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In this study, inter-laboratory comparison was done using elemental analyzer-isotope ratio mass spec-

trometers (EA-IRMSs) to determine carbon and nitrogen contents as well as stable carbon and nitrogen isotopic

compositions (δ13C and δ15N) of five environmental samples containing lake and marine sediments, higher

plant leaves, and fish muscle, and one organic analytical standard (Protein (Casein) Standard OAS). Five

national laboratories participated in this comparison study, and each laboratory analyzed all five samples and

the analytical standard. Results showed that variations in total organic carbon (TOC) and total nitrogen (TN)

contents as well as δ13C
TOC

 and δ15N
TN

 values among the laboratories were large compared to the analytical

uncertainties. The results highlighted the inhomogeneity of the test samples and thus, the need to select suitable

standard reference materials for future inter-laboratory studies. Further inter-laboratory comparison exercises

could promote good measurement practices in the acquisition of stable carbon and nitrogen isotopic com-

position data.
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1. Introduction

The determination of stable carbon and nitrogen

isotopic compositions (δ13C and δ15N) have become

increasingly important in a variety of research

fields, including geochemistry, hydrology, ecology,

archeology, and forensic science1-6). An elemental

analyzer-isotope ratio mass spectrometer (EA-IRMS)

has advantages of quick analysis and small sample

volume. The acquisition of the EA-IRMSs has thus

increased in various research institutes in South

Korea. However, research using EA-IRMS is cur-

rently at a nascent stage in South Korea compared

to advanced countries. Hence, it is necessary to

improve the competitiveness of South Korean res-

earchers in different research fields. There have

been cases of cross-validation among analytical ins-

titutions in other countries analyzing various isotope

systems in a range of materials. For instance,

δ
2H, δ

13C, δ
15N and δ

18O of organic compounds,

bone collagen, or materials of potential forensic

interest such as packaging and pharmaceuticals7-9)

were measured in order to ascertain consistency

and robustness of their stable isotope measurement

results. Similar inter-laboratory comparison studies,

however, are yet to be conducted in South Korea.
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Here, for the first time, the determination of

carbon and nitrogen contents as well as stable

carbon and nitrogen isotopic compositions (δ13C and

δ
15N) in various environmental samples by a com-

parison study among research institutes in South

Korea was attempted. The objective was to distri-

bute environmental samples to the participating lab-

oratories to allow them to assess the proficiency

and accuracy of their analytical techniques. We

expect that the differences among laboratories

would be within the range of the analytical uncer-

tainties reported from each laboratory, if the test

samples are ideally homogenized. This inter-labor-

atory comparison study was a co-operative study;

analysts used a method common to their own

laboratories and no certification was provided. Stable

carbon and nitrogen isotopes were measured in five

environmental samples (lake and marine sediments,

higher plant leaves, and fish muscle) and one cer-

tified organic analytical standard. They represent a

wide range of environmental samples that are com-

monly used in the environmental sciences. In add-

ition, easy access to these samples allowed us to

obtain enough volumes for distributing sufficient

subsamples to the participating laboratories.

2. Experimental Methods

2.1. Participating laboratories

Firstly, the South Korean research institutes with

EA-IRMSs were surveyed and asked to participate

in this inter-laboratory comparison exercise. Accord-

ing to the survey, a total of 24 South Korean ins-

titutes had an EA-IRMS at the time of the survey

and seven institutes among them showed interest

in participating. However, two institutes could not

join this comparison exercise due to their analysis

schedule. Participating laboratories were identified by

letter only and their results were shown in an

arbitrary order.

2.2. Sample preparations

The samples for distribution were prepared at

Hanyang University. Five different environmental

samples were used: lake and marine sediments,

higher plant leaves, and fish muscle (Fig. 1). One

lake sediment sample was collected from Lake

Shihwa in May 2013 using a grab sampler. Two

marine sediment samples were collected from the

temperate and polar regions, i.e. from the East

Sea (ES14-BC01; 37°12.05’N, 130°25.09’E; 2160 m

water depth) in May 2014 and the Chukchi Sea

(ARA01B/04MUC-01; 73°44.10’N, 167°0.25’E; 43 m

water depth) in August 2010 with R/V ARAON

using a box corer and a multi-corer, respectively.

