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Soil

Rare earth elements (REEs) were proved to increase growth,
development as well as yield and quality of crops. REEs were often
added to fertilizers in trace forms and fairly high contents in the Earth's
crust. However, a complex matrix of soils, and the presence of elements
such as aluminum, and iron could affect the accuracy in the direct
determination of REEs in original sample matrix using ICP — MS. This
study aimed to optimize the sample preparation using co-precipitation of
Fe(OH); and Mg(OH), to exclude the sample matrix prior to analyzing
the content of REEs on ICP — MS. The results showed that
concentrations of Fe**:Mg*" = 500:500 (mg L™), TEA = 3% and NaOH
= 30% (i.e., adjusting pH ~ 14) were optimal conditions of REES co-
precipitation. Recoveries of REEs were greater than 90%. Method
detection and quantitation limit (MDL and MQL) of REEs ranged from
0.019 to 0.24 mg kg™ and 0.06 to 0.80 mg kg™, respectively. Applying
the optimized method for soil samples, the content of REEs was in the
ranges of 0.022 mg kg™ and 46.0 mg kg™
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Pat

Cac nguyén to dat hiém (REEs) dugc chirng minh gitp gia ting sy sinh
truong, phét trién cling nhu ning suit va chét lugng cay trng. REEs
thuong dwoc bd sung trong phan bon duéi dang vi lugng va c¢6 tong ham
lwong kha cao trong vo Trai Dat. Tuy nhién, do ¢ thanh phan nén phirc
tap ciia mot sb loai dat, sy hién dién & ham lwong cao cua cac nguyén to
nhu nhom, sét c6 thé gay anh huong dén do chinh xac cua két qua dinh
luong tryc tiép REEs c6 trong nén mau bang thiét bi ICP — MS. Trong
nghién ciru ndy, muc dich cta chung toi 1a toi wu cac diéu kién cua quy
trinh dong két tua REES voi Fe(OH); va Mg(OH), dé loai anh huong cia
nén mau trudce khi phan tich chung trén thiét bi ICP — MS. Két qua cho
thdy quy trinh st dung Fe**:Mg®* = 500:500 (mg L), TEA = 3% va
NaOH 30% (dé diéu chinh dung dich dén pH ~ 14) 1a diéu kién téi wu
clia qua trinh dong két tua. Hiéu suit thu hdi cia cac REEs déu Ién hon
90%. Gidi han phat hién va giéi han dinh lugng cta phuong phap (MDL
va MQL, mg kg™ cho cac REEs lan luot trong khoang ndng do tir 0,019
dén 0,24 mg kg™ va tir 0,06 dén 0,80 mg kg™. Ap dung quy trinh phan
tich mot s6 mau dét trong cdy cao su cho ham luong REEs dao dong
trong khoang tir 0,019 mg kg™ dén 46,0 mg kg™
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1. Gi6i thiéu

Dat hiém (rare earth-RE) 1a thuat ngir dung dé chi nhom 15 nguyén t ho lanthanides cting voi
yttrium va scandium [1]. Cac nguyén t6 dat hiém (REEs) dugc chia thanh nhom nguyén to dat
hiém nhe (LREES) gom La, Ce, Pr, Nd, Pm, Sm, Eu va nhém nguyén to dat hiém nang (HREEs)
gém Y, Gd, Tb, Dy, Ho, Er, Tm, Yb va Lu [1] - [3]. Cac REEs phan bd khong dong déu gitra cac
khu vuc dia chat, REEs trong vo Trai Dat chiém 0,01 — 0,02% twong dwong ham luong ctia dong,
k&m, niken, chi, nhung cao hon thiéc, coban, bac va thily ngan [1], [2], [4]. REEs khong dugce tim
thiy ¢ dang don nguyén tir nhu vang, ddng hay bac trong tu nhién. Chang chu yéu ton tai trong
cac dang khoang chat nhu carbonates, silicates, fluorides, fluorocarbonate, phosphates monazite
va oxide. Hién nay, cac REEs c6 thé duoc tim théy trong hon 270 loai khoang chét, bén canh do,
REEs ciing dugc tim thay trong cac loai tao, thuc vat, dong vat, than va da [4] - [7]. Ngoai ra,
REEs con duoc tim thdy ¢ dang trao di, dang lién két voi cac mang tinh thé khoang chat va dang
lién két véi oxides Fe-Mn, ... [2], [5] - [8]. M6t sb yéu t anh huong dén sy phéan bd, tich lity cua
REEs: ham luong sét, pH thé oxy hoa khir, TOC, cac dic tinh cua dat cling nhu ham lugng Al
Fe va Mn gop phan lam gia tdng hodc suy giam ham luong REEs trong dat [9] - [16].

