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Summary

Metallic isotopes have been used as an efficient tool to identify current
and past biogeochemical processes in the ocean and to trace metal
pollution sources. However, the chemical separation is essential to improve
accuracy in the case of Cu, Fe and 7Zn due to inter-elemental isobaric
interferences. Instrumental mass bias can occur whereby a measured
isotope ratio using MC-ICP-MS. AG MP1 was used for the anion exchange
purification of the samples. The metal was separated stepwise using various
concentrations HCl and HNOs;. The concentration of samples was adjusted
within 5% and mass bias during isotopic measurements was corrected
using standard sample bracketing method. In order to verify the analytical
method, the isotope reference materials were analyzed. It was agreed with
the previously reported values within the error range. The analytical
method developed in this study is expected to be applied to various
research fields because it is applicable to various environmental samples
such as seawater, sediment, and biological samples.

The input of pollutants from industrial complexes and populated cities in
the coastal area caused serious environmental problem such as water
quaility deterioration and heavy metal contamination. Shihwa and Ulsan
industrial complexes are one of the largest national industrial complexs in
Korea and contribute 49% of the total national production. Shihwa
industrial complex is characterized by the small enterprises and light
industry (19,182 facilities) including machinery, electric and electric goods,
petrochemicals, textile and automobiles. Ulsan industrial complex is
characterized by the large enterprises (1,053 facilities) and heavy industry
including shipbuilding, automobile, petrochemical production, ferrous metal,
oil refinery retention industries.

The concentrations and isotope ratios (MC-ICP- MS) for Pb in the
coastal, stream and road-deposited sediments were investigated to identify
the Pb pollution sources from two different national industrial complex
areas. The coastal sediments from Ulsan showed the highest concentration
of 501.8 mg/kg at St. A28 of Onsan Industrial Complexes and the
concentration difference was about 21 times that of St. A33. The mean
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concentration of Pb in stream sediments was 1190.0 mg/kg ranged from
18.8 mg/kg to 11,686 mg/kg. Similar to stream sediments, the highest
concentration of 12,121 mg/kg in road-deposited sediments (RDS) of Onsan
industrial complex, especially Onsan port. Relatively low concentration was
observed in upstream areas including coastal, stream, road-deposited
sediments that are less affected by industrial activities. For the case of
Shihwa, Pb concentration in coastal sediments varied between 19.2 mg/kg
and 55.0 mg/kg with an average of 32.1 mg/kg. Relatively high Pb
concentration was observed in the upstream areas near the industrial
complex. The maximum concentration in stream sediments was 2,587
mg/kg (Shiheung stream) and the concentration difference was 97 times.
The concentration of RDS ranged from 63.9 mg/kg to 3,177 mg/kg and
showed the highest concentration at St. F5 around Shiheung stream.
Anthropogenic Pb is mainly released into the environment through the

process of coal burning, leaded gasoline combustion, lead refining, and
industrial discharge. Pb isotope ratios (*®Pb/?’Pb) tend to decrease with
increasing Pb concentrations. It seems that the potential Pb source has low
isotopic value. For Ulsan, these isotopic ratios between ?®Pb/?*Pb and
207ph/2%Ph  showed a positive correlation, indicating that a simple Pb
contamination source may exist. High concentrations and low %°°Pb/?’Pb
isotopic ratios were observed nearby the smelter and lead ore import
harbor, indicating that Pb was released into the road surface during
transportation using the vehicle and then moved to the marine area
through streams. However, there are scattered plots of ?Pb/?®Pb and
208ph /2Ph  in  the Shihwa sediments. Shihwa area operated more than
19,000 factories including machinery, electric, electric goods,
petrochemicals, textile, and automobiles, so it seems to be due to various
Pb pollution sources. Therefore, in order to accurately trace contamination
sources with Pb isotopes in marine environments, it will be necessary to
establish a comprehensive database of isotope composition for various
products with Pb actually used in the region.

193 surface sediment samples from the whole Korean coast including
harbor inside, special management sea area, environmental preservation
sea area and offshores were collected in 2017 not only to study the spatial
distribution and pollution assessment of 8 heavy metals (ICP-MS), but also
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to identify anthropogenic pollutions for Pb isotopes (MC-ICP-MS). Especially,
sediments in Busan harbor which is the largest port in South Korea,
showed high concentrations for Cu, Zn, Pb and Hg. Metals except for Cr,
Ni in sediments from special management sea area had the second highest
concentration. The isotopic signature of sediments have difficult to classify
the Pb pollution sources due to the different geopraphical features,
land-use types and industry facilities. It is necessary to investigate various
types of metal pollution sources which are used not only for imported ore

but also for manufacturing metal products.
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Figure 3.1.1. Various chemical interferences for Cu and 7Zn isotopic measurements
(Petit et al., 2008)



| 54 Fe | 56-Fe | 57 Fe | 58-Fe
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108CC|++ 55Mn1H+ 56Fe1H+ 42Ca160+
108 Pd+* 112cd++ 114cd++ 57Fe1H+
54Cr+ 112Sn++ 114Sn++ 1lﬁcd++
1165 n+t
58Ni+

Figure 3.1.2. Various chemical interferences for Fe
isotopic measurements (Chen et al., 2005)
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Figure 3.1.3. Delta %o notation for Cu isotopic
measurement
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method



E50 golei

57

2A(AG50W-X8, AGH0W-X12)E ©o]&sto] Pb, Cu, Fe,

st ucks A A

1) ol st 24 /2 By
- 24 AYEYUAS FUsHA BAS] Ystel 31x]
(AG-MP1)Q} ol 2w et

Zn, Cdo Rel7lue AAsch 7R Helyue
4 2 28 H5He kol AT O 7124

Alzo] Hgo] shsstes stgict.

o]

Sutslol A o YT

B0 ——Na ——Na
=g Mg
=l =l

o —_K —K
—Ti —-=Ti
—-—y -

400
—Fe —Fe
—Cu —Cu
—In -In

200
——Cd ——Cd
Y P

oo i - g

ww»‘v!e'\'f‘%‘:o-ao e-ao-ae@
(f oW Rl -+
\Q#"' ~ o ST AT T T AT T
1wan T 100
4N HCI 1.2N HCI

Boo ——Na 800 =g
T —=—Mg
—pl =il

8O0 —_—K &aa —K
—=Ti —=T
—-—V —-—

400 o
—Fe ——Fe
—tu N -Cu
—1n [ -2n

00 200 + L
——Cd / \ ——Cd
: 7\ :

N\ =Pt / “ Pb
- |

PR - r o —— el o0+ _—:—;m-—:—:—:—-*ﬂ-s
R R G I R e Do B R LA . T - I S R

o W oW AT W h h b h A b ‘- h g H h " H o

i ST T Ak AL IR A R

100000 100,000

0.012N HCI 0.0012N HCI

BOO0 Ll
——h —_—
—_—g —-—y
—r—i| Al

BO.000 ——k 1 ——
——T ——Ti
—— -V

ELT-: —re 40000 + -Fe
— -Cu

zn 2n

——Cd e

200000 + S 2000 + o
oo+ 3 g ———— % — oo 48 _ " C " e i
Leading ©-1 -2 -3 Eal 45 6 L 8 L] S0 - 11 Loading O-1 12 23 34 &5 56 &7 78 &9 910 011 1112

Figure 3.1.5. Characteristics separation

acid concentration using AP-MP1 resin

of various metal elements in different



]
2 X(AG-MP1)S o]8&35}to Savilex?] I.D. 4.0mm<e] PFA column-&

L2NOJAM = 6-12mlofA] &&E = 542 Holi AT HHA] 54 d4
(acid)d] s=7t S7HE+5 wer 83Hs S4S 2en], 10N 7N 4t

oA Pbet Cu® 27}

OW
O_L,
Lo
S
rO
olr
o
4%
L
&3
[0¢]
c
=
o)
w
o
ol
>
oPl
of
)T
rn
ol
1

Iz
=]
e

¥
2Ae AxY 9 HAFHOR A% 4 Bl Y3 Macid) $EE 2
o }

=
o, & &% FRT(100~1000ng)ollA & FE=ofAe

ox
ol
o,
8,
1
HHN'
djm
oX,
ftlo

2T} Pbe N9 @ito2 0O~6ml, Cul 4N9| Hato=z
7~15ml, Fe2 INo|] ¥Atoz 15~28ml, Znit 0.012N9] gAto=z 28~35ml, Cd
+ 0.0012Ne] Fato= 35~42mloA REHICH 72t S45YL9] oaE2

99.9%0l o2 2|7t st ZutE B tH(Figure 3.1.6).

12
rOI'
iTh
1)
rr
)
gjo
Jii

1200.0

Mixed std
10000 7N 4N IN i 0.012N 0.0012N
- I I||I
: 1 i
I\ (1 100ng
wo ) \ n A ~200ng
' /\ || Il [\ -500ng
400.0 - 1 - i
/1) I\ M\ ~1000ng
\
‘}._k_\-‘* ......
588959939
r2n2ssTed
|
0.0012N
~100ng
{ -200ng
-500ng
-1000ng

Figure 3.1.6. Characteristics separation of Pb, Cu, Fe, Zn and Cd in different

metal amounts using AP-MP1 resin



100.00

In-house std MESS-4/7| =
~Na
N | 0.001N _y,

] ~Al
-K
~Ti
~\/
~Fe

| —Ni

' —Cu

| | ~Zn

B ~Mo

\ ~Cd

Pb

0.001N -mg
| 'Al
I K

I ny
~e
—Ni
| ~Cu
| I: ~Zn
|. ~Mo
~Cd
Pb

e
6768

6566 ¢

B465 4

L SRM2976

1N A O-OZN 0-001“ ~Na

A
x

— -

6768
6869
69-70

| :
S EEEEEERFEEE R ERE

Figure 3.1.7. Characteristics separation of Pb, Cu, Fe, Zn and Cd for various

certified reference materials using AP-MP1 resin
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Figure 3.1.9. Separation of Cu, Fe, Zn, Cd in mixed standard using AP-MP1 resin
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Figure 3.1.10. Separation of Cu, Fe, Zn in mixed standard using AP-MP1 resin
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Figure 3.1.16. Conceptual scheme of separation for Cu, Fe and Zn in 1% and
224 column using AG-MP1 resin
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Table 3.1.1. Instrumental setting for Pb isotopic measurements using MC-ICP-MS

(Neptune plus)

rate

RF power 1200 W
Cooling gas flow i
rate 1o L/min
Auxiliary gas flow i
AU 0.7 L/min
Nebulizer gas flow ~1.1 L/min

Sampling cone

Ni sampler cone

Skimmer cone

Ni ‘H" skimmer cone

Integration time 4's
Number of cycles 20

. . Cent
cup configuration L4 L3 L2 L1 H1 H2 H3 H4

er
202Hg 203T| 204Pb 205T| 206Pb 207Pb 208Pb

Table 3.1.2. Instrumental setting for Cu and Zn isotopic measurements using
MC-ICP-MS (Neptune plus)
RF power 1250 W
Cooling gas flow .
rate 16 L/min
Auxiliary gas flow 0.85 L/min
rate '
Nebulizer gas flow -
rate ~1.2 L/min
Sampling cone Ni Jet sampler cone
Skimmer cone Ni X" skimmer cone
Integration time 8s
Number of cycles 20

