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To fully and overall evaluate the contaminated level of heavy metals, it is
essential to analyze their chemical speciation. The Ni concentration in 12
soil samples, including tailing samples and farming soils collected in
Pb/Zn mining in Thai Nguyen province, was analyzed using inductively
coupled plasma mass spectrometry (ICP-MS). Chemical fractions of Ni
in the soil were extracted following Tessier’s sequential extraction
procedure. Geo-accumulation index (lgeo) and risk assessment code
(RAC) were applied to assess the pollution level of Ni in the soil. The
results show that Ni existed chiefly in the tailing samples in the order of
residue (F5) > Fe/Mn oxides (F3) > carbonate (F2) > exchangeable (F1)
~ organic matters (F4), while it was mainly in the sequence of F5 > F2 >
F3> F4 > F1 in the farming soil. Igeo values of Ni were minus (Igeo < 0),
indicating that the soil samples had no contamination of Ni. In contrast,
RAC values showed that the Ni concentration of the soil samples was in
the range of low risk to high risk (10% < RAC < 30%), and three of the
seven farming soils were in the level of high risk (RAC > 30%).
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Dé danh gia day du va tong quat hon muc do 6 nhiém cua cac kim loai
ning trong dét can tién hanh phan tich dang hoa hoc cua chung. Nong
d6 Ni trong 12 mau dét bai thai va dat ruong ¢ khu vuc béi thai cia mo
Pb/Zn lang Hich, tinh Thai Nguyén da dwoc phan tich bing phuong
phap phé khéi plasma cam ng (ICP-MS). Dang hoa hoc cua Ni trong
dét duogc chiét theo quy trinh chiét lién tuc Tessier. Cac chi s danh gia
mdi truong nhu chi s6 tich liy dia chat (Igeo) va ma danh gia rui ro
(RAC) da dugc ap dung dé danh gia mirc d6 6 nhidm cua Ni trong dét.
Két qua cho thay, Ni ton tai trong cac mau dat bai thai chi yéu & dang
can du (F5) > dang Fe/Mn oxit (F3) > dang cacbonat (F2) > dang trao
doi (Fl) dang lién két véi chét hiru co (F4), trong khi Ni ton tai trong
cac mau dat ruong 1a F5 > F2 > F3 > F4 > F1. Chi s6 lgeo cua Ni trong
cac mau dit déu Am (Igeo < 0), cho thay nong d6 Ni trong cac mau dat
& mirc khong bi 6 nhidm. Trong khi d6, chi sé RAC cho thay Ni trong
cac mau dat & mic tir nguy co 6 nhidm nhe dén nguy co 6 nhiém ning
(10%< RAC < 30%), c6 3/7 mau dit ruéng & mic 6 nguy co 6 nhiém
nang (RAC > 30%).
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1. Gi6i thiéu

O nhidm méi trudng 12 mot trong nhing thach thirc 16n dbi véi con ngudi hién nay [1]. O
nhiém kim loai ning dang 1a méi de doa nghiém trong d6i véi moi truong va 1a mot van dé dang
rat duoc quan tam [2], [3]. Qua trinh cong nghiép hoa va d6 thi hoa nhanh chong da gy ra 6
nhiém kim loai ning t&i moéi trudng sinh thai. Téc d6 va mic do 6 nhidém cua ching trong moi
truong da tang nhanh ké tir nhimg nam 1940 [4], [5]. Trong ty nhién, kim loai c6 ngudn goc do
qué trinh phong hoa da chira kim loai va phun trao nui Iira. Tuy nhién, sy 6 nhiém kim loai nang
trong mdi truong chu yéu 1a do tic dong ctia con ngudi bao gdm khi thai cong nghiép, luyén kim
va cac hoat dong rudong nhu st dung thudc trir sau, phén bén phét phat va dac biét 1a khai thac
quing [5], [6]. Kim loai nang c6 kha nang tich ty, ton tai rat lau trong trong méi trudng va khong bi
phan hity sinh hoc, gay 6 nhiém chudi thirc an va gdy ra cac van d& strc khoe khac nhau do doc tinh
cua chiing [6]. Khi con ngudi va dong vat phoi nhlern lau ngay vdi kim loai ndng trong moi trudng,
s€ la moi de doa nghiém trong tdi sirc khoe va sy t6n tai ciia cac sinh vat song [7].