Bén canh ngudn ty nhién, REEs c6 thé dugc dwa vao dét tir hoat dong trong cdy noéng cong
nghiép, chung dugc bd sung trong phén bon dudi dang vi lugng va dugc chung minh giup tang
kha nang phat trién, va nang suét cdy trong. Nghién ctu trén loa cho thay 0,05—1,5mg L™ cua
La®* gitp ting nang sudt va ting trong lwong kho cua ré, trong khi d6 Ce®* kich thich ting truéng
va tang ham lugng diép luc cua cay. St dung cac REEs riéng 1¢ va LREEs giup tang ham lugng
chlorophyll-a va chlorophyll-b trong 14 laa mi: REEs nitrate 1am tang cuong chat diép luc trong 14
laa mi 29,6%, ting ty 1& nay mam 8 — 9%, ting ham lugng ctia 7 acid amine tir 2 — 21%; trong
déu tuong la 8%; 6 ng6 1a 15,2%, tang cuong su dong hoa CO; 1én 35,8 — 79,8% va tdng quang
hop tir 11,5 — 31,2%. REEs con gilip ning sut ciy trong: tang lugng xo clia vai bong tir 5 — 12%,
khoai tay 5,7%, cao su 8 — 10%, dau tuong 8 — 9%, ngd 8,5 — 103% [17].

O nudc ta c6 mot lugng 1on khoang san giau ham lugng REEs nhu: monazite, fluorcarbonate
va cac mo dat hiém Nam Xe, Pong Pao, Yén Phu gop phan 1am ting ham luong REEs trong dét
va gian tlep tac dong dén sy phat trién cua cay trong. Vi vay, viéc danh gia ham luong REES
trong dat de cho thdy nhitng anh huéng cua REEs 1én su sinh truong, phat trién va ning sut cdy
trong 1a can thiét. Viéc danh gia ham luong REEs trong dat bang thiét bi ICP — MS hién c6 nhiéu
thach thirc do nén mau chra nhiéu tap chat gay anh hudng dén tin hidu chit phan tich, vi vay can
mot phuong phép tién xtr Iy mau dé co6 thé giam thiéu anh huong caa nén mau.

Trong nghién ctru ndy chung toi tién hanh t&i vu hoa quy trinh xac dinh ham lugng cac REEs
bang phuong phap dong két taa voi Fe(OH); va Mg(OH), dé loai bo cac nguyén t6 pho bién
trong dat nhu Fe, Al, Na, K, Ca,... c6 thé giy nhidu dén qua trinh phan tich. K§ thuat dong két taa
doi hoi dung cu va héa chat don gian, phuong phap nay phu hop véi didu kién & cac phong thi
nghiém nho va vira trude khi mau duoc phén tich trén thiét bi nhu ICP-MS hoac ICP-OES.

2. Phuong phap nghién ciru
2.1. Héa chat

Dung dich chuan géc REEs 10 pg mL™, Au 1000 pg mL™ (PerkinElmer, Durc). Chuan lam
viéc REEs c6 nong do 0,2; 0,5; 1,0; 5,0 va 10,0 ng mL™ dugc pha lodng tir chuan goc. NaOH
dang hat, HNO; 65%, HCl 37%, NH,CI rin, Li,B,O; rin (Merck, Puc). Fe(NO3);.9H,0,
Mg(NOs),.6H,0 (Sigma - Aldrich, Btc). Triethanolamine (TEA), AI(NO;)3.9H,0 va NH; 28%
(Trung Quéc).