) . Cent
cup configuration L4 L3 L2 L1 H1 H2 H3 H4

er
62Ni | 63Cu | 64Zn | 65Cu | 66Zn | 67Zn 68Zn




F(F )2 AASIgonH, YERESZEARZ AFE=E Merck, KantoAle] Mixed
standard, E]AEA|2E TJESI= MESS-4, Y= Al82S |®5t= DORM-4
(0]5), SRM2976(53), SRM1566b(=)= ©]-&3t slagd 99.9% o] =2 3
SES Holn Atk

- BA7|Ho AZA AZL s o] A A XAFE(USGS: United States

=~

A

Geological Survey)?9] &M BHFEA(BHVO-2, GSP-2, AGV-2)& At&sto] ZH
B 3 Cu IASYLS 245t 2440 6%Cu o] o|&o] Bud 3t
AN
ES

3 QAPEY UM Uxlste Ae & & UCHTable 3.1.3).

Table 3.1.3. Comparison of Cu isotope data in rock reference materials from
USGS after column separation in the study and other studies

USGS CRM 8%Clreference | 8°ClUthis study n Reference

BHVO-2 | basalt 0.15+0.05 0.15+0.04 3 Liu et al., 2014

GSP-2 granidiorite 0.35+0.06 0.38+0.02 3 Bigalke et al., 2010
Weinstein et al.,
2011

AGV-2 Andesite 0.10+0.10 0.09+£0.01 2
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(Figure 3.2.2).
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36.2 mg/kgC 2 AawES UEWL AP Fd d s=He 47 63.9
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o] Aol wel o 6ule] EAtolst Exfslgict EewwE ARl Ao) HrEE
RD-10(57.4 mg/kg)o|A], £]A =% RD-25(12.8 mg/kg)olA] WENITHFigure
3.2.3).

- Algts WiEoA Ni®l 5=+ Lt opiViA]2 SH-12004  A|tiEk=(45.4
mg/kg), B-204 ZAEE(11.2 mg/keg)S UEWT. FoAe Ni B+ =&
X F=HAE A4 25.2 mg/kg, 14.1-37.2 mg/kgolqltt. SPIEAEO] O,
Aa wEv Crt 07HAIR 242 8 47M4d(304.9 mg/kg), 8F E-34(10.0
mg/kg)ollA LEHHTH E2L:HENZY Hds=e 155.1 mg/kgollon, A
o wa} of 27uje] g Aol 7t EXISICHFigure 3.2.4)

- Cuxs W&, 9= AAdA Bads=7t 242 40.1 mg/kg, 29.3 mg/kgoldtt.
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FTHFigure 3.2.5).
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Figure 3.2.2. Distribution of Li concentrations in sediments from Shihwa region
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Figure 3.2.3. Distribution of Cr concentrations in sediments from Shihwa region
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Figure 3.2.4. Distribution of Ni concentrations in sediments from Shihwa region
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Figure 3.2.5. Distribution of Cu concentrations in sediments from Shihwa region
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Figure 3.2.6. Distribution of Zn concentrations in sediments from Shihwa region
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Figure 3.2.7. Distribution of As concentrations in sediments from Shihwa region
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Figure 3.2.8. Distribution of Cd concentrations in sediments from Shihwa region
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Figure 3.2.9. Distribution of Pb concentrations in sediments from Shihwa region
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Figure 3.2.12. Distribution of Cr concentrations in sediments from Ulsan region
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Figure 3.2.13. Distribution of Ni concentrations in sediments from Ulsan region
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Figure 3.2.14. Distribution of Cu concentrations in sediments from Ulsan region
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Figure 3.2.15. Distribution of Zn concentrations in sediments from Ulsan region
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Figure 3.2.16. Distribution of As concentrations in sediments from Ulsan region
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Figure 3.2.17. Distribution of Cd concentrations in sediments from Ulsan region
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Figure 3.2.18. Distribution of Pb concentrations in sediments from Ulsan region
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(3626.5 mg/kg)s UEIH O Ao maf oF 8589l F = =Ato]7F EX|SHAT
D59l Cu &%=+ Nidt oRR7RR| 2 D27g7dofA] 2|t5=(11080.4 mg/kg), D7
oA FA=%(91.4 mg/kg)s HYon TAd=TL 2714.2 mg/kgo]|ct. EsHA
9] Cu s%+ Crit o7 X2 E7 oA 2|05 = (9551.1 mg/kg)E B
o FAo] et oF 208v1 Z zZ=AO|7E EAjSHAITE FsPd2 Fl-5b ARo=
a5 Cu 527 S71ste 432 BAow F5 FA0A 8275.7 mg/kge] &[T
=52 UENHCHFigure 3.2.24).
- ASHAOlA Zn %= Nizt opi7RR| 2 A4 oA 2|5 =(5047.9 mg/kg),
A2 %§golM 245w (344.9 mg/ke)s UEIWHCE BoPHO[AQ Zn HHsk U
=rwol 7H7t 8565 mg/kg, 266.8-2522.5 mg/kgo|9ict. CalAlojAl= C1-6
Bhor A5 Cu 5&7F 3716ks A= Holopt C7-11 APz ZA4s
=7 gashks 482 UEWY. Doe Zn m=+ Ni, Cuft U7X &2 D2
FoM 2|05 %(3832.1 mg/kg), D7 FAAM 2AFE(162.9 mg/kg)s E
o} B2 E8 AAE AQsty stfz 4% Zn 527t 5716t 4TS B
ou] E9oJA Z|T=%(36784.2 mg/kg)S UEIICH FsPRe F5 AAA A%
£(82008.5 mg/kg)Es B FAo] w2t of 135vj9] Z Z=Alo]7F EX|SIA
(Figure 3.2.25).
- ASHAOA As9] BHats= ! F=¥le 27 1567 mg/kg, 8.4-26.9 mg/kg
o|ltt. Asw= B8 AN 2H5=(24.0 mg/kg)g B, olF At YA
AN HR3 =225 YIS CsHdel As BHds%+ 10.0 mg/kgo]
AL, Fases UERHE C2 AA(5.3 mg/kg)S Aelstiles HiAAez vl
SEREE B0 D2 DI AAZ Aestiles sHRE 495 As 5571 £
4 Hastes 4TS UEEH. EsPd2 E7 AAOA 205 %(28.7 mg/kg)s
UEtJ ot stRE 445 As 5&7F 3716t 42 B Fold2 34
w25 YETH(Figure
3.2.26).
- AsPHoM 9 Cd Bats® R == ¥e 27 2.57 mg/kg, 0.56-5.46 mg/kg
ofitt. BstA B6 AFAOAM Z|thsw=(4.87 mg/kg), BI0O AAONA FHias=
(0.35 mg/kg)s UEIWCD Aol wef oF 14819 5EAtol7p EXstdt. Caf
A2 BRAIG(CI-3)0 HHiAlez Cd s&=7F ey o] & &7t 5716



C4-10 ZANA |23 5=732(2.26-3.00 mg/kg)E B L, C5 oA 0|
g UEH. DoY) Cd 5%+ Ni, Cu, Zn, Ase} UE7HA] &2 D2 7oA
2|5 =(26.15 mg/kg), D7 FANAN F425%2(0.31 mg/kg)s ERoH A
whet oF 8489l Z s EAfol7} EANSIAILE Egstde shR=E 445 Cd &7t
37tk 42 29on] E8 AR Adis%(13.21 mg/keg)s UEMRT:. Fol
Aol Cd Bds= ¥ 5=H¥= 272t 3.58 mg/kg, 1.97-4.68 mg/kgo]AUth
(Figure 3.2.27).

- AstHolA Pbel wEi& Cdat oREZEA]E AL AFAoA  Fdls%(1120.5
mg/kg)s UEIHCH, All JAolAN FA5%2(50.4 mg/kg)s B AT B
B5 oA Et5%(2259.9 mg/keg)E Bon] FAlo] w2t of 51vje] FEA}
o7} EAottt. Cshdel Pb Fdsr % s=¥dEe 27 221.0 mg/ke,
56.3-506.7 mg/kgo| Ut D5t D2-4 7oA JUAoz 2 55 #2E5
Bolon D2 AAA Ets%(1729.2 mg/kg)E UEIHTE EsHIQ] Pb =+
Cr, Cu, As®} 0prt7HA|2 E7 AAA 2H=%(1073.6 mg/kg)S HIon A
of e} of 2749 FEAto|l7F EXAISIAT. Fold2 Fl1-5 JRlow Z4= Pb &
L7t ZItete AE¢ES ¥ o HAdsr= 308.2 mg/kgo| 9 tHFigure 3.2.27).

- Hg &%t ASPHOlA Ni, Znet URRZ7IX]2 A4 ZAoA 205 =(1.310
mg/kg)g HAiL, A2 JFoA F45%2(0.039 mg/kg)s HEIRHT. BP9l Hg
O 2 =rdHels 7F2F 0.211 mg/kg, 0.039-1.310 mg/kgo|itt. CsHA-&
S AR Cl ZoA 25 %2(0.188 mg/kg)s UHEIH W C7 7oA
2 A%5(0.029 mg/kg)S H Tt DAY HA=T = 0.480 mg/kgolgion X
ol mhat oF 158)9] s mAtol7p EAfSRITE EsHIC Hg skt Cull URE7HA]
2 E7 ZAoA 2t5%(0.431 mg/keg)E UEFHAL, E2 FANA 2|45 %2(0.034
mg/kg)S HATH FsHdY Hgol BFasr o s=¥le 22 1.382 mg/kg,
0.230-2.748 mg/kgolQon] Aol wel oF 12H[] FwAfol7} EA|SIHTE
(Figure 3.2.29).

- A2 FdEE stAoA e EAE U 534 Bds TS Yo th(Figure
3.2.30).

%

N

- Lio] 55t A-Fabd 2% H]28 522 E(23.0-34.0 mg/kg)S HACH
- Cro] Wa% T D>E>F>B>C>A9] %0]9lon] slHo| wat oF 5ufe] ‘5w xfo]



7t ERfstecY.

- Ni& A-F sfdorg ZALE =T 71 Z716ts 43S Helon FshAlo] 2125.8
mg/kgl 2 7MY w2 Fds=s UEHH

- Cuz DsHAloA &t Fw&=(2714.2 mg/kg)S UERW D Aol ot of
1489] s Rtol 7} EAfSHCE,

- 7Zn9] YRt FE-ASD>C>BY £ol9lon] shAo] ot of 25819 A}
o7} Exjsteict.

