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Abstract

This study aims to analyze the bioaccumulation of heavy metals in Rana uenoi and evaluate its relationship with
habitat environmental factors to propose conservation strategies. The research was conducted in four different
habitat types: agricultural fields, agricultural fields near coal mines, agricultural fields near stone quarries, and
wetlands. Five individuals of Rana wuenoi were collected from each site, and soil and water samples were
obtained to analyze the concentrations of six heavy metals: copper (Cu), lead (Pb), nickel (Ni), arsenic (As),
zinc (Zn), and cadmium (Cd). The results showed that zinc was the most abundant heavy metal in soil, while
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no heavy metals were detected in water except for zinc. The analysis of liver and kidney tissues revealed that
copper had the highest concentration in the liver, whereas zinc was the most abundant in the kidney.

Additionally, a relative importance analysis identified region as the most significant variable influencing heavy
metal accumulation, followed by snout-vent length (SVL), which represents the body length from the snout to
the vent, and body weight. The effect of sex was minimal. The Biological Accumulation Factor (BAF) analysis
demonstrated significant differences in heavy metal accumulation across regions, suggesting that variations in
environmental pollution levels influence metal bioaccumulation. These findings provide essential data for
amphibian ecological assessments and conservation strategy development, contributing to the establishment of

effective habitat management plans.
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b etde] 577, dE AFA] AE A
AFE AlFA 25 948 5o Qe 4 5 %
Aol A HAI5IAL Q= EANTEE(Rana ueno)’s A=SHITH
(Table 1). 2AFE]e] Ae TL322] oIEER 2] E|0]
901 5] 1 7t AAe] P AT THOE PPERES
517t ARAE AET e 50 Wol A5 skt
7R w8} 20231 59 4915 20241 39 319744 7+ 7]
AollA A7 BF Al7]o] ZEsisnt
Eo e ok 575 5716] AT B
== skt EYO B ARY 3~5em Fe AA &
ROk Asie] ol wshelc), 0] B9 Bl A
of Hol ¥ Byt F AFAHRE 29t & EAsHh
TR 2 A el 271, BA|, el Adglo] 72
2 5upy Zesigint. o] offghE(Ethanol absolute(Merck)
95~100%)= Argste] P 2, txd 22| 5 A (H500
-20 DIGIMATIC CALIPER (200mm), Mitutoyo)®} &oi-&
AZA-L(W-500, WellDot, China)& ©]83te] SVLI}F A%
(Weight)& Z43 tha WaE shelt). A48 Cex)2 B21=
(Nuptial pad) & ol & FA(Ovary)et A4 (Testis) 7
E 2RI by 7155k3itk(Table 2).

22 5 =4

ol

AR &, AmEe] Byt & Aodids
Tzo] Slsele] EFedBYNAsIZA ulek Bskr,
EF A& 3g2 250ml ¥H-§710] W1, oF 0.5~1mLe] A
2 ABE A T A 21mLE H7IsPEA F AL o

e

Table 1. Study sites and locations of Rana uenoi

A4t TmLE 71ste] & Aoj3giet. &4 871l 0.5M &4t
I5SmLE 711 &4 8719 &7 %47—](7_’% HR3-8710 AdA|
0 F AF20lA 2417F ol AAAA EG Wl 7180l A
48] IR Do), ol MRETES L A 22
B 2ol TEste s okl 2417 5ot 11 AEE AR
T JoAIXIh Bt £ w8715 WAAIX F, 0.5M
24 10mLZ ”\]01 HRS-27]0] Y= T3 Whatman No. 40

T o]} B53 oful2]2 100mL Fu] SekAde] ojufst
i, 0.5M 7‘1*}‘)% BAE A A= §Hog ARG
0121?} Axe] 17 & & A9 G Heji= 324.754nm,
& 220.353nm, YA 231.604nm, H]ax= 89.042nm, ot
2 213.857nm, IEg< 228.802nmolA FEATEetAnr
°JX]'EJ§'—,L—J§'74](1CAP 7400 Duo, ASX-560, Thermo Fisher)

AJstelrt.

