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Determination of Ethyl Carbamate in Maesil Extract and Estimated Daily Intake
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Abstract

The analytical method for ethyl carbamate (EC) in maesil (Prunus mume) extract was developed with deuterium-labeled ethyl
carbamate as an internal standard. Samples were neutralized with an addition of 1 N sodium hydroxide solution, followed by a solid
phase extraction with a Chem Elut cartridge. A standard curve exhibited a good linearity with correlation coefficient of 0.9991. The limit
of detection (LOD) and limit of quantification (LOQ) were 2.91 ng/g and 8.83 ng/g, respectively. The recovery rate of EC ranged from
91.40% to 120.90%. The precision never exceeded 12.57% (intra-day) and 11.03% (inter-day). Samples were comprised of 24
home-made and 7 commercially-available maesil extracts. Eight home-made samples contained EC at levels between 3.39 and 75.76
ng/g. Three commercially-available samples had EC at levels between 11.67 and 20.16 ng/g. Average daily intakes of EC from maesil
extracts for consumers were 0.23 g/kg of body weight. Based on a benchmark dose confidence limit (BMDL) of 0.25 mg/kg of body
weight/day, the margin of exposure (MOE) of EC in maesil extract for consumers was 94,150, which is not of concern. Considering that
a daily intake of maesil extract has been increasing, further studies on the formation of EC in maesil extract is needed.
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2000 S-2lvteke] vl A (Prunus mume) ARIRAA-2 1,114
ha©] 1 ©.H(Statistics Korea 2000), 2012l wj4 2,829
=o] mjdEEd, mAdF wid A, wjd ZobH Fo
2 7FFE o Ministry of Agriculture, Food and Rural
Affairs 2014). 53], vjdS AROE SAA7 WidEsS
Aol ket Ase] &HRl F SR EE IH|HFOE
o] ARgEFo] FFetal Aok 2011 98] =Rl widE
A AHAE 72 190 19 H AAFS 081 ¢
olgtal EIE|UTHKorea Health Industry Development
Institute 2013).

od7hutmo] EE A1F] TE g AR AA
Aoz Y= = SIHEZA, AYelAl vinyl carbamate =
gAtE & epoxidatione Z2* DNA adductE A3}t
SIS Uehlle ZoE 4#A JTHMirvish SS
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1968). =AY AF 4w A7 O EE JAEYFTH =
Al Group 2AE FF73}% TH(International Agency for
Research on Cancer 2007). iUt} A=, v|= 52 &=
= +5 9 JdE7hnieolES HY §8XE XSt
TASI & HHl, fEvehs ZEFoT 30 pgkg
2 7)ol ARE S
&l 7} F(stone fruits; A7, WA )Y S A FE
TEE EAeke AW AlE B ofal Akt
Z2HHCN)O. 2 7HR3l 8 & cyanate 2 AFSHE TH Aresta
M T 2001). ¥¢3& 259 HAAHA cyanate olTt
<3} REEete ofgd7mbo|EE st dA ok
(Munoz F -5 2000, Aresta M 5 2001, Fox NJ & Stachwiak
GW 2007, Stodolak B 5 2007). Si}7<2l wjale] » 2
o= AlRRMIEAIQl ofml1Edo] =4 iEo U]
] Ell(Barceloux DG 2008), j&FFHo] g7
ofdziutdo| Ee]l A4 7hsdS wiAlstr] ofHu 19
o= B3t AF7tA -8 =Hle]l HHeta = H
AESH9 od7lutmo|E Jheke] thgt Byl 53
Aot}

wEhA, B AToA e 7HEA AH Alxd wds
A7 FHGE A ESEE st odd7iniHolE

al



1. dlxis 3 Al

Agol] AMgE YFZZv|gKdichloromethane)2 J.T.
BakerAHCalifornia, PA, USA)2] HPLCS3< A&l S
H, Al EFH FAESEF 9 od7hbo|EE Al
Tnpk =2 X|(St. Louis, MO, USA)olA Td3tAth W
BEFEHQ ds-ethyl carbamate= CDN isotopes(Pointe-
Claire, Quebec, Canada) A& ARE3IATE Al52] Al
ARE AAZZ(Chem Elut, 50 mL)S Agilent(Milwaukee,
WI, USA)olA YAt