- As9] %9 A-FSH 2% 843 HERR(10.0-18.2 me/ke)T UERICE

- Cde Cugt nHEPIRlE DslEolA AT W3EE(8.05 me/ke)S BT A
ol what o sujo] s w Aol 7} ExRsHGCt

- Pb2 A0 xS HQl DsHA(897.1 mg/kg)= AQstiles UMA] sH
A BE L8 5=72(221.0-338.3 mg/kg)E UEHHC

- Hg9 "=t = F>D>A>E>B>CO £o|9lon 5HAo| what oF 1589 =T X}
o7} Exjsteict.
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Figure 3.2.21. Distribution of Li concentrations in stream sediments from industrial

regions around Shihwa Lake
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Figure 3.2.23. Distribution of Ni concentrations in stream sediments from industrial

regions around Shihwa Lake



600 1200
500 - — 1000 1 m
—~ 400 800 -
j@]
<
g 300 600
>
© 200 | 400 1
100 A H H H 200 A H H
NRSININISISININISISInTn o L R LT
Al A2 A3 A4 A5 A6 A7 A8 A9 AL0ALL B1 B2 B3 B4 B5 B6 B7 B8 B9 B10B1l
4000 12000
10000 1
3000 1
—~ 8000 1
(@]
<
g 2000 - 6000 1
>S5
o 4000 1
1000 1
H H 2000 1 H
oA = LI |_| AL |_| |_| 0 ‘ ‘ I_I ‘ |_| [
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10C11 DL D2 D3 D4 D5 D6 D7
12000 10000
10000 1 - 8000 4 —
—~ 8000 -
o4 6000 -
£ 6000
S 4000 1
© 4000
2000 | 2000 1
o“‘:'|_‘||:|‘|_—‘" 0 :DDH
El E2 E3 E4 E5 E6 E7 E8 E9 FIL F2 F3 F4 F5
Sites Sites

Figure 3.2.24. Distribution of Cu concentrations in stream sediments from
industrial regions around Shihwa Lake
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Figure 3.2.28. Distribution of Pb concentrations in stream sediments from industrial

regions around Shihwa Lake
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Figure 3.2.31. Map of sampling sites for marine surface sediments of the coast of
Korea
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Figure 3.2.33. Distribution of Ni concentrations in surface sediments with
comparison of sediment quality guidelines (TEL and PEL) in Korea
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Figure 3.2.34. Distribution of Cu concentrations in surface sediments with

comparison of sediment quality guidelines (TEL and PEL) in Korea
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comparison of sediment quality guidelines (TEL and PEL) in Korea
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Figure 3.2.38. Distribution of Pb concentrations in surface sediments with
comparison of sediment quality guidelines (TEL and PEL) in Korea
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Figure 3.2.40. Comparison of mean metal concentration in different region of
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area, SM-special management sea area)
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Figure 3.3.1. Periodic table for studying metal stable isotopes (Bullen and Eisenhauer,

2009)

Figure 3.3.2. Conceptual figure for metal stable isotopes as environmental source

traces (Environmental metal isotope conference, 2013)
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Lake region
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Appendix 1. Metal concentration, Cu and Pb isotopic data in the surface
sediments from Shihwa Lake

Li Cr Ni Cu Zn As Cd

Sites
mg/kg

SHO2 65.4 %.4 35.7 82.7 160.4 9.85 0.38

SHO3 61.5 953 40.6 102.2 283.9 11.95 0.60

SHO4 545 87.0 324 82.9 186.5 9.42 0.53

SHO5 57.8 93.0 34.6 126.0 210.7 10.21 0.67

SHO7 581 79.6 31.7 65.1 1554 9.48 041

SHO9 58.8 76.5 33.3 67.0 171.3 10.89 0.58

SH12 73.5 84.2 454 72.3 196.1 11.70 0.82

SH13 325 71.6 30.7 20.7 75.7 9.62 0.16

SH14 62.4 74.7 35.6 38.9 137.0 9.69 0.44

SH15 56.7 68.7 293 21.0 93.5 10.37 0.15

SH16 39.8 53.7 21.7 22.0 80.3 7.95 0.17

SH17 439 66.2 23.9 30.0 97.0 7.25 0.21

SH18 64.0 77.8 341 40.1 127.8 11.03 0.34

SH19 589 69.7 29.7 20.6 91.6 10.07 0.14

B-1 42.9 59.3 221 210 84.4 6.73 0.17
B-2 213 36.2 11.2 5.3 34.2 445 0.06
B-3 29.9 46.5 154 8.1 46.1 5.04 0.08
B-4 23.8 36.7 125 6.1 37.6 4.82 0.07
B-5 253 38.0 139 8.2 46.1 5.03 0.09
B-6 26.4 414 143 6.9 42.5 4.92 0.08
B-7 38.6 53.8 204 12.9 63.5 6.42 0.12
B-8 559 70.2 29.7 221 925 7.88 0.18

St.01 67.1 76.1 33.8 243 103.6 11.15 0.16

St.03 62.1 75.9 37.2 18.8 84.4 8.32 0.10

St.04 42.7 544 214 14.8 68.7 6.99 0.14

St.05 67.1 78.5 344 273 109.4 12.39 0.20

St.06 373 585 20.5 283 88.4 7.53 0.22

St.07 61.8 75.6 33.2 35.6 119.5 11.24 0.30

St.08 60.3 82.0 35.2 63.5 164.9 11.37 0.55

St.09 559 704 29.7 311 108.5 9.89 0.23
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Appendix 1. continue

Sites Li Cr Ni Cu Zn As Ccd
mg/kg
St.10 41.5 56.2 21.2 12.0 619 6.78 0.09
St11 43.3 59.2 23.2 24.6 924 7.72 0.20
St.12 65.8 88.6 36.8 77.2 1794 12.20 0.47
St.13 341 53.0 184 16.7 77.0 6.17 0.14
St.14 30.1 52.8 16.7 144 66.6 6.65 0.13
St.15 333 50.9 17.1 12.6 59.1 6.05 0.09
St.16 57.1 89.1 32.1 88.4 167.4 10.00 0.44
St.17 48.0 87.5 351 93.8 2379 10.14 0.58
St.19 27.6 48.7 14.6 7.6 47.9 5.86 0.08
St.20 28.9 45.7 15.2 9.8 54.5 6.10 0.09
St.21 56.1 71.3 325 31.6 1129 10.39 0.29
ENEN 213 36.2 11.2 5.3 34.2 445 0.06
x| CH 73.5 96.4 454 126.0 283.9 12.39 0.82
H 48.1 67.1 27.0 36.9 110.2 8.58 0.27

— 101 —




Appendix 1. continue

Sites Pb Hg 8%Cu +2sd 208phy/206pp | 207pp/2%ph
mg/kg %o %o
SH02 37.9 0.06 0.06 0.04 2.1294 0.8552
SHO3 51.7 0.06 0.06 0.09 2.1423 0.8620
SHO4 42.2 0.05 0.05 0.04 21312 0.8585
SHO5 55.0 0.07 0.07 0.04 2.1273 0.8609
SHO07 432 0.05 0.05 0.06 2.1250 0.8566
SH09 441 0.06 0.06 0.04 2.1280 0.8569
SH12 422 0.09 0.09 0.03 2.1205 0.8544
SH13 27.2 0.01 0.01 0.04 2.1636 0.8637
SH14 31.1 0.05 0.05 0.02 2.1210 0.8506
SH15 273 0.03 0.03 0.02 2.1230 0.8495
SH16 25.7 0.02 0.02 0.03 2.1297 0.8502
SH17 30.2 0.03 0.03 0.06 2.1237 0.8524
SH18 34.8 0.05 0.05 0.05 2.1226 0.8531
SH19 26.7 0.03 0.03 0.03 21212 0.8500
B-1 23.7 0.02 0.07 0.04 2.1293 0.8534
B-2 20.2 0.01 0.02 0.03 2.1531 0.8468
B-3 204 0.01 0.02 0.01 2.1302 0.8436
B-4 20.6 0.01 0.02 0.07 2.1409 0.8456
B-5 217 0.01 0.04 0.05 2.1509 0.8494
B-6 204 0.01 0.04 0.01 2.1536 0.8433
B-7 229 0.02 0.05 0.06 2.1349 0.8487
B-8 294 0.03 0.06 0.05 21211 0.8494
St.01 30.0 0.07 0.04 0.04 2.1210 0.8505
St.03 23.1 0.02 0.02 0.03 21117 0.8457
St.04 214 0.02 0.02 0.05 2.1376 0.8473
St.05 304 0.04 0.06 0.05 2.1220 0.8510
St.06 26.2 0.04 0.01 0.03 2.1346 0.8428
St.07 316 0.05 0.01 0.04 21221 0.8524
St.08 40.5 0.06 0.01 0.03 2.1267 0.8565
St.09 29.9 0.04 0.06 0.04 21321 0.8527
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Appendix 1. continue

Sites Pb Hg 8%Cu +2sd 208ply/206pp | 207pp/2%ph
mg/kg %o %o
St.10 21.7 0.02 0.18 0.02 2.1155 0.8462
St.11 25.8 0.02 0.01 0.03 2.1237 0.8502
St.12 454 0.06 0.01 0.05 2.1258 0.8579
St.13 22.6 0.01 0.04 0.01 2.1332 0.8479
St.14 22.5 0.01 0.02 0.02 2.1374 0.8372
St.15 20.1 0.01 0.01 0.04 2.1313 0.8384
St.16 45.8 0.06 0.01 0.03 2.1236 0.8580
St.17 44.8 0.18 0.01 0.03 2.1374 0.8584
St.19 19.2 0.01 0.01 0.08 2.1498 0.8262
St.20 20.8 0.01 0.01 0.02 2.1435 0.8262
St.21 28.1 0.04 0.02 0.01 2.1304 0.8531
N 19.2 0.01 0.03 0.01 21117 0.8262
%|Cf 55.0 0.18 0.18 0.09 2.1636 0.8637
i 304 0.04 0.04 0.04 21313 0.8501
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Appendix 2. Metal concentration, Cu and Pb isotopic data in the surface

sediments from the outer sea of Shihwa Lake

Sites Li Cr Ni Cu Zn As Cd
mga/kg

Y-01 48.0 68.9 28.1 23.8 81.7 8.02 0.14
Y-02 62.9 80.5 33.7 244 98.0 10.57 0.17
Y-03 49.5 68.5 26.5 17.6 78.2 8.19 0.14
Y-04 344 514 18.5 9.8 56.3 6.79 0.09
Y-05 54.9 73.6 293 20.6 89.2 9.58 0.19
Y-06 42.0 61.9 224 13.8 74.5 7.13 0.13
Y-07 37.0 54.2 19.9 113 58.9 6.41 0.10
Y-08 45.2 62.7 24.0 13.6 68.3 7.69 0.10
Y-09 353 53.0 18.3 9.7 53.8 6.69 0.08
Y-10 28.7 393 147 6.8 43.3 5.52 0.07
Y-12 256 36.4 141 74 41.0 5.94 0.08
Y-13 48.5 65.1 251 14.5 714 8.25 0.11
Y-14 547 704 28.8 183 83.0 9.48 0.13
Y-15 41.6 61.2 216 124 63.1 8.04 0.10
Y-16 329 47.3 17.6 9.8 49.9 6.77 0.08
Y-A 62.2 84.1 35.5 26.8 96.4 10.37 0.15
Y-B 39.0 47.8 20.9 131 61.2 6.27 0.10
Y-C 51.0 67.7 26.3 149 74.6 8.48 0.10
Y-D 53.6 65.9 27.5 2317 117.1 9.32 0.15
Y-E 393 574 20.3 111 59.3 6.54 0.10
EN 35 27 41 5.3 8.3 2.79 0.06
x| CH 735 9.4 454 231.7 2839 12.39 14.79
" 454 62.7 24.9 311 89.8 8.17 0.53
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Appendix 2. continue