2) =3 24

7 A2199] 8 T2 D 52 Uil e 22
o Aol "ot W Bk & Aol &A%} 45l
Ade] oElste] A4S Fsielt AldHE sEe T
JAIR7]E ES 04400.3¢c 57— 28-EetAn-dapdg
F33H (Metals—Inductively Coupled Plasma*AtomiC Emission
Spectrometry) © 2 AlP5tAct Z+ 2|99l & 100mL ol
Fofo] AT Smlsh BAT 252 91 A Ffdstol
ofgfo] 10~20mL = wj7lx] 24 =611 vhx|ste] Wzislitt
o|F A& Ao] Gropd wi7lz] Aits Frtste] S l“*—%ﬁ}
+ e W O, AEF0lE BAlgE 2~33] Aol
ot} A oS 100mL Fme] ZupAge] ol 23%1’5]
100mL= 9=l olafet 22| 2g § ICP-OES(Inductively
Coupled Plasma—Optcal Emission Spectroscopy, ICP—OES,
PerkinElmer Inc, USA) FHIE A § A=E Zehxat

o FJstel BASH
3) 22l 2
7} AR o)A Sutely EIF ST AP

»

Site Location Latitude Longitude
Gangneung Nangok—dong, Gangneung—si, Gangwon—do 37° 47 128° 5%
Yeongwol Waseok—ri, Gimsatgat—myeon, Yeongwol—gun, Gangwon—do 37° 07 128° 35

Wonju Gwirae—ri, Gwirae—myeon, Wonju—si, Gangwon—do 37° 1% 127° 517

Jeju Deokcheon—ri, Gujwa—eup, Jeju-si, Jeju—do 33° 29 126° 44

Table 2. Morphological data summary of Rana uenoi by region

Site Number of frogs SVL (mm) Weight Sex

- Female = 2
Gangneung n=5 60.96+9.84 18.79+10.37 Male = 3

Female = 1

Yeongwol n=5 68.75+8.04 9.55+2.23 Ve
Wonju n=5 59.52+2.25 17.35+2.86 Male = 5
Jeju n=5 48.27+3.60 28.14+10.7 Male = 5
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ol FASAZ. #ESATT Tht AE F[HNOs

(70%) : HCI(35%)=1:3]¢} 1:1 H]&E &2 & 1AIZF 5ot
ALl A ou] W& A1 &, 80TCollA 1A%t B3t 7Hdste
H7VE o] SN g 49mlet 7] HE B
0.1mL& Alof F 4t 5% 0.35%(v/v)Z =2 Zet=nt
AR 7] (Inductively Coupled Plasma Mass Spectrometry,
ICP-MS, iCAP Q, Thermo Scientific, USA)E ©]-&3}o] =

4) ME=Z=74=(Biological Accumulation Factor, BAF)

BAFE 3o ZA5H= 9Fd(Nutrient Pollutants), 871
2 HE2(Organic  Pollutants), ¥AM EZ(Radiological
Contaminants), 552 (Heavy Metals) 59 2@=dE0] A
=29 55 A=E Uels ARz B 24do] A=A el
QE e dEHo] ol Ak FEFEE=AE 4ok vl AHH
ok BAFS] A1 oot e

o
e
N

| =2 3 (ug/g)

BAF = — —
AW S (ug/g)

i

H—]

BAR) 1HEH 2% $30)4 45T 09BNt k2 5
2 559k & 5 9lom, BAF-lold $5Y 09%
o] $ATH L FE, BAF(IO] A9t 55H 0GB Ho]
Arh Fe BER HEHSE ek,

7 Aol AEE F349 2 BAF A Hestol
BAF 32 =5 o2 T2 F69T, 2 A9 57

Sl 3t B W BERA 5] 2L olgsle] BAsknh

3

X,

(o

5) X2 2
B A3 =EH Hlolet §A Z20% R(ver. 4.4.2)

ANOVA) 9 AE#HA(Tukey's HSD), 2F EzZ £4
(Decision tree analysis), 318 Z#AE(Random forest) 5=

olgate] YoleiE shdstant.

