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Assessment of Riverbed Sediments Originated from Volcanic Ash Soils
in Jeju Island
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The pollution of riverbed sediments originating from soils derived from volcanic ash on Jeju Island was assessed.
Organic matter (IL), nutrients (TN, TP), and heavy metals (Pb, Zn, Cu, Cd, Hg, As, Cr, Ni) in the sampled sediments
were analyzed, and the pollution status was assessed to identify whether it is of anthropogenic or natural origin. The
pollution levels for the parameters were determined as Class IV for TP and Class II for Hg, Cr, and Ni. The pollution
status of two out of three sampling stations exhibited Very Poor status, due to high TP content. The third site was
noted to have a Fair status because of the measure Class II Cr and Ni pollution levels. The TP, Cr, and Ni levels of
the Jeju Island river sediments were compared with measurements from previous studies, which showed that these
levels are similar to those found in original volcanic ash soils. This implies that the high levels of the pollutants are
attributed to soils originating from natural volcanic activity. Therefore, the river sediments originating from Jeju
Island must be assessed using different criteria that reflect the unique geological characteristics of the Jeju soils.

Key words: Surface sediments, Sediment pollution assessment, Jeju Island, Volcanic ash soils
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Table 1. Sediment pollution assessment criteria for parameters proposed by the National Institute of Environmental Research

of Korea
Parameter clos ! i m v
. IL (%) - >13
Orgi‘;fri::j;fr &1 IN (mgke) ; >5,600
TP (mg/kg) - >1,600
Cu <48 <228 <1890 > 1890
Pb <59 <154 <459 >459
Ni <40 <875 <330 >330
Heavy metals? As <15 <447 <921 >92.1
(mg/kg) Hg <0.07 <0.67 <2.14 >2.14
Zn <363 <1,170 <13,000 > 13,000
cd <04 <1.87 <6.09 >6.09
Cr <112 <224 <991 >99]

*Class of sediment status

DClass IV: Status of sediment with serious and obvious pollution, ?Class I: Status of sediment with almost no possibility
toxicity on benthic organisms, Class II: Status of sediments with possible toxicity on benthic organisms, Class III: Status of
sediments with possibility is relatively high toxicity on benthic organisms, Class IV: Status of sediments with very high

possibility toxicity on benthic organisms.

Table 2. Sediment pollution assessment guidelines for monitoring
stations proposed by the National Institute of Environ-
mental Research of Korea

Pollution stage
Good
Fair At least one metal is Class II or III
Poor mPEL, QY value of metals is higher than 0.34

Very Poor

Assessment guidelines

All eight metals are Class I

At least one parameter is Class IV

Ymean of PEL (probable effect level) quotient.
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Table 3. Organic matter, nutrients, and heavy metals contents in the surface sediments of Jeju Island, 2016-2018

Organic matter & Nutrients

Heavy metals (mg/kg)