2, #E=3N M=

ojd7lutmo] E FFE8H ds-ethyl carbamate WH-3E
F82 AOAC(2000)8] el Z718te] A=At
A g7uluo] ES} ds-ethyl carbamateE 3 Fdle] ofA|E
of =] 1,000 ng/mL7} =S BFYY 2 YREFY
NS A7 A zstar, oblES 718l 10 pg/mLE 348}
Aot WEEFAYL F/7TE 718l 400 ng/mL & 3]4

of 243 8 A Al WHEEFEYOZ AHESIT

3. mEHZENM

HE2Enes o8sts] WiEEE8AL 400 ng/mL
2 sMatar, FFEYLS 75, 10, 25, 50, 100 ng®] 5714
TR 2ASt HEFde A dEade ®
F&qNA Doy FEEAA WREFEEES m/z 629
m/z 642] d o] 3 WF HES YHoE sl EEE
A3} YREEELY T5 HIES XFO8 dto] A=
e AAsdnh AR HF HIE Yl thidste] o
7o) ES] 525 ALtet

4. N2 +FH

201413 1~5€e) 7Pl AH Azl wjdE = 2
MNE A=ollAd R om, s18 A9 A=, 47
& A, SAE, B4, k=l Alsel 5
=4 771E 2014 1020l 2eRleE

=~

e vidE
AT
5. ANz HXz|

ANg AAE WS EEFAA od7ho| EE 4
= Wl 219k Fal 2008-35%(Korea Food and Drug
Administration 2008)°l ZA3HR oM, G &S Fo|7]

o A Fo) of o 7o £ Bt B Hrh 113

A8l AAY PHE 9F TSI WA EFY(pH
2.76~3.14)2 1 N S4B EF g0 8 F3A%7] & pH
meter(3200P, Agilent, Shanghai, China)Z <13} T}
T3E AR 10 g& Aot WHEEFEZ ds-ethyl
carbamate(250 uL of 400 ng/mL)E F7}8la /TS 7}
3l & 40 go] HA I T FPUEFS HUIetATh 1A
’} FZ(solid phase extraction)Z Q] Chem Elut(Agilent
Technologies, Milwaukee, W1, USA)°ll A5 8§48 i1
SHT 10 mLE ¥AS] {F=S Ao Chem Elutol] 4
At 4877 ARt F2AZ] F HEEEHE 80 mL
2 23] 7ol EE &3t 8E5942 25°C ©]
3t water bath(SB-1200, EYELA, Shanghai, China)olA]
23 mLE s st 59 saE=E 13l
(Hilgenberg GmbH, Malsfeld, Germany)2.2 F5°] U=
vvial 2 &713 EhaFel FolglE FEHE HIFER
WEk | mLE 23] o] &30 ¥, AA%ZF7|(EYELA, MG-
2200, Tokyo, Japan)E ©]-&3t 1 mLE A&stA 53t
Aok FFAL Table 19 FA2AA 7AAZPFET
23]/ - FHEA7](7820A Gas Chromatograph/5977E Mass
Spectrometer, Agilent Technologies Inc., Shanghai, China)

= 24800

3lg2 dg7iol EVt ASEHA e mdsEd
AEE AMESt S35 mAsSHdd 3717 FEe
ol d7lubu 0] E(10, 50, 100 ng)2} WHFEFEZHLI ds-ethyl
carbamate(100 ng)= 71t A59} Y WHO=E
EAEAT EAH e 848 S5 (method validation)s}
7] 18l intra-day= Y 2ol 37H4] w=E 77 3Rk
FEo 7 AASIFOH, inter-day= A ZE TS Exfol 3¢
Bt 19HEA HAIBte 3ES SASATE HETHA
(limit of detection, LOD)?} 7 @A (limit of quantification,

Table 1, GC/MS analytical condition of ethyl carbamate in raesi’
extract

Instrument 7820A GC-5977E MSD (Agilent technologies)

Splitless

Injection mode
Injection temperature 210°C
DB-WAX (30 m x 0.25 mm, 0.25 pm,

Column thickness)
60°C — 10°C/min to 90°C — 2°C/min to
Oven temp. 130°C held for 5 min — 20°C/min to 220°C
held for 3 min
Carrier gas He (1.0 mL/min)

Ionization mode Electron impact at 70 eV
Source temperature  230°C

Interface temperature 240°C
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LOQ)= Adske] mFHAet A& 7|271F ol