Pb Hg 8%°Cu | £2SD | *®Pb/*®Pb | *’Pb/*®Pb
Sites
ma/kg %o %o

Y-01 28.8 0.03 0.00 0.05 2.1352 0.8513
Y-02 315 0.03 1.02 0.06 2.1206 0.8496
Y-03 26.5 0.02 -0.03 0.03 2.1199 0.8475
Y-04 24.2 0.02 -0.03 0.08 2.1387 0.8489
Y-05 289 0.03 -0.05 0.03 2.1197 0.8492
Y-06 25.2 0.02 0.00 0.02 2.1251 0.8507
Y-07 226 0.02 -0.11 0.02 2.1302 0.8438
Y-08 24.7 0.02 0.02 0.02 2.1269 0.8454
Y-09 241 0.02 -0.06 0.03 2.1412 0.8426
Y-10 239 0.01 0.00 0.02 2.1460 0.8521
Y-12 252 0.01 -0.60 0.03 2.1459 0.8458
Y-13 26.8 0.02 -0.14 0.04 2.1262 0.8477
Y-14 29.6 0.03 -0.08 0.02 21273 0.8511
Y-15 26.2 0.02 -0.20 0.07 21322 0.8452
Y-16 27.9 0.02 0.28 0.04 2.1294 0.8365
Y-A 313 0.03 -0.06 0.05 2.1203 0.8469
Y-B 26.5 0.02 -0.03 0.01 2.1485 0.8588
Y-C 25.8 0.03 -0.12 0.04 2.1258 0.8489
Y-D 30.8 0.03 0.14 0.04 2.1376 0.8544
Y-E 228 0.02 -0.01 0.01 2.1279 0.8468
EEN 29 0.01 -0.60 0.01 1.0246 0.8262
| h 55.0 0.03 6.29 10.17 2.1636 1.0453
i 27.7 0.72 0.16 0.27 2.1050 0.8523
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Appendix 3. Metal concentration, Cu and Pb isotopic data in the surface sediments

from stream around Sihwa Lake

Sites Li Cr Ni Cu Zn As Cd
ma/kg

38 17k 35.3 268.8 98.8 936.6 5348.7 22.16 17.42
38 27tM 121 192.6 784 336.5 547.3 9.95 1.68
38 37tM 37.7 314.7 83.1 528.6 13884 19.37 2.79
38 47tM 14.2 133.3 53.9 433.8 767.3 7.38 4.40
3 MZAH 27.6 3826 277.1 734.1 4511 9.06 2.57
38 otEHA 18.6 334 16.9 20.3 113.3 7.02 0.26
33 oHMH 244 48.5 17.8 20.3 96.2 6.93 0.25
3 "ralH 71.3 79.2 338 19.7 95.3 9.95 0.10
38 S3tH 60.8 79.7 315 15.9 1134 7.89 0.11
38 MotH 66.5 79.9 34.7 24.1 108.8 10.79 0.16
38 &7|1H 18.7 158.7 91.3 298.2 503.6 5.25 1.90
38 HEH 16.1 321 121 27.3 419.6 415 1.27
83 17tM 46.1 269.9 101.9 31246 | 2678.6 29.03 25.95
83 27tM 22.0 241.6 76.3 937.7 653.6 13.06 1.46
83 37tM 34.0 305.5 83.0 725.2 1460.5 14,51 2.30
83 47tM 46.0 1180.6 304.9 3257.0 | 5395.0 29.72 20.12
83 MZAH 23.2 107.1 172.8 2451 286.6 8.58 1.36
8 3I™EH 20.3 32.8 16.6 18.0 917 6.03 0.23
83 OhAtH 14.6 35.7 135 135 74.1 4.08 0.13
83 dHtalH 70.5 78.2 336 19.8 93.0 9.22 0.10
8 =3tH 61.0 72.7 29.7 16.2 93.2 8.97 0.10
8 AtotH 69.4 83.2 35.0 26.4 103.6 10.48 0.16
82 &7|H 14.3 86.6 67.9 100.6 2321 4.78 0.73
88 EEH 14.0 27.7 10.0 16.5 305.6 3.95 0.71

N 12.1 27.7 10.0 135 74.1 3.95 0.10

x| CH 71.3 1180.6 304.9 3257.0 | 53950 29.72 25.95

M 35.0 180.2 739 495.7 892.5 10.93 3.59
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Appendix 3. continue

Pb 8%Cu | +2sd | *®Pb/*Pb | 27Pb/**Pb

Sites
ma/kg %0 %o
3¢ 17tM 715.0 0.87 0.06 2.1160 0.8678
38 27tM 58.5 0.31 0.03 2.1652 0.8749
39 37tM 311.8 0.19 0.07 2.1208 0.8679
39 47tM 148.3 0.22 0.03 2.1408 0.8732
39 NZHM | 1384 0.38 0.04 2.1328 0.8744
3¢ A 34.6 0.09 0.05 2.2248 0.8799
32 OrARH 339 -0.02 0.01 2.2405 0.8809
39 drelH 28.9 -0.03 0.03 2.1289 0.8487
38 E3A 27.2 -0.06 0.06 2.1301 0.8519

38

35.2 -0.03 0.04 2.1441 0.8578

38

N
rat

87.0 0.26 0.07 2.1298 0.8690

HT | o> |02 | ofn
_I-(')_r
rat

32

Ofm
ra

38.2 0.16 0.06 2.2062 0.8837

8& 17tM 1076.4 1.24 0.08 2.1072 0.8599
8& 27tM 112.6 0.13 0.03 2.1473 0.8717
8& 37tM 2810 0.22 0.02 2.1240 0.8680
8 47tM 2587.3 0.34 0.06 2.1100 0.8692
8g A& 88.1 0.46 0.03 2.1892 0.8864
8g 3| 29.1 -0.01 0.05 2.2428 0.8827
8 ot 36.7 0.06 0.02 2.2447 0.8772

E

rE

28.9 -0.03 0.02 2.1261 0.8496

ot o | > | o2 | i

8%

26.7 -0.07 0.07 2.1265 0.8474

8 329 0.06 0.08 2.1332 0.8537

H |of> [0z |ofn
fot
ra |2 |||t

88 &7| 64.4 0.26 0.09 2.1216 0.8583

8 E& 36.3 0.05 0.05 2.2138 0.8859
ENES 26.7 -0.07 0.01 211 0.85
x| CH 2587.3 1.24 0.09 2.24 0.89
Ha 2524 0.21 0.05 2.16 0.87
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Appendix 4. Metal concentration, Cu and Pb isotopic data in the road- deposited

sediments from Shihwa Lake

Sites Li Cr Ni Cu Zn As Cd
mg/kg
RD-1 17.0 185.9 65.2 1441 651.5 19.67 142
RD-2 174 209.6 79.0 585.1 1597.0 18.31 1.39
RD-3 22.8 327.3 116.9 682.6 2261.6 15.18 2.05
RD-4 154 296.0 1704 371.9 1264.2 20.77 1.98
RD-5 151 1469.3 681.7 654.9 1498.4 20.73 371
RD-6 13.9 7393 262.3 909.3 1296.9 14.34 2.52
RD-7 13.5 941.2 3414 461.9 902.0 15.57 1.75
RD-8 15.3 333.9 78.3 200.5 1149.6 9.90 2.22
RD-9 147 142.8 42.6 116.9 464 .4 8.25 0.87
RD-10 574 293.8 95.2 237.7 704.7 42.63 2.07
RD-11 15.3 250.8 128.9 712.1 1226.6 28.47 2.76
RD-12 15.0 208.4 86.8 757.8 906.2 13.79 101
RD-13 14.9 114.6 310 216.2 5931 8.77 1.35
RD-14 15.5 216.8 816 166.4 871.1 13.43 1.40
RD-15 16.1 67.8 250 31.6 183.5 32.73 0.48
RD-16 17.2 179.6 58.2 820.4 801.9 13.21 2.81
RD-17 19.2 323.9 1141 2274 11129 17.15 2.10
RD-18 15.8 186.9 75.5 1393 3589 10.29 0.74
RD-19 15.3 164.2 60.7 1184 406.1 11.73 0.88
RD-20 141 946.5 253.8 10269 | 5207.2 13.82 2.65
RD-21 15.7 344.6 158.5 248.2 25515 14.89 151
RD-22 16.1 1038.1 512.3 645.1 1213.8 27.57 1.76
RD-23 13.2 324.5 208.1 | 22202.8 | 15767.6 | 15.70 4.99
RD-24 17.5 2694 73.5 4551 875.2 15.38 1.82
RD-25 12.8 170.9 76.2 445.0 3979.8 1243 1.34
EN 12.8 67.8 25.0 31.6 183.5 8.25 0.48
x| CH 574 1469.3 681.7 | 22202.8 | 15767.6 | 42.63 4.99
" 174 389.8 1551 1303.1 | 19138 17.39 1.90
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Appendix 4. continue

Pb 8%°Cu | +2sd | *®Pb/*®Pb | *’Pb/*®Pb
Sites
ma/kg %o %o

RD-1 | 3972 0.12 0.07 2.1201 0.8716
RD-2 | 3476 | -0.05 0.06 2.1195 0.8718
RD-3 | 4146 | 002 0.06 2.1168 0.8705
RD-4 | 6143 0.13 0.09 21011 0.8640
RD-5 | 31767 | 012 0.04 2.1118 0.8718
RD-6 | 9708 0.14 0.07 2.1103 0.8692
RD-7 | 5534 | -0.02 0.08 2.1158 0.8696
RD-8 | 5728 0.11 0.08 2.1181 0.8726
RD-9 | 2888 0.21 0.04 2.1204 0.8654
RD-10 | 6219 | 0.15 0.11 2.1161 0.8702
RD-11 | 5505 0.44 0.05 2.1225 0.8752
RD-12 | 2836 | -0.03 0.17 21221 0.8704
RD-13 | 2152 0.06 0.05 2.1206 0.8690
RD-14 | 1558 | 0.8 0.03 2.1187 0.8668
RD-15 | 639 0.05 0.07 21727 0.8718
RD-16 | 1800 | -0.05 0.04 2.1247 0.8716
RD-17 | 649.2 0.11 0.06 2.1145 0.8703
RD-18 | 1919 | 0.02 0.08 2.1229 0.8692
RD-19 | 1625 0.24 0.01 2.1300 0.8705
RD-20 | 7874 | 017 0.07 2.1172 0.8722
RD-21 | 4386 | 011 0.09 2.1226 0.8742
RD-22 | 6649 | 0.12 0.02 2.1160 0.8684
RD-23 | 1566.0 | 0.06 0.02 2.1162 0.8731
RD-24 | 4731 | 014 0.06 2.1174 0.8714
RD-25 | 3306 | -0.16 0.03 2.1258 0.8756
EEN 63.9 -0.16 0.01 2.10 0.86
Acf | 31767 | 044 0.17 2.17 0.88
H# | 586.9 0.09 0.06 2.12 0.87
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Appendix 5. Metal concentration, Cu and Pb isotopic data in the surface

