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ABSTRACT: The Suyeong River flowing through industrial facilities and residential areas is vulnerable to
contamination by various anthropogenic inputs before joining the Suyeong Bay. Although many studies have been
conducted on river sediments in the Suyeong River, there are only a few studies on river water chemistry. Here,
we collected water samples from 16 sites along a 50 km downstream transect in summer and winter in order to
examine hydrogeochemical characteristics and identify potential contamination sources. Our results showed that
major element concentraions are mainly affected by seawater except for four upstream samples in summer but
trace elements are mostly influenced by anthropogenic inputs rather than seawater. Especially, the summer river
samples displayed much higher concentrations in trace elements compared to certified reference materials of
nearshore and seawater, up to 2.2 times for Cr and 99 times for Mn. In addition, trace element concentrations abruptly
increased along downstream transect, which are closely related to inputs derived from tributary, wastewater
treatment plant, and direct runoff. This study indicates that the high contents of trace elements in the Suyeong River
can act as an influential factor causing harm to the human body through the accumulation of marine ecosystems,
suggesting more detailed works for identifying anthropogenic sources.
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1. ME

e ABA W QlzkolA] WAQl sApUOR
A A% 5084 ATES D 84 oz A
L5 H(Liu and Han, 2021). 2|2 AFste}l =A)5}
2 oIt alo] TR ALg T} chaket 1914 0.
2 9AL A7kt 8 0 4L 2efska glckEbenstein,
2012). 53], A, FAAA D SR o] =
2 5 Z-5HRel 2gEel glo] 220G HoF
517 W2l 59 AT o H AR T
T Jck(Kwon and Lee, 1998). 9| & E91, 3ol A
FAT AA R SN AT A0
chRE Azt fAodo] ZeEgen (o,
2005), SHEFo 2R E WS A=A G2 F
7180 Bt fl0R ol Aztet B 2 AT 5
wAA] YA o] B E|QlthGanguly, 2013).

a1 ) S92 o njsklat sheb 5} 9l
T ol 9t AA 7193 A EE Foll 9k <l
912 7)ol F2 AL Yotk B3, BAL B2
£ shEe Q1919 rlgle] gl Aoz 27
Uehdth A& 50, e A Wl gE s =7 A=
3 $EAE s20 A eu7iA FAsH 718
o] R o] HFEOIRHA T AN HF
o] 9101 2J3k .02 AAIE|YeHChoi et al., 2019).
ol2{gt A Fdoll ot mFe = A W A
4 S35 53l A= HolAkeY 3 de
7ol A oS 1 4= Qlof(Jarup, 2003; Verma
and Dwivedi, 2013), 19|14 2 FYof &3t m|zFd
A7k 87T QAR FYTE Aol e FEA
57t dasitt 53], nFgde F S5 YAl
of A&l Aghs FEAT|=, A& S0, ¥t
(Mn)& =obalg A3 M E AES doA w18
9 ohzstolulyz 2e AZEWY A (Martins
et al., 2019), ZLE(Co)= A 9 # &4, T 7
& (Simonsen et al., 2012), YA(Ni)2 & =27], 1]
1, A8 Ul AV A HIERk 7] W2HKim, 2016;
Genchi et al., 2020) 9 o}A(Zn)L kol & &AL
Q18 5L ARl TS ST Thompson
et al., 2016).

AR F7olA 9] mFgea L FaESol gt &

£ T2 SHHERE] ek Ao] tjFEo|th(Lee
et al., 2010; Yang et al., 2015; Kim et al., 2017). 71

1o 1l

U, SHHEREC S a5 AE-ad &
7, 715, i3T5 St ot sk W &
4o = Hslste] A 9 A7keAl A AL
B E 5 USOIE 597 W 8= mlso]
ot AT SEA AR EITHKim ef al., 2014). T}
2hA o Atollals FARFHA| 471 FPAAS &
Y PRt 2 A=A Tkl QI91A 2 HAU9
FIFS e R ST E PR oA
TIU7HA] A5E D AL H AFste] T E
njFda E42 S E 54 H oA 9%
t| 2= A 2 dLo thste] 2AfsEAL iz o
B 52555 929 tiste] AR} st