2.2. Thiét bi, dung cu

Can phén tich c6 do chinh xac 0,0001 g (Sartorius, Germany), may ly tdm (Kubota model
4000, Nhat Ban). Thiét bi ICP — MS (7700x, Agilent) duoc sir dung dé phan tich mau. Mot s6
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thiét bi khac duoc sir dung gdbm may do pH, may siéu am, dng teflon, 10 dién va cac dung cu khac
nhu: micropipet 100 - 1000 uLL (Mettler Toledo, USA), ong ly tdam nhya polypropylen 15 mL, 50
mL, binh dinh muc, pipet...

2.3. Khdo sdt dnh hwéng Fe* dén qud trinh phén tich REEs trén thiét bj ICP-MS

Sét (Fe) 1a nguyén t6 co ham luong I6n trong mau nén c¢6 nguy co anh hudng dén tin hi¢u cua
chat phan tich kh1 xac dinh bang ICP — MS, anh huong cua Fe duoc khao sat & khoang nong do
tir 50 — 500 mg L™ véi ndng d6 REEs duoc ¢ dinh 1a 5 ng mL™, noi chuan sir dung 1a dung dich
Au 10 ng mL™.

2.4. Quy trinh dong két tiia REES

Quy trinh dong két tua Fe(OH); va Mg(OH), dugc chia 1am hai giai doan chinh:

Giai doan I: Ldy V; mL dung dich chuan/mau vao 6ng ly tim 50 mL, thém V, mL hén hop
Fe**:Mg?®, thém nudc cat dén 25 mL. Liy V; mL TEA 50% (v/v), 6 mL NaOH 30% (m/V). Chd
15 phut cho qua trinh dong két tia xay ra hoan toan, két tia s& duoc ly tm va hoa tan tro lai véi
0,5 mL HNOs3gam azc 65%)-

Giai doan Il: Thém 10 mL nuéc cét, didu chinh pH bing NH,OH 50% (v/v) dén khi két taa
Fe** bat dau xuat hién. Thém 10 mL dém pH = 9, chd 15 phiit cho qué trinh dong két taa xay ra
hoan toan, ly tim, thu lugng tia. Tua rin dwoc ria lai bang 30 mL nudc cat va 0,5 mL
NH4OH(dam dac 28%), Sal dO dU’O’C hoa tan bang 0,5mL HNO3(dam dic 65%), dlnh muc 25 mL bang nuoc
cat. Nhitng dung dich miu duoc bao quan trong ti mat cho dén khi phan tich.

Ham lugng cac REEs dugc phén tich trén thiét bi ICP — MS, st dung ndi chuan vang 10 ng
mL™. Ham luong cac REEs duoc tinh tir dwong chuan.

2.5. Khdo sdt cdc yéu té anh hwéng dén quy trinh dong két tia
2.5.1. Anh hwong cia diéu kién phan img 1én qua trinh dong két tia

Anh huong cua pH, ty 18 Fe*:Mg”*, nong do TEA, AI*" duoc khao sat trén dung dich chuan
c6 ndng d6 20 ng mL™. Bé danh gia moi truong phan ang (pH dung dich), hai pH duoc khao sat
bang cach dung 6 mL NH4OH (dam dic 28%) dé diéu chinh diéu kién pH ~11,5 Va 6 mL NaOH 30%
(m/V) cho pH ~ 14. Dbi voi mau khao sat anh huong caa Fe**:Mg™, cac nong do (mg L™) duoc
thay d6i gom: 2000:1000, 2000:500, 1000:500, 1000:1000, 1000: 2000 500:2000, 500:1000,
500:500, 500:100, 200:200, 100:100. Trong khi do, dé khao sat anh hudng cua néng do TEA,
chung t6i thuc hién thay doi lwong thudc thir TEA véi cac nong do khac nhau tir 1 — 9%. Véi
khao sat anh huong cua Al ndng do Al dugc st dung 1a 1000 mg L™,

2.5.2. Khad nang dong két tia cia REES ¢ cdc nong dg khdc nhau

Kha ndng dong két tiia cia cac REEs ¢ cac ndng do khac nhau: 1, 2, 5, 10, 20, 50, 100 va 200
ng mL™" duoc khao sat. Quy trinh duoc thyc hién theo cac thong sé da tdi wu & myc 2.5.1.

