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Abstract 
The isotope ratio mass spectrometer (IRMS) is an instrument that measures both of 
the elemental contents and isotope ratios of hydrogen, oxygen, carbon, nitrogen and 
sulfur in environmental samples at the same time. In this study, we want to try to get 
two main goals; first, to make up for setting the analytical conditions such as accura-
cy and precision, second, to apply for comparing of the carbon and nitrogen isotope 
ratio of sediments in the abandoned mine located in middle province of Korea. For 
the first goal, a recently introduced IRMS was used to analyze CRM (certified refer-
ence materials), which helped to make up the analytical conditions of carbon and ni-
trogen isotope ratios. So, the accuracy and precision of isotope ratios and elemental 
contents were also assessed simultaneously, and also the results were very satisfacto-
ry. The analytical results of carbon reference materials (EMA-P2) showed an accura-
cy of −2.801 × 10‰ ± 0.01‰ (2σ) and a precision of 0.009‰ in the mass range from 
0.008 μg - 0.162 μg. For nitrogen reference materials (EMA-P2), an accuracy of 
−1.632‰ ± 0.72‰ (2σ) was obtained in the mass range from 0.082 - 0.162 mg. These 
values of accuracy and precision are higher than those reported by other studies. For 
the second goal, carbon and nitrogen isotopes in river sediment near abandoned mines 
were analyzed based on the established analytical conditions. The result suggested that 
carbon isotope ratios ranged from −22.5‰ - −27.5‰ and nitrogen isotope ratios from 
−1.9‰ - 7.9‰. By comparing the isotope ratios and sampling sites of sediment, we 
know that the nitrogen isotope values in samples of entrance area of mine are greater 
than those of the farm house area, which is indicating the effects of organic materials. 
So, we could guess that the newly accumulated organic materials were much more in 
the farm house area than mine entrance area. And a result of this study, the accuracy 
and precision tests of IRMS using certified reference materials were very satisfactory 
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and optimum analytical conditions were established well. And also, it was found that 
the applications of isotopic analysis for environmental samples by using the IRMS 
could be very useful for the studies on tracing pollution sources. 
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1. Introduction 

A few decades ago, mass spectrometry was considered as a very difficult and expensive 
study area because its complex and highly expensive instrument were maintained and 
operated by a few dedicated technicians and its output understood by only a few aca-
demics. But in recent years, a revolution occurred and MS became an affordable, easy 
to use and routine technique in many laboratories, and one of the MSs is IRMS (iso-
tope-ratio mass spectrometer). IRMS is a specialization of mass spectrometry, in which 
mass spectrometric methods are used to measure the relative abundance of isotopes in 
a given sample [1] [2]. This technique has two different applications in the earth and 
environmental sciences. The analysis of stable isotopes is normally concerned with 
measuring isotopic variations arising from mass-dependent isotopic fractionation in 
natural systems. On the other hand, radiogenic isotope analysis involves measuring the 
abundances of decay-products of natural radioactivity, and is used in most long-lived 
radiometric dating methods [3]. The isotope-ratio mass spectrometer (IRMS) allows 
the precise measurement of mixtures of naturally occurring isotopic sources such as: 
soils, plants, grains, animals which is including all kinds of environmental matters [4]. 
Generally, most instruments used for precise determination of isotope ratios are of the 
magnetic sector type. This type of analyzer is superior to the quadrupole type in this field 
of research for two reasons. First, it can be set up for multiple-collector analysis, and 
second, it gives high-quality peak shapes. Both of these considerations are important for 
isotope-ratio analysis at very high precision and accuracy. The analysis process of IRMS 
can be divided into four steps: combustion or thermal diversion of the sample material 
using the elemental analyser, introduction of evolved gases into the ion source of mass 
spectrometer via the interface, ionization of the gas molecules followed by separation 
and detection of the ions in the mass spectrometer and evaluation of the raw data.  