Leaves of pine trees were gathered at Hanyang

University in October 2016. One Mugil cephalus

was captured in the estuary of the Geum River

flowing into the Yellow Sea in May 2016. All

samples were stored at –20°C, freeze-dried, and

then ground to a fine powder using an agate mor-

tar and pestle. Each of the powdered samples were

collected in a glass jar and rigorously mixed man-

ually several times and then using a multi funnel

shaker (MMV-1000W, EYELA, Japan). This mixing

procedure was repeated several times over several

days. In addition, one organic analytical standard

(Protein (Casein) Standard OAS) was purchased

from Elemental Microanalysis Ltd (Devon, UK) (Cat

no. B2155 - Certificate no.114859). Two aliquots

(one for raw sample measurements and one for

decalcified sample measurements) of each type of

sample, approximately 2 g for each aliquot, were

transferred into clean, labelled vials with no further

processing and sent to each of the participating

laboratories.

2.3. Grain size analysis

Seven aliquots of each environmental sample (a

total of 35) were randomly subsampled and used

for grain size analysis, which was performed at the

Korea Basic Science Institute (KBSI) in Jeonju to

test the physical homogeneity of the environmental

samples. All the samples were analyzed with the

dynamic light scattering (DLS) method using a par-

ticle size analyzer (Microtrac UPA150, Microtrac
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Inc., USA)10). In addition, five aliquots each of the

Lake Shihwa and East Sea sediments were randomly

subsampled and analyzed using a SediGraph III par-

ticle size analyzer (Micromeritics Inc., USA)11).

2.4. EA-IRMS analysis

For the carbon and nitrogen contents and the

stable carbon (δ13C) and nitrogen (δ15N) isotope

measurements of both non-decalcified and decalcified

materials, the laboratories were requested to pro-

cess the samples in their usual way. The analyses

were carried out using different brands of EA-

IRMSs. Participating laboratories were requested to

perform the analysis at least twice with each aliq-

uot of the samples. The final total organic carbon

(TOC) value was calculated using the following

equation: TOC = (100 – (8.333 × TC)) / ((100/

TOC’) – 8.333)12). Note that TOC’ denotes carbon

contents obtained from the decalcified samples,

while TC represents the total carbon content of

the non-decalcified samples. Note that δ13C values

of decalcified samples (i.e. δ13CTOC) were reported

in this study. In contrast, total nitrogen (TN) con-

tents and δ
15NTN values obtained from the non-

decalcified samples were used in this study. Each

laboratory recorded their analytical results in a form

that was supplied with the samples for keeping track

of information on analytical instrumentation, decal-

cification processes, and calibration standards with

certificated values.

Fig. 1. Results of the grain size analyses: A) Lake Shihwa sediment, B) East Sea sediment, C) Chukchi Sea sediment,
D) pine leaf, and E) Mugil cephalus. The dotted horizontal lines show the mean value of all the results.
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3. Results and Discussions

The sample homogeneity was estimated using the

grain size distribution of the environmental sam-

ples (Fig. 1). The mean grain size of the seven

measurements obtained by the DLS method were

8.2±6.4 mm for the Lake Shihwa sediment, 5.6±

3.8 mm for the East Sea sediment, 19.2±12.6 mm

for the Chukchi Sea sediment, 76.1±16.4 mm for

the pine leaf, and 49.834.7 mm for Mugil cephalus.

The grain size variations were large, suggesting

that the samples were inhomogeneous. To verify

the DLS results, the grain sizes of two sediment

samples were analyzed using a different method,

i.e., the SediGraph method. The SediGraph results

showed a much smaller variation, with mean values

of 2.3±0.3 mm for the Lake Shihwa sediment and

10.0±0.4 mm for the East Sea sediment. In gen-

eral, the DLS method is more suitable for samples

with low concentrations and limited quantities, while

the SediGraph method required much larger sample

amount (>0.5 g)13). Accordingly, the larger grain

size variations obtained by the DLS method might

be due to the smaller sample size used for the

grain size analysis. Nonetheless, it is evident that

the environmental samples used for the inter-labor-

Fig. 2. Distribution of the initial TOC and TN contents as per each laboratory: A) Lake Shihwa sediment, B) East Sea
sediment, C) Chukchi Sea sediment, D) pine leaf, E) Mugil cephalus, and F) organic analytical standard. Filled and
open circles represent the individual analyses for TOC and TN, respectively. The solid and dotted horizontal lines
show the mean values of all the participating laboratories for TOC and TN, respectively. Error bars represent ±1σ
standard deviation of the individual laboratory data. Numbers denote the number of measurements conducted in
each laboratory.
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atory comparison study were inhomogeneous.