2.5.3. Gioi han phat hién va giéi han dinh luong cua phuong phap

Gisi han phat hién (MDL) va gidi han dinh lugng (MQL) cua phuong phap dugc xac dinh
dua trén két qua phan tich 11 miu tring theo cac thong s dugc ti wu & muc 2. 5.1. Gia tr1 MDL
va MQL (mg kg’ by dugc tinh theo cong thure (1), (2) va dugc nhan véi cac hé sb pha loang duoc
thé hién trong quy trinh & muc 2.6.

MDL = x+3 xSD @
MQL = = x SD )

Trong do:

x: Gia tri trung binh cua 11 rr~1§u trang

SD: D 1éch chuan ctia 11 mau trang
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2.6. Ung dung quy trinh dong két tiia phén tich REEs trong dat trong cdy cong nghiép

Céc mau dét tréng cao su & khu vuc Pong Nam Bo thugc tinh Binh Duong, Dong Nai va Binh
Phudc duogc thu thap. Mau dat duoc _phan huy bang phuong phap k1em chay voi Li;B,O; trude
khi ap dung quy trinh dong két tua dé chiét cac REEs ra khoi nén mau. Quy trinh xir ly mau nhu
sau: 0,1 g mau dugc nung v6i 1,0 g LiyB,O7 trong chén Pt ¢ 1000 °C trong 30 phut. Mau sau khi
nung dugc hoa tan bang HCI 3 M va dugc dinh mtc dén 50 mL. Dung dich miu sau khi xir 1y
dugc ding dé xac dinh ham lwong REEs, quy trinh tom tit nhu sau: 1dy 10,0 mL mau sau khi xir
ly, thém 2,5 mL hdn hop Fe*":Mg** = 5000:5000 (mg L), thém nudc cat dén 25 mL. Dung dich
sau d6 dugc thém 2,00 mL TEA 50% (v/v), 6,00 mL NaOH 30% (m/V) va duoc tién hanh dong
két tua nhu quy trinh 2.4.

3. Két qua va bién luin
3.1. Anh hwong ciia Fe* d@én phén tich REEs trén ICP-MS

Hiéu tng dién tich khong gian “space charge effect” xay ra khi ham lugng ion Fe hi¢n dién ¢
nong do cao, nd lam giam do hoi tu ciia chat phan tich va noi chuan dén dau do. Van dé nay cé
thé lam ting hodc giam ty Ié tin hiéu cua chat phan tich/ndi chuan (STD/ISTD), gian tiép anh
hudng dén hiéu suat thu hoi ciia cac REEs. Két qua khao sat cho thiy khi ting nong do Fe** tir 50
— 500 mg mL™ thi tin hiéu (CPS) cua ndi chuan thu dwgc giam dan tir 720901 xudng 569932 véi
hiéu suat thu hdi trong wng giam tir 90,2 — 74,9%. Sy suy giam tin hiéu ndi chuan 1am ting ty 1&
STD/ISTD din dén sy gia ting hiéu suit thu hdi cua cac REEs véi cac mau co nong do Fe** cao.
Tir khao sat nay chung téi nhan thay voi ndng d6 Fe** < 100 mg L™ thi anh huong cua Fe 1én chit
phan tich 1a khong déng ké, két qua phan tich cac REEs bang ICP — MS c6 d9 tin cay cao.

3.2. Diéu Kign téi wu ciia quy trinh dong két tia
3.2.1. Méi truong phan iing dong két tia
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Hinh 1. Khdo sdt dnh hiéng ciia pH (a) va ty 1é Fe**:Mg?* (b)

Két qua khao sat & Hinh 1a cho thdy ca 2 méi truong tao taa (pH ~ 11,5 va pH ~ 14) déu phu
hop dé thuc hién qua trinh dong két tia veéi higu suat thu hoi (HSTH) dat tir 97 — 108%. Tuy
nhién khi str dung NH4OH(dam dac 28%) dé diéu chinh pH thi ham luong Fe con lai kha cao (1én dén

O%) nén voi cac mau nay can duoc tién hanh pha loang trudc khi do dé tranh anh huong cua
Fe**. Bi voi mau sir dung NaOH 30% dé diéu chinh pH thi ham lwong Fe** con lai thip xudng
con khoang 10% so véi lugng ban dau. Diéu nay c6 thé dugc giai thich 1a do phuc cua Fe(III) va
TEA xay ra thuan loi & méi truong kidm manh (pH ~ 14) nén mét luong dang ké Fe** duoc loai
khoi dung dich [18], [19]. Chang t6i dé nghi sir dung diéu kién pH ~ 14 d¢ ting hiéu qua dong
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ké:[ tia REEs va han ché cc van dé vé sai s6 khi pha lodng ciing nhu cac han ché khi phan tich
mau c6 ham lugng REES thap.