sediments from Ulsan coastal region

Li Cr Ni Cu Zn As Ccd

Sites
mg/kg

st. 1 43.90 48.15 2371 48.23 197.85 14.02 0.51
st. 2 58.40 65.77 34.29 96.56 280.73 21.28 0.94
u2-1 53.89 60.09 30.51 79.37 233.10 19.31 0.56
St. 3 52.53 60.16 29.35 68.03 214.03 18.88 0.48
U3-1 38.50 45.33 20.25 74.79 153.90 18.93 0.23
U3-2 54.88 62.79 29.65 88.50 199.29 21.27 0.28
uU3-3 49.68 54.95 25.52 130.50 | 219.62 26.89 0.36
St. 4 70.77 81.28 36.78 176.83 | 340.26 17.25 1.03
u4-1 75.00 82.22 37.33 10291 | 329.63 16.11 1.08
u4-2 62.92 71.34 32.50 59.06 171.84 13.98 0.30
St. 5 56.97 65.79 3131 50.92 175.17 14.74 0.32
uU5-1 62.28 75.96 34.98 43.60 169.08 10.44 0.30
St. 6 56.45 70.90 32.13 38.84 155.56 9.29 0.32
u6-1 57.66 70.74 31.85 25.45 121.90 7.71 0.23
St. 7 38.75 48.36 20.81 23.56 96.61 7.54 0.22
u7-1 61.69 80.08 32.90 191.22 | 371.10 19.33 0.86
u7-2 59.28 73.99 33.91 29.66 140.09 12.57 0.26
St. 8 56.86 70.44 32.32 27.76 134.26 9.68 0.26
St. 9 36.52 4421 19.42 25.64 97.07 7.09 0.24
St. 10 52.94 66.65 30.26 73.70 248.30 10.14 0.64
U10-1 58.59 79.85 36.42 88.62 308.13 12.39 0.58
U10-2 43.64 56.37 25.22 74.34 208.78 9.76 0.45
U10-3 12.67 13.92 5.80 148.29 | 269.36 6.17 101
Ulo-4 4546 50.77 27.77 57.12 168.22 11.78 0.30
U10-5 56.66 70.01 3241 54.33 239.54 10.87 0.62
St. 11 61.26 82.90 37.31 47.12 179.19 10.70 0.47
Ull-1 56.37 75.89 33.80 56.51 176.38 9.38 042
Ull-2 58.64 101.30 43.97 676.83 | 789.50 79.55 478

— 110 —




Appendix 5. continue

Li Cr Ni Cu Zn As Cd

Sites
mg/kg

St. 12 57.60 75.58 33.55 25.09 131.30 9.54 0.26

Ul2-1 61.37 80.80 37.26 33.75 160.31 10.31 0.34

St. 13 63.34 85.04 3842 27.83 160.45 10.03 0.27

Ul3-1 64.29 7431 34.18 2191 123.74 8.58 0.23

Ul3-2 26.67 30.35 8.41 8.16 7547 8.09 0.13

ENEN 12.67 13.92 5.80 8.16 7547 6.17 0.13

x| CH 75.00 101.30 43.97 676.83 | 789.50 79.55 4.78

Ha 53.53 65.95 30.13 84.09 213.33 14.96 0.58
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Appendix 5. continue

Pb 8%Cu +2sd | *®Pb/Pb | *’Pb/***Pb
Sites
mg/kg %0 %o

st. 1| 4145 0.03 0.03 2.1010 0.8533
st. 2| 49.14 0.01 0.04 2.1037 0.8565
u2-1 | 4703 | -0.06 0.04 2.1011 0.8542
St.3 | 4617 | -0.03 0.03 21013 0.8540
U3-1 | 4033 | -014 0.02 2.0899 0.8481
Us-2 | 4757 | -010 0.04 2.0974 0.8528
U3-3 | 69.00 | -0.04 0.00 2.0917 0.8506
St. 4 | 5641 0.04 0.03 2.1034 0.8571
U4-1 | 4585 | -0.05 0.03 2.1006 0.8539
U4-2 | 4065 | -0.09 0.02 2.1020 0.8544
St. 5 | 4004 | -0.09 0.03 2.1034 0.8550
U5-1 | 4247 0.01 0.02 2.1065 0.8570
St. 6 | 4156 | -0.05 0.02 2.1077 0.8576
Ue-1 | 32.98 0.03 0.05 2.1067 0.8554
St. 7 | 29.24 0.04 0.04 2.1028 0.8531
uz-1 | 7375 0.01 0.05 2.1047 0.8601
U7-2 | 3660 | -0.03 0.02 2.1040 0.8537
St. 8 | 3648 | -0.11 0.04 2.1035 0.8533
St.9 | 3131 | -0.01 0.02 2.1079 0.8587
St. 10 | 6834 | -0.03 0.05 2.1110 0.8653
U10-1 | 9052 | -0.06 0.05 21321 0.8822
U10-2 | 57.02 0.02 0.02 2.1265 0.8764
U10-3 | 14621 | 015 - 2.1505 0.8990
U10-4 | 4263 | -0.04 0.04 21127 0.8636
U10-5 | 6244 | -0.07 0.03 2.1080 0.8602
St. 11 | 4827 0.09 0.04 21137 0.8637
Ull-1 | 52.03 0.10 0.05 2.1130 0.8643
U11-2 | 501.78 | -0.05 0.02 21214 0.8761
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Appendix 5. continue

Pb 8%Cu +2sd | *®Pb/Pb | *’Pb/***Pb
Sites
mg/kg %0 %o
St.12 | 3390 | -0.09 0.04 2.1007 0.8501
U12-1 | 4292 0.09 0.03 2.1068 0.8564
St. 13 | 3646 | -0.02 0.04 2.1046 0.8530
U13-1 | 3068 | -0.30 0.05 2.0992 0.8486
U13-2 | 24.02 0.15 0.06 2.0962 0.8510
A4 | 2402 | -030 0.00 2.0899 0.8481
Ay | 501.78 | 0.15 0.06 2.1505 0.8990
B | 6319 | -0.02 0.03 2.1071 0.8591
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Appendix 6. Metal

concentration,

Cu and Pb

sediments from river around Ulsan coastal

isotopic data

in the surface

Sites Li Cr Ni Cu Zn As Cd
mg/kg
ok 2649 | 4406 | 1563 | 2371 | 10458 | 13.78 0.41
Ef3t2 2499 | 2243 9.04 12.52 | 63.36 7.53 0.14
FHEH 3465 | 4912 | 2035 | 2455 | 14692 | 1440 0.33
=HZ 2579 | 2111 | 10.27 9.69 45,03 494 0.13
SArZCH1 | 4095 | 17641 | 2443 | 8637 | 37791 | 1437 0.89
2Ar2Ek-2 | 60.18 | 146.53 | 5294 | 230.06 | 844.85 | 39.63 497
2Ar2Cth3 | 4506 | 113.69 | 88.03 | 132.72 | 185551 | 13.79 5.21
M3BIEER|-1 | 3659 | 67.08 | 3033 | 59.51 | 532.86 | 11.27 0.83
M3BIEER|-2 | 5145 | 191.16 | 13244 | 21145 | 1566.63 | 24.02 1.24
M3BIEHR|-3 | 56.62 | 8353 | 3694 | 2479 | 8654 | 15.36 0.15
M3BIEHR|-4 | 3662 | 7696 | 2983 | 4771 | 319.66 | 14.37 0.70
MBIEEK|-5 | 5992 | 102.16 | 45.17 | 11803 | 47526 | 17.55 1.24
2 AMEER|1-1 | 15.02 | 1589.64 | 313.51 | 27288 | 6086.5 |4111.75| 205.07
QAMEER|2-2 | 3021 | 873.08 | 233.59 | 14045 | 14626 |3646.33 | 166.86
ESES 15.02 | 21.11 9.04 9.69 45.03 494 0.13
*|Cj 60.18 | 1589.64 | 313.51 | 27288 | 14626 |4111.75| 205.07
7 3890 | 254.07 | 74.46 |3022.47|1938.02 | 567.79 | 27.73
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Appendix 6. continue

Pb 8%Cu | +2sd | *®Pb/Pb | *7’Pb/**Pb
Sites
mg/kg %0 %o

HEgH 31.14 | 002 | 0.06 2.1095 0.8620
Ef st 1879 | 001 | 004 2.1009 0.8528
J=H 3211 | -0.05 | 0.05 2.0981 0.8524
sHY 19.28 | -0.07 | 0.02 2.0978 0.8522
SAEE-1 | 5350 | 000 | 002 2.1075 0.8614
SAEE-2 | 7480 | -0.08 | 0.00 2.1019 0.8601
24t3E-3 | 11076 | 007 | 0.03 2.1107 0.8668
MolEhx|-1 | 4357 | 029 | 0.04 2.1102 0.8646
Maietx|-2 | 8174 | 003 | 0.03 21116 0.8663
MSEtX|-3 | 2422 | 001 | 005 2.0920 0.8433
MoEbR|-4 | 4311 | 001 | 0.04 2.1089 0.8624
M3}EhR|-5 | 10771 | 008 | 001 2.1201 0.8748
2ACEX|1-1 | 433296 | 011 | 0.03 2.1021 0.8608
2AMCEX|2-2 | 11686.25 | -0.02 | 004 | 21239 0.8790
ESE 1879 | -0.08 | 0.00 2.0920 0.8433
| 11686.25 | 0.29 | 0.06 2.1239 0.8790
¥ 1190.00 | 0.03 | 0.03 2.1068 0.8614
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Appendix 7. Metal concentration, Cu and Pb isotopic data in the road- deposited

sediments from Ulsan and Onsan industrial complex

Li Cr Ni Cu Zn As Ccd
Sites
mg/kg

SAk-1 38.62 28047 71.40 479.52 144771 5142 4.05
S4t-2 27.95 157.84 55.99 226.12 914.43 40.70 2.97
24t-3 19.47 48796 | 146.51 | 38135 | 1734151 | 31.74 3.34
244 2451 25433 | 222.88 | 640.68 1222.53 7143 7.73
24t-5 22.88 99.20 35.32 414.72 660.40 22.22 1.96
26 25.55 906.17 | 105.72 | 661.75 1623.10 41.95 3.10
SAH-7 25.75 4481 19.88 54.22 291.39 15.56 148
S4-8 26.71 110.72 36.47 198.49 746.42 23.38 2.09
249 30.25 341.84 83.12 | 151222 | 1773.63 41.29 3.25
=4t-10 | 3147 181.72 46.97 268.89 84291 31.63 3.59
=411 | 3032 101.15 45.90 189.47 1022.82 38.30 246
=4t-12 | 20.01 158.84 66.95 822.84 1313.30 47.09 4.22
=413 | 23.38 286.52 | 108.20 | 263.03 1084.91 32.89 347
S4-14 | 21.95 252.03 57.53 337.33 1028.67 30.34 3.16
2415 | 23.96 171.22 34.44 121.38 652.45 16.88 1.36
24t-16 | 12.85 25.16 741 59.90 21537 7.98 0.51
24t-17 | 1940 57.68 19.70 292.58 408.53 23.27 091
2418 | 19.55 6741 18.81 341.28 308.87 20.36 0.94
=24t-19 | 3259 172.56 52.46 43344 1354.00 66.62 6.01
SA-20 | 2460 | 129422 | 16321 | 81041 1857.04 53.58 3.86
=421 | 20.09 104.69 39.66 | 2864.70 | 1123.56 | 120.71 8.49
SM-22 | 17.77 71.00 24.34 282.29 34355 2248 141
SM-23 | 3116 107.76 42.22 280.04 749.06 31.50 0.80
SM-24 | 2830 47160 | 11741 | 4556.11 | 2264.29 39.58 2.16
=4t-25 | 3061 180.33 56.11 414.35 1831.70 22.23 2.19
=4t-26 | 30.75 52315 | 236.84 | 59298 2175.11 31.20 2.17
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Appendix 7. continue