2. i diyY

2.1 PRI

TR FARF QA 47 BAFL(FE S
g+, T 9SS SR fUEE
B AT ot L g ot GRS war 9l
t}(Lee et al., 2014; Choi et al., 2016; Jeong ef al.,
2019). 49 WAL oF 200 km?, G2 AL ok 28
km= FAto| A T AR R 7] 7holw sl YR]gk
steA B (E el e st ASE) A
27t 93-S S35l dA%te = vjEHk(Lee et al.,
2018). =F7% 99 EX0]§Ee HFE A7HA|
(48.0%), AV (42.8%) 2} 71EH9.2%) & F-EE]H Jang
et al., 2006), 479 A RS F 9 A Q|5 55}
Fe T2 ARAAE 2 FAXRZ o] 85 otk A
TR 9| 7| = AHA A o] 5 27| o,
Bt 7122 147C, QBT e 1519 mm=
I 713 EAS ZH =} (Ryu et al., 2017).

TR 9 AL wWoty| Bl Ao} W3t
ST (QPAHE B, A =) 2 A
SR (A PSS, SPHEHE o]Fo|A 3l
1, o5 W &Stz A47] THZ0| 97 FHL
2 FBx23}1 Itk (Cho and Kim, 2009).

AN

22 AMZE M3 H ®AZ

T &TFOIA IR A=E F 1670 A
ofl A A (20204 8L ¥} 2021 1g) A|2E AS
== A3 o] 5F 571 E o] »sto] AFsISTh
(T 1). 2, A(salinity) 7} pHi= B86 chs



sl S2REE SN o7 799

Z77](Orion Star A325, Thermo Fisher Scientific,
USA)Z 8ol Zakeict. A2Ist st AR
0.2 ym HEF 2] HE|(SciLab, Korea)E o]-&3}
of olagt 7, Fol& BAE A|Rol: 244 A
AAHHNOs)& 1-2=& go] A|=9| pHE 2 ol &
& % i-CHEM HDPE&-7]of| E#3t Tt S0l &
A8 N8t qukst A 85 i-CHEM HDPES7]¢|
o] B4 A7k 4T 2 33 Bastaich

23 EAMUH

F9 ool FEt BATsE AT a et
o dAd =28 S0 2324 (Inductively
Coupled Plasma-Optical Emission Spectroscopy; ICP-
OES, Optima 7000DV, Perkin Elmer) 2.2 EX35}%]
3, v T s atelr el Al v
& 53t B A2 8)(seaFAST, Elemental Scientific
Inc, USA)o] 238 f= 2 Setznt Ak
(Inductively Coupled Plasma Mass Spectrometry;
ICP-MS, iCAP-RQ, Thermo Fisher Scientific, USA)
2 olgsto] BA3lg) ol Srl BT sL
S d A5l 229 o] & A== ¥ (lon

2 Wastewater treatment plant
(WWTP)

/\ Toligate

Chromatography; IC, Thermo Fisher Scientific, USA)
2 ol gsto] BAshh daet RAvek 4
TSkt A% Thermo Scientific Orion Star
T900 pH titrator2} 0.1 N HCl& ©]-8-5}% Gran &
Aoz FAsIH. ngda tiet 24 o=
W PUEL 350] JFEEEA CASS6 (A3
FEEEE, Myt THATHLS]), NASS-7 (N
ez d, AUt TH AT HE3]), SLRS-6 (7
& E2EEE Ut 22 A9 242 Sl g
QIBHATHE 1)

3. 4o 9 E9|

3.1 S2|EEty EM

AF g 1670 M=ol tiet 528 AL Bt 5
22 747+ 254°C (254 +1.30C, 16)£+123C (123
+1.07C, 10)2 A45H A ENA k13T A= &3t
Th3E 2). B pHE 53T AZE A=A 2
7} 6.6 (6.6 + 1.0, 16)3} 7.3 (7.320.3, 16) 2.2 o] 24
AlZoA oF 1 FH(unit) = Rt 53], 954
A B A= ARolA 72 7FHA pHZF 4.0004

—

Fig. 1. A map showing sampling locations. A total of 32 samples were collected in summer and winter (Modified

from Google earth).
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Table 1. Measured trace element concentrations in three certified reference materials.

