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ABSTRACT

An investigation of grain size, organic compounds and metal distribution in lakes from Geum river basin
(Republic of Korea) was conducted in two years (2014 and 2015). The samples of sediment were collected
from the 3 lakes (12 sites). The samples were analyzed the concentration of metals (Pb, Zn, Cu, Cr, Ni, As, Cd,
Hg, Al, and Li) and general indices including grain size. Spearman correlation coefficients were determined
using general indices and metal concentrations respectively. The organic qualities of sediments were
improved in 2015 compared with 2014. The concentrations of metals were lower than Sediment Criteria of
Lakes in Korea. The significant Spearman correlation coefficients were presented only sand-clay, clay-water
content, COD-TOC, Cu-Ni, Cd-Li, Zn-Li, and Cr-Ni of general and metal parameters in 2014, 2015 and both
of two years.
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Introduction

HAE2 d 2 EARH A o= PRIEe] - e Qo] ¢llo] Hrk= HolA S84 7L 1t (Kim
etal., 2016). F 5P 9 54 O] EAEE Q1544 @ Hof Tzt Q140 ZolAHA A MAIA 0 2 E|A& v
A7} #9531 2T} (Loska and Wiechula, 2003; Tupwongse et al., 2007; Minello et al., 2009, Lin et al., 2017). ©]
oF 22 A 5P 2 240] EJFE Ylof| 2ok 5 L4, B 2ulateld B4 fr1E o
I a/do| Zx o] gt E|&Eo] o L= T EAE A4 FEENt o2 e &
I G ool IS = Ao ® dHA glow, 53] BAE U] S5 T L A= Tl dE 2
o] w2 P HH=rt (Singh et al., 1999; Bilali et al., 2002; Preda and Cox, 2002; Maslennikova et al., 2012).
E2E 7t 27] A B sk S]] ot BlAE 0] e A= ofd 570 URle= oo Qlth (Yuet al.,
2001a, 2001b; Shin and Jun, 2012). T2tA EJAE YO 5545 55, U 21 2 G7]= gl tist 2410} o5
QIztete] Akl thgh A7t 18| o] 2t} (Loska and Wiechula, 2003; Parizanganeh et al., 2007; Minello et al.,
2009; Ahn et al., 2012; Park et al., 2012). =3t 255 2l=9] 9, 229 L9=d 54 94, #71ed= 71,
EdEo Zejoteld BT e dk 14, EAEY Fas sk AT A, EAE AEA A Bl et ¢
Lo e S EH O Ex g5 E|¥Eof et A4 5% ZISY=]QIct (Lee et al., 2010; Oh et al., 2010; Oh et al.,
2011; Shin and Jun, 2012). 124 E|2&E A7E lof AFSE -2 EG QAT HAIAH, 2 EAIEH 5 =4 ot
2} 24T o] thefsto] A Abmofl thet Eh4 Q1 7} of g fiet. X =iioll M = g ofl Tt B4 = 24
Ho| 5P T A 5 E-E A1 &J5]] TEEo{ %t (Korean Ministry of Environment, 2011). ©|o]| w2} -2yt
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Materials and Methods

MziHF o420 Fale S92 Am Ry s 27Al 2491 ¥ (GL 1~6)3F 9] (GL 7~9), HEH
(GL 10~12)] F 127] 2o B 2E Al=2E A SHAT (Table 1). Al2AF] Al71=201482 1€ 6 20159
297H] 1914, 201582 4 HolA 6 87H2] 1514 o] .

Az AQFE HEESEY 29 AT vl met AFsHAH (Korean Ministry of Envrionment,
2011). Al=0] /= 57| 9lsfl 20147201513 9] 9I=F B S gH5o] o4 Wi AHRIH-= AAshL, 5
FI-SAT R 5704 ool A A =S AFsto] FaLF sttt 4] 5o whet 8|5 (2F 2 mm) ©[5H} 100
1 (9F0.15 mm) = FAI RS FHE510] 87100 B2 £ 4°C olstolA WaH shaitt

utets 24 IS 8Hl4] olste] Al R4Sl YRR A¢ HAE e de A (ES
o

04853.1)°] w2t EAolglon ieleA Bl MA] & QR 71E47] (Microtrac S3500 Extended wel,
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Table 1. Sampling sites of lake sediments in Geum river basin.