Li Cr Ni Cu Zn As Ccd
Sites
mg/kg
241 | 26.81 212.68 94.29 2702.78 | 2573.84 | 123.29 | 11.90
242 | 21.38 28451 | 10842 | 5864.36 | 8034.01 | 33347 | 24.60
24t-3 | 18.84 285.52 | 14340 | 10795.50 | 10676.43 | 419.16 | 45.25
244 | 2827 151.20 4541 4157.82 | 19675.02 | 32949 | 166.21
245 | 18.03 406.26 | 152.10 | 6551.86 | 48624.37 | 425.66 | 257.24
246 | 22.29 371.61 | 30479 | 162885 | 6765.39 | 229.67 | 61.02
24-7 | 2031 298.81 | 15640 | 3519.70 | 1347853 | 556.24 | 81.53
24H-8 | 21.27 23648 | 11238 | 2526.14 | 8186.29 | 289.98 | 32.16
24t-9 | 20.96 25238 | 11141 | 2264.26 | 8453.50 | 165.76 | 17.38
2410 | 23.76 381.51 | 200.61 | 2269.79 | 7484.48 | 302.74 | 2049
2411 | 2091 19996 | 197.88 | 1056.06 | 3948.04 | 183.64 | 24.77
2412 | 25.24 402.07 | 24574 | 424914 | 1195436 | 757.15 | 89.99
2413 | 2335 580.19 | 218.10 | 4666.13 | 15183.27 | 605.85 | 80.22
24t-14 | 24.80 387.23 | 145.39 451.29 1698.55 54.33 6.11
EN N 12.8 25.2 74 54.2 2154 8.0 0.5
x| CH 38.6 1294.2 304.8 107955 | 486244 757.1 257.2
M 244 284.0 103.8 17551 5283.3 143.8 249
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Appendix 7. continue

Pb 8%Cu +2sd | *®Pb/Pb | *’Pb/***Pb
Sites
mg/kg %0 %o
2441 | 38021 | 007 0.03 21174 0.8722
242 | 21814 | 026 0.04 2.1143 0.8694
24-3 | 63807 | 007 0.05 2.1275 0.8816
244 | 51445 | 011 0.03 21192 0.8743
245 | 26597 | -011 0.03 2.1248 0.8782
246 | 66383 | -0.06 0.05 2.1155 0.8728
247 | 8711 0.02 0.03 2.1029 0.8575
24+-8 | 159.08 | 021 0.02 2.1169 0.8715
2449 | 33319 | 0.0 0.03 2.1190 0.8741
24+-10 | 24642 | 014 0.01 2.1226 0.8767
2411 | 17800 | -0.08 0.02 2.1158 0.8696
2412 | 58910 | 0.00 0.06 2.1215 0.8755
2413 | 32075 | 004 0.04 2.1176 0.8722
24414 | 36539 | 004 0.02 2.1238 0.8778
24415 ] 13592 | 0.05 0.03 2.1103 0.8660
24t-16 | 50.34 0.00 0.07 2.1070 0.8598
2417 | 8342 0.06 0.07 2.1138 0.8666
24-18 | 10893 | 0.04 0.04 21113 0.8638
24t-19 | 84057 | 011 0.04 21183 0.8721
2420 | 551.20 | -0.05 0.04 21143 0.8690
24+-21 | 135934 | 0.08 0.03 2.1154 0.8709
24+-22 | 22663 | 016 0.04 2.1287 0.8791
24+-23 | 18548 | -0.02 0.03 2.1095 0.8678
24+-24 | 263.09 | 0.08 0.02 2.1185 0.8734
24425 | 20073 | 014 0.05 2.1163 0.8710
24+-26 | 19650 | 0.08 0.05 21172 0.8720
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Appendix 7. continue

Pb 8%Cu +2sd | *®Pb/*%Pb | *°’Pb/**Pb
Sites
mg/kg %0 %o

241 | 103371 | -0.04 0.02 21214 0.8759
242 | 176529 | -0.02 0.04 21171 0.8730
24F-3 | 309195 | 0.03 0.06 2.1152 0.8717
244 | 1212183 | -0.05 0.06 2.1493 0.8962
245 | 852240 | 0.02 0.04 2.1080 0.8654
246 | 317760 | 0.16 0.02 21121 0.8689
2447 | 596073 | 011 0.03 2.1210 0.8765
248 | 218717 | 015 0.05 2.1195 0.8756
249 | 145198 | 017 0.02 21222 0.8779
2410 | 147186 | 0.20 0.03 2.1181 0.8744
24H-11 | 184869 | 0.21 0.05 2.1203 0.8752
2412 | 1113986 | 0.11 0.04 2.1179 0.8725
2413 | 803207 | 0.15 0.03 21211 0.8758
24-14 | 464.82 0.04 0.03 21213 0.8763

e 50.3 -0.1 0.0 2.1029 0.8575

Ao | 121218 03 0.1 2.1493 0.8962

¥ 1785.8 0.1 0.0 2.1181 0.8728
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Appendix 8. Metal concentration, Cu and Pb isotopic data in the surface

sediments from stream A around Sihwa Lake

Li Cr Ni Cu Zn As Ccd

Sites
mg/kg

Al 36.63 105.92 41.92 205.79 | 783.20 26.93 2.29
A2 21.18 74.70 2231 76.52 34493 18.36 0.67
A3 36.94 196.20 79.67 262.51 | 137454 | 17.75 3.98
A4 30.84 370.03 | 13422 | 501.23 | 5047.85 | 17.31 4.29
A5 16.99 282.37 55.70 324.16 | 293949 | 10.68 5.46
Ab 13.37 86.82 42.01 14236 | 3266.74 | 10.96 295
A7 13.75 58.81 2331 118.13 | 2018.19 8.45 192

A8 32.50 109.29 45.14 20337 | 2226.11 | 14.06 3.17

A9 44.34 145.01 60.43 155.77 | 164593 | 22.33 2.29

Al0 44.42 106.68 40.93 65.89 442.55 1346 0.73

All 54.95 95.80 35.94 56.81 396.34 12.56 0.56
N 13.37 58.81 2231 56.81 344.93 8.45 0.56
x| CH 54.95 370.03 | 134.22 | 501.23 | 5047.85 | 26.93 5.46
Ha 3144 148.33 52.87 192.05 | 186235 | 1571 2.57
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Appendix 8. continue

Sites Pb Hg 8%Cu +2sd 208phy/206p | 207ph/2%ph
mg/kg %0 Yoo
Al 151.96 0.128 0.05 0.06 2.1287 0.8677
A2 70.66 0.039 0.06 0.05 2.1501 0.8718
A3 202.74 0.204 0.08 0.03 2.1244 0.8685
A4 231.70 1.310 0.25 0.03 21227 0.8694
A5 112048 | 0.183 -0.16 0.08 21171 0.8714
A6 167.21 0.049 0.01 0.06 2.1363 0.8741
A7 565.91 0.085 0.10 0.03 2.1019 0.8642
A8 164.28 0.135 0.13 0.05 2.1315 0.8710
A9 170.17 0.100 0.21 0.04 2.1229 0.8689
Al10 60.57 0.044 0.10 0.04 2.1458 0.8680
All 5043 0.046 0.09 0.03 2.1270 0.8602
EN 5043 0.039 -0.16 0.03 2.1019 0.8602
A|CH | 112048 | 1.310 0.25 0.08 2.1501 0.8741
M 268.74 0.211 0.08 0.05 2.1280 0.8687
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Appendix 9. Metal concentration, Cu and Pb isotopic data in the surface

sediments from stream B around Sihwa Lake

Li Cr Ni Cu Zn As Ccd

Sites
mg/kg

Bl 18.69 72.70 2761 61.72 304.83 14.31 0.62
B2 32.04 130.55 54.97 237.88 | 103244 | 1392 1.99
B3 39.35 135.71 57.02 260.65 | 1303.69 | 15.84 1.99
B4 19.75 111.48 36.15 96.95 597.95 6.87 0.62
B5 23.16 796.64 | 107.07 | 33242 | 974.85 15.08 2.22
B6 19.24 626.08 | 206.90 | 1021.08 | 2522.54 | 12.25 4.87
B7 13.14 198.70 76.95 353.66 | 458.73 10.34 0.97
B8 52.22 57946 | 13560 | 572.74 | 890.29 23.97 243
B9 55.83 398.37 98.37 491.55 | 794.40 17.99 2.37
B10 41.57 146.70 51.01 127.51 | 266.79 11.11 0.35
B11l 49.73 134.31 44.07 107.17 | 274.82 10.17 0.46
EN N 13.14 72.70 2761 61.72 266.79 6.87 0.35
x| CH 55.83 796.64 | 206.90 | 1021.08 | 2522.54 | 23.97 4.87
M 33.16 302.79 8143 333.03 | 856.48 13.81 1.72
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Appendix 9. continue

Sites Pb Hg 8%Cu +2sd 208phy/206pp | 207pp/2%ph
mg/kg %o %o
B1 60.76 0.044 -0.07 0.04 2.1967 0.8766
B2 176.03 | 0.360 0.09 0.05 2.1326 0.8699
B3 172.80 | 0.170 0.08 0.07 2.1302 0.8692
B4 66.34 0.032 0.13 0.05 2.1629 0.8758
B5 2259.93 | 0.100 0.11 0.04 2.1205 0.8664
B6 150.14 | 0.106 0.20 0.02 2.1353 0.8699
B7 59.92 0.022 -0.08 0.05 2.1810 0.8773
BS 106.06 | 0.076 0.14 0.08 2.1424 0.8685
B9 102.09 | 0.069 0.22 0.03 2.1349 0.8671
B10 4456 0.042 0.17 0.04 2.1428 0.8619
B11 47.05 0.040 0.21 0.03 2.1316 0.8602
e N 44.56 0.022 -0.08 0.02 2.1205 0.8602
X|Cf | 2259.93 | 0.360 0.22 0.08 2.1967 0.8773
i 295.06 | 0.096 0.11 0.04 2.1464 0.8694
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Appendix 10. Metal concentration, Cu and Pb

sediments from stream C around Sihwa Lake

isotopic data in the surface

Li Cr Ni Cu Zn As Ccd

Sites
mg/kg

C1 28.58 9571 41.32 118.24 | 452.77 10.92 1.09
c2 21.83 57.33 21.90 42.80 190.06 5.26 0.44
C3 18.02 82.62 41.92 11418 | 519.66 6.36 1.08
C4 19.98 136.34 80.89 | 3626.50 | 2220.89 9.70 2.56
C5 17.67 303.51 | 185.33 | 1560.69 | 1865.31 9.72 3.00
Co6 14.92 906.35 | 201.30 | 3615.04 | 2997.30 9.88 2.35
c7 19.67 135.92 61.40 598.79 | 1448.86 7.06 2.30
Cc8 38.95 261.69 76.64 850.77 | 117447 | 13.12 2.65
Cc9 58.63 224.12 67.71 89143 | 97237 13.63 261
C10 65.82 174.81 63.50 548.50 | 732.09 13.98 2.26
Cl1 43.52 128.54 59.83 327.62 | 44446 10.42 1.40
EN N 14.92 57.33 21.90 42.80 190.06 5.26 0.44
x| CH 65.82 906.35 | 201.30 | 3626.50 | 2997.30 | 13.98 3.00
H 31.60 227.90 8198 | 1117.69 | 1183.48 | 10.01 1.98
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Appendix 10. continue