&to] Alkekaith

LOD =33 xo/S, LOQ=10 x ¢/S

o=HaEEe BEUZ}
S =AeFFAe 71L7]

7. O 7IHIH[O|EL| &2 It

2011 =RIgFEANA 2 =R AlF kg 12
19 wjdEs5d P43 HKorea Health Industry Devel-
opment Institute 2013)¥} 2 AFoA L2 wjiEFHq9
od7hutmo| E S o]8ste] 8] mHe g7t
HolE wETS FA3SIYTE BMDLo(benchmark dose
lower confidence limit)2 mice2] HX L Al7|FA] AF
T+ YE(alveolar and bronchiolar adenoma or carcinoma)
oA =% 0.25 mg/kg of body weight/day(Schlatter J 5
2010)5 AH8-3F] = (margin of exposure, MoE)S 4t
ot om, AHEE T2 o Zrh

MoE =BMDLy (0.25 mg/kg of body weight/day)

/A == Hmg/kg of body weight/day)

m, ZAar A 0F

1. BEAYT

L rx

o=

TE7} 52 AFEAVIE ASVE ARESE 50004
200 AAHEFHLANA FARE Fo|2AEPIE TH(total
ion chromatogram)ol|A] o|@7lulHo|ES} WHEEFEZ
Ql ds-ethyl carbamate”} 2] = A THFig. 1). ol€7hlH| o]
Eo] AR AEo)N mz 62, 74, 897} F Evto]&o]
A, ds-ethyl carbamate®] HFAHEH A= m/z 64,
76, 947} 8 EHto] 2o|AtHFig. 2). WetA, AEid =

4000
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Fig. 1, Total ion chromatogram of ethyl carbamate (m/z 62,
74, 89) and ds-ethyl carbamate (m/z 64, 76, 94) by SIM mode,
Concentration ratio of ethyl carbamate and ds-ethyl carbamate
was 1:1,

Al E ] et e] 4] A 31 Al 235 (2015)

A7t =2 Efol2?l m/iz 62dlg7HH o) E)e} m/z
64(ds-ethyl carbamate)”} olE7lulw|o]EQ] A FE-A] 0
o] &= At AE7MMo|EY F& (7.5, 10, 25, 50,

100 ng/mL) &H3} WEZFEZ(100 ng/mL)2] WA H]
(&7l 0] E/ds-ethyl carbamate)E YEHOZ2 3lal &
EHE XFo2 3o HAFFHS A A thFig. 3). &
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Fig. 2, Mass spectra of ethyl carbamate (A) and ds-ethyl
carbamate (B).
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Fig. 3. Linearity of standard curve in ethyl carbamate and
internal standard (ds-ethyl carbamate).



2. 2MHo| R84 HE

olgd7mulH o] E 10, 50, 100 ng¥} WHEFEZQ ds-
ethyl carbamate 100 ngS A|Zol H7lsk] 348, HE3SH
A(LOD), HZFFHA(LOQE eIttt HESHA(LOD)
2 AFIA(LOQE 22 2.91 ng/gT 8.83 ng/go]AUTh
°]Z1& Park LY 5(2007)°] F/ellAl ol&7iupH o] EQ]
AEA L AL AZ B3 2 ng/g, 10 ng/gd Bl
g A AT

A 2 AU du(intra-day), L ZHinter-day)S-
B2 FE3te] Table 201 YERNRATE 3FFo] wHEZQ1 &

= 33] AAEte] =29 dul BEAE-2 91.40-120.90%
olom, AUAL 537-12.57%°|Uc}. =3 3Y ok wr
22 A AN =&H I3 G 100.09-
11430%°1R0 oM, AU 697-11.03%F YERSTH
Codex Al AAIEH= 10-100 ng/g?) 3HEE2] A HE 20
2133 Aot Ad=o M7t 70~120%°] 22 (Codex
Alimentarius Commission 2007), ¥ ¢19] BA1H-2 =4
7ol AgFsitta AaskSiTt.