CASS-6 NASS-7 SLRS-6
Element Certified  Measured value  Certified  Measured value  Certified = Measured value
value (2SE, n=2) value (2SE, n=2) value (2SE, n=3)
(ng/L)

As 1.04 0.80+0.00 1.26 1.13+0.04 0.57 0.50+0.06
\% 0.50 0.724+0.03 1.30 1.25+0.00 0.35 0.36+0.01
Cr 0.10 0.17+0.01 0.11 0.18+0.00 0.25 0.27+0.01
Mn 2.18 2.12+0.07 0.75 0.75+0.03 2.12 2.10+0.13
Fe 1.56 1.52+0.08 0.35 0.32+0.00 84.50 82.79+1.99
Co 0.07 0.07+0.00 0.01 0.02+0.00 0.05 0.06+0.00
Ni 0.42 0.44+0.01 0.25 0.24+0.01 0.62 0.66+0.01
Cu 0.53 0.55+0.01 0.20 0.22+0.01 24.00 21.88+0.51
Zn 1.27 1.26+0.01 0.42 0.56+0.00 1.76 1.83+0.02
Cd 0.02 0.03+0.00 0.02 0.02+0.00 0.01 0.01+0.00
Pb 0.01 0.01+0.00 0.003 0.002+0.000 0.17 0.17+0.00

6.571A] F 2.5 AT 7Pt GAIRE ALE A=
M= 317 pH HMap7 B A FUTHIE 2).
S A5 27) A R(SYR-13}2) 9] W& pH Zh(4.04)
S A eHEE K B R71E &3 B
A A dERs 71l SRt FFes Bzt Fagerai
and Nascente, 2014). B G52 24 9 A2H
A2 A Z+2F 5.20%0 (5.20 * 6.07%0, 16)T} 21.9%o
(21.9 * 5.49%o0, 16) 2 ALA A 2o||A oF 48 H=
T & BT A9 A& Alzke] 1A)7te] Ad
H ol oF 28 S7Hiths 71& A2 THKim et
al, 2019)& F3f o5 ARN SHE X2 F&
< A45E VIR A9l o7 M ane wdd
ok T3 ASE AR 8 AR(FE < 0.5%0)F Al
ofet shF AR FE2 S AT AEY
SYR-169] 2 24.0%0)°l 23t FEFo= Ao
ot S7FHAAL, AL ARoAE AR TE
AR F7HE ERAAT AR YFAIZ(SYR-3)]A]
£ AT 21 FF2 Q% 4 an} eyttt
(2" 2). o]& B3l A5l AFA 24d 7
A7 #a fdo] doju, Agols 9%
AAH 2 FRAHA da Fdol dofdS &
A