3. dat 3 13

A

=

3.1

EY 24 23t ofdo]l A A4 7P = AEELS
o, 7FER-2 A 2] 9ollA] 7P WA HER AoR ERIFY]
o). ot o] -9 250.3mg/kgd] FHel 80.2mg/kg ZFSHTt °oF
3ull, YA B¢ 57.9mg/kgd] AF7t 3.7mg/kg 73S HT oF
1564, 2= 42.4ng/kg AT} 5.0mg/kg Z5Ht oF 8,54,
92 14.1mg/kg A7} 5.6mg/kgQl 7F5Ht oF 2.54), H|AE
10.4mg/kg FHo] 3.2mg/kgQ] 7F5Hct 2F 334, JIEme
0.6mg/kgl AF7T 0.2mg/kgd 2Rt oF 3u] A= &7
2" 7oz FRIFQIH(Table 3).

EoFskA R A (Soil Environment Conservation Act, 1995)
Z EodeerlEom 23709 e dEA V=S AASIIT
250 wet 3712] SEoR FREM & A7Ade HHe
2 =0} Qo] o 71 1 Aol 2=, A2 ofA
AEE 5245 B2 ESeEr1E v|wet Ay}, yAe] A
£ 174, 7] 1/8, oFA 1/2, v]& 1/4, 7t=& 1/8, & 1/17
TEoR HEEC EYAHE ostE HHE 42l
Aoz FRI=GIct.

tm

Hr

93':

I}

1t

3
S B 23 A AGeld olde Asfe RE Faol

S ARg5ho] AR (Correlation analysis), Levene's?] S8 3, AlFE 0.004mg/L, 49 0.003mg/Le] ofddo] HZE|ct
A A& (Homogeneity of variances)? EAHLA(One-way (Table 4). o= 80| Fa& 50l AHAY JFEh=
Table 3. Heavy metal concentrations in soil and contamination thresholds(mg/kg)
. heavy metal Ni Cu Zn As cd Pb
Site
Gangneung 3.70 4.90 80.20 3.17 0.23 5.60
Yeongwol 19.60 19.10 250.30 10.40 0.53 10.70
Wonju 4.00 5.70 102.30 4.27 0.47 14.40
Jeju 57.90 42.40 130.20 5.47 0.60 14.10
Average 21.30+25.50 18.02+17.51 140.75+75.84 5.83+3.19 0.4610.16 11.20£4.09
Worrisome Levels of 100 150 300 25 4 200
Soil Contamination(1 area)
Table 4. Heavy metal content in the water quality(mg/L)
. heavy metal Ni Cu Zn As cd Pb
Site
Gangneung N.D N.D N.D N.D N.D N.D
Yeongwol N.D N.D 0.003 N.D N.D N.D
Wonju N.D N.D 0.005 N.D N.D N.D
Jeju N.D N.D 0.004 N.D N.D N.D
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Ta% FAHNE 7S AARit Feo ofd, W W, HAT 2 2918 v, A1) 7
- obdd, e, Hagte] 2 915 Btk AAH 0 Tl
3.3 Slrel Sa5 =4 24 A e, AgelAE ofdle] 74 £, Bl S 7t
A TE o] F24 BA AT 7t ool A sup AEOIAM EEF JFE W2 S45 ol ol Uit 959
24 74 Ao pHsle] 224 dre AZ6lgtHFig g solM TASE I9A wedo] Zht AolM a5
1, Table 5). ButHo2 & 47H Aol ZholMe agt 7 FHl SEE UWL Ao FAET
ZF =7 kg0 R ofddo] o AFS Hglon] HAL T} 7t WiaE o] AuAlE B4R 23 SVL Al 2 Al
2} Lo AGkS LpepiTh AlAo] Ao ofdlo] b wq aop FolA AEAIGTL 096°i - ZFsHAl gl duaAE o
Sog Jal e Aoz yehton HlAL 7k} npiriA ERfct, BHE, SVL 2 A5 55 el tigh 1kt A17%e]
2 7P o ARk LRt o] ATt paje} ofddo] 7imp ST Aoz vA yglom, tiRg folulstA]
AR A2 i Aoz qugL AL omjat 2= glo  UTHTable 6). 1eu S 1F ABBARIA 7He] H$ Y
o, H| A0 AL 7h} AFol|A e Sk e AL 2 At H(=0.61, p=0.004), H]A} H(r=0.80, p<0.00D°] F
A7 agAel Si= 71&01 Q —g: 7}—xm LFERATY, a5 1 ABEATE AsHA verked, Aol e YA
EE Q1912 wto] Bro] Hhel JY(Rh Ry TE(=0.89, p<0.001), YA oFA=0.85, p<0.001)°] e
o] Ao ZhA ] > ofd > ¢ > YA > =R > H|A, FBEAE HYHFig. 2). ©IF SVL 9 AlF9] At
Aol Ao ofd » FEl y gy Uy sleg ) wla 5o M UEhE A2 SVt Alge] SvHeE S 54
2 717k g &9t B WRe mack v, gt 57 o 9IS viRkE AeR ST 5 Ao S AT AdsS