Table 2, Recoveries of ethyl carbamate in spiked amounts
levels (n = 3)

Spiked amounts” EC Accuracy RSD

(ng) (ng/g) (%) (%)
10 12.09 120.90 12.50

Intra-day 50 54.05 108.10 5.37
100 91.40 91.40 12.57

10 11.21 112.10 6.97

Inter-day 50 57.15 114.30 10.06
100 100.09 100.09 11.03

 Sample (10 g) were spiked with ethyl carbamate 10, 50, 100
ng/g, respectively.
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Fig. 4, Distribution of ethyl carbamate concentration in
home-made and commercially-available maesi extracts, nd: not
detected.
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3. O|El7HIHO|E Bt

7Hgoll A Alzd 2470 Wil ESA F 87 AlRCA
gd7hb ol EZE ASH AL, YA 1678 AlselAe A
S5HA FUtt A9 il FAY He= 3.39-75.76
ng/gelH o, EAE BE AR Wit T2 8.14 ng/g
ot FHE wiAEFEFA 7/ F 37 AlECNA "I}
HH o] EZF AEHA oM, YA 47) widESdol =
HEHA FUth e ds s T ded MRS
od7lulmo]| E HAE M= 11.67-20.16 ng/geloH, &
e BE AR HAdES 6.70 ng/gol itk gl A
Azl mds=da 48 mds=de] odrhutmol
o EEE Fig. 40 YA 7HE-83 448wl
Y A7 T A7l EVE HAEE Al HE
247} 33.3% 9F 42.9%°1Ut. 7Pl A Alxd mjdE
=8 AF 2719 og7lnlH ol E §eFo] 61-80 ng/g B
2 =4 Uetdth A8 midEw5de ool E
HdENEs 78 v sl E}ANE Az
o= od7piolE wx7t £ FUTh

7ol &k md-e Aot gl wigA ¥
BRI cyanogenic glycosideS &3t I THBarceloux DG
2008). A3}Fo] wE 2 &Aool A cyanogenic glycoside
7} ol o3 &E3lE F 4HslE|o cyanateE A3
], o] sgHEo] oeE3 whgstH od7iutm o] Et
AEg ¢HA At Munoz F 5 2000, Aresta M &
2001, Fox NJ & Stachowiak GW 2007, Stodolak B &
2007). Riffikin HL “5(1989)3} Aresta M 5(2001)> A|F
S EZHE o"yhuiv ol EQ] QA7 ™ pH, Y, olgr&
25, Fules ol dFE Foa Rusiiith
=, olg7hbo|ES g Alole mjdsSdS Alxs)
of a4 g Ase Bt o8 A o8 B A
o= FEFs WA "ot i HeE 98E ARHE
s i) a4 5 2l Adsras s
Lo ol SAste AR o 488 oegEHe b
SO0 = JgrhubHo| EVt AAEE & dlom, i) oerhut
HolEx 84 Edolw Joll o3 ARy ddo=
A YRe] o] §EEHWA AL sgE
€= = 7}5A0] ok Park LY 5(2007) vjaF Az
Al el EAste g7l ol E M TRARl Al
Ae sAHY o §52 27 den=E =7k
100 W7} A-3sittal sHth Kim NY 5(2013)2 i
A3 eS8 EE AlxE uldsEdoA 159 1+
°= 909 AFZMA A71%E F<F old7tutH o] EF A
SHA gt Btk AT, B ATt 3
H 7HoA Azl wjdsSY AlEe A9E Az
A3} £47170] 12302 thafsle] Kim NY 5(2013)
o] w4 sA3713rE G 4-8v O AUt B od 7kt

HolE o] 7 A AEd widEsde wde

N

oz
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Table 3, Daily intake (g/kg of body weight/day)” of /maesil extract of Koreans and margin of exposure (MoE)”

Average STDEV pl pS p10 p25 p50 p75 p90 p95 P99 n’
Intake All? 0.01 0 0 0 0 0 0 0 0 0.01 033 33,745
Consumer”  0.23 0.02 0 0 0 0.01 0.03 0.13 0.62 1.17 3.06 2,142
All 2,165,440 0 0 0 0 0 0 0 0 2,165,440 65,619 -
Mok Consumer 94,150 1,082,720 0 0 0 2,165440 721,813 166,572 34,926 18,508 7,077 -

® National food and nutrition statistics 2011 based on 2011 Korea National Health and Nutrition Examination Survey (KNHNES).
® MoE = BMDL, (0.25 mg/kg of body weight/day)/estimated daily exposure (mg/kg of body weight/day).