Niken 1a mot nguyén t6 kim loai ning phd bién trong vo trai dat. Con nguoi tiép xtc v4i niken
chu yéu qua duong hé hip, an udng va hap thy qua da [8]. Tiép xtic v6i cac hop chat niken gay ra
nhiéu tac hai d6i voi con nguoi. Viém da 13 mot trong nhitng bénh di Gmg phd bién nhit trong
hién nay khi con ngudi phoi nhiém véi niken [9]. Ngoai ra, phoi nhidm niken man tinh c6 thé gay
ra cac bénh nghiém trong vé ho hap, tim mach va than [10].

Truge déy, cac cong trinh nghién ctru thuong dung ndng do tong sd dé danh gid mac do 6
nhiém ciia cac kim loai ning trong dat [11], [12]. Tuy nhién, de danh gia day di mic d va nguy
co 6 nhiém kim loai ning noi chung va Ni noi riéng can tién hanh phan tich dang ton tai cta
chung trong dat [13]. Quy trinh chiét lién tyc Tessier da duogc ap dung rong rai trén thé gioi de
nghién ctru dang lién két cua cac kim loai trong dat va tram tich [14]-[16]. Ngoai ra, cic chi sd
danh gia méi truong nhu chi sé tich liy dia chat (Igeo) va ma danh gia riii ro (RAC) 1a nhimg chi
s6 duogc ap dung phd bién dé danh gia mirc d6 va nguy co 6 nhiém cua cac kim loai ning trong
dat [17], [18].

C6 nhiéu nghién ctru phéan tich dang hoa hoc & khu viuc mé chi kém lang Hich, tinh Thai
Nguyén. Cac cong trinh nghién clru trudc ddy mdi chi tép trung phén tich dang hoa hoc cua Pb,
Zn, Cd, Cr, Cu va As [14], [15], [19]. Tuy nhién, chua c6 cong trinh nao nghién ciru vé dang hoa
hoc cta Ni ¢ khu vuc nay dé danh gia mirc d6 6 nhiém méi truong cua Ni. Vi vay, nghién ciru
nay da (1) phan tich dang hoa hoc cua Ni trong dat theo quy trinh chiét Tessier. Bén canh d6
nghién ctru nay ciing (2) danh gia mirc d6 va nguy co 6 nhiém méi truong dit cua Ni dua trén chi
s6 danh gia moi truong Igeo va RAC.

2. Phuong phap nghién ciru
2.1. Méu phén tich

Céac miu dét nghién ctru 1a cac mau dit duoc 1y & do sau 0- 20 cm, trong d6 c6 5 mau dit bai
thai va 7 miu dat rudng & g?m khu vuc bai thai da duoc thu thap vao thang 11 nam 2018, ¢ khu
vuc bai thai cia mo chi kém lang Hich, huyén Pdng Hy, tinh Thai Nguyén (21°43.401'N;
105°51.276E). Vi tri cac mau dét nghién ctru dwoc thé hién ¢ Hinh 1.

2.2. Xir Iy va phan tich mdu

Céac miu dat nghién ctru duoc phoi khd, nghién nho va bao quan trong ti polyme. Dé phan
tich ham luong Ni trong cic miu dat, 0,5000 gam cac miu dat duoc xtr Iy bang 8 mL hdn hop
nudc cuong thuy trong 10 vi sobng Mars 6 theo quy trinh ctiia phuong phap U.S EPA 3510A [20]
va sau d6 phan tich bang thiét bi ICP-MS Nexion 2000 cua hang Perkin Elmer, My phan tich tai
vién Hoa hoc, vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam ( %Ni, ché do do KED). Quy trinh
chiét lién tuc Tessier da duoc 4p dung trong nghién ctru nay dé phan tich ndng do cac dang hoa
hoc cua Ni trong dat. Cac budc thuc hién quy trinh chiét dugc thé hién & Bang 1.
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Hinh 1. V; tri ldy mau ¢ khu vuec bdi thai mé Pb/Zn lang Hich
Bang 1. Quy trinh chiét lién tuc Tessier [14], [16]

