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Abstract

This study compares the accumulation characteristics of heavy metals in the liver and kidney tissues of two frog
species, Rana uenoi and Pelophylax nigromaculatus, and quantitatively evaluates the influence of physiological
factors—snout—vent length (SVL), body weight, and sex—as well as regional and soil metal concentrations. A total
of 40 individuals (20 per species) were collected from four regions in South Korea: Gangneung, Yeongwol, Wonju,
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and Jeju. Heavy metal concentrations in tissues were analyzed, and bioaccumulation factor (BAF) were calculated.
In addition to statistical analyses, random forest regression was employed to identify key influencing variables.
The results indicated that Rana uenor exhibited pronounced accumulation of copper and cadmium in the liver
and cadmium and lead in the kidney, with soil metal concentrations showing a major influence. In contrast, Pelophylax
nigromaculatus showed relatively uniform accumulation patterns across various metals, including zinc and arsenic,
and was more strongly influenced by physiological traits such as SVL and body weight. BAF analysis revealed
species—specific and organ—specific accumulation patterns, showing distinct differences between species and regions
in both the liver and kidney. Water quality analysis revealed that all metals except zinc were not detected (N.D.)
and were therefore excluded from the analysis. This result suggests that, in terms of metal accumulation, soil conditions
and individual traits may have played a more influential role than the aquatic environment. This study provides
foundational data for future site—specific environmental risk assessments of heavy metals using amphibian bioindicators.
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Table 1. Study sites, coordinates, and target species in each region
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Site Latitude Longitude Location Species
Gangneung | 37° 4722'N | 128" 5300'E | Nangok-dong, Gangneung-si, Gangwon-do Rana uenoi, Pelophylax nigromaculatus
Yeongwol | 37" 0721'N | 128" 3542'E | Waseok-ri, Gimsatgat-myeon, Yeongwol-gun, Gangwon—-do | Rana wenoi, Pelophylax nigromaculatus
Wonju 377 1334'N | 127° 5104'E | Gwirae-ri, Gwirae-myeon, Wonju-si, Gangwon-do Rana uenoi, Pelophylax nigromaculatus
Jeju 33 29'28'N | 126" 4430'E | Deokcheon-ri, Gujwa—eup, Jeju=si, Jeju—do Rana uenoi, Pelophylax nigromaculatus

Table 2. Morphological comparison of Rana uenoi and Pelophylax nigromaculatus by region

. . . Sex
Site Species Number of frogs SVL (mm) Weight (g) (Fermale/Male)
Rana uenoi n=5 60.96+9.84 18.79+10.37 2/3
Gangneung -
Pelophylax nigromaculatus n=5 52.17+10.22 13.85+9.06 2/3
Rana uenor n=5 68.75+8.04 28.14%+10.70 1/4
Yeongwol -
Pelophylax nigromaculatus n=>5 48.56+7.74 11.41+£4.14 3/2
Woni Rana uenoi n=5 59.52+2.25 17.35+2.86 0/5
’“ Pelophylax nigromaculatus =5 53.07+13.16 16.73£12.82 2/3
e Rana uenor n=5 48.27+3.60 9.55+2.23 0/5
o Pelophylax nigromaculatus n=5 33.88+2.19 3.95+0.46 3/2

*Values from individual species data reported in Kang et al. (2024a; 2024b), reorganized here for interspecific comparison.
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Fig. 1. Liver concentrations of heavy metals in Rana uenoi and Pelophylax nigromaculatus by region, reorganized for interspecific
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Fig. 2. Kidney concentrations of heavy metals in Rana uenor and Pelophylax nigromaculatus by region, reorganized for interspecific

Journal of Wetlands Research, Vol. 27, No. 2, 2025



170 kAL MW R|(Rana ueno)t ZINTE|(Pelophylax nigromaculatus)®] &2

oA Bid gol8E 7Nte s AZA Fig. 13} Fig. 25
E5] 28 9 ¥z AdHoez uuwd 4 9ot
B Ao A A AT (Kang et al, 2024a;
2024b)ol| A 49 A9 U A EAGSVL, A=, Azt
A U T35 5 19 %}L—E—@.J}L gg, Ef Z2F4
X

B9} kel 49 A% )

z
O
HU
_]
0 oy
)
A
2
Ajm
om
_>|~I_I‘
2
mlm
e
El
_o'_lL
pach
o
M
1
ol oy e Jp

F3g 5t tH(Table 3).
2T} AT REold B YAT
1=8, §e 498 g2 4RPAS Btk o)k EF Y
A =7t 212 7 Y g 2450 %x—lo] 71'31\_6