32 Fel4A EM

AR e BAle] that A2 W7t 712

8t d 27 (Charge Balance Error; CBE) = B+
-1 +5% (1o, n = 32)2 AWtz oz BEAAvo] Al
ol E2 Z o2 AEtH(R 2). B = 7|, o
3 AR89 Yol Hl&2 Na' (79.2 = 8.75%) >
Mg™ (11.7 + 0.31%) > Ca™* (6.0 + 7.1%) > K" (3.2
+1.5%)9] &0 2, 2ol u]&L CI (85.6 + 16.3%)
>HCOs (7.2 £11%) >S04" (5.5 +1.7%)¢] &2
2 ks AE Btk ool whel ALH AR
L ofol.2 H]-&o] Na' (87.3 £ 0.67%) > Mg (9.0 +
0.71%) > K" (2.0 £ 0.1%) > Ca™ (1.7 £ 0.0%)<] &=
02, 8ol ujgo| Cl (92.2 £ 3.4%) > SO (4.30
£0.19%) > HCOs (0.4 *0.0%)2] &0 74l
S Byt o3 AME U4 vjgo] ¥z}
£ A5dde sehy F5ho] IS W @
7 §-9lo) o3t ARz BdE, ALHE o
&0l nlaf A3t dligs F49] Skl ot zes
o|2j3t ATh= F Fol(TZ") T Cl'e] A
£ A= AT 4 ltk(Lee and Moon, 2008).
F2 o5 o FTFL B2 ARETZY/CA =1
O] Aol =A== v, 34y F3to] g
2 50 GRS HHe AL e O HEd 52
TZ" 5o Q3 TZ'/Cl > 19] ol =AES &
QAT 4= QU™ 2). 1Y S5 FFE L2 AL
H AR BEZFTZ/C > 19 ol EAEE A



Table 2. Physicochemical characteristics of water samples collected in the Suyeong River.

Sample Distance from SYR-1  Temp.  Salinity q Na' K* Mg** Ca*' Cr NOs S04 HCOsy CBE
P (m) © P (mg/L) (%)
Summer (2020.08.)
SYR-1 0 25.5 0.16 4.04 153 3.68 372 14.0 23.8 5.72 18.1 40.9 1
SYR-2 127 26.3 0.25 4.04 31.6 4.81 6.33 15.1 56.2 10.1 21.9 48.8 -2
SYR-3 300 26.5 0.38 6.99 82.7 7.01 13.3 14.9 151 5.24 30.6 38.4 1
SYR-4 475 27.1 0.33 7.05 64.6 6.20 10.3 14.8 120 2.74 26.9 39.7 0
SYR-5 997 26.1 1.48 7.01 358 21.6 54.5 26.1 746 6.63 107 SoN7 -5
SYR-6 1188 25.6 1.80 6.99 399 223 60.2 28.1 832 n.d. 120 53.1 -5
SYR-7 1648 25.6 3.13 6.82 674 36.1 103 43.6 1467 n.d. 205 77.5 -7
SYR-8 2020 254 4.02 6.68 1003 SYAR) 152 59.0 2202 n.d. 303 84.2 -7
SYR-9 2227 25.7 4.23 6.70 1083 56.8 160 64.1 2263 n.d. 311 94.0 -5
SYR-10 2579 259 4.04 6.78 1018 53.2 156 60.9 2244 n.d. 305 84.8 -7
SYR-11 3303 25.8 4.43 6.85 1047 53.1 159 61.5 2224 n.d. 301 85.4 -5
SYR-12 3957 25.9 6.36 6.92 1947 92.9 283 96.9 4268 n.d. 578 94.6 -7
SYR-13 4167 25.1 7.63 6.97 3241 152 467 151.1 6894 n.d. 898 104 -6
SYR-14 4358 24.4 11.8 7.00 2982 143 440 142.9 6323 n.d. 864 103 -6
SYR-15 4570 24.8 9.18 7.01 3002 140 428 137.3 6491 n.d. 857 103 -7
SYR-16 4827 21.2 24.0 7.59 6242 280 862 255.0 12578 n.d. 1719 120 -4
Winter (2021.01.)
SYR-1 0 11.2 21.6 7.42 11500 436 1338 392 18022 n.d. 2324 148 5
SYR-2 127 11.2 21.0 7.41 11201 439 1384 386 18298 n.d. 2369 135 4
SYR-3 300 10.1 13.2 7.40 12161 447 1409 404 18980 n.d. 2382 138 6
SYR-4 475 10.2 14.4 7.40 11704 440 1369 393 18879 n.d. 2422 138 4
SYR-5 997 12.0 15.6 7.04 12236 451 1443 409 19525 n.d. 2448 139 5
SYR-6 1188 12.6 18.3 7.03 12180 476 1467 410 19770 n.d. 2350 140 4
SYR-7 1648 12.6 16.9 7.03 11891 452 1402 405 19730 n.d. 2512 140 3
SYR-8 2020 13.0 28.7 7.56 12331 467 1430 401 18636 n.d. 2303 139 7
SYR-9 2227 13.0 21.6 7.17 11529 456 1184 391 19629 n.d. 2469 139 0
SYR-10 2579 13.1 22.1 7.16 11937 458 1204 391 19650 n.d. 2482 140 2
SYR-11 3303 13.3 22.7 7.18 11955 464 1194 393 19493 n.d. 2485 139 2
SYR-12 3957 13.2 23.5 7.23 12233 472 1198 401 19857 n.d. 2577 140 2
SYR-13 4167 13.2 249 7.30 11822 462 1190 392 19521 n.d. 2456 140 2
SYR-14 4358 13:2 254 7.37 11805 478 1166 389 20141 n.d. 2535 140 0
SYR-15 4570 12.8 26.1 7.41 11769 467 1187 397 19897 n.d. 2531 140 1
SYR-16 4827 12.5 34.3 8.18 12156 475 1231 409 19859 n.d. 2494 140 2