Dang héa hoc Diéu kién chiét
Dang trao d6i (F1) Chiét bang dung dich CH;COONH, 1 M (pH = 7), & 25 °C, lc trong 1h.
Dang cacbonat (F2) Chiét bang CH;COONH, (c6 miat CH;COOH & pH = 5), & 25 °C trong vong 5h
Dang Fe-Mnoxihydroxide (F3) ~ Chiét bang NH,OH.HC1 0,04 M /HOAc 25% (vv),dun néng & 95 °C, lic trong 5h
Dang chét hiru co (F4) Chiét bang CH;COONH, 3,2 M / HNO; 20% & 25 °C trong 30 phit
Dang céan du (F5) Chiét bang dung dich HNOs: HCI (3:1, v/v) ¢ 25 °C va lic trong 30 phit

2.3. Danh gia quy trinh xir Iy va phdn tich Ni

Dé danh gid do thu hoi ciia quy trinh xtr Iy mau va phan tich Ni trén thiét bj ICP-MS, mau
chuin tram tich MESS-4 da duogc dung dé xtr Iy mau va phan tich ham luong Ni tong sb. Gia tri
chuin cta ham lugng Ni trong mau chuidn MESS-4 duogc nha san xuit dua ra 1a 42,8 + 1,6
mg/Kg. Két qua do thu hdi ctia Ni sau 3 1an thi nghiém 1ap lai 14 95,67% nam trong pham vi cho
phép 1a 80-110% ddi véi ham lugng kim loai phéan tich nim trong khoang 1 = 100 ppm [21],
chting t6 quy trinh xir Iy mau va phén tich c6 d chinh x4c va tin cay cao.

2.4. Chi sé tich luy dia héa (Igeo)

Chi sb tich liy dia chét (Igeo) 1a chi s6 dugce su dung dé danh gia su hién dién va cuong d6
ctia su ling dong chét gay 6 nhidm do con ngudi gy ra trén bé mat dat [22]. Chi sé tich liy dia ly
(Igeo) ban dau duoc x4c dinh boi Miiller [23] va dugc tinh theo phuong trinh (1) nhu sau:

Cn
1,5.Bn @)

Trong do, Cn la nong d6 do dugc cua nguyén t6 trong bui dat Bn la gia tri nén dia hoa (bang
50 dbi voi Ni) va hang s6 1,5 1a hé s6 blen dong tu nhién vé ndng do ciia mot kim loai trong moi
trudng va phat hién anh hudng nhan tao rat nho. Miiller di phén loai Igeo theo cac muc (0) Igeo
= 0: khong bi 6 nhiém kim loai); (1) 0 < Igeo < 1: khong bi 6 nhiém dén 6 nhidm vira; (2) 1< Igeo
< 2: 6 nhiém vira; (3) 2 < Igeo < 3 6 nhiém vira dén 6 nhiém ning; (4) 3 < Igeo < 4: 6 nhiém
ning; (5) 4 <Igeo < 5: 6 nhiém ning dén cuc ky 6 nhiém; (6) 5 < Igeo: cuc ky 6 nhiém [23].

Igeo = log,
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2.5. Ma danh gia rii ro (RAC)

Ma danh gia rui ro (RAC) 1a mét phuong phap danh gia rti ro kim loai nang. RAC phan loai cac
murc d§ rui ro dya trén dang hoa hoc cua kim loai nang [24]. RAC dugc tinh theo cong thirc (2).
F1+F2
RAC = ——.100% )
Trong d6 F1 va F2 1a dang trao d6i va dang cacbonat ciia kim loai nang trong dét, va C 1a tong
5 dang F1-F5 cta kim loai trong dit. RAC duogc chia theo cac murc do dé danh gia murc do rii ro
6 nhiém kim loai ning nhu sau: khong c¢é rai ro khi RAC < 1%, riii ro thip khi RAC nam trong
pham vi tir 1-10%, i ro trung binh khi RAC nam trong pham vi 11-30%, rti ro cao khi RAC tir
31 dén 50% va rii ro rat cao khi RAC > 50% [24].