Boxplot of Metal Concentrations in Liver by Region

Liver_Ni

Liver_Cu

-

Liver_zn

Boxplot of Metal Concentrations
Kidney_Ni Kidney_Cu

60

in Kidney by Region
Kidney_zn

H= '@ = . — - W
' | mm " S == . T
cﬁﬁg . d,o‘ {\o@’ K4 fé&w P §0\ y& K &m\& *,ov o@ K3 07 “Q@ e& 00@"'\& P &p\ gg K4 qu@ p d‘°\ &@o &
Liver Kidney
Fig. 1. Comparison of heavy metal content distribution in liver and kidney
Table 5. Heavy metal accumulation (mean=+S.D, min, max, ug/wet.g) in the tissues of Rana uenoi
Gangneung (n=5) Yeongwol (n=5) Wonju (n=5) Jeju (0=5)
Liver Kidney Liver Kidney Liver Kidney Liver Kidney
Ni 0.21+0.09 1.03+0.56 0.18+0.05 0.8940.25 0.50+0.14 1.17+0.49 0.2410.07 2.39+1.96
0.10, 0.34) | (0.27, 1.81) | (0.10, 0.24) | (0.61, 1.17) (0.27, 0.62) | (0.70, 1.98) | (0.18, 0.36) | (1.24, 5.82)
C 31.39+14.47 | 14.14+£13.98 | 26.15+10.39 | 12.58+4.76 34.86+19.4 9.28+3.54 37.01£8.15 | 23.85+20.56
" (17.84, 56.09) | (5.48, 38.93) | (14.59, 40.16) | (8.26, 18.7) | (16.56, 64.70) | (5.54, 13.21) | (29.06, 48.78)| (10.47, 59.84)
7 2321+£690 | 35.71+£8.46 | 10.05+£3.82 | 28.68+5.36 24.1+3.54 36.75+8.08 14.18+1.93 | 47.24+16.98
" (16.30, 34.64) | (28.04, 46.22) | (4.91, 14.86) | (23.09, 35.55) | (19.25, 28.39) | (27.25, 48.25) | (11.46, 16.46) | (32.78, 72.34)
A 0.02+0.01 0.04+0.02 0.01+0.01 0.05+0.02 0.03+0.01 0.05+0.02 0.01+0.00 0.08+0.02
s (0.01, 0.03) | (0.02, 0.07) (0.01, 0.02) (0.02, 0.08) (0.03, 0.04) (0.03, 0.08) (0.01, 0.01) (0.06, 0.11)
cd 0.22+0.14 0.86+0.38 0.13+0.05 0.44%0.12 0.26+0.07 0.65+0.23 0.11+0.03 2.25+1.23
0.13, 0.47) | (0.54, 1.32) (0.07, 0.18) (0.27, 0.57) (0.19, 0.37) (0.48, 0.94) (0.08,0.14) (1.13, 4.08)
b 0.45+0.49 1.45+0.99 0.23+0.12 1.31+0.72 1.00+0.63 1.50+0.76 0.06+0.03 0.69+0.96
(0.07, 1.26) | (0.33, 3.00) (0.06, 0.35) (0.44, 2.21) (0.18, 1.81) (0.33, 2.41) 0.04, 0.11) (0.09, 2.39)
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334 345 218 7Rs o] e,
7} Aol % Fa4 UAES FAEA(One-way

