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Heavy and Trace Metal Analysis of River Otter (Lutra lutra)
Spraints from the Geoje Island

Heesun Cho and Sang-Don Lee*
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Abstract — The population of river otter (Lutra lutra) has been declined most of the world due to
hunting, habitat destruction and indirect or direct influences of eutrophication, acidification and
toxic chemicals. This study is conducted to identify the population decline of river otter in Korea
with relation to environmental pollution caused by accumulation of heavy and traced metals. The
field survey was conducted during Jan~ Dec, 2004 at a monthly basis by: collecting spraints. A
total of 228 spraints were collected and analysis was done by ICP- AES. The concentrations of
fourteen metals (Cr, Zn, Cd, Pb, Ni, Fe, Co, Mn, Mg, Cu, Al, Ba Hg, As) have been determined.
Annual concentrations of Cd (1.38 ug g="), Zn (599.06 pg g=1), Pb (5.54 pg g-1) at Gucheon were
higher than those of Yeonchocheon. Concentrations of Cr (5.01 pg g~1), Ni (1.91 pg g-1), Co (0.25
ug g') were higher at Yeonchocheon. Most metals in winter were significantly increased
(P<0.05) as season progressed from spring to winter. Pb (15.58 ug g-1), Cu (15.15pg g™1) at
Guchoen and Cr(5.77 pg g~!) at Yeonchocheon were high in the downstream of winter.
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Fig. 1. Location of the sampling sites along the Gucheon and
Yeonchocheon in Goeje Island
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Table 1. Number of spraints at Gucheon and Yeonchocheon by month (No. of spraint/No. of spot)

Location Jan. Feb. Mar. Apr. May Jun. Jul.  Sep. Oct. Nov. Dec. Total

Guch Upper stream  8/7 372 - 44 78 88 1717 U1 65 LAY 1T 7270
ucheon Down stream  13/13  10/8  7/4  23/23  8/9  12/9 s 212 10/10 67 373 95/93
Sum 2120 13/10 74 2727 1517 20117 18/18 33 16/15 1717 10/10 167/158
Yeonchocheo Upper stream  5/4 - 11 11 - 2”1 - - - 33 616 18/16
conChocheon  fywh stream V17 123 s 866 4/4 - - - 32 - 43124
Sum 555 107 1344 62 86 6/5 6/5  6/6  60/40

Total 26125 2317 208 3329 23/23 26/22 18/18 3/3 16/15 23/22 16/16 227/198

Table 2. Annual concentrations of metals in spraints Gucheon and Yeonchocheon

Cr Cd Pb Ni Co Cu Zn Ba Fe Mn Mg Al
Gucheon 1.81 1.38 5.54 1.08 0.09 545 599.06 91.51 2311.83  238.21 6405.99 3692.56
(n=167) +£0.34 003 +086 =£0.19 =£0.28 =£056 £1395 £2.79 +11230 £625 +505.47 +53.34

220.14 1396 10327 40.61 140.62 29585 1449.82 3661.82 562011.41 15067.19 101657.65 682332.13

Soil +0.00 +000 000 000 +000 +£000 +000 +000  +046 +000  +007 4037
p—Value ekt Hskok *okok skksk Fck skkok n.s Hokck .S dokk kkok seskok
003 002 1.80
Water ND ND oo +o0s ND ND ND  ND N.D N.D +o0o  ND
Yeonchocheon 501 0.7 125 191 025 637 37624 5930  2460.60 233.60  6605.53  3253.77
(n=60) +0.16 +001 082 +0.19 0.7 4055 +5092 +707 +14602 +£652 +336.95  +58.08
Soll 30144 476 20654 12660 20840 15870 129672 3481.07 67457271 1250134 134928.26 740413.74
ot +0.00 +£0.00 +0.00 +0.00 =£0.00 =000 4000 +0.00 +033  +0.01 +0.07 +0.17
p—Value dokesk skkok sk EZ 3 skkok EE 3 n.s skek EX 2 E3 sk seskok
003 002 0.01 1.79 0.01
Water ND  ND 00 4000 NP ND ND o0l ND N.D Iy o

*#*¥P<0.001, **P<0.01, *P<0.05; n.s = not significantly different (P> 0.05)
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Table 3. Concentrations of metals based on spraints, upper and downstream at Gucheon and Yeonchocheon