3.2.2. Su thay doi cua ty 1é nong do Fe**:Mg**

Két qua cho thdy véi cac ty & ndng do Fe**:Mg* Ién hon 500:500 mg L™, hiéu suat thu hdi
(HSTH) cua cac REEs dat tir 92 — 108% (Hinh 1b). V&i cac ty 1é 500:100, 200:200, 100:100
HSTH dat tir 79 — 90%. Nhu vay Véi cac ty 1& ndng do thip thi ham luong Fe(OH); va Mg(OH),
¢6 thé duge hinh thanh & lugng thap, khong du 1am chat mang cho qua trinh dong két tua véi cac
REEs dan dén HSTH bj giam. Tir két qua cua khao sat chung t6i dé xuit dung ty 18 nong do
Fe*:Mg** 1a 500:500 mg L™ 1a phu hop dé thyc hién qua trinh déng két tia. Vi ty 1 nay van
dam bao hiéu sut cua qua trinh dong két taa dong thoi lwong chat mang con lai trong dung dich
thap tranh dugc cac anh hudng 1én tin hiéu do.

3.2.3. Anh huong cua thugc thir TEA

Két qua khao sat cho thy khi ting ndng d6 TEA tir 1 — 9% thi luong Fe** tham gia vao qua
trinh tao phirc ciing tang (Hinh 2a). O cac ndng d6 1 — 6%, luong Fe con lai trong dung dich giam
twong tng tir 73 — 16 mg L™ va HSTH dat 92 — 105%, va v6i nong do tr 7 — 9% thi ham luong
Fe con lai < 10 mg L™ vi thé Fe(OH); hinh thanh trong giai doan II khong du dé dong két tua cac
REEs, Véi cac ndng d6 nay HSTH trong khoang 78 — 93%. TEA 1a mdt tac nhan tao phirc vong
kim ¢6 3 dén 4 vi tri c6 thé tao lién két vai ion kim loai (N,0,0,0), n6 hoat dong nhu mot base
Lewis c¢6 kha ning tao phuc antrane (phac chat chira 2 hodc 3 vong 5) vé6i cac kim loai chuyén
tiép. TEA sé& gian tiép anh huong dén kha ning dong két tua cac REEs thong qua viéc loai bo
Fe** & dang phirc tan trong giai doan I, 1am giam ham lugng Fe®* con lai dé thyc hién qua trinh
ddng két tua voi REEs trong giai doan II. Ching t6i nhan thiy luong TEA trong khoang tir 3 —
6% 1a phu hop dé thuc hién dong két tia, tuy nhién chung t6i dé xuét sir dung TEA 3%. O nong
d6 TEA 3%, lugng Fe** con lai trong dung dich thip < 50 mg L™ va thé tich thudc thir sir dung it
tranh dugc cac vin dé vé doc tinh ctia TEA.
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Hinh 2. Khdo sat nong dé TEA (a) va A" (b)
3.2.4. Anh huong cua AP

Két qua khao sat cho thiy khi thém 1000 mg L™ AI** thi HSTH cua REEs dat tir 97 — 108%
(Hinh 2b). Sy hién dién cua AI** & khoang ndng d6 khao sat trong mau khéng thé hién su anh
huong dén qua trinh dong két tia ciia cac REEs. Diéu nay c6 thé dugc cho 1a do trong giai doan |
clia qua trinh dong két tia sir dung NaOH 30% dé tao méi truong pH 1én dén 14 nhom da duoc
loai bo dudi dang phac tan AI(OH),.
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3.2.5. Kha nang dong két tia ciia REES 6 cdc nong do khdc nhau
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Hinh 3. Khdo sdt kha ning dong két tia ciia cdc REEs