ATE ek T2, A9 =

Ny

it

B8 el Atk
Fale EF o}l (r=-0.734, p<0.001) ¥ E
%F Hl4(r=-0.738, p<0.001)9} 7+ U o}l zko] mjS- 7
9 ABBAS BY. ok, £ obelw} vlo] Hro}
Zhg4%, 2 ) ofd F40] A48 st AT 9

njgtch ¥, #AATEs EY ofdd A W yA
(r=0.519, p=0.019) ¥ ®]4(r=0.667, p=0.001) 7tol 2]
ALBAE detdo], EG ofdo]l AF W EA 555 5
Aol YFE vH 7HsAdo] SIE U 0]%1%* AR
= EY YA, s EY ofde ¥ o A W=
Fdol gelElon, o=

HA E HE e 27
A 5 s HojErh
o= SARAe e Ao T 2 AR W 5
ot Aejx EGSVL, AF, 498), A9 a3l 7t
—F&ﬁﬁm T Fa5 54 Y X}Ola H|

s
HAtH(Table 4). = F RFollA SVLI AlF o= w4
5
2l
T

ur
re i

o 1l
off
1
¢
o

an

ot

el
r =|
)
il
ml

ox
x

FoEAZE #ARIEGeH, ol ’%‘%6”4 37
e AE HojEdh I8y %gg e
o] FREAE SOl et &

= o

)

i o

ol gt

A8 AE(Kang et al., 2024a, 2024b)01 A
747y Hagl vp Qlok, £5] 4ol A= SVLe] &
ta=s A Ul 7tE| =71 dashs B3de] veda
(Kang et al., 2024a), Z7F2ollA= SVLE AlFol 57t
5 A U YA 57t Fashks el Sl
(Kang et al., 2024b). 7t A& F & B5E YA} of
A Zoll o AFEEAZE ekt A, AoielelA | 2
T o] wEEeH, F4lFE oA YAo] HA

HT ol ox

N

Table 3. Significant (p<0.05) correlations between soil and tissue heavy metals in Rana uenoi and Pelophylax nigromaculatus

. . Rana uenoi . . Pelophylax nigromaculatus
Variable P: Variable P:
anabie Bl | issue Heavy metal | Correlation | p—value anabie P M issue Heavy metal | Correlation | p—value
Zn -0.512 0.021
A -0.5 .
e As 0575 | 0.008 ’ 0389 | 0.006
Cd -0.549 0.012
Soil = Ni Pb -0.520 0.019 Soil = Ni Liver o 0.571 0.009
Ni 0.483 0.031
Kidney As 0.641 0.002 Pb -0.444 0.050
Cd 0.679 0.001
Zn -0.565 0.009 As -0.587 0.007
Li As -0.591 0.006 Li Cd -0.565 0.009
e cd 0573 | 0.008 e o 0453 | 0.0
Soil = Cu Pb -0.534 0.015 Soil = Cu ' ’
Ni 0.462 0.040
Kidney As 0.633 0.003 Kidney Ni 0.454 0.044
Cd 0.645 0.002
Kidney Ni 0.519 0.019
Soil = Z Li Z -0.734 0.001 Soil = Z
of T an | e i ¢ "7 % [Kidney As 0.667 0.001
Kidney Ni 0.529 0.016
il - A Li Z -0.7 .001 il — A
Soi $ iver n 0.738 < 0.00 Soi s Kidney As 0.653 0.002
Li -0.51 .021
Liver Zn 0560 | 0010 e Cu 0513 | 00
. . Ni 0.608 0.004
Soil = Cd Soil = Cd .
Kid A 0.528 0.017 Kidney Cu -0.460 0.041
e ’ ' ' Zn 0499 | 0.025
Liver Ni 0.491 0.028 Liver Cu -0.585 0.007
. . Cu -0.609 0.004
Soil = Pb Soil = Pb .
Kid A 0.457 0.043 Kidney Zn -0.505 0.023
idn . .
e ® Pb ~0.446 0.048
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Table 4. Significant (p € 0.05) correlations between tissue heavy metals, biological factors, and regional characteristics in Rana uenoi
and Pelophylax nigromaculatus