Earlier studies on isotopes were limited to research areas such as geology related to 
the creation of the earth; paleoclimatology; creation of lakes by glaciers [5] [6]; and pa-
leoclimate reconstruction by measuring hydrogen and oxygen delta values in ground 
water around glaciers. Technological progress in isotopic analysis equipment since the 
1950s, however, has advanced research methods and performances, extending the use 
of isotopic data into more various areas. In recent years, isotopic analysis began to be 
applied to identifying contamination sources by comparing variability in oxygen and 
nitrogen isotope delta values of 3NO−  (δ18O, δ15N) in natural and ground water. Iso-
tope ratios of organic matters, based on which nutrition in lakes and rivers is deter-
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mined, are also analyzed for investigating progress in lake eutrophication, seasonal 
variations in nutrients and tracing pollution sources [7] [8] [9]. Such an extension of 
isotopic analysis into new research areas contributed to establishing the macro-isotope 
ratio mass spectrometry as an area of environmental science [10] [11] [12]. Recently, 
IRMS has a wide range of applications for the forensic science; determining whether 
sample of chemically similar such drugs, explosives, fibres, paints, inks, distinguishing 
counterfeit products from genuine materials, comparing putative reactants with con-
traband products, identifying the source of pollutants such as oil spills, monitoring at-
mosphere gases to distinguishing between natural and anthropogenic sources. Based on 
the bases of IRMS, this study was conducted to assess the accuracy and precision of 
carbon and nitrogen isotope ratios of produced certified reference materials measured 
by isoprime IRMS, a recently introduced isotope ratio mass spectrometer (IRMS) [13] 
[14]. Carbon and nitrogen isotope ratios of stream sediments and soils near an aban-
doned mine were also compared in order to evaluate the applicability of the established 
isotopic analysis to environmental samples [15] [16] [17]. 

2. Materials and Method 

Certified reference materials used for assessing the accuracy and precision of isotopic 
analysis (Table 1) and sulfanilamide used for analyzing elements (Table 2) were both 
dried in the oven at 70˚C for 24 hours [18] [19] [20] [21]. For isotope ratios, delta val-
ues (δ13C, δ15N) were calculated based on Equation (1): 

( )13 15
. ., std stdC N R R Rαδ δ  = −                         (1) 

In the above equation, R means 13C/12C and 15N/14N as the ratio of heavy isotope to 
light isotope; x stands for samples; and std. is an abbreviated form of standard. Fractio-
nation factor ε was applied, so as to use fractionation factor αapplied (Equation (3)) of  

 
Table 1. Delta values of reference standard and IRMS certified reference materials. 

Standards  13CV-PDB 18OV-SMOW 2HV-SMOW 34SV-CDT 15NAIR 

USGS 24 −16.049‰     

IAEA S-1    −0.30‰  

IAEA N-2     20.3‰ 

EMA-P1 
−27.85‰ 
(0.12‰)* 

+20.99‰ 
(0.72‰) 

−25.30‰ 
(5.10‰) 

−3.01‰ 
(0.54‰) 

 

EMA-P2 
−28.19‰ 
(0.14‰) 

+26.88‰ 
(1.88‰) 

−87.80‰ 
(2.20‰) 

−1.57‰ 
(0.19‰) 

 

*Standard deviation (σ). 

 
Table 2. Elemental contents (%) of IRMS certified materials and EA standards. 

Standards C O H S N 

EMA-P1 61.51 20.87 3.46 13.85  

EMA-P2 68.35 19.91 2.9  7.46 

sulfanilamide 41.81  4.65 18.62 16.25 
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working standards and samples to calculate fractionation factor εapplied (Equation (4)) 
[22] [23]. 

( )product rectantR Rα =                           (2) 

( )product working standardapplied R Rα =                       (3) 

310  applied appliedlnε α= ×                         (4) 

To assess the applicability of isotopic analysis to environmental samples, stream 
sediments near an abandoned mine located in middle Korea were sampled and meas-
ured for their isotope ratios. Various sampling sites were selected (Figure 1): two (U1 
and U2) in the upstream area near the entrance of the abandoned mine; three (M1, M2 
and M3) in the mainstream area around the mine; two (D1 and D2) in the downstream 
area; and two (T1 and T2) in an area where the mainstream and a tributary meet. To 
compare the sediments with soils in the neighboring area, additional sampling sites 
were chosen: three (M5, M6 and F) in a farming area near the mine and three (A2, W1 
and W2) near an artificial reservoir. The sampled sediments were immediately deliv-
ered to the laboratory and stored in the freezer. They were sufficiently dried before be-
ing ground for analysis (Table 3). 

3. Result and Discussion 
3.1. Accuracy and Precision of Carbon Isotopes 

The mass of certified reference materials used to measure carbon isotope ratios with the 
IRMS ranged between 0.082 mg and 1.66 mg. The value of δ13C was found to be −2.754 
× 10‰ - −2.791 × 10‰, which is highly consistent with the isotope value of certified 
reference materials (−2.785 × 10‰). The precision of δ13C (the range of standard de-
viation) ranged between 0.0081‰ and 0.061‰. The peak height ratio was 0.511 × 10−2 - 
7.081 × 10−2. Fractionation factor εapplied was calculated as 2.195 - 2.334. All these results 
indicate consistent ionization in the given analytic conditions. The precision calculated 
in this study was found much higher than the value reported by Hyodo [24] and 
Marín-Guirao (0.2‰) [23]. The reproducibility was high even in a wider sample weight 
range. Figure 2 shows the mass, δ13C value, peak height ratio and fractionation factor 
εapplied of certified reference materials used for measurement. The result of elemental 
content analysis also turned out to be very close to the values suggested by certified ref-
erence materials (Figure 3). 