ANOVA)Z} AFEH A (Tukey's HSD test)-S 4-3stgict. HA4]
Av F29 4<¢ ZHFG, 16)=0.591, p=0.630)7F A7H(F(3,
16)=1.200, p=0.341) BFollA 29 It fom|gt 2fo|7} viet
U] gkoieh Y] A9 7HFE@3, 16)=12.160, p<0.001)ol14
At AT, dFot AF, FL} 4F Tl foJulgt 2tolg

Table 6. Liver and kidney correlation analysis results

LR, AEG, 16)=2.154, p=0.133)2 29 7¥e] G.on]
3 Ajol= Ueht] gort okele] 74 2HEG, 16)=12.070,
pO.0DSIA Aot 745, 9T 2%, g5et A%, F9T
A% 7o) fould Hols UehiL, AFFEG, 16)=2581,
p=0.089)& Ao 7re] Golulgt Aol viehiA] elgiet. u]
29 A9 7HEG, 16)=14.510, p0.00DoIH Aot 32, ¢
zol A7, Agsh A el Golndt Holz wAw, A%

Variable Pair Organ Correlation p—value Variable Pair Organ Correlation p—value
R e = =
e e = =
T e T
e e T e
e e e e e
e e
o | b i e e o

Correlation Heatmap of Liver Variables

,,,,,,

(@) liver

Correlation Heatmap of Kidney Variables

0.37

(b) kidney

Fig. 2. Correlation analysis between metal concentrations and morphological variables (liver and kidney)

Table 7. Relative importance of factors influencing metal concentrations in liver and kidney

Liver Kidney

Regions SVL Weight Sex Regions SVL Weight Sex
Ni 40% 24% 22% 12% 35% 24% 22% 12%
Cu 50% 20% 25% 15% 30% 20% 25% 15%
Zn 30% 26% 23% 13% 28% 26% 23% 13%
As 20% 22% 18% 20% 40% 22% 18% 20%
Cd 45% 25% 26% 16% 33% 25% 26% 16%
Pb 35% 22% 19% 17% 37% 22% 19% 17%
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Table 8. BAF analysis of heavy metals (mean=+S.D, min, max) in liver, kidney, and soil

p=0.445)2 2|9 k] fofujgh Aol LERFA] ootk
AR AAEE FEt] |, ofd, Hla, 7i=Re]
- ZF A Zbe] fofuigh Aol vEpdnt v, e o
95 o A% A4 19 Aot AL ez yEhgen, o 7t
o] gAF QolEo] Ate =& U 224 Ao £9
T 9 vk & 4 ek
E3h 7F SE4 Y94t A9, SVL, A%, 48 5o Wss