n.d.: not detected.
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Ol o2, ASE AR n|Fes: %= Mn > Fe
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22 UBHTHE 3). dl & 501, nIFda $ 7
=2 s HQ W Mn)2 A5383 ALEH Al
Fo|l A Z+2179 + 36 ug/L (16)2} 58.1 + 55.4 ug/L
(o), o}d(Zn)E 52T} ALE ARNA 22+
15.4 = 4.7 ug/L (16)2} 5.32 + 3.69 ug/L (10) & &
A= A5E AR W FEE Al RE
=32l CASS-63t HFallE=E2<?0 NASS-79]
7t SR Zb2) oF 80ufet 2394y o4 &SkTh
(B 13} 3). o] 23t AEE F%& apo] (ke sl X
o 3ul)= 5HY A Aol A3 17 FH=
3eh 35 wol| W2 g {4 B ARRE
F=ofl o3t QI91A 2 QA F4 F7H= AdEm, A
29 AeE e 7Y Sl U 34 ane
st o] FakS WEsHA Eelstr] fiste
o2 HojA =t Ao e = HIE AT
Horth

331 &) & = ¥s}

ASleh] 249 whEt Y4 A FE FIS
Hh= 7 -2 AAS A ol A AR FARE AsS
Zb1, Auka o 2 AL -50] S HItH(Laxen,
1984; Ouddane et al., 1999). 97 A BN = F+
Ut FE-2 YHtH o 82 30 A Ho| x|t
AEE A9 7 d7to] gEo] S71El wet &
3|3 FY AdS Holm ALE A 271 A|l=(SYR
13} 2)of| A = 49 &7 FUTHE 3). o=
A9 LAY ZRE O P FY B EHE
T2 A FHY gxto] dhdE k(e 3§
HE HPH 232 dEthLaxen et al., 1984). A
7 270 AIE(SYR 13} 2)E A Qg BE A|5oA &
3] WS 35 57l YA (Zn, Pb, Cr, As)= A%t
I g feRFA R R =2 TS Hol=T
ol ol Y471 0.2 um ©|5}e] u| Mgt FRO| B4
o &= o] Aotz AR Th= 29H LB
Yol &gt FFUS st

AEE A BoA= G} AsE AL ZE da
(Mn, Fe, Co, Ni, Cu, Zn, Pb)9] 57} At}
TS EH(CASS-6, NASS-7) R}t AAGs| &%
=0, ol 942 7 SVl UE AZF{FE50l



Table 3. Trace element concentrations in water samples collected in the Suyeong River.

