
VIỆN HÀN LÂM KHOA HỌC VÀ CÔNG NGHỆ VIỆT NAM 
VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY 

 

 

 

 

 

 

 

 

 

 

 
 

ISSN 0866-7144 

 
 

 

 
 

 2E153 

2015 



VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY 

Vietnam Journal of Chemistry, Vol. 53, issue 2e1 - 2015 

 

TABLE OF CONTENTS 

 

  Page 

1 Magnetic properties of CoxNi1-xFe2O4 powders prepared by using stearate-gel combustion 

method. 

Pham Le Kieu Oanh, Dao Hoang Anh, Le Minh Vien, Huynh Ky Phuong Ha
 

1 

2 Study on the complexation of Nd(III) with reagent 4-(3-methyl-2-pyridylazo)resorcinol by 

spectrophotometric method.  

Nguyen Van Can, Dinh Thi Thu Thanh, Pham Yen Khang, Nguyen Dinh Luyen 

6 

3 Study on characterization of mesoporous calcium containing silicate catalyst using X-ray 

absorption spectroscopy (XAS).  

Nguyen Dang Toan, Vo Duc Anh, Nguyen Khanh Dieu Hong 

11 

4 Synthesis and characterization of nano-sized Ti–V oxide for visible-light photo catalytic 

activation of organic pollutants methylblue in water. 

Nguyen Xuan Thom, Ngo Thi Quynh Nhu, Nguyen Duc Quy 

17 

5 New results about the chemical constituents of Moringa oleifera (L.) collected from Can Tho. 

Ton Nu Lien Huong, Huynh Tran Minh Tuyen, Nguyen Thi Kim Phung, Truong Chi Thanh, 

Pham Thanh Quan 

21 

6 Effect of particle size and surface treatment of calcium carbonate using fatty acids on the 

deformation and fracture behaviour of polypropylene-based composites. 

Nguyen Viet Dung, Ngo Ke The, Jiri Kotek 

25 

7 Evaluation of total content and bioavailability of rare earth elements in soil of Phu Quy Nghe 

An. 

Nguyen Hoa Du, Le Van Diep 

30 

8 Isolation and structural identification of a xanthone and an aurone from the rhizomes of 

Cyperus stoloniferus Retz. 

Nguyen Minh Chau, Pham Thanh Binh, Tran Thuong Quang, Nguyen Tien Dat 

35 

9 Improving mechanical-thermal properties of epoxy/fly ash composite by silane coupling 

agents. 

Pham Thi Huong, Bach Trong Phuc, Nguyen Thanh Liem 

39 

10 Difficulties and challenges for Vietnam food quality control laboratories in today food 

testing. 

Chu Pham Ngoc Son, Pham Thi Anh, Diep Ngoc Suong 

44 

11 Flavonoid compounds from the fruits of Cassia grandis L.f. 

Ngo Quoc Luan, Le Van Ril, Ngo Khac Khong Minh, Le Tien Dung, Nguyen Ngoc Hanh 

51 

12 Structures, thermal and dynamic mechanical properties of nitrile rubber - nanoclay 56 



composites. 

Chu Chien Huu, Do Quoc Manh, Nguyen Viet Bac 

13 Study on the preparation and characterization of carbon based catalyst derived from partial 

carbonization of cellulose. 

Nguyen Khanh Dieu Hong, Vu Dinh Duy, Dinh Thi Ngo 

61 

14 Synthesis of some new hydrazones containing furoxan ring from eugenol. 

Nguyen Huu Dinh, Trinh Thi Huan, Duong Quoc Hoan, Nguyen Hien, Nguyen Phuong Linh 

68 

15 Improving the yield of Hocmon betel leaf essential oil with high content of phenolic 

compounds by appropriate leaf pretreatment before hydrodistillation. 

Huynh Ky Tran, Tran Nguyen Ngoc Chau, Ha My Thuan, Nguyen Khoa Nam,  

Do Viet Ha, Nguyen Xich Lien, Pham Thi Anh, Chu Pham Ngoc Son 

75 

16 Research on factors affecting to the process of creating complexes and synthesis of copper – 

lysine and copper – threonine complexes. 

