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Analysis of the Concentration of Metal Elements in Freshwater Fish Otolith Using LA-ICP/MS. Hyun
Woo Park (0000-0003-3658-9497), Suk-Hee Yoon (0000-0003-2224-8632), Jaeseon Park (0000-0003-2660-5924),
Bo-Ra Lim (0000-0002-1188-2112), Hyeri Lee (0000-0001-8260-8076) and Jong Woo Choi* (0000-0003-2331-3213)
(Environmental Measurement and Analysis Center, National Institute of Environmental Research, Incheon 22689,
Republic of Korea)

Abstract In this study, the possibility of a follow-up study on environmental pollution in domestic
freshwater was identified by analyzing fish otoliths using Laser ablation-inductively coupled mass
spectrometry (LA-ICP/MS). Fish otolith are known to be affected by the environment in which fish live. As a
result, research on this subject is active in many countries; however, this is not the case in Korea. Therefore,
in this study, the possibility of tracing environmental pollution using fish otoliths was identified by analyzing
the components of metal elements used as indicators for environmental pollution. For the component analysis
of metallic elements LA-ICP/MS, which can shorten analysis time by reducing the pretreatment process,
was used. Sampling was conducted by dividing the research and the background area and carp, a freshwater
species, was selected as the experimental fish species subject. Based on the established LA-ICP/MS conditions,
the concentration of the metallic elements in the fish otoliths collected in the research area was 2202.9 mgkg™',
2.03 times higher than the 1,086.3 mgkg™' in the background area. All elements except for Li and U, were
found to be higher in the research area than in the background area. Compared with the sediment measuring
net analysis data, the distribution tendency of Zn, Pb, and Cu in sediment metal element concentrations in the
two regions and distribution of metal element concentration in fish otoliths were similarly shown. These results
confirm that fish otoliths can be used to track environmental pollutants, such as in sediments.
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Fig. 1. Sagittal plane of walleye pollock otolith, showing otolith
radius (R) and ring radius at age n(rn)l.

d A7]e] FEd7 FE= A2 dEA Atk (Reeder,
1983; Campana, 1985; Brothers, 1987; Yang, 2008).

ool we Aot AR, o] HE 2 BALH
(CaCO3) A& 2] o2t L}o] E (Aragonite) 96%, Tl 2 &
2T $718 BEA 3%, 300 £ wjFAL7} iR
1%8 A5t gick B3 ol e 2L Pel
FAEE T o] Ifetutgo] dojuA] g MR A
g7k 5)7] whizo] olejst BhotxA el Kol offel A4
4 Aolg Ustll= BE AL J8S 54 "t o
A o] f 3t AolE oF At HEA7=
A= 199080l Sojet EdstA AFHol gom, of
79 dzmuro] ozt oo BE AR, AT 7
B, olR7h AgrE Ao el B4 wEleE ke o
FE0] A=F1 Qlt}(Kalish, 1991a, b; Gauldie, 1998;
Campana, 1999; Kenney, 2002).

Hlolq WA $EARETAT AFEA (9]3 LA-
ICP/MS)Z ICP/MS?] ZH=9t ZIE MZF 7% o] 4
2 AT YUOE A2 oy Ropo] HEHT Yk LA-
ICPMS= Al&9] AA 27} 7hdstal g2 A|E Qhofl &
A 4 glen, AEAA 7 R o] Aotk (Nesbitt,
1998; Aria, 2004). T7 80 t]oll+= laser energy ¥ baem
size®] o] ojPx, AUES} HLrrt HE EAHS
zk31 Q1 e, 22 pulsed ND:YaG laserl: excimer laser
£ 0] &3}t 1~200 um A7 9] laser beam QL ZE A]E &
Ao 7hsstA Hof theFet 1A &£4] &okoll AEE
T} (Abduriyim, 2006).
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Table 1. Comparison of the average concentration of metallic el-
ements measured over a period of three years in regional
sediments (Water Environment Information System,
NIER).