Sites Pb Hg 8%Cu +2sd 208phy/206pp | 207pp/2%ph
mg/kg %o %o
C1 94.35 0.188 0.08 0.07 2.1626 0.8729
C2 56.26 0.031 0.15 0.02 2.1751 0.8731
C3 94.34 0.132 0.12 0.05 2.1631 0.8774
C4 286.39 | 0.055 -0.02 0.02 2.1325 0.8723
C5 25400 | 0.121 0.09 0.05 2.1326 0.8717
C6 22463 | 0.094 0.01 0.03 2.1258 0.8675
C7 11530 | 0.029 0.07 0.02 2.1395 0.8706
C8 506.74 | 0.084 0.05 0.05 2.0996 0.8627
C9 31297 | 0.082 0.16 0.03 2.0983 0.8611
C10 30252 | 0.096 0.12 0.01 2.1000 0.8619
C11 183.11 | 0.079 0.09 0.01 2.1036 0.8622
e N 56.26 0.029 -0.02 0.01 2.0983 0.8611
=|Cf 506.74 | 0.188 0.16 0.07 2.1751 0.8774
i 220.96 | 0.090 0.08 0.03 2.1302 0.8685
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Appendix 11. Metal concentration, Cu and Pb isotopic data in the surface
sediments from stream D around Sihwa Lake

Li Cr Ni Cu Zn As Cd
Sites

mg/kg
D1 32.39 153.57 50.81 2915.07 852.97 12.66 3.47

D2 2641 628.10 | 182.79 | 11080.40 | 3832.09 | 17.74 26.15

D3 30.87 | 1265.06 | 13240 | 133290 | 1372.82 | 1746 7.42
D4 3143 | 1947.12 | 162.25 | 205836 | 193517 | 16.32 9.15
D5 28.21 83543 | 139.24 | 110096 | 1399.11 | 12091 7.86
D6 52.78 41299 | 66.75 420.00 53250 | 13.30 1.98
D7 35.85 11098 | 25.75 91.44 162.88 6.99 031
ENES 2641 11098 | 25.75 91.44 162.88 6.99 031
x| CH 5278 | 1947.12 | 182.79 | 11080.40 | 3832.09 | 17.74 26.15
H 33.99 764.75 | 108.57 | 271416 | 1441.08 | 13.91 8.05
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Appendix 11. continue

Pb Hg 8%Cu +2sd | *®Pb/Pb | *’Pb/**Pb
Sites
mg/kg %0 %o

D1 43520 | 0105 | -0.04 0.03 2.1175 0.8710

D2 | 172921 | 0523 | -0.03 0.03 2.1086 0.8686

D3 | 168393 | 0.226 0.15 0.06 2.1094 0.8695

D4 | 1639.49 | 0.863 0.19 0.04 2.1099 0.8694

D5 509.59 | 1.173 0.24 0.08 21176 0.8714

D6 23253 | 0390 0.23 0.02 21131 0.8673

D7 4991 | 0.081 0.17 0.03 2.1151 0.8605
A4 | 4991 | 0081 | -004 0.02 2.1086 0.8605
Alcf | 172921 | 1173 0.24 0.08 2.1176 0.8714
Ha# | 897.12 | 0480 0.13 0.04 2.1130 0.8682
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Appendix 12. Metal concentration, Cu and Pb isotopic data in the surface
sediments from stream E around Sihwa Lake

Sites Li Cr Ni Cu Zn As Ccd
mg/kg
El 30.28 103.64 33.60 63.63 181.03 9.26 0.47
E2 2892 113.57 37.72 45.87 167.03 7.93 0.39
E3 23.20 79.89 36.37 49.33 154,51 9.52 0.34
E4 23.24 140.29 | 259.75 | 487.19 | 3409.64 147 147
E5 37.44 267.86 | 286.23 | 1751.10 | 3452.90 13.95 6.05
E6 22.84 253.60 | 703.73 | 746.53 | 6533.72 17.77 221
E7 6.69 2751.82 | 733.66 | 9551.08 | 24930.15 | 28.69 8.02
E8 27.35 297.76 | 25219 | 585.13 | 3681.57 14.08 13.21
E9 16.97 | 113294 | 1661.84 | 3701.66 | 36784.22 | 23.16 9.15
EN 6.69 79.89 33.60 45.87 154,51 747 0.34
x| CH 3744 | 2751.82 | 1661.84 | 9551.08 | 36784.22 | 28.69 13.21
H 24.10 571.26 | 445.01 | 1886.84 | 8810.53 14.65 4.59
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Appendix 12. continue

Pb Hg 8%Cu +2sd | *®Pb/Pb | *’Pb/**Pb
Sites
mg/kg %0 %o

El 5590 | 0.048 0.23 0.02 21721 0.8732

E2 4205 | 0.034 0.05 0.03 2.1760 0.8735

E3 4023 | 0.035 0.03 0.04 2.1990 0.8815

E4 311.06 | 0.061 0.37 0.02 21218 0.8723

E5 463.30 | 0.194 0.39 0.02 2.1193 0.8718

E6 139.60 | 0.102 0.64 0.06 2.1345 0.8762

E7 | 1073.63 | 0431 045 0.03 2.1348 0.8848

E8 290.26 | 0.079 0.53 0.04 2.1235 0.8738

E9 629.09 | 0325 048 0.03 2.1250 0.8780
X4 | 4023 | 0034 0.03 0.02 21193 0.8718
A[CH | 107363 | 0431 0.64 0.06 2.1990 0.8848
Ha | 33835 | 0145 0.35 0.03 2.1451 0.8761
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Appendix 13. Metal concentration, Cu and Pb isotopic data in the surface

sediments from stream F around Sihwa Lake

Li Cr Ni Cu Zn As Ccd

Sites
mg/kg

F1 25.09 37486 | 17196 | 340.84 890.33 19.21 1.97
F2 19.27 261.61 | 1789.56 | 1236.90 | 606.18 991 2.76
F3 32.86 491.37 | 3844.71 | 809.29 | 183451 20.70 4.58
F4 31.22 610.98 | 2959.34 | 1453.12 | 20192.62 | 21.80 3.90
F5 6.39 1008.96 | 1863.37 | 8275.68 | 82008.54 | 19.57 4.68
EN N 6.39 26161 | 17196 | 340.84 606.18 991 197
x| CH 32.86 | 1008.96 | 3844.71 | 8275.68 | 82008.54 | 21.80 4.68
M 22.96 549.55 | 2125.79 | 242317 | 2110644 | 18.24 3.58
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Appendix 13. continue

Sites Pb Hg 8%Cu +2sd 208phy/206pp | 207pp/2%ph
mg/kg %o %o
F1 13839 | 1.300 0.56 0.03 21271 0.8686
F2 11755 | 1.074 -0.38 0.03 21178 0.8617
F3 249.70 | 2748 0.34 0.04 21232 0.8695
F4 275.67 | 1.557 0.25 0.05 2.1364 0.8763
F5 759.62 | 0.230 0.30 0.05 2.1361 0.8828
N 117.55 | 0.230 -0.38 0.03 21178 0.8617
=| CH 759.62 | 2.748 0.56 0.05 2.1364 0.8828
Hr 308.19 | 1382 0.21 0.04 2.1281 0.8718
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Appendix 14. Metal concentration, Cu and Pb isotopic data in the surface
sediments from the coast of Korea

Sites Li Cr Ni Cu Zn As Ccd
mg/kg

=x2h-H1 3513 | 32.82 | 10.36 7.55 49.09 6.18 0.09
& xsH-H2 2487 | 35.83 | 10.80 6.90 57.53 6.63 0.09
S| HOH-H2 50.71 | 51.09 | 1945 37.01 462.92 15.92 1.53
gaot-Hl 4116 | 54.02 | 19.27 | 20.25 138.81 12.53 041
Fddt-H2 41.17 | 115.99 | 23.53 33.87 182.58 15.14 0.52
SAEOF-H1 59.15 | 67.04 | 3401 | 101.32 | 237.13 23.87 0.80
2 A OF-H1 56.98 | 70.59 | 2496 | 148.13 198.46 10.37 0.31
S AAQE-H2 30.08 | 31.57 | 10.87 | 22.23 72.26 7.10 0.17
AL OF-H3 70.77 | 85.21 | 3237 | 12012 | 234.32 10.91 0.23
H A OF-H4 58.89 | 79.27 | 26.73 | 133.34 | 362.65 12.73 0.85
A OF-H5 63.54 | 87.95 | 29.11 | 27947 | 300.76 12.37 0.55
H AL Ot-H6 5143 | 7131 | 2234 | 36347 | 353.78 11.59 0.55
A OF-H7 64.46 | 93.33 | 30.00 | 221.64 | 394.03 12.32 0.58
EAAQH-H8 69.65 | 75.62 | 30.14 | 215.04 | 216.68 11.60 0.21
HAAMSE-HL 7096 | 61.73 | 27.77 | 15.56 89.62 9.34 0.13
HMESQ-HL | 81.83 | 7267 | 3278 19.94 99.82 6.20 0.16
SEAEO-HL 57.63 | 65.28 | 32.05 94.62 531.89 11.59 0.34
SEAHO-H2 69.55 | 79.62 | 33.07 | 2542 108.23 8.14 0.12
QI™AHOH-H1 60.72 | 8597 | 3536 | 57.62 145.07 11.29 045
X ZF=Aot-H1 8.74 4234 | 2214 6.21 61.69 8.62 0.08
X F=Het-H2 3479 | 7496 | 4049 | 71.69 185.75 10.40 0.39
AArAEOE-H1 8.00 | 163.86 | 13163 | 27.23 93.43 11.18 0.22
MPFEARH-HL | 1438 | 40.29 | 14.18 12.40 67.41 8.99 0.12
MFZEAH-H2 | 2843 | 4792 | 2317 | 39.62 136.04 8.96 0.26
ot ok-H2 18.87 | 13940 | 72.79 | 86.37 122.72 7.93 0.16
ENES 8.00 31.57 | 10.36 6.21 49.09 6.18 0.08
x| CH 81.83 | 163.86 | 131.63 | 36347 | 531.89 23.87 1.53
H 46.88 | 73.03 | 3157 | 86.68 196.11 10.88 0.37