Site  ampling IL. TN TP -
date %)  (mgke) (mgke) Pb Zn Cu cd Hg As Cr Ni
FH 2.40 513 1343 13.0 105 36.0 0.220 0.0340 7.60 177 62.4
16 sh 366 143 1349 128 113 394 0110 0.0380 550 196  92.4
oy FH 281 1206 1370 146 993 381 0150 0.0340 7.00 187 704
op SH 245 372 1457 13.8 141 402 0330 00370 820 206  83.1
g TH 239 418 1207 159 145 395 0230 0.0460 690 186  79.4
SH 229 528 1297 131 143 363 0270 0.0340 560 243 134
Mean+SD 2.67+ 697+ 1337+ 13.9+ 125+ 383 0.218+ 0.0372+ 6.80+ 199+ 87.0+
052 375 83 12 21 1.8 0.080 0.0047 1.08 24 253
o6 T 113 321 1722 576 394 871 0340 0.145 720 695 383
SH 1.08 288 1581 21.5 256 44.6 0.310 0.164 5.00 71.3 37.0
FH 1.65 414 1961 59.9 461 87.8 0.340 0.255 7.90 117 58.7
- 017 oy 187 346 1939 499 597 107  0.640 0305 108 104  50.8
2o1s 1 149 204 1667 620 540 120 0560 0490 890 101 547
SH 141 479 1546 418 426 928 0620 0297 830 933 474
Meanep  144F 3425 1736+ 488+ 446+ 89.9+ 0468+ 0276+ 802+ 926+ 478+
030 9% 177 153 119 256 0154 0124 192 188 87
o1q TH 0720 182 1993 147 194 517 0230 00500 7.10 496 215
SH  0.680 144 1943 730 154 302  0.140 0.0340 490 742 465
o7 ™ 131 269 2004 470 171 316 0170 00110 830 123 752
ob SH 126 186 2126 890 169 448 0390 00550 8.00 680 433
FH 0.800 141 1949 10.6 201 46.3 0.220 0.0490 6.20 64.7 44.6
2018 SH 0.600 101 1855 1.90 151 24.6 0.290 0.0180 3.20 58.4 41.0
MeantSD 0.895+ 171+ 1978+ 8.02+ 173+ 382+ 0.240+ 0.0362+ 6.28+ 729+ 454+
0.309 57 89 4.50 21 10.8 0.090 0.0183 1.95 25.7 17.2
MeansSD 1.67+ 403+ 1684+  23.6+ 248t 554 0309+ 0.116x 7.03= 122+  60.0+
0.85 310 296 20.4 160 29.2 0.157 0.135 1.76 61 26.1
FH: First half-year, SH: Second half-year.
30.7-359 (Pb), 137-192 (Zn), 246400 (Cu), 0283-0378 A= 2o 5 Ade T2 HHEL AFL A
(Cd), 0.048-0.058 (Hg), 8.05-9.68 (As), 553683 (Cr) & o] 5o|gt BExF SAWT ollz} 98 2999
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IL (%) TN (mg/kg) TP (mg/kg)

Pb (mg/kg) T <0 Zn (mg/kg) T 120 | Cu (mg/kg) Cd (mg/kg)

400
300
200

100 20

20.0 250

Hg (mg/kg) . As (mg/kg) Cr (mg/kg) T Ni (mg/kg)
0.40 T 16.0 200

X 0
HR NR KR VYR OP DH OD HR NR KR YR OP DH_ OD HR NR KR VYR OP DH__OD HR NR KR YR OP DH OD
This study This study This study This study

Fig. 1. Comparison of organic matter, nutrients, and heavy metals contents in the surface sediments of Jeju Island River and
four major Rivers. (HR: Han River, NR: Nakdong River, KR: Keum River, YR: Yeongsan River)

Table 4. Pollution assessment from organic matter, nutrients, and heavy metals contents in the surface sediments of Jeju Island,
20162018

Organic matter & u al
Nutrients cavy metals mPEL,Q Pollution
value stage

Site Sampling date
IL ™ TP Pb Zn Cu Cd Hg As Cr Ni

2016 FH <V <IV <V I I I I I I I I 0.27 Fair
SH <V <V <V I I I 1 I I II m 0.31 Fair
2017 FH <V <V <V I I I I I 1 I I 0.28 Fair
OP SH <V <IV <V I 1 I 1 I 1 I II 0.33 Fair
2018 FH <V <IV <V I 1 I 1 I 1 I II 0.31 Fair
SH <Iv <V <V I I I I I I I m 0.41 Poor
Mean <Iv <V <V I I I I I I I I 0.32 Fair
2016 FH <V <IV 1V I I I I I I I I 0.30  Very Poor
SH <V <IV <V I I I I I I I I 0.23 Fair
2017 FH <V <V IV II I I 1 I 1 I I 0.39  Very Poor
DH SH <V <V IV I I I I I 1 1 I 0.42  Very Poor
2018 FH <V <IV 1V II I I 11 I 1 1 II 0.46  Very Poor
SH <Iv <V <V I I I I I I I I 0.37 Poor
Mean <V <IV 1V I I I I I I I I 0.36  Very Poor
2016 FH <V <IV 1V I I I I I I I I 0.16  Very Poor
SH <V <IV 1V I I I I I I I I 0.18  Very Poor
2017 FH <V <IV 1V I I I I 1 1 I I 0.25  Very Poor
OD SH <V <V IV I 1 I 1 I 1 1 I 0.21 Very Poor
2018 FH <V <IV 1V I I I 1 I 1 1 II 0.20  Very Poor
SH <V <IV IV I I I 1 I 1 1 II 0.15  Very Poor
Mean <V <IV 1V I 1 I 1 I 1 1 I 0.19 Very Poor
Mean <V <IV 1V I 1 1 1 I 1 I I 0.29 Very Poor