Rana uenoi Pelophylax nigromaculatus
Variable 1 Variable 2 Correlation | p—value Variable 1 Variable 2 Correlation | p-—value
Weight 0.961 < 0.001 Weight 0.959 < 0.001
Sex -0.700 0.001 SVL Jeju -0.665 0.001
SVL Yeongwol 0.573 0.008 Kidney_Ni -0.590 0.006
Jeju -0.678 0.001 . Jeju -0.501 0.024
- Weight ; -
Kidney_Cd -0.540 0.014 Kidney_Ni -0.500 0.025
Sex 0752 | <0001 Liver_Cu 0.515 0.020
Weight Yeongwol 0.587 0.006 - ) )
Jeju -0.540 0.014 Gangneung Kidney_Ni -0.565 0.009
Liver_Cd -0.449 0.047 .
Sex Kidney Pb 0.468 0.037 Kidney_Cu 0.488 0.029
Yeongwol Liver_Zn -0.632 0.003 Kidney_Zn 0.538 0.014
Liver_Ni 0.821 < 0.001 .
Liver_Zn 0.501 0.024 Yeongwol Kidney_As 0.748 <0.001
Wonju Liver_As 0.822 < 0.001 Kidney_Pb 0.449 0.047
ET,Z:EE ggg 8832 Wonju Liver_As 0.444 0.05
Liver_As -0.463 0.040 Liver_As -0.555 0.011
Kidney_Ni 0.529 0.017 .
Jeju Kidney_Zn 0.505 0.023 , Kidney_As ~0.459 0.042
Kidney_As 0.643 0.002 Jeju Liver_Cd ~0.556 0.011
Kidney_Cd 0.753 < 0.001 .
Livezzn it 052 Kidney_Pb ~0.450 0.046
Liver_Ni Liver_As 0.589 0.006 Liver Ni Liver_Zn 0.645 0.002
Liver_Pb 0.614 0.004 - Liver_As 0.491 0.028
Liver Zn Liver_As 0.621 0.003 Liver_Cu Kidney_Cu 0.462 0.040
- Liver_Pb 0.533 0.016 Liver_As 0.748 < 0.001
Liver_Cd 0.594 0.006 . Liver_Cd 0.670 0.001
. Liver_ Zn -
Liver_As Liver Pb 0.798 ¢ 0.001 Liver_Pb 0.837 < 0.001
- Kidney_Pb 0.452 0.046
Liver_Cd Kidney_Pb 0.553 0.011 Liver_Cd 0.541 0.014
Kidney_Cu 0.885 < 0.001 Liver_As .
Kidney_Ni Kidney_Zn 0.852 < 0.001 Liver_Pb 0.701 0.001
Kidney_As 0.692 0.001 Liver Cd Liver_Pb 0.716 < 0.001
Kidney_Zn 0.757 < 0.001 - Kidney_Pb 0.479 0.032
Kidney_Cu Kidney_As 0.508 0.022 Liver_Pb Kidney_Pb 0.691 0.001
Kidney_Pb 0.466 0.038 Kidney_Ni Kidney_As 0.487 0.029
Kidney Zn Kidney_As 0.702 0.001 Kidney_Cu Kidney_Zn 0.587 0.006
B Kidney_Cd 0.513 0.021 Kidney_As Kidney_Pb 0.787 < 0.001
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Table 5. Summary of significant predictors from soil-based multiple regression analysis (p < 0.05)

Species Heavy metal Organ Significant variable Estimate p—value Adj R®
Ni Liver Wonju 0.342 0.001 0.679
Zn Liver Jeju -10.677 0.025 0.695
Cd Liver Wonju 0.182 0.003 0.524
Rana uenoi Liver Wonju 0.020 < 0.001 0.737
A Soil_As 0.009 0.032 0.431
s

Kidney Sex -0.095 0.038 0.431
Wonju 0.033 0.048 0.431
Soil_Ni 0.016 0.005 0.690
. . SVL -0.050 0.003 0.690

Ni Kidney -
Weight 0.046 0.011 0.690
Jeju -1.032 < 0.001 0.690
Cu Kidney Wonju —-4.223 0.031 0.168
Soil_Zn -0.084 0.006 0.522
Liver SVL -2.180 0.019 0.522
Zn Jeju -28.385 0.002 0.522
. Soil_Zn -0.158 0.045 0.102

Kidney -
Wonju -28.123 0.038 0.102
Liver Jeju -0.127 0.007 0.565
. Soil_As 0.016 0.003 0.739
Pelophylax nigromaculatus