Két qua khao sat & Hinh 3 cho thay véi nong do cac REEs > 2 ng mL™ thi HSTH dat 95 —
110%. Tuy nhién & mic 1 ng mL™ thi mot s6 nguyén té nhu Sc, La, Ce, Pr va Eu cho hiéu suat
kém hon so véi cac nguyén t6 con lai (68 — 87%). Nguyén nhan do cac nguyén td nay thudc
nhém LREEs, c6 tich sb tan cao tir 4,0 x10° — 8,0 x10° so v6i nhom HREEs, kha ning hinh
thanh hydroxide cua cac nguyén t6 nay giam khi & nong d6 thap. Qua khao sat nay ching toi
nhan thay véi su bién dong vé ham lugng REEs thi phuong phap dong két tia co thé duge ap
dung véi d6 tin cay cao.

3.2.6. Hiéu nang sw dung Cua phuong phdp

Puong chuan dugc xay dung dua trén mi quan hé tuyén tinh giita ndng d6 va ty 1é tin hiéu
chat phan tich/ndi chuan cho thay do tuyén tinh cao (R® > 0,9995). Két qua cho thy phuong phap
ddng két tua cac REEs véi Mg(OH), va Fe(OH); c6 MDL (mg kg™) va MQL (mg kg™) lan luot
trong khoang néng dé tir 0,019 dén 0,24 mg kg™ va tir 0,06 dén 0,80 mg kg™, trong d6 cac
nguyén té nhém LREEs ¢c6 MDL va MQL cao hon so véi cac nguyén té nhom HREEs, nhan thay
phuong phap nay pht hop dé xac dinh ham luong vét cua cac REEs (Bang 1).

Bang 1. Gidi han phdt hién (mg kg™) va giéi han dinh heong (mg kg™) ciia phwong phdp xdc dinh REEs

Nguyén té Phuong trinh héi quy R2 MDL MQL
Sc y = 0,0009x - 4x10° 1,0000 0,120 0,39
Y y = 0,005x + 2x10° 1,0000 0,077 0,25
La y = 0,0124x — 0,0004 0,9996 0,230 0,78
Ce y = 0,0143x — 0,0003 0,9998 0,110 0,36
Pr y = 0,0151x — 0,0005 0,9999 0,100 0,35
Nd y = 0,0028x - 8x10°® 1,0000 0,079 0,26
Sm y = 0,0026x - 5x10° 0,9999 0,081 0,27
Eu y =0,0101x — 0,0005 0,9996 0,089 0,29
Gd y = 0.0038x - 5x10° 1,0000 0,062 0,20
Tb y = 0,0227x — 0,0001 1,0000 0,041 0,13
Dy y = 0,0056x — 0,0001 1,0000 0,055 0,18
Er y = 0,0079x — 0,0002 1,0000 0,049 0,16
Yb y = 0,0058x - 6x107° 1,0000 0,050 0,16
Lu y = 0,0188x — 0,0002 1,0000 0,019 0,063
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3.3. Sw bién djng ham lwrong REES trong méu dit

Két qua cuia cac nguyén t6 dat hiém duoc trinh bay & Bang 2. Tai Binh Duong, Ce 1a nguyén
t6 co6 ham luong cao nhat 21,67 mg kg™, thip nhat 1a Lu 0,1051 mg kg™*. Téng ham luong phan
tich duoc 1a 93,36 mg kg™, trong d6 nhom LREEs chiém 73,7% téng ham luong va gap 4,18 lan
s0 v&i nhom HREEs. Trong khi d6, mau & Pdng Nai thi tong ham lwong REEs phan tich dugc 1a
114,27 mg kg™ va Ce 1a nguyén t6 chiém ham lrong cao nhét 46,0 mg kg™ tiép theo 1a La va Nd
v6i ham lugng tuong Umg la 24,5 va 16,23 mg kg™, thap nhat 1a Tb 0,251 mg kg™ va Lu c6 ham
luong thap hon gidi han dinh lugng cua phuong phép (< 0,063 mg kg’ h. Trong do, ham luong
cac nguyén t6 nhom LREEs gap 9,73 lan nhom HREEs va chiém 82,8% tong khoi luong. Tai
Binh Phuéc, cac nguyén tb nhom LREEs gap 11,1 lan HREES chiém 86,4% tong khdi lugng.
Téng ham lugng phan tich duoc 1a 60,66 mg kg™, trong d6 Ce 1a nguyén té c6 ham lucyng cao
nhét 27,2 mg kg™, va thap nhat 1a Eu 0,152 mg kg™ va Lu ¢6 ham luong < 0,063 mg kg™. Him
lugng cac nguyén td dat hiém twong dol thap & 3 dia phuong co6 thé do dic diém thd nhudng tai
day chu yeu 1a cac loai dat xam c6 ngudn goc tir da cat, 1a nhitng loai d4 giau sillic, chira kim loai
kiém hay kiém thé va nghéo vé khoang vat.