FH: First half-year, SH: Second half—year.
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Fig. 2. Results of ecotoxicity assessment in the surface
sediments of Jeju Island using the benthic amphipod
(H. azteca). Black dotted lines indicate the ecoto-
xicity test criteria (p < 0.05, survival rates < 80%).
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Table 5. Comparison of organic matter, nutrients, and heavy metals contents in soils and surface sediments from other previous studies

Organic matter & nutrients

Heavy metals (mg/kg)

Sample Reference
IL (%) TN (mgkg) TP (mgkg) Pb Zn Cu cd Hg As Cr Ni
0 ) ) 144£43Y  333£27.01 201124 024+0.08 0.146:0.077  6.1+58 7344309  523%32.1 Kim et al. (2015),
(69386 (266-162)  (3.7-658)  (0.12-045) (0.010-0374) (044-299) (173-181)  (88-167) Jeju Island
) ) ) 194 522 29.1 051 ) 95.1 46.1 Hyun et al. (2017),
(104285)  (127-107)  (13.0-54.8) (0.21-0.81) (194-188)  (184-89.6) Jeju Island
- - - - 108 400 - - - - 79p  Lim et al (2008),
Jeju Island
] 4000¥ 44 125 49 04 ] 662 170 Ahn & Chon (2010),
(2000-6000)  (38-52) (98-192) (28-74) (02-0.7) (434-1164)  (56-414)  Jeju Island
Kim (1974),
) i (1600-8300) i ) ) ) ) ) ) ) Jeju Island
Soil
162 582 0.19 0.19 301 206 Doelsch et al. (2006),
) i ) i (575-398)  (65-164)  (0.02-0.76)  (0.03-0.81) (35-1110)  (15.1-1040) France
) ) ) 33 95 23 ) 22 920 994 Kelepertsis et al. (2001),
(5-256) (20-604) (11-63) (5-104)  (163-2346)  (183-2665) Greece
) ) ) 55.6 160 317 041 0.13 548 325 284 Tijhuis et al. (2002),
(<5-1000)  (229-1150)  (4.76-437)  (0.063.10) (<0.010230) (<3-69.6)  (2.85-224)  (2.23-232) Norway
] 1500£13009 24450 89442 48:+48 033028 ] 58438 26+21  Takeda et al. (2004),
(87-11000)  (1.0-1100)  (2.5-330)  (0.88-230)  (0.021-3.4) (14-230)  (0.20-110) Japan
Borie & Rubio (2003),
- - (1029-3000) - - - - - - - - Chile
1347 202429 17417 040£0.17  0.051£0.032 341424 Sutherland (2000),
) i ) (5-28) (162-268)  (150-212)  (0.28-0.52) (0.028-0.073) ) (302-379)  Hawaii
Sedi-  210£178 5874516 13574229  13.449.1 130456 273169  066+039 0.050£0.092  9.0+72  89.7+39.7  67.0+244 Lee et al. (2017),
ment  (0.50-7.10)  (130-1883) (930-1862)  (04-36.5)  (42.5-287)  (17-658)  (022-126) (0.02-0374) (03-24.0)  (362-145)  (313-120) Jeju Island
1.67+0.85 403310 1684296  23.6+204 248160 5544292  0309£0.157 0.116£0.135 7.03£1.76 122461 600£261 .
(0.600-3.66) (101-1206) (1207-2126)  (1.90-62.0)  (993-597)  (24.6-120) (0.110-0.640) (0.0110-0.490) (320-10.8)  (49.6-243)  (21.5-134) o

DNo data, ?Mean+SD or Mean, YRange (Min-Max), “presented as P,0;.
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