui ro 6 nhiém (RAC) duoc sir dung pho bién dé danh gia rai ro &
nhiém méi truong. Chi s ndy xem xét kha ning ciia kim loai dwoc giai phong va sau d6 tham gia
vao chudi thire an va duya trén d6 bén cua lién két giira kim loai va cac thanh phan khac trong dat.
Mau dat c6 ham lugng phan trim kim loai ¢ dang linh dong (F1) va lién két véi cacbonat (F2)
cang cao thi mirc d6 rui ro téi moéi tredong cang cao.

Céc gia tri RAC cia 6 mau dat dugc thé hién ¢ Hinh 6. Tir Hinh 6 cho thay, céc gi4 tri RAC
nam trong khoang tir 68,3 — 81,2%. Cao nhét van la mau BT6 va thap nhat IGc nay 1a mau BT1.
Néu nhu ¢ phan nong do tong sd va chi s6 lgeo, Mau BT2 va BT4 thap nhét va thiap hon nhiéu so
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v6i mau BT1, thi gia tri RAC cua 2 mau (BT2 va BT4) lai cao hon so voi BT1. Diéu nay duoc
giai thich 1a do phan tram dang F1 va F2 trong 2 mau nay lai cao hon so v6i mau BT1 nén gia tri
RAC cao hon. Ciing tir Hinh 6 cho thay, tit ca cac mau dét phan tich déu c6 gia tri RAC > 50%,
mirc do rai ro 6 nhidm kim loai Pb & ngudng rat cao. Nhu vay, mic do rai ro va lan truyén 6
nhiém cua Pb trong cac mau dat téi méi truong xung quanh 1a rat Ion.

RAC cua Pb
100
§ 80 08 75,0 75,4
o
- 60

N b
o O

81,2
1 I I I I I
BT1 BT2 BT3 BT4 BTS BT6

MAu dat

== RAC @ Mirc cao =—@=—Mikrc rit cao

Gia tri RAC cua
(e]

Hinh 6. Chi s6 RAC cua Pb trong cac mau dat phan tich
4. Két luan

Ham luong Pb tong sé trong cac mau nghién ctiru déu vuot quéa tiéu chuan cho phép tir 6,8-
26,5 lan dbi v6i dat cong nghiép theo quy chuan Viét Nam vé chat luong dit (QCVN
43:2012/BTNMT). Két qua phan tich dang &p dung quy trinh chiét lién tuc Tessier cho thay, Pb
phan b & ca 5 dang F1-F5, nhiéu nhat & dang lién két cacbonat (F2) va it nhét ¢ dang lién két véi
cac chat hiru co (F4). Dang linh dong F1 tuy cé phan trim thip so véi cac dang khac nhung ham
lwong Pb van rit cao. Dua trén chi s6 lge va RAC cho thy, ham luong kim loai Pb trong cac mau
dat & mirc d6 & nhiém cao theo chi 6 lgeo VA €O Mirc d6 rai ro méi trudng & mic rat cao theo chi sb
RAC. Nhu vay, cac chat thai sau khi khai thac quing & khu vuc nay chira ham luong kim loai Pb
rat cao va c6 tiém an rai ro 6 nhidm moéi truong xung quanh néu khong duoc quan 1y ding cach.
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