3.2. Accuracy and Precision of Nitrogen Isotopes 

The mass of certified reference materials for measuring nitrogen isotope ratios with the 
IRMS ranged from 0.008 mg to 0.162 mg. It was found that δ13N was −4.033‰ - 
−1.142‰ (certified reference material: −1.57‰) and the precision (the range of stan-
dard deviation) was 0.363‰ - 0.027‰. Such a wider range was also found in the frac-
tionation factor (3.091 - 0.078), compared to carbon’s range (2.195 - 2.334). When the 
mass was 0.040 mg or higher, however, the certified reference materials showed better 
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precision than what Aguiñiga reported [25]. The peak height ratio was 0.069 × 10−2 - 
1.261 × 10−2 as it consistently increased along with the mass of certified reference  
 

 
(a) 

 
(b) 

Figure 1. Sampling sites near an abandoned mine in Korea. 
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Table 3. Sampling sites near an abandoned mine in middle Korea. 

Site Description Site Description 

M1 (dj04) 
Main stream at the entrance of the 

mine 
A1 (dj10) Agricultural soil 

M2 (dj05 Main stream A2 (dj19) 
Agricultural soil near the artificial 

reservoir 

M3 (dj06) Main stream D1 (dj26) 
Downstream area after the confluence 

of the main stream and a tributary 

M4 (dj07) Main stream D2 (dj27) 
Downstream area after the confluence 

of the main stream and a river 

M5 (dj08) Main stream near agricultural land F (dj12) Creek passing through farmhouses 

M6 (dj09) 
Main stream after the confluence 
of the main stream and the creek 

from agricultural land 
T1 (dj24) Tributary 

M7 (dj11) Main stream T2 (dj25) Tributary 

M8 (dj13) 
Main stream after the confluence 
of the main stream and the creek 

from farm houses 
U1 (dj02) 

Mountain soil at a higher location 
than the mine 

M9 (dj14) Main stream U2 (dj03) 
Mountain soil at a higher location 

than the mine 

M10 (dj16) Main stream W1 (dj21) Creek from the artificial reservoir 

M11 (dj18) Main stream W2 (dj22) 
Creek before the confluence of the 

main stream and the creek from the 
artificial reservoir 

M12 (dj20) Main stream  Main stream 

 

 
Figure 2. Accuracy and precision of carbon isotopes. 
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Figure 3. Carbon contents of EMA-P2. 

 
materials. Figure 4 displays δ13N, peak height ratio and fractionation factor εapplied based 
on the nitrogen contents of certified reference materials used for measurement. The 
analysis result of elemental contents was also found very close to the values suggested 
by certified reference materials (Figure 5). 

3.3. Application to Field Study  

In various studies, carbon and nitrogen stable isotope ratios have been used as indica-
tors showing origins of organisms. This study applied isotopic analysis to sediments 
and soils sampled from various sites near an abandoned mine. The result showed that 
the carbon and nitrogen isotope ratios of the samples were 23.1‰ - −27.3‰ and 
−1.5‰ - 7.1‰, respectively. As generally known, plants are categorized into C3 and C4 
in accordance with the characteristics of metabolic synthesis matters created by carbon 
assimilation. Most C3 plants such as trees, beans, wheat and rice have the average car-
bon isotope ratio of around −27‰ while some C4 plants including corn and sugar cane 
have −14‰. The carbon isotope ratios of the sediment and soil samples analyzed in this 
study indicated that they were affected by organisms from C3 plants of land origin. 
Each flow distance in the sampling sites was characterized as follows: the carbon and 
nitrogen isotope ratios of samples from the upstream area near the entrance of the 
mine were −26.6‰ - −26.7‰ and 2.5‰ - 2.7‰, respectively. In the main stream area 
(M1, M2 and M3), on the other hand, it was turned out that carbon isotope ratios were 
lighter (−24.5‰ - −25.2‰) while nitrogen ratios were heavier (5.7‰ - 7.2‰). This 
may be because the main stream sites were affected by the influx of organisms that  
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Figure 4. Accuracy and precision of nitrogen isotopes. 