Nguyen Thi Thuy Nga, Vi Thi Thanh Thuy, Vu Dao Thang, Huynh Dang Chinh  

82 

17 Synthesis and cytotoxicity of some curcuminoid derivatives. 

Phan Thi Hoang Anh, Tran Thi Viet Hoa, Tran Van Sung
 

88 

18 The bioactive depsides from Usnea aciculifera. 

Tuong Lam Truong, Vo Thi Nga, Huynh Thi Minh Suong, Nguyen Kim Phi Phung
 

93 

19 Study on chemical constituents of Hedyotis lindleyana Hook. (Rubiaceae). 

Phan Thi Mai Tram, Pham Nguyen Kim Tuyen, Nguyen Kim Phi Phung 

98 

20 Chemical constituents of the ethyl acetate extract of Sonneratia alba J. E. Smith. leaves and 

the cytotoxicity, acetylcholinesterase inhibition of the isolated compounds. 

Nguyen Thi Hoai Thu, Pham Nguyen Kim Tuyen, Poul Erik Hansen,
 
Nguyen Kim Phi Phung 

102 

21 Chemical constituents of Phyllanthus reticulatus Poir. 

Nguyen Thi Anh Tuyet, Duong Thuc Huy, Nguyen Kim Phi Phung 

108 

22 Adsorption of Pb(II) from aqueous solution using multi-walled carbon 

nanotubes/polyaniline/humic acid nanocomposite. 

Vu Dinh Thao, Nguyen Trung Dung, Pham Manh Thao 

113 

23 Employing composite Ba0.5Sr0.5Co0.8Fe0.2O3 + Ce0.9Gd0.1O2 as cathode materials for single 

chamber solid oxide fuel cell using La1.8Dy0.2Mo2O9 electrolyte. 

Le Minh Vien, Dao Hoang Anh, Phan Thanh Nhan 

117 

24 Synergist efficacy of methyl oleate in mixture with permethrin insecticide against 

mosquito Aedes aegypti. 

Dao Van Hoang, Hoang Than Hoai Thu 

123 

25 Modification of graphene oxide by stearic acid for lubricant oil additives.  

Tran Van Hien, Nguyen Huu Van, Nguyen Manh Tuong, Nguyen Thi Hoa,  

Nguyen The Nghiem 

127 

 

 

 

 



 

31 

VIETNAM JOURNAL OF CHEMISTRY         VOL. 53(2e1) 31-35                                                MAY 2015 
 

 
 
 

EVALUATION OF TOTAL CONTENT AND BIOAVAILABILITY OF RARE 
EARTH ELEMENTS IN SOIL OF PHUQUY NGHEAN 

Nguyen Hoa Du*, Le Van Diep 
Faculty of Chemistry, Vinh University 

Received 15 December 2014; Accepted for Publication 20 May 2015 

 
Abstract 

In this paper, the total contents and bioavailability of REEs in soils of Phu Quy (Nghiadan and Quyhop districts) 
were evaluated using ICP-MS technique. The samples were treated by acid digestion with HF, HClO4, HNO3 to analyse 
the total concentration of REEs. The bioavailability of REEs, which consist of water soluble, exchangeable and 
carbonate REEs in soils, is evaluated by using BCR (Community Bureau of Reference) extraction procedure. The 
results showed that total contents of REEs of Nghiadan soil are higher than that of Quyhop (564.92068.176 mg.kg-1 
dw and 248.03663.382 mg.kg-1 dw, respectively), whereas bioavailable forms of REEs of Nghiadan soil is much lower 
than that of Quyhop soil (1.5220.305 and 12.9793.884 mg.kg-1 dw, respectively). This is attributed to the high 
concentration of phosphate in Nghiadan soil, 0.7150.121 %, while that of Quyhop soil is only 0.1300.027 %. 

 Keywords. Soil, rare earth elements, REEs, bioavailability, ICP-MS. 

 
1. INTRODUCTION 

 
The applications of rare earth elements (REEs) 

in agriculture have improved yield and quality of 
many kinds of crops, and attracted researchers' 
attention for decades [1]. Recent years, the studies 
on applications of REEs in agriculture in the world 
have been focusing on four main topics: 1) the 
effects of REEs on nutrient metabolization, 
photosynthesis and stress resistance of plants; 2) the 
production of REEs fertilizers and other products for 
agriculture 3) the human health safety of REEs; and 
4) the environmental behaviors and analytical 
methods of REEs in soil.  