9 Number of people who participated in the KNHNES.
4 Daily intake of all people participating in the KNHNES.
© Daily intake of people who consumed a maesil extract.

Agkolol A elaix] oba A7 SAHA AR Bl
ST}, weA, olgziuielol=e] ATARL ARKE Bt
go] ogow £29 F A% iz 449 dged
ghgale] ojgluluol el o ol AAHYE Aow
A7k,

4, OEFHIHO|EL| & HI|

=719 ¢ FAl(Korea Health Industry Development Institute
2013) ARE AT 8 =W wjdEsEY HA
A Bxs 9 =25 Table 30 AASIAT S8 =
9] AF kg 1% 1Y€ widEFd] HH4dHZFE 0.01
golon, A & wAdsEHY dHAS] AT kegd 1
1Y HAAHFS 0.23 go|ATKTable 3). 8] =719
7O E &S Hrlskr] 8 widEEY 31
7Ne] ole7hutmo] E Htghel 11.545 ng/gs i E=
A dFAFd Fate] oGOl E &S AESHA
o} oEyluiol E HH ol 9g =FEH(MoE) H ¥,
A718A AF e ool tigk BMDL,0#4%] 0.25 mg/kg of
body weight/day#k= ©]83t 4FE3tTh. AN A
AA e wdsEY AHA e FAAHATFeE AR
=ZZ(MoE)S 27} 2,165,440} 94,1500] Atk FH24F
LA AL odlulmlo] ES]l :-ZFZ(MoE)©] 18,000 ©]4+
Ql Agole $HEe 5ol obEtal S tHEuropean
Food Safety Authority 2007). wehal, wjdsZolo]
ARl AA T & -8 =R og7hbHo|E &7
2 9 ek L ofyth

SHA R, v eSS o] A FS e AlFdel whet
FA GEpzinh. wEbA, Ao AFHAe] g fsid Bt
= Wk=A] Zadit) Table 300 AAE wjdsEdo) A
HAF BXE Y, fdsSHE HHAT AR A9l
HHH A 95%)2] AT kgD 10 1€ AHFLE 1.17 ¢
o2 FAdH ol viE) sull Ax E=UYTh Ao R 7
G HAH95%)2] =EFH(MoE)= 18,5082 A 7+4E
o], FHAERHA 0] ddPTulHo|EL] =ZEFo] -7
= XA Bk 18,0000 ¢ 2SI

bt B2 751 7] 4] 318 7] 25 (2015)

o EAsh=
A AEHe
71202 A%l FefstA Z83A= e Aol A
B, v dESe el Azl webs odziuiuolE g
Fol ezt 2 Rk o} WidESe) AHFE N
o Wt & zo|rt glormE <&l mUE|Eo] o
& Zeoltt. AT, S o83 O BaENF &5
5l zr|A4F oz 9| o]go] F7Ieto] uhe} mjddd 2
#2191 19 AHFel S7kstar vk webA v Al
of o3 AsidE BsA Hrishr] AsiAe widEs
of o]9le] thE mAREAFAA S cd7puo|E A
o] 2oy, A7 55 Wele A7t dasitt
I sHt

2
i)
NI
Ny
jur}
=)
=
)
{m
%
o
rlo

o

o] oe7lutm o] EL] EA|
A e Adeta 98 5wl
o] AAsta J& wAEHFHE FHE I EAE &
A < FRlgt=t 545 FATh
jAE2ds F3AZ T AN FEHS o83l F
3 BS54 S24E AASKAT dgrhab ol ES] HETH
Al(2.91 ng/g), AHFTA(8.83 ng/g), HHE(91.40-120.90%)
2 A3 5(12.57%)7F A7 B3HE], mjisEFge]
o d7lutuo| E B HHg Ao e 7FF el
Al Az mAFESAT 4L mdESdy g7t
HolE HAEFFE W9E 3.39-75.76 ng/gF 11.67-20.16
ng/gel o, F AR 31719 dE7MtHo|E 3t
< 11.545 ng/golAtt. 78] =R19] AT kg@ 19 1 v
Ao FHFAHTN B AT =&d oddvhat
HolE &S Fold AEE =FH(MoE)°] 2,165,440
% A7l E &
< FEE T FFEo] obd AE on|gith shAIRE
HHAH95%) 2] =EH LS 18,5082 HEHE 7o &
A3ttt