Bang 2. Ham hrong REEs (mg kg™) trong mdu dat

Nguyén to Binh Duong Pong Nai Binh Phuéc
Sc 8,07 £ 0,44 9,88 £ 0,53 3,52+0,16
Y 9,41+ 0,45 5,29 +£ 0,44 2,92 +0,24
La 20,39 £ 0,51 245+1,8 14,8 £2,5
Ce 21,67 +£0,51 46,0 £ 2,8 27,2+4,8
Pr 4,80+0,17 4,79 + 0,23 2,43 +0,42
Nd 17,76 + 0,58 16,23 £ 0,56 69+1,1

Sm 3,53+0,12 2,72 + 0,063 0,92+0,15
Eu 0,667 + 0,023 0,421 £ 0,021 0,152 + 0,024
Gd 2,903 + 0,062 2,08 £0,051 0,73 +0,099
Tb 0,739 + 0,028 0,251 +0,010 0,174 + 0,021
Dy 1,897 £ 0,077 1,20 £ 0,59 0,467 + 0,051
Er 0,831 £ 0,043 0,512 + 0,049 0,245 + 0,023
Yb 0,593 £ 0,025 0,35+ 0,032 0,176 £ 0,012
Lu 0,1051 £ 0,0055 < 0,063 < 0,063

REEs 93,36 114,22 60,63

4. Két luan

Nghién ciru di t6i wu cac théng sb co ban trong quy trinh dong két tua cac nguyén té dat hiém
vai Fe(OH); va Mg(OH),, voi nong do Fe**:Mg*" = 500:500 (mg L™), TEA = 3%. NaOH 30%
dugc sir dung tao diéu kién pH ~ 14 dé phitic Fe(111)-TEA bén hon va loai bo dugc anh huong cua
Fe** dén tin hiéu phan tich cac REEs trén thiét bi ICP — MS.Quy trinh phén tich dugc ap dung dé
xé4c dinh ham lwong cac REEs trong cac mau dat trong cao su ¢ khu vuc Déng Nam Bo thudc cac
tinh Binh Duong, Déng Nai va Binh Phuéc. Két qua phan tich cho thdy su phan b cua cac REEs
dién ra khong ddng déu giira cac noi, va c6 su chénh léch vé ham lugng giita cac nguyén t6. Mot s6
nguyén t6 c6 ham lugng cao nhu Ce, La, Nd, thap nhat 1a Lu, nhom LREEs lu6n chiém ham lugng
cao hon nhoém HREEs véi hon 70% tong khéi luong. Day 1a két qua budgce dau cho danh gia ham
luong REESs trong dat trong cay cong nghiép va tuong lai gan ¢6 the ap dung quy trinh phén tich
dugc ching i dé xut dé xac dinh ham luong dat hiém trong cac mau dia chat khac nhau.

http://jst.tnu.edu.vn 159 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 227(11): 153 - 160

TAI LIEU THAM KHAO/ REFERENCES

[1] F. Wall, "Rare earth elements,” in Critical Metals Handbook, John Wiley & Sons, Ltd., 2014, pp. 312-
339.

[2] Z. Hu, S. Haneklaus, G. Sparovek, and E. Schnug, "Rare earth elements in soils," Communications in
Soil Science and Plant Analysis, vol. 37, no. 9-10, pp. 1381-1420, 2006.

[3] F. Szabadvary, "The history of the discovery and separation of the rare earths,” Handbook on the
Physics and Chemistry of Rare Earths, vol. 11, pp. 33-80, 1988.