) Coordinates
Site name - - Note
Latitude Longitude
GL1 Daecheongdam| 36°22'16" 127°29'44"
GL2 Daecheongdam?2 36°28'37.0" 127°29'05.4" Dam front
GL3 Daecheongdam3 36°30'43.2" 127°30'23.8"
GL4 Daecheongdam4 36°22'18.5” 127°38'08.4" Janggyegyo
GLS Daecheongdam5 36°25'59.2" 127°33'09.3” Hoenamgyo
GL6 Daecheongdam6 36°23'18.6” 127°33'25.1”
GL7 Yedangjil 36°38'8.27" 126°48'36.4" Dam front
GL38 Yedangji2 36°36'10.21" 126°48'32.94”
GL9 Yedangji3 36°35'47.1" 126°47'53.63" Dongsangyo
GL10 Boryeongdam1 36°14'29.3" 126°39'21.4"
GL11 Boryeongdam?2 36°14'11.5” 126°40'10.8”
GLI2 Boryeongdam3 36°15'35.6" 127°40'23.9”
Microtrac)2 ©-&51tt Ake] A7) wht0.063~2 mm= 22, 0.004~0.063 mm+= A E, 0.004 mm B[S HEZ
TEotolrt. et P QAT FS TR ES 04851.1 H ES 04852.10] w5 g o <] /\]EE ol gslo] BAIsIh
Bz %0 sfetA A Qe (COD)= WS o] 8sto] BA6HTH (ES04854.1). 87|84 (TOC) 2}t 244

(T-N)= YARAHEE o]-80131.9™ (ES 04861.1, ES 04862.1), HAEA7]= ElementarAte] Vario Micro Cube
CHNS 225 o] 8510 CN B EZ S0t 2 (T-P)oH 48921 (SRP)= ES 04863.11+ ES 04864.19] w2}

AA2}E 511 880 nmoll ] SREAS 5ol Aksiolct

ZAREE BN FE70] FEOES 04870 ~ ES 0488001 et EAI5H 0 H 100 |4 o]51e] A|7E o] 85}
&L}, Pb, Zn, Cu. Cr, Ni, Li, Al Inductively coupled plasma atomic emission spectroscopy (ICP-AES, Agilent
700 series) 2 Z75}.2™ As®t Cd-2 Inductively coupled plasma mass spectroscopy (ICP-MS, Agilent 7900)=

o]-85}t}. Hg= ES 04875.19] w2} Teledyne instrumentsAte] Hydra C 2 ApFs-2A513tt 255729 #5892
Fluka®] Pb, Zn, Cu, Cr, Ni, As, Cd, Hg, Al, Li 1,000 mg/L E5-8°88- 4115l ARSI 2557 240 A
2]+= Marine Sediment Reference Material Q] MESS-3 (National Research Concil Canada)E A&t 42 iPHog
A2 & BASte] A1 o, 245 R A= 80~110%S AEE= 1.1~7.0%5 EH)

=79 ;3= 1BM SPSS statistics version 20 & 131 O] AFFHEA] = o] HeF AR A0 0] 85194 Spearman 4
PASE 513k

Results and Discussion

Ut = 23 H|w 2014 AR YR IE ZARE A Z7Ee 1 el 10.8%, A E 72.7% 181 HE
12.8%%5 H A7, 2015Ff1= 2l 5.6%, A E 78.7%, FE 10.3%°]| 2t (Fig. 1). 0122 797 7,5 2fo] 2l 4
H2lo] ofet 71 0 & JhekEnh A= AlEAfF] 37119 A vl o] 752 20141801 528 mme ™, 2015'dll= 103 mm