Gangneung (n=5) Yeongwol (n=5) Wonju (n=5) Jeju (n=5)
Liver Kidney Liver Kidney Liver Kidney Liver Kidney
Ni 0.055 £ 0.025]0.279 + 0.151]0.009 % 0.003|0.045 =+ 0.013|0.124 + 0.035]0.293 + 0.122|0.004 =+ 0.001|0.041 + 0.034
(0.028, 0.091) | (0.073, 0.489) | (0.005, 0.012) | (0.031, 0.06) | (0.068, 0.154) | (0.176, 0.496) | (0.003, 0.006) | (0.021, 0.101)
C 6.407 £ 2.954|2.886 + 2.854]1.369 + 0.544|0.658 + 0.249|6.116 + 3.404|1.628 + 0.622(0.873 + 0.192|0.562 + 0.485
. (3.639, 11.446)| (1.119, 7.944) | (0.764, 2.103) | (0.433, 0.979) |(2.906, 11.351)| (0.972, 2.317) | (0.685, 1.151) | (0.247, 1.411)
7n 0.289 + 0.086]0.445 + 0.105/0.040 = 0.015]|0.115 £ 0.021]0.236 + 0.035]0.359 = 0.079]|0.109 + 0.015]0.363 + 0.130
(0.203, 0.432) | (0.354, 0.576) | (0.033, 0.059) | (0.092, 0.142) | (0.188, 0.278) | (0.266, 0.472) | (0.088, 0.126) | (0.252, 0.556)
As 0.006 £ 0.003]0.012 = 0.005/0.001 % 0.000|0.005 = 0.002{0.008 + 0.001{0.012 * 0.004|0.002 =+ 0.000{0.015 £ 0.004
(0.002, 0.009) | (0.008, 0.021) | (0.001, 0.002) | (0.002, 0.008) | (0.006, 0.009) | (0.007, 0.019) | (0.002, 0.002) | (0.011, 0.021)
cd 0.975 £ 0.619]3.736 + 1.656]0.240 + 0.087|0.829 + 0.233|0.556 + 0.145|1.380 + 0.486(0.177 + 0.045(3.743 + 2.046
(0.557, 2.065) | (2.336, 5.753) | (0.139, 0.342) | (0.508, 1.085) | (0.418, 0.786) | (1.025, 2.008) | (0.125, 0.236) | (1.875, 6.795)
b 0.080 £ 0.088]0.259 * 0.177|0.022 = 0.011|0.122 = 0.068(0.069 + 0.044]0.104 + 0.053]0.004 + 0.002{0.049 + 0.068
(0.013, 0.226) | (0.060, 0.536) | (0.005, 0.033) | (0.041, 0.206) | (0.012, 0.126) | (0.023, 0.167) | (0.003, 0.008) | (0.006, 0.169)
Boxplot of Metal Concentrations in Liver by Region Boxplot of Metal Concentrations in Kidney by Region
Liver_Ni Liver_Cu Liver_zn Kidney_Ni Kidney_Cu o Kidney_zn
ﬁ - - T = B m. : #ﬁ
: 005 a1 " == 3., | 2 E i 02
0.0050 é 1.0 010 0o I W
ik . - - ot Q n | * : B * —
-, = —— " —
mf@ & & mf& ﬁe‘ & ’g\@ jg & ’Q::”\& »o"dlo\ & ,ﬁ“f‘ ie‘fe‘ & &@y &&f‘ &
Liver Kidney
Fig. 3. Biological Accumulation Factor (BAF) of Metals in Liver and Kidney by Region
Table 9. BAF analysis of heavy metals in liver, kidney, and soil: ANOVA results
Liver BAF Kidney BAF
Metal
F-value p—value F-value p—value
Ni F(3, 16)=34.24 p<0.001 F(3, 16)=10.08 p<0.001
Cu F(3, 16)=8.59 p=0.001 F(3, 16)=2.64 p=0.084
Zn F(3, 16)=28.84 p<0.001 FG3, 16)=11.72 p<0.001
As F(3, 16)=20.61 p<0.001 F(3, 16)=5.52 p=0.009
Cd F(3, 16)=6.44 p=0.004 F@3, 16)=6.55 p=0.004
Pb F(3, 16)=2.70 p=0.080 F(3, 16)=3.67 p=0.035
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