U R o

Location Cr Cd Pb Ni Co Cu Zn Ba Fe Mn Mg Al
Upper (1=172) 1.96  2.02 227 072 0.09 425 71258 91.32 228205 185.82 6218.13 3644.92
+0.00 £0.03 +£0.66 %£0.18 £0.17 *£0.39 £16.87 +£0.95 =+93.13 +2.87 +24587 +58.19
Gucheon Down (n=95) 206 093 702 110 005 695 45942 8325 1891.48 24970 6282.19 2866.90
+0.50 £0.03 £091 £0.18 +£0.31 +0.59 £10.85 =£3.26 £101.94 +8.56 +605.33 +48.93
p-value n.s n.s * * n.s n.s n.s n.s n.s # n.s n.s
Upper (n=17) 448  0.11 094 031 066 609 26455 69.90 4420.18 280.12 5668.46 5871.91
+0.05 +£0.02 £078 +0.18 +0.20 £0.29 £460 £047 £10351 *3.87 +8455 +73.09
Yeonchocheon Down (n=43) 550 0.25 1.60 318 008 752 44229 589 182796 244.62 6920.63 2477.48
+024 £0.00 +0.88 £023 £0.I5 £0.66 +£6.00 £12.2 +199.62 +8.99 +534.08 +54.46
p-value n.s n.s n.s n.§ * n.s ns n.s * n.s n.s *
*P < 0.05; n.s=not significantly different (P> 0.05)
Table 4. Concentrations of metals (£ SD) based on spraints at Gucheon and Yeonchocheon by season
Cr Cd Pb Ni Co Cu Zn Ba Fe Mn Mg Al
Spring 0.50 039 423 0.12 0.14 777 54791 10349 234994 20394 594048 3078.93
(n=49) =£0.19 £000 £097 £0.17 038 £043 £859 %175 4980 =+3.73 =£117.75 +57.75
Summer ND 0.01 1.03 0.13 ND 4.64 56048 6561 1633.00 160.68 5785.55 2373.71
(n=38) ) +0.00 £0.64 +£0.10 ) +038 £1845 X072 £3285 £234 14899 +46.04
Gucheon Autumn 0.92 0.749 4.14 1.40 0.19 052 589.05 67.07 300826 266.53 7305.94 3917.21
(n=36) =087 £008 +£097 +030 +£021 £078 £21.22 160 +7444 +£625 =£147.38 +£47.39
Winter 5.20 3933 11.24 2.34 ND 8.59 68595 121.22 2029.83 29585 6385.17 4960.77
(n=44) x0.15 £0.02 £079 =+0.16 ’ +057 £9.06 X640 £265.63 +11.38 +1488.93 +59.76
soksk * Hokeok Heoksk * ok n.s sekok n.s *k ook sk ok
Spring 294 0.104 143 1.63 006 836 379.12 4283 244179 24481 5973.39 2193.62
(n=27) £0.11 £000 *+0.83 =+0.14 =£0.18 £049 +£521 =+0.58 +£65.1i2 +£435 =+13221 +52.28
Summer ND 0.033  1.02 ND ND 9.63 55374 1031 902.42 8774 834192 953.37
(n=06) : +0.00 +0.76 ’ : +1.12 +12.12 £0.19 £23.59 =+£1.37 14743 =£5891
Yeonchocheon Autumn 0.67 ND 0.40 0.67 069 589 48792 62.87 365994 21474 7421.59 4405.46
(n=6) £0.00 ) +0.53 £0.13 £0.10 £0.16 £885 X052 +14549 =+2.16 £80.99 =+58.41
Winter 10.19 0341 144 3.2§5 039 345 27695 9092 259901 27729 6386.86 4696.84
(n=21) =£032 £0.00 £091 +£030 =£0.16 +053 +£3.58 +£18.03 +267.90 +11.87 =*690.17 +63.50
ok ns ns n.s n.s n.s n.s n.s n.s n.s n.s n.s

***P <0.001, ¥**P < 0.01, *P<0.05; n.s=not significantly different (P> 0.05)
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galst7] 98l vl 8r) HiE EST B deM=
BEANE A A, BME 53 ARTAC)
Fo3kA & Flom ielde(P>0.05). FHAHE
Eo M Zn Fe' AYe A F=olA U4 =7}
EE4E BN E 2 oz Jehgor (P<
0.01), 924 AFol= Zn& A3 A HidA =k
o] xws} AR R B Jehde(P<0.05). B3, F
- Cd(1.38 ppm), Zn (599.06 ppm)e] ¥ A B3} Eokd
A A Jepgoen, dxH-L2 Cr(5.01 ppm), Ni(1.91
ppm), Co (0.25 ppm)7} =A v}ebydo}. Fe, Mn, Mg, Al
T Aol ¥Rt FAE Bt

vehtoed (p<0.05) dx
A vebgew (P<0.05),
Cd, Pb, Zno] £t & dae AF-% o
HolA] ¥k} (Table 3).

AzAe AAE 24

Ade] we Y49 F=HdE o83 3 (Table
4). 742] Cr, Cd, Pb, Ba, Al Bollx] 8oz 243

Table 5. Seasonal concentrations of meals at upper and downstream of Gucheon

Cr Cd Pb** Ni Co***  Cu***  Zp#* Ba Fe Mn Mg Al

Spring ND 045 209 028 047 995 503.28 9134 2339.18 173.93 574332 2905.18
(n=12) Y4000 +£079  +0.014 *£0.12 +043  +440 £054 +£4356 +£1.82 +10127 +48.29
Summer o \p LI6 006 o 60l 67618 7456 166122 160.37 580391 221651
(n=25) : 4060 +0.08 D +034 42293 +089 #3514 +£2.79 +17020 +49.15