The existing of REEs in soil is at trace level and 
dominated by their low solubility minerals, such as 
fluoride, carbonate, phosphate and hydroxide. The 
amount of extraneous (not in parent material of soil) 
REEs demonstrates the following relationship: 
residual >> bound to organic matter > bound to Fe-
Mn oxides > bound to carbonate >> exchangeable 
and water soluble forms [1], resulting in low 
concentrations in the aqueous phase of soil 
ecosystems. The latter forms of REEs, bound to 
carbonate, exchangeable and water soluble forms, 
are biouseable. The exchangeable and water soluble 
forms can be uptaken direactly by plants, while the 
bound to carbonate form can be dissolved by organic 
acids released from roots of plants or by low pH of 

soil solution first, before being absorbed by the 
plants. Therefore, the total contents of REEs in these 
forms are bioavailability of REEs.  

To provide REEs for plants, REEs fertilizers 
have been developed and used in China for over 30 
years [1]. In Vietnam, Dang Vu Minh and Luu Minh 
Dai [2] reported that REEs DH93 fertilizer could 
raise output of rice by 7- 12%, soybean by 7-19%, 
and some other plants. Nguyen Ba Tien has created 
two new REEs fertilizers Thuytien and Phantien 
since 2005 [3].  

It has been known that the benefits of using 
REEs occur only in certain ranges of REEs 
concentrations  [1, 4, 5], depending on  plants, soils 
and climate. For example, the inhibition of rice from 
growing when REEs content  more than 5 mg/L, and 
the prevention of root growth of Chinese cabbage 
with high concentration of REEs (>10 mg/L) were 
reported [1]. Therefore, the total contents and 
bioavailability of REEs in a soil need to be taken 
into account when applying any REEs fertilizer to 
increase production of certain plants. 

In Vietnam, information about REEs content in 
soil is very limited, especially with regard to 
agricultural application of REEs. This study was 
conducted to have an evaluation of total 
concentration and bioavailability of REEs in red 
basalt soil in Phuquy, Nghean, in comparison with 
that of different soils in the world.  
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2. MATERIALS AND METHOD OF ANALYSIS 

Sampling: The soil samples were collected in 
experimental gardens in Phuquy, including 
Nghiadan and Quyhop districts. The sampling 
method is in according to TCVN 7538-2:2005 
procedure, the samples were collected from 30 to 50 
cm in depth to avoid the affects of climate and 
fertilization. The soil samples were ferrasols with 
red – yellow or red-brown color, high porous. 
Pretreatments were performed in according to 
TCVN 6647:2007 procedure.  

REEs and Mn analysis techniques  
REEs analysis was performed by inductively 

couple plasma –mass spectroscopy (ICP-MS) 
technique, using Agilent 7500a-ICP-MS system in 
VILAS 524 Laboratory of Center for Analysis, 
Institute for Technology of Radioactive and Rare 
Elements (ITRRE), Vietnam. First, the soil samples 
were treated by digestion with a mixture of 
concentrated HF, HClO4 and HNO3 acids in a teflon 
cup, the resulting residues were calcinated with 
alkaline K2CO3-Na2CO3-Na2B4O7, following by 
treated with HNO3 solution. All solutions were 
collected and diluted in volumetric flask. 

Bioavailable forms of REEs were extracted from 
the soil using BCR (Community Bureau of 
Reference) procedure [6]. A mixture of dry soil 
samples and 0.1 M CH3COOH solution (with a ratio 
of sample weight: solution volume = 1:25 (w/v)) 
was shaken in a flask for 16 hrs at room temperature. 
The obtained mixtures were filtered, and exact 
amounts of filtrates were added by certain internal 
standard solutions, then diluted to the mark using 0.1

M HNO3 in volumetric flasks. The standard curves 
of REEs were determined using REEs nitrate 
standards in 0.1 M HNO3 solution with adding the 
same internal standard solutions as treatments with 
samples.   
Phosphorus and humus determination 

The total P (in % P2O5) was determined by 
molybdenum blue method, using UV-Vis 8453 
Agilent to measure the absorption of colored 
analytical solution at 720 nm after leaving 30 
minutes for color developing. An ascorbic acid – 
Sn(II) solution was used as the reductant to develop 
the blue color of samples. All determinations were 
triplicated, and the data are statistical analysed, 
using Excel -2003.   

The humus content was determined by Chiurin 
method, based on the oxidation of hummus by acidic 
dichromate solution. The residue of dichromate was 
titrated by standard Fe(II) solution, using 
diphenylamin as an indicator. 