The mean TOC contents for all participating lab-

oratories were 0.84±0.03 wt.% for the Lake Shi-

hwa sediment, 1.94±0.03 wt.% for the East Sea

sediment, 2.01±0.06 wt.% for the Chukchi Sea sedi-

ment, 48.64±0.93 wt.% for the pine leaf, 47.15±

2.93 wt.% for Mugil cephalus, and 46.56±0.78 wt.%

for the organic analytical standard (Fig. 2). The

mean TN contents for all participating laboratories

were 0.11±0.01 wt.% for the Lake Shihwa sedi-

ment, 0.24±0.03 wt.% for the East Sea sediment,

0.24±0.02 wt.% for the Chukchi Sea sediment,

1.18±0.05 wt.% for the pine leaf, 14.00±0.25 wt.%

for Mugil cephalus and 13.90±0.34 wt.% for the org-

anic analytical standard (Fig. 2). Across all the parti-

cipating laboratories, δ13CTOC values averaged -22.45

±5.03‰ for the Lake Shihwa sediment, -21.30±

3.09‰ for the East Sea sediment, -21.84±3.83‰

for the Chukchi Sea sediment, -30.70±0.85‰ for

the pine leaf, -17.00±0.20‰ for Mugil cephalus and

-27.12±0.36‰ for the organic analytical standard

(Fig. 3). The δ15NTN for all participating laboratories

averaged 6.39±1.62‰ for the Lake Shihwa sedi-

ment, 5.66±1.05‰ for the East Sea sediment,

8.42±1.16‰ for the Chukchi Sea sediment, -3.11

±0.49‰ for the pine leaf, 12.71±0.39‰ for Mugil

Fig. 3. Distribution of the initial δ13CTOC and δ15NTN values by each laboratory: A) Lake Shihwa sediment, B) East Sea
sediment, C) Chukchi Sea sediment, D) pine leaf, E) Mugil cephalus, and F) organic analytical standard. Filled and
open circles represent the individual analyses for δ13CTOC and δ15NTN, respectively. The solid and dotted horizontal
lines show the mean values of all the participating laboratories for δ13CTOC and δ15NTN, respectively. The error
bars show ±1σ standard deviation of each participating laboratory. The numbers denote the number of measure-
ments conducted in each laboratory.
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cephalus and 6.19±0.39‰ for the organic analytical

standard (Fig. 3).

The difference between the mean values of all

the participating laboratories and the mean values

of data reported by an individual laboratory was

calculated (Fig. 4). In the case of the organic ana-

lytical standard, the difference between the mean

values of data reported by the individual laboratory

and the certified values provided (Elemental Micro-

analysis Ltd, Devon, UK) was calculated. For the

TOC and TN contents, the differences were in the

range of 0.07 (-0.02 to 0.05) and 0.02 (-0.01 to

0.01) wt.%, respectively, for the Lake Shihwa sedi-

ment, 0.09 (-0.06 to 0.03) and 0.07 (-0.04 to 0.04)

wt.%, respectively, for the East Sea sediment, 0.15

(-0.08 to 0.08) and 0.07 (-0.03 to 0.04) wt.%, res-

pectively, for the Chukchi Sea sediment, 2.60 (-1.68

to 0.92) and 0.13 (-0.05 to 0.08) wt.%, respectively,

for the pine leaf, and 8.13 (-5.76 to 2.37) and 0.74

(-0.44 to 0.30) wt.%, respectively, for Mugil cepha-

lus. The certified carbon and nitrogen values of the

organic analytical standard were 46.5±0.78 and

13.32±0.40 wt.%, respectively. The differences were

between -1.27 and 1.01 wt.% for the TOC content,

and between -1.23 and -0.28 wt.% for the TN con-

tent. In general, the TOC and TN differences of

the sediment samples were much smaller than

those of the plant and fish samples. Moreover, the

differences in the TN contents were smaller than

those in the TOC contents. This could be due to,

Fig. 4. Difference between the mean values of all participating laboratories and the mean values of data reported by an
individual laboratory or the certified values (for the analytical standard): A) ΔTOC, B) ΔTN, C) Δδ13CTOC, and D)
Δδ

15NTN.
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at least partly, the different decalcification processes

applied in each participating laboratory, considering

that the TN contents were obtained from the non-

decalcified samples (Table 1).