Sample As \% Cr Mn Fe Co Ni Cu Zn Cd Pb
(ug/L)

Summer (2020.08.)
SYR-1 0.66 1.52 0.21 141 12.2 0.17 0.72 2.09 13.6 0.02 0.08
SYR-2 0.77 1.61 0.22 147 13.0 0.18 0.72 2.01 13.7 0.02 0.08
SYR-3 0.56 1.91 0.21 166 15.3 0.24 0.75 1.74 9.24 0.02 0.09
SYR-4 0.86 2.40 0.14 123 8.02 0.35 0.55 1.20 8.61 0.01 0.05
SYR-5 0.89 1.89 0.10 184 4.78 0.34 0.56 0.93 19.5 0.01 0.03
SYR-6 0.70 1.81 0.11 186 5.09 0.34 0.59 0.85 19.9 0.01 0.03
SYR-7 0.63 2.02 0.09 209 6.16 0.43 0.76 0.97 23.1 0.02 0.03
SYR-8 0.85 2.51 0.11 213 7.75 0.59 0.97 0.96 17.4 0.01 0.03
SYR-9 0.68 2.63 0.10 202 8.98 0.59 1.02 0.84 19.9 0.01 0.03
SYR-10 0.76 2.52 0.09 194 6.90 0.42 0.92 1.06 16.3 0.01 0.02
SYR-11 0.92 2.28 0.09 167 5.57 0.26 0.82 1.18 15.8 0.01 0.02
SYR-12 0.75 2.17 0.08 219 7.17 0.42 0.80 1.04 19.0 0.02 0.02
SYR-13 0.90 2.28 0.08 214 5.74 0.43 0.82 1.05 14.8 0.02 0.02
SYR-14 0.93 2.18 0.07 218 5.43 0.40 0.80 1.02 15.3 0.02 0.02
SYR-15 1.03 2.11 0.07 191 4.68 0.37 0.76 0.95 14.0 0.01 0.03
SYR-16 0.62 1.76 0.06 99.0 0.96 0.24 0.53 0.67 5.66 0.01 0.02
Winter (2021.01.)
SYR-1 1.13 1.51 0.14 199 62.0 0.21 0.70 0.37 13.0 0.01 0.02
SYR-2 1.12 1.55 0.14 170 43.9 0.19 0.66 0.30 11.4 0.01 0.03
SYR-3 1.15 1.50 0.17 92.8 2.81 0.14 0.49 0.22 6.25 0.01 0.07
SYR-4 1.16 1.58 0.21 95.5 0.57 0.13 0.57 0.44 9.81 0.03 0.01
SYR-5 1.28 2.01 0.24 63.3 0.82 0.12 0.48 0.44 8.66 0.04 0.02
SYR-6 1.33 1.70 0.25 51.1 0.35 0.10 0.40 0.38 7.44 0.04 0.02
SYR-7 1.39 1.87 0.26 37.8 0.33 0.05 0.33 0.36 4.56 0.03 0.02
SYR-8 1.42 1.81 0.27 344 0.29 0.04 0.31 0.36 3.83 0.03 0.04
SYR-9 1.43 1.71 0.26 29.8 0.23 0.04 0.30 0.31 3.20 0.02 0.02
SYR-10 1.44 1.77 0.27 24.5 0.23 0.03 0.28 0.34 3.34 0.03 0.05
SYR-11 1.52 1.96 0.29 33.1 0.29 0.04 0.31 0.37 3.73 0.03 0.02
SYR-12 1.44 2.09 0.28 26.0 0.27 0.03 0.30 0.29 2.09 0.02 0.02
SYR-13 1.46 2.11 0.29 17.4 0.25 0.02 0.28 0.28 1.64 0.02 0.01
SYR-14 1.45 2.10 0.28 13.4 0.21 0.02 0.27 0.28 1.54 0.02 0.03
SYR-15 1.48 2.08 0.30 31.8 0.26 0.04 0.34 0.46 2.88 0.02 0.01
SYR-16 1.46 2.12 0.29 10.7 0.17 0.02 0.28 0.30 1.70 0.02 0.01