3. RESULTS AND DISCUSSION 

3.1. Total contents of REEs 
 

The results of REEs determination by ICP-MS 
are listed in table 1. The decrease of REE 
concentrations as the atomic number Z increase is in 
according to the general rule in abundance of 
elements, in which concentrations of even numbered 
elements are higher than that of odd numbered 
elements, the Oddo- Harkins rule for the REEs [7]. 
In both of soils, the concentrations of REEs decrease 
as:  Ce > La > Nd > Y > Sm > Gd > Eu > Ho > Tm.  

 
Table 1: Total REEs content (mg.kg-1 dw) in the soils 

Average value of total REEs content in soils 
(Germund Tyler, 2004) [8] Element Quyhop soil Nghiadan soil 

The World Japan China 
Y 27.1348.787 44.5943.459 31.0 - 22.0 
La 49.818 12.548 123.6487.328 35.0 18.0 44.0 
Ce 113.41231.114 239.97042.606 66.0 40.0 86.0 
Pr 9.0481.886 28.7341.712 9.1 4.5 - 
Nd 33.5986.346 93.02810.811 40.0 18.0 36.0 
Sm 6.6281.127 15.6760.955 7.0 3.7 8.4 
Eu 1.3760.223 4.5300.283 2.1 1.0 1.030 
Gd 5.7981.096 12.7960.867 6.1 3.7 - 
Ho 0.8780.184 1.4640.112 1.3 0.7 - 
Tm 0.3460.068 0.4800.040 0.5 0.3 - 

Total  REEs 248.03663.382 564.92068.176 198.1 - - 
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The first two most abundant elements, Ce and La, 
contribute up to about 64.37 % to 65.80 % of the  
total REEs. The concentration of LREEs (including 
La, Ce, Nd, Pr, Eu, Sm, Gd) is dominated with 88.6 
% in Nghiadan soil and 91.7 % in Quyhop soil  of 
the total REEs. 

The ratios of each REE between Nghiadan and 
Quyhop soils decrease from LREEs to HREEs, for 
example, La 2.48; Ce 2.11; Nd 2.77, but Ho 1.67; 
Tm 1.39 and Y 1.64. These results showed that 
Nghiadan soil is richer in LREEs than that of 
Quyhop soil.  

The total contents of REEs in Quyhop soil are 
similar to the average values of  Japan and China 
soil, but  much higher  in Nghiadan soil (see table 1 
and Fig. 1).    

3.2. Bioavailability of REEs in Phuquy soil 
 
Although the total contents of REEs in soils give 

valuable information about overall levels of REEs, it 
is, however, insufficient to estimate the 
bioavailability of REEs, which depends on the 
chemical compositions of REEs in soils and on the 
plant species [6]. 
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Figure 1: Total contents of REEs of Quyhop and Nghiadan (a), in comparison  
with the respective mean values of the World (b), Japan (c), and China (d) [8] 

 
Due to low solubility of dominant salts of REEs, 

such as phosphate, silicate, carbonate in parent 
minerals, the amount of REEs in bioavailable forms 
which can be utilized by plants, is only a small 
portion of the total REEs and is important 
information need to be obtained in order to have a 
good decision in fertilization of a soil with REEs. 
The bioavailability of REEs of Phuquy soils is listed 
in table 2, the data showed that these amounts were 
very low in comparison to the total contents of each 
REE.  

The results showed that bioavailability of REEs 
is a small portion of total content of a REE. The 
percentage of bioavailability of each REE varried, 
from 0.14 % to 1.67 % for Nghiadan soil, and from 
3.05% to 8.22% for Quyhop soil. The data range of 
Quyhop is larger than Nghiadan. Many studies 
reported that bioavailability of REEs depends on 

various factors, such as pH, concentration and nature 
of organic matter, CEC, other chemical species in a 
soil [6, 9, 10]. In table 3, we listed some parameters 
of Phuquy soils. 