3. Két qua va thio luin
3.1. Néng d¢ tong so ciia Ni trong dit

Nong d6 Ni tong s6 trong 5 mau dat bai thai (M1-M5) va 7 mﬁu dat ruong (R1-R7) duoc thé
hién 6 Bang 3. Su so sanh nong d¢ trung binh cua Ni trong cac mau dat bai thai (M) va dat rudng
(R) duoc the hién trén Hinh 2. Két qua chi ra & bang 3 cho thiy, nong dd Ni trong cac mau dat
bai thai nam trong khoang tir 4,803 = 7,560 mg/Kg, trong khi do cac mau dat rudng gan bai thai
co nong d6 Ni 1a tir 23,470 = 30,891 mg/Kg. Nong do trung binh trong cic mau dat bai thai (M)
va dat rudng (R) lan luot 13 6,3553 mg/Kg va 27,3703 mg/Kg. Nhu vdy, cac mAiu dat rudng co
nong d6 Ni trung binh cao hon so v6i cac mau dat bai thai (p <0 ,001). Nong d6 Ni trong cac mau
dat bai thai va rudng déu thap hon gisi han cho phép theo tiéu chuan cta chau Au va cta Canada
(50 mg/Kg) (Bang 2). Nhu vay, cac mAau dat bai thai ~va rugng khong bi 6 nhiém Ni theo tiéu
chuin Canada va chéu Au. Ngoai ra, Ni ¢ trong cac mau dat & khu vire ndy, nhit 1a cac mau dat
bai thai rat thap va vi vay khong phai do viéc khai thac mo6 quang Pb/Zn phat thai ra. Nong do Ni
trong cac miu dét rudng cao hon nhiéu so véi mau dét bai thai co thé 1a do viéc sir dung phan bon
va thudc trir siu trong canh tac, di lam ting Ni trong cac mau dét rudng.

*p<=0.05 **p<=0.01 *** p<=0.001
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Hinh 2. So sanh ham leong Ni trung binh trong dat bdi thai va dat ruéng
Nong d6 trung binh ctia Ni trong cac mau dat & nghién ciru ndy da duge so sanh véi két qua
nghién ciru & cac khu vuc dat rugng xung quanh cac khu mo Pb/Zn trén thé gidi. Két qua so sanh
& Bang 2 cho thay, nhin chung ham lwong Ni & trong cic mau dit & nghién ciru nay thap hon so
v6i ham luong Ni trong cac mau dat & khu vuc moé Pb/Zn & Trung Quéc [25], [26] va & Ty Nam
Nigeria [27]. Su khac nhau nay c6 thé 1a do ddc diém dija chat khac nhau, phwong phap xt Iy va
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phan tich mau khac nhau va dic biét va hoat dong khai thac ctia con ngudi ¢ cac khu vuc nay
khac nhau.

Bang 2. So sdnh nong d Ni trong nghién ciru nay va cdc nghién civu trén thé gidi

STT Khu vue nghién ctru Nong d¢ Ni Thiét bi Tai liéu
(mg/Kg) phén tich tham khao

1 Nghién clru nay 4,8 +30,9 ICP-MS

2 Khuvie m6 Pb/Zn, Quang Téy, Trung Qubc 22,5+ 87,1 F-AAS [25]
3 Khu vyc mo Pb/Zn, Trung Qubc 43,15+ 68,2 ICP-MS [26]
4 Mo Pb/Zn, Tay Nam Nigeria 12,6 + 40,9 ICP-MS [27]
5  Tiéu chuan Canada 50 [27]
6  Tiéu chuin chau Au 50 [27]

ICP-MS: Quang pho khoi plasma; F- AAS: Quang pho hap thu nguyén tir ngon lua.

3.2. Phan tich dang hod hoc ciia Ni trong cdc méu dit

Bang 3. Nong do tong sé va cdc dang hod hoc ciia Ni cde mau dat béi thai va rugng