[4] J. Mihajlovic and J. Rinklebe, "Rare earth elements in German soils-A review," Chemosphere, vol.
205, pp. 514-523, 2018.

[5] V. Balaram, "Rare earth elements: A review of applications, occurrence, exploration, analysis,
recycling, and environmental impact," Geoscience Frontiers, vol. 10, no. 4, pp. 1285-1303, 2019.

[6] A. R. Chakhmouradian and F. Wall, "Rare earth elements: minerals, mines, magnets (and more),"
Elements, vol. 8, no. 5, pp. 333-340, 2012.

[7]1 A. Jordens, Y. P. Cheng, and K. E. Waters, "A review of the beneficiation of rare earth element
bearing minerals,” Minerals Engineering, vol. 41, pp. 97-114, 2013.

[8] G. Tyler, "Rare earth elements in soil and plant systems-A review," Plant and Soil, vol. 267, no. 1, pp.
191-206, 2004.

[9] C. Laveuf and S. Cornu, "A review on the potentiality of rare earth elements to trace pedogenetic
processes,” Geoderma, vol. 154, no. 1-2, pp. 1-12, 2009.

[10]J.-J. Braun, M. Pagel, A. Herbilln, and C. Rosin, "Mobilization and redistribution of REEs and thorium
in a syenitic lateritic profile: A mass balance study,” Geochimica et Cosmochimica Acta, vol. 57, no.
18, pp. 4419-4434, 1993.

[11]C. Laveuf, S. Cornu, and F. Juillot, "Rare earth elements as tracers of pedogenetic processes,"
Comptes Rendus Geoscience, vol. 340, no. 8, pp. 523-532, 2008.

[12] X. Cao, Y. Chen, X. Wang, and X. Deng, "Effects of redox potential and pH value on the release of
rare earth elements from soil," Chemosphere, vol. 44, no. 4, pp. 655-661, 2001.

[13]M. Davranche, G. Gruau, A. Dia, R. Marsac, M. Pédrot, and O. Pourret, "Biogeochemical factors
affecting rare earth element distribution in shallow wetland groundwater,” Aquatic Geochemistry, vol.
21, no. 2, pp. 197-215, 2015.

[14]G. Tyler and T. Olsson, "Rare earth elements in forest-floor herbs as related to soil conditions and
mineral nutrition,"” Biological Trace Element Research, vol. 106, no. 2, pp. 177-191, 2005.

[15]G. Tyler and T. Olsson, "Conditions related to solubility of rare and minor elements in forest soils,"
Journal of Plant Nutrition and Soil Science, vol. 165, no. 5, pp. 594-601, 2002.

[16]L. Brioschi, M. Steinmann, E. Lucot, M.-C. Pierret, P. Stille, J. Prunier, and P.-M. Badot, "Transfer of
rare earth elements (REE) from natural soil to plant systems: implications for the environmental
availability of anthropogenic REE," Plant and Soil, vol. 366, no. 1, pp. 143-163, 2013.

[17]Z. Hu, H. Richter, G. Sparovek, and E. Schnug, "Physiological and biochemical effects of rare earth
elements on plants and their agricultural significance: a review," Journal of Plant Nutrition, vol. 27,
no. 1, pp. 183-220, 2004.

[18]S. Mohr and T. Bechtold, "Electrochemical behaviour of iron-complexes in presence of competitive
ligands: A strategy for optimization of current density," Journal of Applied Electrochemistry, vol. 31,
no. 3, pp. 363-368, 2001.

[19]Y. Zhu, K. Inagaki, H. Haraguchi, and K. Chiba, "On-line elution of iron hydroxide coprecipitate
carrier for determination of REEs in natural water by mix-gas ICP-MS," Journal of Analytical Atomic
Spectrometry, vol. 25, no. 3, pp. 364-369, 2010.

http://jst.tnu.edu.vn 160 Email: jst@tnu.edu.vn


https://www.researchgate.net/profile/Marc-Steinmann-3
https://www.researchgate.net/profile/Eric-Lucot
https://www.researchgate.net/profile/Marie-Claire-Pierret
https://www.researchgate.net/profile/Peter-Stille
https://www.researchgate.net/profile/Jonathan-Prunier
https://www.researchgate.net/profile/Pierre-Marie-Badot