As . SVL -0.021 0.002 0.739

Kidney -
Weight 0.022 0.005 0.739
Jeju ~0.257 < 0.001 0.739
. SVL -0.014 0.031 0.249

Cd Kidney -
Weight 0.018 0.017 0.249
Soil_Pb -0.048 0.026 0.551
. SVL -0.059 0.007 0.551

Liver -
Weight 0.052 0.028 0.551
Pb Jeju ~0.433 0.026 0.551
SVL -0.078 0.004 0.611
Kidney Weight 0.075 0.013 0.611
Jeju ~1.024 < 0.001 0.611
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Table 6. Summary of significant predictors affecting heavy metal concentrations by species (p<0.05)

L SVL(11.185), AZ(10. 514)01 = %35~ 5 o,
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e B delA 7H

Species Heavy metal Organ Significant variable Estimate p—value Adj R
Ni Liver Wonju 0.344 0.001 0.679
Zn Liver Jeju -14.086 0.002 0.695

Liver Wonju 0.020 0.001 0.737
Rana uenoi As Sex -0.095 0.038 0.431
Kidney Yeongwol 0.068 0.032 0.431
Wonju 0.043 0.034 0.431
Pb Liver Wonju 1.083 0.013 0.417
SVL -0.050 0.003 0.690
Ni Kidney Weight 0.046 0.011 0.690
Yeongwol 0.249 0.005 0.690
Cu Liver Jeju -38.367 0.034 0.260
Kidney Wonju -4.317 0.032 0.168
SVL -2.180 0.019 0.522
Liver Yeongwol -14.372 0.006 0.522
Zn Jeju -32.610 0.001 0.522
. Yeongwol -26.957 0.045 0.102

Kidney -
Wonju -31.625 0.029 0.102
Liver Jeju -0.134 0.008 0.565
SVL -0.021 0.002 0.739
Pelophylax nigromaculatus As Kidney Weight 0.022 0.005 0.739
Yeongwol 0.112 0.003 0.739
Jeju -0.222 0.001 0.739
cd Kidney SYL -0.014 0.031 0.249
Weight 0.018 0.017 0.249
SVL -0.059 0.007 0.551
. Weight 0.052 0.028 0.551

Liver

Yeongwol -0.246 0.026 0.551
- Jeju -0.842 < 0.001 0.551
SVL -0.078 0.004 0.611
. Weight 0.075 0.013 0.611

Kidney -
Wonju -0.388 0.010 0.611
Jeju -1.062 < 0.001 0.611
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Table 7. Variable importance for heavy metal concentrations in liver and kidney by species

Species Heavy metal Organ Region SVL Weight Sex

Ni Liver 14.353 10.266 10.349 5.180

Zn Liver 16.373 1.407 1.424 -3.104

Rana uenoi As Liver 13.490 3.455 9.860 4.589

Cd Kidney 11.932 4.677 5.505 -0.819

Pb Kidney -0.372 -1.059 -1.553 8.631

Ni Liver 0.019 11.185 10.514 -1.492

Pelophylax nigromaculatus As Liver 9.567 11.693 10.747 2.191
As Kidney 12.733 0.083 0.311 0.690

Zn Liver 8.565 12.222 10.449 0.017

*Variables with importance values of 10 or greater, or identified as key predictors, are presented.

Table 8. Key soil metal variables influencing tissue heavy metal accumulation by species

Species Heavy metal| Organ | Variable 1 |Importance 1| Variable 2 |Importance 2| Variable 3 |Importance 3

Ni Liver Soil_Pb 14.352 Soil_Cu 9.109 Soil_As 9.070

Zn Liver Soil_Cu 9.996 Soil_Cd 9.100 Soil_As 8.454

Rana uenoi As Liver Soil_Pb 12.899 Soil_Zn 9.522 Soil_Ni 9.093
As Kidney Soil_Cu 9.209 Soil_Cd 8.440 Soil_Ni 6.966

Cd Kidney Soil_Cu 11.103 Soil_Cd 10.138 Soil_Ni 9.941

As Liver Soil_Cd 9.523 Soil_Cu 8.208 Soil_Ni 7.847

Pelophylax Cd Liver Soil_Ni 7.392 Soil_Cd 6.990 Soil_Cu 6.926
nigromaculatus As Kidney Soil_Zn 12.540 Soil_As 11.426 Soil_Cu 7.411
Pb Kidney Soil_Pb 9.882 Soil_Cd 6.150 Soil_As 5.933

*Variables with importance values of 10 or greater, or identified as key predictors, are presented.
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