2%
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oIk TS AlEARF] 2912014 9L} 2015E 390 HER=ES o] 49.9 m’ sec, 37.2 m’ sec, A3 A7F30.1 m’ sec,
20.2 m’sec, HHHO] 2.8 m’sec, 2.5 m’ secE T=ZE| At T2 201499 65.4%2] SU sz EHE A
™, 2015H0]l= 60.8% 0= FA-SISIT. BHA P A7 Fa-2 2014'A0] Hlol 2015 2] SUA AREH S 25
20140] v5l] F7FoF3ATt (Fig. 1). FEHA 02 S-83t QEAAAT PR et o] k& Ao 2 o= g
T8 Bri= SR Ay so] Yo wstl of Riztet 2o =2 Afm it
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Fig. 1. Distributions of grain size (sand, silt, clay), water content and ignition loss, grading in sediment.

COD:=201410]12.72%2] 27k 55 2 HEEQ 1, 2015d0=2.57%2 2 Hap } 2] 2] 939 o) AR
7 EA TEE]o] DA A o] FLe At A2 A 0 2 UERIT (Fig. 2). TOC= 2014301 2.08%2] 544 5=
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AEE, 2015901 2.13%2] 2A7E B2 CODL} -SAKI. O 2014 E 7} 20153 9] AL 97} -GAs1

COD2} TOC?] ‘5= 9] 227t thEA UreRyith
Z=| 9ok T-N2 2014391 3,132 mg kg®] 4%k
AR Q] ] 451 T-PE= 2014107 1,175 mg kg, 2015301 1,144 mg kg 2] SU%

AR AT, SRPE= 2014390 3.8 mg kg, 20153 9]= 3.6 mg kg 2]
l=2015d0] o AR ERE BT 2015H0] Y F Hefl o] fastal HELL HE o] STtk
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Fig. 2. Concentrations of COD, TOC, T-N, T-P and SRP.
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F)

= S 710 2 AL EIth(Table 2). Pb} Zn, Cu, Cr-22014'A0| B]5] 20159 9] Zo 7k AR 9
T 2] TR FHIE Hof Q1912 frditnt of et A Q1 7199 {rYd T 7 ok A 02 AR Tt (Fig.
150 NBE AF5le] EAE U AES HAE} Solt ¢l o] ¥igle}l A7) (Fig. 1).

£ Sk 2 201497201590 BE w5 FE2 0K - 24 B E L QWP IE nRte s HEE w45
5 °

N
9
o
Mo *
=)

N

O
o
N

o

Table 2. Sediment criteria of lakes in the Korea.

T
Level item e ! I U v
) Ignition loss (%) 13 over
Oarfﬁftiﬁ:r Total nitrogen (mg kg) 5,600 over
Total phosphorus (mg kg) 1,600 over
Cu (mg kg) 60< 228 < 1,890 < 1,890 over
Pb (mg kg) 65 < 154 < 459 < 459 over
Ni (mg kg) 53 < 87.5 < 330 < 330 over
As (mg kg) 29 < 447 < 92.1 < 92.1 over
Metals
Hg (mg kg) 0.1 < 0.67 < 2.14 < 2.14 over
Zn (mg kg) 363 < 1,170 < 13,000 < 13,000 over
Cd (mg kg) 0.6 < 1.87 < 6.09 < 6.09 over
Cr (mg kg) 112 < 224 < 991 < 991 over
"1 normal.
I: little polluted.
II: polluted.

IV: very polluted.