Although the total contents of REEs is higher, 
the bioavailability of REEs of Nghiadan soil is much 
lower than Quyhop soil. This is attributed to the 
percentage of humus, which is higher in Quyhop 
soil. Low molecular organic acids in humus form 
complexes with REEs then increase the REEs 
mobility [8]. Besides, CEC may also influence on 
the exchangeable of REEs and their bioavailability. 
The most important factor that caused the large 
difference between Nghiadan and Quyhop soils may 
be P2O5 content in the soils, because of low 
solubility of REE’s phosphates. As listed in table 2, 
the content P2O5 in Nghiadan soil is greater than the 
indicator value for red soil in Vietnam (0.03-0.60%), 

(a) (b) 

(c) (d) 
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and is 5.5 folds of Quyhop soil. The average ratios 
of the bioavailability of REEs of Quyhop to 
Nghiadan soil is also about 5. In Fig. 2, the curve of 
bioavailability of REEs in Nghiadan soil is very 

similar to the curve of solubility of REE’s 
phosphates, suggested a relationship between them, 
but the curve for Quyhop soil is more complicated 
and not easy to explain.     

Table 2: Bioavailability of REEs (mg.kg-1 dw) in Phuquy soils  

Quyhop soil Nghiadan soil 
Element 

Range Mean 
Percent of 
total, %   Range Mean 

Percent of 
total, %   

Y 1.349-2.859 2.2270.673 8.22 0.417-0.699 0.5760.112 1.29 
La 2.199-4.151 3.2020.784 6.43 0.207-0.259 0.2340.023 0.19 
Ce 2.567-5.192 3.4541.060 3.05 0.224-0.457 0.3430.099 0.14 
Pr 0.377-0.934 0.6160.241 6.81 0.032-0.055 0.0430.008 0.15 
Nd 1.589-3.463 2.4270.791 7.22 0.146-0.240 0.1950.036 0.21 
Sm 0.282-0.657 0.4490.148 6.77 0.031-0.049 0.0420.007 0.27 
Eu 0.061-0.131 0.0920.028 6.69 0.010-0.017 0.0140.002 0.31 
Gd 0.283-0.599 0.4310.130 7.43 0.040-0.063 0.0540.010 0.42 
Ho 0.036-0.079 0.0570.019 6.49 0.009-0.016 0.0130.002 0.89 
Tm 0.014-0.029 0.0210.007 6.07 0.005-0.009 0.0080.001 1.67 

Total REEs  12.9793.884   1.5220.305  
 

Table 3: Some characteristics of Phuquy soils 

Quyhop soil Nghiadan soil Parameters 
Range Mean Stdev Range Mean Stdev 

pH (KCl) 4.2-4.5 4.36 0.084 4.2-4.3 4.26 0.055 
CEC, meq/100g 11.5-2.8 12.1 0.534 10.12-11.7 11.07 0.632 

Humus, % 1.918-2.272 2.03 0.14 1.66-2.17 1.89 0.238 
P2O5, % 0.100-0.166 0.130 0.027 0.538-0.857 0.715 0.121 

Mn, mg.kg-1 dw 937.49-1589.34 1319.22 312.91 678.36-911.85 792.6 83.8 
 

The bioavailability of Ce in Quyhop soil may 
relate to the high content of Mn.  MnO2 can oxidize 
Ce(III) to Ce(IV) compounds which have lower 
solubility. Wang et al [6] proposed that Fe-Mn 
oxides would be highly redox reactive, they can 
oxidize organic matter to form lower molecular 
products. We suggested that these organic 
compounds could increase the mobility of the REEs 
in the soil ecosystem. 

For Quyhop soil, the complication of the 
bioavailability of REEs trend is still not fully 
explained and more studies are needed. One of 
important factor is the composition and nature of 
organic materials in this soil, for example, soluble 
organic compounds may increase the mobility of the 
metal ions by the chelate complexation, but solid 
organic matters, on the other hand, may immobilize 
them [11].  

 

 

 

 

 

 

 

 

Figure 2: Bioavailability (in % of total content) of 
each REE in Nghiadan and Quyhop soils 
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4. CONCLUSION 

Phuquy soils (Nghiadan and Quyhop districts) 
have relatively high contents of the total REEs in 
comparison with the mean values of the World, 
Japan and China soils. The total REEs contents of 
Nghiadan soil is nearly double higher than that of 
Quyhop soil. The bioavailability of REEs of 
Nghiadan soil is much lower than Quyhop. The 
analytical data showed that the bioavailable contents 
of REEs depended on many factors, such as parent 
materials and characteristics of the soils (pH, humus, 
CEC, P2O5, other chemical compositions). The 
phosphate contents are believed to play an important 
role in the difference of the bioavailability of REEs 
between Quyhop and Nghiadan soils.  
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