4>
02
X

|0

4>

M

o
il

Jm

1

E

e

-

€08



=2
e

804 FAPS)

Hob

o 1918 LAY Sl ofat Anm woEc
(29 3). Crat Asis A9 LE A4 Ak} o
Fo] MAFERT HE FES Hojy] ofs
a7} 28 FAT 9% 271 ool 9UH A
Fere] g HA S|l shy 54 FHEo] &
Aol A7)l Az TeEIcGeisler and Schmidt,

1991).

3.3.2 Ao @& sx= W3}t

Aol A IR AR FE=HIE B8
A Y vFea s 9% = ¥ &
Qg 4= ASUTE ALE A=A = FA 1) A
BT A4S Kol 94 (Mn, Fe, Co, Ni, Zn)9}2)

250 80

OIXE -

M- LISE - ZEHE - OlFE=

A & S7H Hole ea(V, ()= F&3t
A 4 QIeHAY 4). AL SErt ek 9
S AR i U9 E9Y Fel wE
o] Yavt sheet T3] ofat B4 B
SHHE, 2 FES7HE Rol P4k 02um
olsfe} ulAjg Ezo|EAte] F2kEl Anz ke
tH(Nakayama et al., 1981).

olo] ¥taf, AFH Al=mM = A=E $=71H1) 3
7 A elA 4% HIHE Hol= ¥4(V, Mn, Fe,
Co, Ni, Zn)9} 2) =7} ZH2a8ke @2 (Cr, Cu, Pb)
2 FRANIY 4). A A FEAHE B
ol YaE2 4telehl S Hste] ot Alelas
o}, 9 2% FH(ERCIE e #712ERE)

1.0
¥ @ Summer
’Q (5] ST__Ff_j @ Winter 50
200 {@;| |== Nearshore ] 08
[] © ..-'"-'_; = Seawaler 4218’,_,: o
— H . = =
= 150 @ svR2.2 o iy
g’. Summer| Winter ‘U-') N Summer | Winter a 06 @ Summer [ Winter
= l seawatel & : seawaler| seawater 1 3 seawaler| seawater]
100 @ © 004 ] @B _o
® L 10 10 ©
® @
50 @ .. ® 0.2 b .“
o 5 ®
‘p.. [ ] ~.
0 i E— == Y 00 a7 0)
0 10 20 30 40 0 10 20 30 40 0 10 20 30 A0
15 25 25
@ Summer [ Winter
seawaler| seawater|
20 20 lge@
%
—~ 10 Summer | Winter — D Summer | Winter 1~ ‘
____I_ seawaler | seawater| ﬁ 15 seawater | seawater| -_—l__ 15 ... SYR:1
2 g% 2 £ 9
= t = 8 = ‘ot
= ® S 10 d @ c 10 P
Z s co O O . N o2
o ]
L [ ] 05 —~ ?; 5 @ @
| . * °® 9 0*.'
0.0 0.0 0
0 10 20 30 40 0 10 20 30 40 0 10 20 30 a0
0.10 T 0.4 T 20
Summer | Winter Summer | \Winter Summer | Winter
seawaler | seawaler seawaler | spawater seawaler | seawaler
0.08
03 15
L L
_ 5 _ . €, . % Je
=l - ® 1 L
= 006 = (] = @
2 @ ® 2 ° 2 2
3, {4 J 02 =10 "
= = ® ~ o @
O 004 e e 1 o
o o G ® < o s
@ 0.1 0.5
0.02 o % @ :
oot o o}
0.00 - 0+ 0.0 +
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
Salinity (%o) Salinity (%o) Salinity (%o)

Fig. 3. Plots of trace elements versus salinity. Brown and purple lines represent trace element concentrations in near-
shore seawater (CASS-6) and seawater (NASS-7) certified materials.
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