Maiu Dang F1 Dang F2 Dang F3 Dang F4 Dang F5 Téng
mg/Kg
M1  0352+0025 1,715+0,073 2,896+0,032  0,145+0,005 2,090+0,074 7,198 + 0,209
M2 0,341+0,001 0,756+0,003 1,498+0,006 0,240+0,001  1,968+0,008 4,803 +0,019
M3  0,169+0001 0,874+0,003 4,016+0,014  0,270+£0,001  2,006+0,007  7,335+0,026
M4 0,139+0,006 0,793+0,023 0,949+0,044  0,147+0,007 2,853 +0,086 4,881 + 0,166
M5 0,148+0,009  1,397+0,085 3,239+0,196  0,316+0,009 2,460 + 0,049 7,560 + 0,357
R1 1,764+0,006 6,080+0,134 6,391 +0,297  2,705+0,128 12,029 +0,446 28,969 + 1,011
R2 1,628+0,076 5,761 +0,214 5820+0,020  2,327+0,009 10,779+0,566 26,315+ 0,885
R3 1,837+0,087 5,828+0,143 6249+0,025  2,385+0,122 12,669+0,176 28,969 + 0,552
R4 1,894+0,115 5,930+0,308 0,499+0,018  2,546+0,154 12,601 +0,452 23,470 + 1,046
R5 1,661 +0,006 9,270+0,509 1,642+0,076  2,673+0,126  13,445+0,499 28,691 + 1,216
R6 1,937+0,090 5992+0,222 1,390+0,005  2,551+0,010 12417+0,652 24,288+ 0,979
R7 1,854+0,112 5,502+0,285 10,298+0,365 2,872+0,074 10,364+0,372 30,891 + 1,308

M1-M5: mdu ddt bdi thai; R1-R7: mau dat ruéng gan bdi thai

0 20

Ty 1€ cac dang (%)

100

Hinh 3. Ty Ié phan tram cdc dang ciia Ni trong dat
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Dé ¢6 cai nhin tong quan va danh gia chinh xac hon vé muc do va nguy co 6 nhidm cia cac
kim loai, can tién hanh phan tich dang hoa hoc cta chiing trong d4t. Két qua phan tich dang hoa
hoc ctia Ni theo quy trinh chiét lién tuc Tessier dugc thé hién & Bang 3 va ty 1€ phﬁn tram cac
dang cua Ni duoc thé hién & Hinh 3. Tt Hinh 3 cho théy, su phan bd dang ton tai cia Ni trong
cac mau dat bai thai (M1-MS5) theo thtr tuw F5 > F3 > F2 > F4 ~ FI, trong khi d6 cac miu dét
rudng c6 su phan bd Ni theo thir ty 1a F5 > F2 >F3 > F4 > F1. Sy phan b khac nhau cta Ni trong
cac mau dat bai thai va dat rudng 1a do su tac dong ciia con ngudi va su khac biét vé dic diém
tinh chat 1y hoa ciia hai loai dat nay.

Nhu vdy, ham luong Ni trong cic mau dét bai thai va rugng trong nghién ciru nay deu thap
hon gidi han cho phép theo tiéu chuan chau Au. Ngoai ra, Ni ton tai chil yéu trong cac mau dat &
dang F5, dang bén vimng trong diéu kién ty nhién va khong co nguy co giy 6 nhiém méi truong
xung quanh.

3.3. Ddnh gid mirc dj va nguy co 6 nhiém
3.3.1. Chi s6 tich luy dia hod (Igeo)

Chi sé tich lity dia hoa Igeo 1a chi s6 duoc dung phd bién dé danh gia mirc d6 6 nhiém cua
kim loai nang trong dat va tram tich. Trong nghién ctru nay, két qua tinh toan chi so Igeo clia cac
mau dat duogc thé hién & Hinh 4.

0.0
-0.5

M1 M2 M3 M4 M5 R1 R2 R3 R4 R5 R6 R7
MAau

Hinh 4. Chi 56 Igeo ciia Ni trong dat (M1-M5: ddt bdi thai; RI-R7: ddt ruéng)

Theo Hinh 4, tit ca cac gia tri Igeo clia cac mau dat bai thai va dat ruong déu am, chimg t6
rang cac mau dat déu nam ¢ mirc khong 6 nhiém Ni theo sy phan loai cua Miiller [23]. Nhu vay,
theo chi so Igeo, nong d6 Ni trong cac mau dat nghién ctru déu an toan voi moi truong sinh thai.