F50] RIS 2PA[5] A EH Pbi=2014397 30.1 mg kg] $97 2 HEEAY, 2015901=37.1 mg kg
P= 9oLt ARERI 9= 2015 of] WX 22 F7F51IT (Fig. 3). Zn=2014¢] 89.1 mg kg 2] 5
FFr 2 AEEQT, 20150 147.7 mg kg2 2 S7F61ATE Cue 2014 27.5 mg kg2l 54 g 522 7
Z5217, 2015E0]=37.0 mg kgO |21tk Cre-201439] 50.5 mg kg®] FUg =2 AEE T, 2015H01=71.6
mg kg®] U7k =5 2 AZE| T (Fig. 3). ¥HH Ni-& 20149 36.8 mg kg®] %9 ‘%Ei AEE]1, 20159
ofli=41.1 mgkg®] S =& HEF| o] FUYU2 S7IoIAATH A AR 9= T ASHTh (Fig. 3). As+=2014
o] 15.4 mg kg £A4g B2 AEE T, 2015801 =214 mg kg & %k% AE=3IT (Fig. 4). Cd&
2014397 0.70 mg kg] FA7E =2 AEEQ T, 2015W0= 0.40 mg kg FUZt BE 2 AEEQLom AREH
9 A FA Akl 11 9 ZHAsto] o] A oA fAke g Hol= LE LFERATE Hee 2014%_
o] 0.063 mg kg®] FURL FEE HEFUL, 2015l 0.068 mg kgl FU TER HEHAT ARRESIE oF
(FS7I819IE A2 2014891 9.36%2] UGk w2 UEFIIL, 20150k= 9.88%2] Y%k w2 o 57t
51gl 0w ARE R 9]0] Bzt WolHTh(Fig. 4). Li2 2014901 49.2 mg kg 44 55 2 AEE] 211, 2015 H01=
47.5 mg kg TR TR ASE O AEEH Q] AA] ulle- AR LT (Fig. 4).

O
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Fig. 3. Concentrations of heavy metal (Pb, Zn, Cu, Cr, and Ni).
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Fig. 4. Concentrations of heavy metal (As, Cd, Hg, Al, and Li).
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2015
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Fig. 4. Concentrations of heavy metal (As, Cd, Hg, Al, and Li) (Continued).
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5 B30, 201497} 22| T-Peb= o] A& 2= 2 02 Yehsith wabs] 20142 2015 o] ¥k
2420 52 AL FeFETP| A= AR 2] 7t 2o ehd @72 A== 7 F=5 Alolol 274
T2 gha A0 R dldHtt. COD=TOC, SRP2F 52 d8 A5 Hr. 2014182] COD-SRP J2A1=2} vl

RS o, A 2= T 5 Aol 4L §l& 2108 ek 4 Qlrk TN-2 TP, SRPHITHIo] Qli= A o=
WEERlot o] 4] 20143} ¥l SRS o), 20158 0] A= QEARE g o] Sl= 0= AR TP-SRP
= 0% et

Table 3. Correlation coefficients between the measured normal parameters in sediment sampled in 2014-2015.

Water  Ignition

Year Sand" Silt Clay content loss COD TOC TN TP
Silt -0.039
Clay -0.712** -0.495*
Water content  -0.586** -0.192 0.637**
2014- Ignition loss ~ -0.548** -0.122 0.568**  0.646**
2015 COD -0.259 -0.224 0.422*  0.434*  0.176
(n=24) TOC 0039  -0212 0215 0060 0066  0.650%*
TN -0.171 -0.457*  0.441* 0.486* 0.264 0.447*  0.242
TP 0.156 -0.659**  0.251 0.027 -0.017 -0.270 -0.130 0.097
SRP 0.525** 0.065  -0.417* -0.537** -0.289  -0.331  -0.097 -0.481*  0.308
Silt -0.217
Clay -0.776** -0.217
Water content  -0.853**  0.105 0.748**
LOI -0.685*  0.231 0.503 0.706*
(n221142) COD -0.256 -0.291 0.529 0.462 0.420
TOC 0.182 -0.483 0.119 -0.133 -0.147 0.644*
TN -0.224 -0.056 0.294 0.224 0.462 0.434 0.413
TP 0.252 -0.487 0.018 -0.158 -0.711** -0.233 0.119 -0.158
SRP 0.534 -0.219 -0.329 -0.212 -0.484 -0.262 -0.258 -0.145 0.641*
Silt 0.221
Clay -0.629*  -0.823%**
Water content -0.378 -0.536 0.594*
LOI -0.245 -0.687*  0.629*  (0.895**
(11221152) COD -0.550 -0.053 0.445 0.571 0.291
TOC -0.105 0.004 0.210 0.014 -0.084 0.591*
TN -0.466 -0.909** 0.893** (.788** 0.809** (0.404 0.096
TP 0.070 -0.858**  (0.566 0.329 0.559 -0.284 -0.329 0.641*
SRP 0.704*  0.258  -0.609* -0.774** -0.630* -0.647*  0.042  -0.582* -0.046