Zn Pb Cu Cr Ni As Cd Hg Li

Area -
(mgkg™)

Research area 569 774 414 61.2 370 849 76 02 67.6
Background area 129 34.8 34.7 67.8 33.3 23.1 04 0.1 59.1

Ak ol ol4 W9 5% d4E LAICP/MSE £4
of A7) A T4 AHlAY F4 94 BE
ol ATEgL OB shrst Brol el B4 Ub B
A E3 A7}t Jessop, 2012; Limburg, 2015). Z1&]
A2 g PO R QlEf o]HofA e F& i FET}
WISkt =we] EREHL o, =& =& (77,
5 5ol B2 938 dolrt ATsh AWHL et
(Daverat, 2012; Selleslagh, 2016; Mounicou, 2019). =] ]|
A o7 AFEE F1o] ofF ol 4ol TR ofef AFE
o] WYL YA F A= Fg B A4 Y ofF o]
4 B4E 53 34 w3t dot mugk Axojt. uhet
A 2 AFolAe AR AAY RS Eof 4 At
@GEAZ £ e LAIICP/MS (3% 94 A8)E °l83t
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Aoole w4 A2TE FERA S,

kodm Jm ok

Mz o EE
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BHA| 28 (waternier.go kr) Q] E|FE &HY X7E
o A5ttt A5 ST 20159~201747Fe
o FE ARE vluste] Iy 34 F s oA =
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g oz HAAsIPen, Table 19 F A F< 3¥7H(20154
~20179) 24 94 & S B34S U A
TA G2 gl AfA 59 2ddo] $A3 3lo] Table 1
3} Zo] F& YA F 571946 mgkg ' 02 A EAH
T AYoRE At 53] 24 Y4 F F2 24 <
A2 4 Zn, Pbo] =4 UEht 8 2 FA(FY )Y
FEFS wo| W2 Ago g HoE= [ Folrt. ujH I
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Fig. 2. Sampling areas were divided into either the research or background area. The research area was selected to represent higher metal
element concentrations than the background area. Smelting plants are located upstream of the research area.

Otolith was immersed in 10% NaOCI for
24 hours to clean the surface
(remove organic matter)

.

Dry for 24 hours with distilled water

¥

An epoxy resin was prepared by mixing the
epoxy and the hardener in a ratio of 2:1

o

Put otolith on epoxy resing and dry it for
more than 2days

.

Sample was polished using a polisher

Fig. 3. Pretreatment for element analysis of otoliths.'* Pelletized samples after sample pretreatment and sample observation taken by stereo-

microscope.
2. NzxiF % Hx2| € 2% 19 10em A= AFsh= Aoz d3A U=
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Q1 (Cyprinus carpioy= JHAQ] FFolFLo2 I A 3uk| S A sto] Ao o]-§st¢ith
ool AAst Ao s deA oh(=7ERAA AT ofF W o]4 Y YF Aol o9 w2 VLR FR
YA RA 28| http://www.naris.go kr). £33t $1Ho] 71 _4 QEBo AAstT WAL o] fate] Y stg o, _4
Ao dA Qlo] £8HY o ARE Ao & £ T AY o4 F 5 oAt ARSI (Fig. 3). A
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Fig. 4. Laser ablation combined with ICP-MS system for element analysis in NIER.

Well A 24X17F 59 2k A 28 THNIER, 2017).

2) M8 0|M AE MZE

AR AQFH & AFZ A|E= LAICP/MS 248 AJE2
=) 3te] o EA] (epoxy)Qt 7 SHA (hardener)S 2:19]
&2 4L 233} (epoxy resin)o] B 2 O]AF AL
Az} o]F 1AASLE A2E AR AUt (polisher) &
o] 83} 600 grit~1200 grit F2] AFE (silcon carbide)E
ol ARGt AAEo] EdY 7R EHE Aultst
ST} (Stevenson and Campana, 1992). o] ZZ-F9] 7}A]
AL &2l3st7] Yste] AA|Au]|7 (stereo microscopes)S
o] &3¢tk (Fig. 3).

3. LA-ICP/MS 7|7| 2MxA x|M351 U & L 24

JP)
e
0x
A
Ar

MS QI8 LA-ICP/MS 7|7|=A

=2 ‘I‘-_r“’ﬂ A& Laser ablation> HA|H & o] A (ArF
Excimer laser, ESI, US) }¢J2 &2 A& HWHo|| 193 nm -
749 UV go|AE WAatste] WEH vA|YAE ICP/MS
2 olFAZ 4 Utk (Fig. 4). Azl FAHE glo]A W
o5ty WEH UA= ?‘Q_H(He) 7tAE HTIAZ Sho
ol2 I (Ar) 7k E3HH T ICP/MSO| =Y E o] ¥4 B
A o] o] Fo|Xth(NIER, 2018).

#ZE4 (NIST CRM 610, 612, 614, Trace elements in

glass)& o] 83to] & 27 (Table 2)0.2 33] whE HA

Table 2. Instrumental condition of LA-ICP/MS for element analysis.