ZAe =2

o] E=E-& 20158PAE ALeltistn ) steEEd
Tule] AL were

References

AOAC. 2000. AOAC official method 994.07: Ethyl carbamate in
alcoholic beverages and soy sauce. In: AOAC official methods
of analysis. 17th ed. AOAC International. Gaithersburg,
MD. USA pp 14-15

Aresta M, Boscolo M, Franco DW. 2001. Copper (II) catalysis in
cyanate conversion into ethyl carbamate in spirits, and
relevant reactions. J Agric Food Chem 49(6):2819-2824

Barceloux DG. 2008. Medical toxicology of natural substances:
foods, fungi, medicinal herbs, plants, and venomous animals.
John Wiley & Sons, Hoboken, NJ. USA pp 336-352

Codex Alimentarius Commission. 2007. Report of the 17" session
of the codex committee on residues of veterinary drugs in
foods. Available from: http://www.codexalimentarius.net/web
/archires.jsp?year=08. Accessed September 3, 2014

European Food Safety Authority. 2007. Ethyl carbamate and hydro-
cyanic acid in food and beverages — Scientific opinion of
the panel on contaminants. EFSA J 551:1-44. Available
from: http://www.efsa.europa.ew/EFSA/efsa_locale-1178620753812
1178655060600.htm. Accessed January 12, 2015

Fox NJ, Stachowiak GW. 2007. Vegetable oil-based lubricants-a
review of oxidation. Tribology Int 40(7):1035-1046

International Agency for Research on Cancer. 2007. IARC Mono-
graphs on the evaluation of the carcinogenic risk of chemicals
to man. Int Agency Res Cancer 7:111-140

Kim NY, Eom MN, Do YS, Kim JB, Kang SH, Yoon MH, Lee
JB. 2013. Determination of ethyl carbamate in maesil wine
by alcohol content and ratio of maesil (Prunus mume) during
ripening period. Korean J Food Preserv 20(3):429-434

Korea Food and Drug Administration, Korean Food Code. 2008.

o) s 5ole] o b0 £ w43} s st 117

Official amendment notice no. 2008-25. Korea Food and
Drug Administration. Available from: http://www.kfda.go.kr.
Accessed August 2, 2014

Korea Health Industry Development Institute. 2013. National food
& nutrition statistics 2011: Based on 2011 Korea national
health and nutrition examination survey. Korea Health
Industry Development Institute. Osong, Korea pp 1033-1386

Ministry of Agriculture, Food and Rural Affairs. Fruit processing
industry in Korea. p 8. Available from: http:/library.mafra.
go.kr/skyblueimage/16702.pdf. Accessed December 26, 2014

Mirvish SS. 1968. The carcinogenic action and metabolism of
urethane and N-hydroxyurethane. Adv Cancer Res 11:1-42

Munoz F, Schuchmann MN, Olbrich G, von Sonntag C. 2000.
Common intermediates in the OH-radical-induced oxidation
of cyanide of formamide. J] Chem Soc Perkin Trans 2(4):
655-659

Park LY, Chae MH, Lee SH. 2007. Effect of ratio of Maesil
(Prunus mume) and alcohol on quality changes of Maesil
liqueur during leaching and ripening. Korean J Food Preserv
14(6): 645-649

Riffikin HL, Wilson R, Howie D, Muller S. 1989. Ethyl carbamate
formation in the production of pot still whisky. J Inst Brew
95(2):115-119

Schlatter J, Dinovi M, Setzer BW. 2010. Application of the
margin of exposure (MoE) approach to substances in food
that are genotoxic and carcinogenic example: ethyl carbamate
(CAC 51-79-6). Food Chem Toxicol 48(suppl):S63-S68

Statistics Korea. 2000. Maesil production in Korea. Available
from: http://kosis.kr/statHtml/statHtml.do?orgld=101&tblld=
DT INH328&conn_path=I3. Accessed December 17, 2014

Stodolak B, Starzynska A, Czyszczon M, Zyla K. 2007. The effect
of phytic acid on oxidative stability of raw and cooked
meat. Food Chem 101(3):1041-1045

Received on Jan.22, 2015/ Revised on Mar.3, 2015/ Accepted on Mar.5, 2015

Korean J. Food Cook. Sci. Vol. 31, No. 2 (2015)