T%0.01 < p-value < 0.05, ** p-value < 0.01.
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20149742015A9] 5@ AR = Spearman FTHEA S AAGIGE T, 2 4PATE B =2 R E &
-Sg, e AT s, Rafl-SRP, AE-HE, AE-TN, AE-SRP, 3-8~ P A7 s, 34~&-COD,
F&-TN, 2~&-SRP, COD-TOC, COD-TN, TN-SRPO|It}. 1 5 HE A[7] (2014, 2015, 2014 2 2015
oI T2 2 AT E Kol 52 Be-HE, JE-38, & darbs;, COD-TOC
O]t} (Table 3). THEbA =2 Z[Ho| A A5 FE StHH2He 242 EJAEE A& 7= S42 Al719) 9
tato|7h 2 A0 & AlmEint,

2014 2 2015d9] o A= of| 4] p-gke] 0.0010]51R] 2 Hef-HE, HE-TP, JE-oHr-&, gr-&-2ddd
47V5%, W COD-TOCEA YE9} =&, CODL 54| @& % TP, ¢Pd14715; ToCe] of50] 7158 A
o7 AlEHL)

&

ol

o HE o

¢

l

FEF H2d v FHA FHE F 35T S AR (Table 4). S5 F52] 739 A
= et k=] Hlol =& A ATE B3t 201418 9] 79 Pbi= Cu, Cr, Nidh 2 ATAGE B3 0H, Zni= Cr
T 22 59 ATAGE, Cd % Liths =2 ] 4G 2= 202 el Cues Nidh =2 o] daAls
£ H30H, Cr2Nizk= Rolgh ool A, Cd 9 Lithe 2 20 A& Uellith As2 Lizt f-oJeh &F
O HATE B oW Cd2 Hg 9 Lidh =2 o] JeASE Bt Hee Lidt Fo A E A=A 02 1
EPTE 201599] 739, Pbi= Cd 9 Lidh 352 O] ATHAIGE Hof 2014 7H= T2 HS BTk Zni= Cd 2 Li
T B2 Fo] dAlGE Hol 9AsAdabgo] olS A0 2 Jithech B 201490 52 22| A8 B3
9 Crik=/dago] §lis A 02 Vet Cus 201430 17 2 Nidth 352 O] AAIG-E B olom, Al
Fefgtdadol Q= A 02 YT Cr2 Nizhs oFo] AHdS, Hole 2 20 AdS Hof 201413 5
ARt 3RS U o Lith= o] gl ZA0= ZAREITE 20140l o) o] Sl Aoz vehd
As-Li-2 20150 = S0t A o] gl A 0 2 ARG Cd-2 2014 @1 nE A 2 Lid) -2 oFo] AFiAl4
£ Hg o o] gk mE ATAS: Zoll A 7 2=9)th 2014872015 0] B8k O] ARHEAL Ph=Cu, Cr, Ni
I} o] S HolH, Zni=Cu, As, Al, Lizh-F-ol$H 284S Bt} Cut= Cr, Ni D Al Cr2Ni, Cd, Hg®t
O IS B oM o] F Cr-Cd, Cr-Hg= 22] ATAIE Zh= 2 0 2 Yesith Ni Al Cd-2 Hg 9 Lidt
183 Hge LiTh & 2 Ao 2 Ueiith 1 5 BE A7|oA 8-S 2= @52 Cu-Ni, Cd-Li, Zn-Li,