Laser system ESINWR193UC Laser ablation system

Laser ArF 193 nm Coherent Eximer laser
Mode Line scan

Scan speed 5ugsec”

Energy 2.13Jcm™

Repetition rate 20 Hz

Laser beam purging gas N, 2mLsec”'

Beam spot size 20 um

Depth/pass 5 um
Beam focusing Z auto movement

Sample carrier gas He 700 mL min™"
ICP/MS ICP/MS Elan DRC-e
RF power 1300 W
Coolant flow rate 19 L min™’
Auxillary flow rate 1.25Lmin”'
Nebulizer flow rate 1.02Lmin"'

=

old AR B4 A BAHE o] Ao &5 BEH Uae)
Aol TS 93te] B A (energy, scan speed,
repetition rate, beam size, scan mode) 244> (cps, count
per second)®] BEEZ HliLste] BAzAL HHstsiar.
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Fig. 5. Efficiency comparison of LA-ICP/MS with device analysis condition (energy, beam size, scan speed, and scan mode).

BEAzAEE 2AHYLE energy (15, 20, 25, 30)%, beam
size (50, 100, 150) um, scan speed (1, 3, 5, 10) um sec o
2 FZEI}H I scan mode= line mode®} spot modeZ U
o] AE3ITh(Fig. 5). Laser ablationo| A ICP/MSZ 4]
AZE FAE] Yehd AEghe 3 A e
olgl F#7+& AMgSle] A Fokal v o835t
of At BT £4% F A HL =& Asgs
Uel= 2315 AAste] o4 B4 913t LA-ICP/MS
X202 AAsqit

3) AUZHESZEE 0|18c M S5 (M, HUE) HIt
A Aol o] A A2 A4S dAAA HA B4z
AAl A& A& 7HsS &s] ko] o4 dF
Z (FEBS-1, NRCC Otolith CRM)& ©]-&3}o] 87
A2 ('Li, *Mg, **Mn, ®Cu, *Zn, ®Sr, *Ba, **Pb)2] A3
= (Accuracy, %R)2F A = (Precision, %#RSD)S % 7}3}
ok ojw AR o)A QIFHEFEELE BT FHo|EE
pellet press dies (Specac, US)E ©]-&3to] Trtst pellet &
B2 gk AME-8FITH(NIER, 2017).
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4) ICP-MS 2AM#Hut 2M S8 Hlw
FHE A 219 24FeS wofsty] Yo, 245 o

]

& FAo] F2 o]&FHE ICP-MS 24} AFEEE
Aol B4 Yo JUSg vwstech. o, AR AN
£ 240 wet o2 A8stgist, LAICPMS S 3
AefQd pellete o]-&3stAtt. 22y ICP-MS+= o F W
ol Mol That WakeH EAH o] BE o] A ghol EPA
method 3502 (microwave assisted acid digestion of siliceous

and organically based matrices)ol| W2t A2 & AF B35t
3 717] £4& At

5) 2 A= 24

AA g 0|4 AEE LA-ICP/MSE ©]439] Line
scan mode 2 AAFo| wa} A 51¢c B A% 5|
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08pp 28 yola, AL GI AR FoZ Yio] vlwst
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1) LA-ICP/MS 7|7| 2MZ71 £x5}

SABA & (o7 ol4)et o]4 EFEZ (FEBS-1, NRCC
Otolith) Ul &4 ¥4 E LA-ICP/MSZ 4317 ¢35t
o] 717] B4 X7 (energy, repetition rate, beam size, scan
speed)y= A 3}stgict AL £AZAHRE A8 A1
energy 2.13 J cm™” repetition rate 20 Hz, Beam size 20 pm,
Scan speed 5 umsec”' 9] A4 7 =1 ¢HAAQ] %
A4 (cps, count per second)E LEFY ATt

2 A 3}3 LA-ICPMS B4 212 o]gste] 4 94
#8 BEEF 33 (NIST CRM 610, 612, 614)°] ZZH
24 Y4 9% (Zn, Pb, Cu, Mg, Sr, Ba, Li, Ba, Li, Mn, U)



LA-ICP/MSE 0|8t E=

. YA LE Zn, Pb, Sr,
Ba, Li, Mg, Mn, Cu.Z U9] ot BEFEZ x3y
A oFot Alstyct Fewe}l AU ZF Y4EE 73
gHE BEA5ke] Fatgth A= 100.1~151.5% R0 H,
U= 64~53.3%F YEFH AT (Table 3).
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3) ICP-MS 2AMHnt 2M 58 H|w

ICP-MSE %314 o]y AFaEEZE B43% 248
N har 2 57 Yh0 AL 717~1117%971 ZY
TE 14~104%5 JePH AT 22y Y A] 37) 49
A== Zn, Pbo] RA UEHI, Mne =4 UEET
(Table 4). o]%= o]4]9] ICP-MS &41-& 93t A|& AA T
o] W2 Zjo] wjiEel Ao Z Helth(Wang, 2017). 3t
A9F LA-ICP/MS 41 9] Zf-oll= ol2fgh MA =] W
of FFE a3t A BE B8] wEol ICP/MS &
A BT 58421 Wioleta datqlct.