UPPer  puumn 053 041 246 150 010 148 79181 8100 271227 21478  6826.18 3894.12
(m=18) +023 +009 +1.07 =038 =£0.18 +022 +2364 +103 £9926 +420 =11439 +6035
winter 73¢ 739 373 LIL oo 109 81183 12491 2679.19 19947 647553 583170
m=17) 025 =00l +026 +0.15 D 4+063 £930 +1.19 +197.84 +£229 +570.80 +74.64
Spring 028 027 331 006 005 618 497.51 7877 181070 183.84 5964.13 2188.512
(n=37) 0.6 =+0.00 +0.88 +0.14 +031 +038 +1263 148 3828 +£354 =+12026 +578
Summer o 003 090 028 o 175 30742 4701 1669.64 16950 5707.06 283505
(n=13) D 4000 +£073 0.3 D 1046 +841 +039 +£30.07 +£140 +9825 +40.11

Down  juwmn 196 140 690 123 0.8 NDp 39680 7026 169941 28932 729119 197197
(n=18) +2.02 4009 +093 =+029 +020 D 41748 +£1.12 +46.10 +994 422279 +£4035
Winter 577 200 1558 204 o 1551 550.80 11691 194921 35861 633606 4493.87
(n=27) +0.14 +0.03 +1.02 0.7 P +068 +4.86 +879 +£257.64 +18.53 +1832.64 +46.28

*xP < 0.001, **P<0.01, *P<0.05

Table 6. Seasonal concentrations of metals at upper and downstream of Yeonchocheon

Cr Cd - Pb Ni Co Ca  Zn Ba Fe Mn Mg Al

Spring 136 019 077 085 o 853 29481 7165 793456 45986 726451 812093
(n=2) +0.19 +000 +087 +048 P +039 £205 +098 +159.90 =+£4.09 18338 +109.31
Summer 1.78 1299 36932 469 813.00 77.64 859728  732.68

5 (n=2) ND  ND 4599 ND ND 48 G466 +010 +1144 +1.89 +10262 +82.05

cr

PP Autumn 123 o \D 1.01 139 864 43571 79.68 6418.12 286.67 633039 7794.84
(n=3) +0.00 : D 1+006 +£020 +0.06 +£9.83 +£0.72 27465 +298 +£8225 16549
Winter 720 016 L1130 073 280 16661 8209 360415 28334  4289.02 587337
(n=10)  +0.04 +0.00 =0.88 D 4019 +£021 4327 034 £4826 +464 +£56.19 +64.64
Spring 302 011 1.56x 179 005 927 41959 4484 2183.04 25906 572069 2111.03
(n=25)  +0.10 +0.01 =+001 =£0.12 0.8 +051 +504 +052 +£5951 +491 +12753 +50.96
Summer Np 004 0ed o 795 64594 1302 94713 9280 821424 1063.72
(n=4) 4000 +0.64 ~ D 1124 #1585 2024 £29.67 +025 +169.84 £47.33

D

oWl Autumn 039 o 080 032 o 314 540014 4607 90176 14281 851279 1016.07
(n=3) +0.00 D3072 2019 NP 4025 +£788 +£032 £1633 £1.33  +£7974 +5134
Winter 1355 057 216 750 0.7 506 40071 10331 1629.89 287.06 846276 3954.46
(m=11)  £068 +000 +102 =+048 +0.12 +0.87 =+£438 +41.09 +563.67 +21.30 +1532.83 +64.11

***P<0.001, ¥**¥*P<0.01, *P<0.05
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(p<0.05). F+A9 Ni2 AAHez F7} FME 1 ]
o 53] Aol ¥4 Jeldon, Zne EA Mo

AL oyt BollA Agz ZpE ZUlslch 924
2 Cr(p<0.05)7} Bae] Aol A3 &3Uch.

4 72 R AzAe) Aelo] A@ ALY 34 29

TR A} kR HF ARE ode =AM A3}
FAL Pb, Co, Cu, Znol| 4] z}e]7} yr} (p< 0.05) (Table
5). PbZ oA Felle APt 7he AE2 245 29
=7 ¥4 vehen, ARue sHeld s ¥
o} Zne s & Alstn Aol diF AL B
= W} Zrtsd e, ARelA #35 e Aoz
Yepstth Cox= A - 8hRellA A53 ALl 32
HRo}, 24 Ao =7t e 849 2 A2
Aoz AEGH. Cue FolX ALz 24545 343
o, AR shqelA =7 24 debdeh A2
Cr} Bag ool Fol w7t 27510} AL &%
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AL e Aoz =AU (Table 6).
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o wolAdel i A7 AsHez olFeide}
o34 % agaad A A8 R 3l A
AL ARE L) Aol S A A
5 neslofok ¥ Aoleh

Ab A}

T A7 FFIHGAY 5471 2T (RO1-2003-
000-10317-0) 2] 2} H LR SR S
A 7171 gl S8 FA JAHUAUATY 9]
eupapda e %»]4 A L EV R
AR A RREIIA 2 £& A

AR A 1997, 22X 5o¥esla) Ae), o EoFrY s
FA AR 32k 3 31#], 23-30.

qE . 4o AR Aol F BAe] BT AT 2002
A 94 1-46.
B4 4. 2003. §F £ Aol BT AT A LE

Zg1 1-91.
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