For δ13CTOC and δ15NTN, the differences were in

the range of 1.15 (-0.90 to 0.25) and 4.98 (-2.37 to

2.61)‰, respectively, for the Lake Shihwa sedi-

ment, 1.04 (-0.58 to 0.46) and 3.15 (-1.22 to

1.93)‰, respectively, for the East Sea sediment,

1.06 (-0.68 to 0.38) and 3.53 (-1.48 to 2.05)‰,

respectively, for the Chukchi Sea sediment, 0.31

(-0.12 to 0.20) and 1.39 (-0.84 to 0.55)‰, respec-

tively, for the pine leaf, and 0.46 (-5.76 to 2.37)

and 0.74 (-0.16 to 0.30)‰, respectively, for Mugil

cephalus. The certified stable carbon and nitrogen

isotope values of the organic analytical standard

were -26.98±0.13 and 5.94±0.08‰, respectively

(Elemental Microanalysis Ltd, Devon, UK). The

differences were between -0.15 and 0.33‰ for

δ
13CTOC and between -0.67 and 0.42‰ for δ15NTN.

In contrast to the TOC and TN contents, the dif-

ferences in δ
15NTN were larger than those in

δ
13CTOC. Abundant nitrogen in ambient air, which

can be easily introduced into the IRMS system via

tiny leaks undetected during the routine analysis

procedure, in combination with the low nitrogen

levels in the analyzed samples can account for the

large discrepancies. Furthermore, the differences in

δ
13CTOC among laboratories were large compared to

the analytical uncertainties reported from each lab-

oratory. The results of this study suggest that, in

general, the differences between the δ13CTOC data

derived from different laboratories could, to some

extent, be due to the differences in sample pre-

treatments (Table 1).

4. Conclusions

This paper presents the first inter-laboratory com-

parison of stable carbon and nitrogen content and

isotope measurements in South Korea. In this com-

parison, aliquots of five environmental samples and

Table 1. Summary of the decalcification method used in the laboratories participated in this study

Lab code Decalcification method

A

1) Put a suitable amount of samples into the 50 ml beaker and add the 10~15 ml of 10 % HCl.

2) Keep it in room temperature for 24 hr.

3) Add the distilled water after removal of the supernatant and stay it during the 24 hr for the settling of the

samples.

4) Repeat the step 3) for 4 times and remove the supernatant.

5) Check the pH using a litmus paper and dry remaining water in the oven.

6) Grind and homogenize the sample.

B

1) Add a suitable amount of 1 N HCl to a small amount of samples.

2) React it during the 12 hr.

3) Neutralize the samples using ultrapure water for 3 times.

4) Remove the water using a freeze-dryer.

C

1) Add the 10 ml of 8 % HCl to the sample and shake it.

2) Remove the supernatant by centrifugation at 3000 rpm for 10 minutes.

3) Add deionized water and shake it.

4) Remove the supernatant by centrifugation at 3000 rpm for 10 minutes. 

5) Repeat the step 3) to 4) for 2 times.

6) Dry the samples in the 50oC oven.

D

1) Put a small amount of samples in a conical tube and add the 1 M HCl.

2) Shake it to react overnight.

3) Remove the supernatant by centrifugation.

4) Add ultrapure water and shake it for neutralization.

5) Remove the supernatant by centrifugation.

6) Repeat the step 4) to 5) again and remove the water using a freeze-dryer.

E Not applied.
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one organic analytical standard were prepared and

distributed to five South Korean laboratories. The

samples provided were further processed with each

laboratory's standard method and analyzed. The res-

ults showed that inter-laboratory variations in TOC

and TN contents, as well as δ13CTOC and δ15NTN

values, were large compared to the analytical un-

certainties reported by each participating laboratory.

The variations could have resulted from the inho-

mogeneity of the environmental samples. In addi-

tion, the variations could be due to the differences

in sample pretreatment. For better comparing the

differences between the results obtained by the lab-

oratories, further study to analyze diverse organic

analytical standard materials and a much larger num-

ber of participating laboratories are necessary. Mut-

ual verification of the analytical technology among

South Korean research institutes can improve the

reliability of analytical results. Hence, greater parti-

cipation by a wider range of South Korean research

institutions in inter-laboratory comparisons in future

is encouraged.
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