Table 3. Accuracy and precision measurement of LA-ICP/MS us-
ing NRCC otolith CRM FEBS-1.

Zn Pb Sr Ba Li Mg Mn Cu

AVETIZE 5 14 0642 2056 581 0429 237 0724 757

(mgkg )

Acff/or)acy 1093 1069 100.1 114.1 1406 1004 1056 151.5
1?;)])3 337 212 232 232 533 64 225 170

Table 4. Accuracy and precision measurement of ICP-MS using
NRCC otolith CRM FEBS-1.

Zn Pb Sr Ba Li Mg Mn Cu

Average
(mgkg™)
AC?};;;‘CY 406 375 928 1117 717 1139 27017 884
RSD

(%)

193 0219 1907 568 0219 269 185 4386

674 97 14 104 102 49 80 57

Fod U =4 HL & 24 329

AAE oAF o] W 24 Y94 48 F 5= A
g A, A7 o] 22029 mgkg ', WA A ] 1086.3
mgkg ' 02 AFA G FEr} oF 2038 EA Lebd
EgE AFA G} WiF R F O] o]H F T Ph T £
£ v 43 Ligt U AlQdt BE 947t AR o]
B3R Gt =4 Yebgth 53] Sr,Ba, Mg, Zn & A+
o A 2005+166 mgkg™', 145+97 mgkg ™', 33.1+4.7
mgkg™', 144483 mgkg™ ¢ L5 Yehyon, ujAA
o A= 1016+56 mgkg™',42+21 mgkg™', 162+2.4 mg
kg, 72145 mgkg " FEE YERf o] F ) 0|49 Ao
7t Yehde A& € 4 AT (Table 5). E3F Cu, Mn, Pb
FELE AFAGo] MiFA QR oF 12~178 =2 &

Uet et o] A 9] el 2AXH ] ARl AAL

22 2ddo] 7] il AR g, ol =

o}
g g4 olFE0l A4 FQ B4t A 2go) 9
KN
%

it
M

WorSS Ae 4A A4 25T FARE AFE 2

t}(Kim, 2009; Shin, 2010). 12| 1 0|23t A7 Table
13} Zro] ARG} wjF A G4 397 (20158 ~2017
W) &3S HHE F 35 94 5= AT fATH
E3] Zn, Pb, Cu: A1 Y HHAENA 569 mgke ™,
774 mgke™', 414 mgkg 'Y HEE YL, WA A
o EAE AL 129 mgkg ™', 34.8 mgkg™', 34.7 mgkg™'
9] =& Ueto] AR GoA 9] FET}F 12~448 =
A Yebgth. Fig. 62 Zn, Pb, Cudl =5 /HAE (HHE,
OAYE Ulro] F A9 FE Zo|E AHZE e
Atk Al fa BE AR Ho] AR R £ FES
Holom EHET o] BE Ze AFS el o]=
ol AAshs ofF o)A E4o] EHEDL Zo] T
Aol F4 94 QATE AHE ¢ 9k Hx2 A9 &8
7Hs4dE Yehd Ao Bl

Sr¥}t Bad Afole AFAGo] AR GH oF
20~3.48 E=A Yebgedl, ol FE AL QoA 1
Y& FobE £ QUATh i} Bat oAl Aol ©h2d
F23 dEo g3l FFS W AR A e
(Limburg, 1995; Riva-Rossi, 2007), & A9 H4+7F

Table 5. Analysis of the major metal elements in the fish otoliths inhabiting the two areas.

Zn Pb Sr Ba Li Mg Mn Cu U
Area -1
(mgkg)
Research area 144+83 036x0.1 2005166 145+97 041%+005 33.1+x47 0.89*03 38+x19 0.028%0.01
Background area  7.2%x4.5 021+£0.1 1016+56 42+21 042+0.10 162+24 0.75+03 29+1.7 0.030+0.02
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Fig. 6. Concentration comparison of the major metal elements analyzed in two shapes (sediments, fish otoliths) collected in the research and

background areas.
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1995; Elsdon, 2004; Jessop, 2012). T3t &4 X4] o]&
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