 

 
Figure 5. Nitrogen contents of EMA-P2. 
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stemmed from soils in the neighboring area of the mine. In farming sites including M7, 
M8, M9 and F, the stable isotope ratios of total organic carbon and total nitrogen were 
26.2‰ - −27.3‰ and −1.5‰ - 1.9‰, each, showing a different distribution compared 
to the upstream and mainstream areas. The nitrogen isotope ratios, in particular, were 
found far lighter in these sites, which may be attributable to the inflow of synthetic fer-
tilizers or livestock manure from soils in the neighboring area. The pilot application of 
isotope ratios in this study, where sediment and soil samples from various sites near an 
abandoned mine were analyzed and compared, helped assume that isotope ratios can 
appropriately be used for predicting different pollution sources (Figure 6). 

4. Conclusion 

The isotope ratio mass spectrometer (IRMS) is an instrument that measures both of the 
elemental contents and isotope ratios of hydrogen, oxygen, carbon, nitrogen and sulfur 
in environmental samples at the same time. In this study, a recently introduced IRMS 
was used to analyze certified reference materials (EMA-P1, EMA-P2), which helped es-
tablish analysis conditions of carbon and nitrogen isotope ratios. The accuracy and pre-
cision of isotope ratios and elemental contents were also assessed, and the results were 
satisfactory. Based on the accuracy and precision assessment results of certified refer-
ence materials, the established isotopic analysis conditions were pilot-applied to sedi-
ments and soils sampled from areas near an abandoned mine. The analysis of these 
 

 
Figure 6. Carbon and nitrogen stable isotope ratio of sediments in stream areas near the aban-
doned mine. 
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sediments and soils showed distinct characteristics in isotope ratios between the up-
stream area including the mine entrance and the farming area. The assessment of accu-
racy and precision measured with the IRMS and the pilot application of isotopic analy-
sis to sediments and soils indicated that isotopic analysis can appropriately be used for 
studies on tracing pollution sources. All in all, this study is summarized as follows: 1) 
The analysis of carbon reference materials (EMA-P2) showed that in the mass range of 
0.082 mg - 1.662 mg, the accuracy of isotope ratios was −2.809 × 10‰ ± 0.18‰ (2σ) 
while the precision was 0.0091‰, a better result than what I. C. Torres et al. [26] sug-
gested (0.1‰). 2) The analysis of nitrogen reference materials (EMA-P2) indicated that 
in the mass range of 0.008 mg - 1.663 mg, the accuracy of isotope ratios was −1.57‰ ± 
0.71‰ (2σ). When the mass was 0.040 mg or over, however, the precision of the refer-
ence materials was measured as 0.16‰ (2σ), a more satisfactory result than what I. C. 
Torres et al. suggested (0.3‰) [26]. 3) The isotope ratios of sediments and soils sam-
pled from the upstream area near the entrance of an abandoned mine and farming sites 
were analyzed, and the result suggested that the carbon isotope ratios ranged between 
−22.5‰ and −27.5‰, while the nitrogen isotope ratios were −1.9‰ - 7.9‰. Compar-
ing the measurements of isotope ratios and the characteristics of sampling sites indi-
cated that nitrogen isotope values were found lower in the farming area than in the up-
stream area near the mine, which implied that organic matters probably had influence 
on the values. 4) The accuracy and precision of IRMS measurements were assessed us-
ing certified reference materials, thereby establishing optimal analysis conditions. When 
the isotope ratios of sediments and soils were analyzed with these established condi-
tions, it was found that the isotopic analysis of environmental samples could be very 
useful for studies on tracing pollution sources. Finally, for the development for high 
skills of managing IRMS, inter-laboratory comparison exercise or proficiency testing 
schemes provide a means for laboratories to check the quality of measurements and 
monitor long term reproducibility of sample preparation in comparison to those ob-
tained by other laboratories. Participation in such schemes is a fundamental require-
ment of any laboratory seeking or managing accreditation to ISO/EC 17025 [27]. It is 
recommended that laboratories participate in an inter-laboratory ring test at least every 
two years to check for reliability and accuracy of the determined results. And also, to 
achieve accreditation to ISO/IEC 17025 or other internationally recognized quality 
standards analytical techniques must be validated. A laboratory must prepare a valida-
tion plane and a validation report presenting and interpreting the data obtained. The 
validation process will depend on the nature of samples to be analysed, the equipment 
to be measured, all of which must be defined in the validation plan. So, it is necessary to 
set up co-work programs for the extending of research ranges for using IRMS through 
the worldwide participations of scientists and technicians. 
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