3.3.2. Ma danh gia rui ro (RAC)

Chi 6 Igeo dua vao nong do tong s ciia cac kim loai dé danh gia mirc d6 6 nhiém méi truong
cua kim loai d6, trong khi ¢6 ma danh gia rii ro (RAC) lai dua vao néng d6 cac dang hoa hoc ctuia
kim loai dé dénh gia mirc do rai ro va nguy co 6 nhiém. Gid tri RAC ciia Ni trong cic miu dat
dugc thé hién ¢ Hinh 5. Hinh 5 cho thiy gia tri RAC ciia Ni trong cic miu dét ruéng cao hon so
v6i trong cac mau dét bai thai. Gia tri RAC cua dét rudng cao hon dét bai thai duoc giai thich 1a
do Ni phan b & dang F1 va F2 trong cac mau dit rudng cao hon nhiéu so véi trong cac mau dat
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bai thai, trong khi d6 Ni ton tai trong cac mau dat bii thai chu yéu & dang F3 va F5. Ngoai ra, cac
mAau dat déu co cac gia tri RAC nam trong khoang tir 10% = 30% tirc 1a & khoang nguy co 6
nhiém thap dén mirc nguy co 6 nhidm cao, riéng c6 3 mau dit ruong 1a R4, R5 va R6 1a co gia tri
RAC cao hon 30%, nim & mirc nguy co 6 nhidm cao. Nhu vy, theo chi s Igeo, chi sé danh gia
mirc d6 6 nhidm kim loai dwa vao ndng d6 tong sd ciia Ni trong dét thi cac mau dit nghién ctu
déu ¢ mirc an toan, khong gdy 6 nhidm méi truong xung quanh. Nguoc lai, RAC lai danh gia
nguy co 6 nhiém cua Ni dya trén cac dang hoa hoc cua Ni trong dat va cho thay hau hét cac mau
dat déu nam & trong khoang mirc _nguy co 6 nhidm thap dén muc nguy co 0 nhiém cao, c6 3/7
mAu dat rudng 14 c6 gia tri RAC nam ¢ murc nguy co 6 nhidm cao. Nhu viy, can danh gia muc do
6 nhiém cua cac kim loai dua trén nong do tong s6 va dang hoéa hoc cua cac kim loai dé c6 duoge
su d4anh gia day di hon.

40 -

35— . . mire rai

30—

S 251
< 20
o’ _
15 +
10 ~
1 Mire rii
54 ro thflp

M1 M2 M3 M4 M5 R1 R2 R3 R4 R5 R6 R7
MAau dat

Hinh 5. Chi s6 RAC ciia Ni trong dat va cac mirc dg riii ro
4. Két luan

Két qua phén tich ndéng do va dang hoa hoc cia Ni trong 5 mau dat bai thai va 7 miu dat
rudng cho thay, ndéng d6 Ni trong cic mau dat deu thap hon gi6i han cho phép trong dat rudng
theo tiéu chuan chau Au va Canada. Trong cic miu dat béi thai, Ni ton tai chu yéu ¢ cdc dang
theo thtr tw F5 > F3 > F2 > Fl1~ F4, trong khi d6 th ty ton tai ctia Ni trong cac mau dt rudng
gan béi thai 1a F5 > F2 > F3 > F4 > F1. Theo chi s6 Igeo, ndng d Ni trong cac mau dit déu nam
& muc khong 6 nhidm. Trong khi d6, khi danh gia theo md RAC thi hiu hét cac mau dat déu c6
nong do ctia Ni nam & khoang tir mirc 6 nhiém thap dén murc 6 nhiém cao, c6 3/7 miu dit rudng
¢6 RAC ndm & muc 6 nhiém cao (RAC > 30%). Nhu vay, néu danh gia dua trén néng do téng $0,
thi cac mau dat déu khong 6 nhidm Ni, con néu danh gia trén dang hoa hoc thi cic mau dit van
¢6 nguy co 6 nhiém ndm & mirc 6 nhiém nhe dén 6 nhiém cao. Vi vdy, can dya vao ca chi s6 Igeo
va RAC dé danh gia chinh x4c va day di hon vé mirc d6 6 nhiém ctia Ni & trong dat & khu vuc
nghién cuu.

Loi cam on

Nghién ctru nay dugc tai trg boi B Gido duc va Do tao trong dé tai ma sb B2020-TNA-15.
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