Cr-Ni 0]31th. 0] & Cr-Ni-> AR X|2fetd] EAJS 2= .0 & 750] SARR 202 delA] Qlrt (Yiicesoy
and Ergin, 1992). thg Q- 235 AwEH S5 4

E2 IS e om Al Lio] At o] -9 =7 THEEE| AT} (Avila-Pérez et al., 1999; Yin et al., 2011; Bing
etal., 2013). Hg®| Cr} BRI 29 A2 th2 AL 742 e 3.9l AHA]-S H o] 7L} (Pearson r between Hg

A o o
Ho] GAkeh Ao 2 LRttt Cri Heol 20 AL 2749 v WS 519 uf, th45.9] Cro o vhi Hel= 1
1, A Cro] &3t He7h 7] vheht 213de] mh 2jo] 2 Atz ek,
201449 920159 2] 52k A= ollA] p-210] 0.00105k}] -2 Cu-Ni, Cr-Ni, Cd-Li 2 A 2} 54 315.0] o]

o] 753t Ao 2 Az

A
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Conclusions

2 A= AL TAelA 20142 2015 E0] TR 5 1270 A3 A =S AFIete] dutebmat 54579
1871 52 A1k tiF-E At afsollA 2014\ El4E Fof Hlol 2015 E|&E 57t AUt Pbet Zn,
Cu, Cr22014d9] H|5}] 20150 “s=7 57 FEEIH Cd-2> 746t o = 2tz 7t sPd 54 B[4 E 0 A7)
Zn|ato] ATt Spearman A3 B4 5 Z].'OqEHﬂfn ot A 2= e v EAo T, 13 2014
| 220154, F ol SAmOA B fofet A4S Zhs BE R Ees E-HE, AE- 8, fVIEA R
= COD-TOCO| 1!, F&A| HE= Cu-Ni, Cd-Li, Zn-Li, Cr-Ni #.0 2 7k 21" A A 252 st 42 =4
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Table 4. Correlation coefficients between the measured metal parameters in sediment sampled in 2014-2015.

Year Pb Zn Cu Cr Ni As Cd Hg Al

Zn 0.387
Cu 0.609**  0.685%*
Cr 0.532*%% 0350  0.676**
2014- Ni 0.548%*% 0356  0.824%* (.839%*
2015 As 0246  0406* 0222  -0.088 0.068
(n=24) cd -0.159 0.037  -0216  -0.587** -0.314 0.184
Hg  -0.063  0.097 -0.087  -0.645** -03890 0288  0.545%*
Al 0.401 0.470%  0.602%* 0.291 0416* 0284  0.013  -0.022
Li 0.088  0419* 0202  -0389  -0.038  0.414* 0.800** 0.583** 0.387

Zn -0.352

Cu 0.648*  0.049

Cr 0.592*  -0.727**  0.224

Ni 0.754** -0.168 0.846**  0.587*

(n221142) As 0.211 0.545 0.462 -0.238 0.483
Cd -0.416 0.785** -0.186 -0.865%*  -0.427 0.343
Hg -0.099 0.448 -0.042 -0.552 -0.168 0.490 0.718%*
Al 0.500 0.329 0.448 -0.035 0.385 0.510 0.011 0.049
Li -0.261 0.734**  0.077 -0.832**  -0.182 0.671*  0.816%* 0.762**  0.343
Zn 0.573
Cu 0.252 0.371
Cr -0.091 0.042 0.524
Ni 0.273 0.364 0.895%*  0.706*
(11221152) As 0.343 0.357 -0.182 -0.406 -0.294

cd 0.727**  0.797** 0.154  -0.371 0.049  0.448

Hg 0277  0.063  -0242  -0.781** -0410  0.060  0.539

Al 0378 0469  0.587*  0.021 0378 0378 0308  -0.095

Li 0.769%*  0.783** 0448  -0.168 0343 0301  0916** 0399  0.524
T%0.01 < p-value < 0.05, ** p-value < 0.01
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