— 132 —




Appendix 14. continue

Pb H g 208Pb /206Pb 207Pb /206Pb
Sites
mg/kg

&X3f-H1 2556 | 0.016 2.1620 0.8126
& XEH2 2135 | 0.013 2.1008 0.8309
SBjIo-H2 | 43.88 | 0.070 2.0370 0.8366
g Uok-H1 4134 | 0.066 2.0916 0.8505
@ UTE-H2 4559 | 0.138 2.0907 0.8502
SAMO-HI | 4386 | 0.220 2.0998 0.8550
HAOIOb-HI | 4634 | 0511 2.0995 0.8540
B A OR-H2 3412 | 0.042 2.0978 0.8535
HAGOH-H3 | 4462 | 0.103 2.0970 0.8517
HAHAOL-H4 63.91 | 0.211 2.1001 0.8574
A OL-H5 73.50 | 0.365 2.0994 0.8565
HAMOL-H6 | 15214 | 0.328 2.0990 0.8554
H AL OF-H7 68.77 | 0.173 2.0964 0.8560
HALOIOH-H8 | 4629 | 0.072 2.0991 0.8522
HARAIE-HL 2575 | 0.019 2.0930 0.8415
HMESO-H1 | 2296 | 0.020 2.0943 0.8427
SmOok-H1 | 4570 | 0.063 2.0992 0.8512
2 OO-H2 29.05 | 0.023 2.1010 0.8452
Ol M A0t-H1 33.17 | 0.069 2.1202 0.8526
M| 2= Ok-H1 6.35 0.010 2.0967 0.8482
M| 3= OF-H2 3342 | 0.147 2.1000 0.8560
A A AOR-H1 1466 | 0.019 2.1066 0.8624
M ZESIQOH-HL | 1144 | 0.022 2.1085 0.8548
M ZESIQ-H2 | 19.80 | 0.046 2.1077 0.8533
Sh2l A 0-H2 20.18 | 0.044 2.1011 0.8568
XA 6.35 0.010 2.0370 0.8126
&| i 15214 | 0.511 2.1620 0.8624
o 4055 | 0.112 2.0999 0.8495
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Appendix 14. continue

Sites Li Cr Ni Cu Zn As Cd
mg/kg

EIGIQH-2 | 6945 | 6699 | 2840 | 2355 | 13245 | 11.73 0.23
£X040t-1 | 4875 | 5570 | 2295 | 2214 | 119.08 | 10.72 0.23
QFQFOIO-1 | 4955 | 7428 | 2817 | 13.70 | 7850 | 9.70 0.14
=2 X901 | 57.26 | 85.00 | 30.37 | 12.66 | 8443 8.73 0.13
ZEOIQ-1 | 6266 | 6622 | 23.86 | 1144 | 8417 | 9.76 0.17
S8det-2 | 66.09 | 6022 | 2270 | 1751 | 9657 | 15.15 0.26
APMOIOL-2 | 6574 | 6279 | 2409 | 1935 | 97.38 | 15.09 0.23
ZHOOr-2 | 4414 | 4811 | 17.73 | 1591 | 109.55 | 13.11 0.28
SEHOL-2 | 63.88 | 66.67 | 3029 | 2293 | 109.52 | 1338 | 0.18
ZAtOd0t-2 | 6198 | 66.57 | 3036 | 2317 | 11079 | 1235 0.18
ZoI0k-2 | 3440 | 3012 | 1261 | 1142 | 10064 | 1120 | 0.22
mOIQL-1 | 2375 | 2872 9.15 5.98 50.80 | 9.62 0.11
FUot-2 2219 | 7788 | 1141 796 | 8727 | 9.96 0.26
I UDt-6 2659 | 4431 | 1045 926 | 9866 | 11.86 | 0.24
duok-11 | 4374 | 57.85 | 2172 | 6451 | 21156 | 14.08 | 0.63
TEZENOH-2| 5917 | 6940 | 29.86 | 23.15 | 12153 | 1039 | 0.28
ZtmoiQk-2 | 56.67 | 66.03 | 29.69 | 2273 | 11029 | 7.51 0.21
AN ZLHOr-2 | 63.28 | 6895 | 2929 | 3224 | 10469 | 557 0.11
E9%40t-2 | 7021 | 7135 | 2885 | 3864 | 11623 | 7.54 0.13
EEQIOt-2 | 7262 | 73.80 | 31.63 | 1931 | 9814 | 6.06 0.11
DAdRp2taE-2 | 8893 | 7313 | 31.83 | 2041 | 10843 | 6.29 0.18
AP QIQr-2 | 8047 | 67.03 | 29.72 | 21.85 | 10264 | 6.88 0.12
RIZ=0t-2 8588 | 6435 | 29.23 | 20.80 | 10095 | 7.88 0.15
LS EHot-4 | 1336 | 12.79 3.87 3.29 3228 | 299 0.07
of4=Qiok-2 | 71.82 | 6238 | 2520 | 1818 | 8899 | 698 0.11
of X}OF-1 5541 | 63.60 | 2550 | 13.06 | 78091 5.44 0.09
ISHOH-5 | 4460 | 52.85 | 20.63 8.59 57.54 491 0.09
RIZOIQk-1 | 4326 | 4867 | 2005 | 1070 | 58.62 6.30 0.08
sfjetor-1 4097 | 4631 | 1727 | 1205 | 5979 | 6.29 0.08
23xo0ot-1 | 5098 | 59.01 | 2217 | 1542 | 7887 | 8.04 0.10
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Appendix 14. continue

Li Cr Ni Cu Zn As Cd
Sites
mg/kg

2Eot-3 | 6267 | 7569 | 3065 | 1740 | 8832 9.73 0.09
AlQHOIQk-1 | 5273 | 6197 | 2455 | 12.81 | 73.07 5.58 0.08
2otodot-1 | 6174 | 71.83 | 28.02 | 1513 | 8255 | 10.08 | 0.08
DAOor-3 | 1887 | 3142 9.43 3.32 2861 | 411 0.04
MZEZAOH-2 | 4333 | 5629 | 2098 | 10.81 | 5843 6.53 0.08
SAFSdOr-2 | 3017 | 4043 | 1536 | 951 51.71 8.25 0.11
AtGdot-4 | 5535 | 6567 | 2694 | 1750 | 7881 9.14 0.12
H3oot-4 | 2024 | 3492 | 11.10 5.12 3343 5.78 0.07
HM4=0k-1 6647 | 7725 | 3298 | 2304 | 9574 | 9.05 0.21
Hz=0t-2 53.19 | 6565 | 2686 | 1728 | 7868 | 8.2 0.13
HM=z=0t-3 21.02 | 4015 | 1237 | 714 | 3464 5.16 0.07
M=z=0t-4 3524 | 5247 | 1996 | 1268 | 5886 | 6.75 0.11
HM==gk-5 12.01 | 19.12 8.54 461 19.04 | 6.29 0.04
HM4=0t-6 4477 | 56.84 | 2234 | 1367 | 66.63 6.66 0.12
HM4=0k-7 3130 | 5055 | 18.01 | 10.18 | 50.73 6.39 0.09
EfQFQIQt-3 | 2061 | 3523 | 11.19 4.47 34.02 488 0.06
b2 210102 | 3058 | 4348 | 1571 802 | 4412 5.80 0.06
CHAFQIOH-1 | 12.89 | 27.82 8.60 3.49 23.55 5.21 0.04
OfAMQIQH-4 | 4699 | 5951 | 24.15 | 1582 | 73.62 8.21 0.10
S 12.01 | 12.79 3.87 3.29 19.04 | 299 0.04
%|Cj 8893 | 85.00 | 3298 | 6451 | 21156 | 15.15 0.63
M 4812 | 5627 | 2177 | 1579 | 8089 | 8231 0.14
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Appendix 14. continue

Pb Hg 208Pb/206Pb 207Pb/206Pb
Sites
mg/kg

HEIQIor-2 | 3149 | 0.071 2.1182 0.8532
X001 | 3053 | 0.053 2.1080 0.8518
UUO-1 | 34.17 | 0.077 2.1726 0.8794
ZIXI0t-1 | 31.00 | 0.046 2.1565 0.8776
Z209ot-1 | 3335 | 0.057 2.1531 0.8782
S8jQiot-2 | 3640 | 0.065 2.0592 0.8435
AR Oiot-2 | 3420 | 0.060 2.0230 0.8277
ZHOI0h-2 | 3682 | 0.033 1.9908 0.8026
SIOO-2 | 3192 | 0.054 2.0800 0.8421
ZAMQIO-2 | 3259 | 0.055 2.0841 0.8449
Z-Aeior-2 | 3031 | 0.025 2.0921 0.8500
I AOL-1 | 2024 | 0.016 2.0871 0.8456
FUat-2 24.01 | 0.036 2.0885 0.8476
FUDt-6 28.34 | 0.047 2.0915 0.8497
dot-11 | 4097 | 0.487 2.0908 0.8511
TEZO0t-2 | 3628 | 0.079 2.0996 0.8529
Zhmoiot-2 | 3362 | 0.064 2.1003 0.8522
HH ZEHor-2 | 26.86 | 0.037 2.0980 0.8474
EAAOH-2 | 3011 | 0.049 2.0986 0.8488
EQQIOt-2 | 2647 | 0.028 2.0981 0.8461
IAMXFEERE-2 | 30.38 | 0.030 2.0986 0.8474
AP QIQr-2 | 29.69 | 0.033 2.0999 0.8482
Xlz=0t-2 29.85 | 0.037 2.1001 0.8479
LS| = Lhok-4 | 15.82 | 0.007 2.1092 0.8460
{402 | 2527 | 0.022 2.1003 0.8427
of XpOt-1 25.25 | 0.019 2.1023 0.8455
NS90t-5 | 1944 | 0.010 2.1008 0.8441
R=Qot-1 | 24.03 | 0.012 2.1069 0.8444
slehak-1 2744 | 0011 2.1038 0.8497
2xAok-1 | 2288 | 0.017 2.0992 0.8429
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Appendix 14. continue

Pb Hg 208Pb /206Pb 207Pb /206Pb
Sites
mg/kg

2xet-3 | 2560 | 0.019 2.1001 0.8442
AlQHOIQH-1 | 2550 | 0.019 2.1033 0.8441
Dorodor-1 | 2528 | 0.016 2.1011 0.8432
DASor-3 | 1853 | 0.006 2.1292 0.8588
MFEEAOCH-2 | 2278 | 0.014 2.1153 0.8475
SAFGdOL-2 | 27.10 | 0.017 2.1113 0.8438
LALGdOt-4 | 2976 | 0.032 2.1167 0.8494
H3oot-4 | 2219 | 0.011 2.1627 0.8273
HM4=0k-1 31.53 | 0.042 2.1153 0.8505
Hz=0t-2 2841 | 0.032 2.1175 0.8507
HM=z=0t-3 26.15 | 0.013 2.1498 0.8629
HM=z=0t-4 25.08 | 0.023 2.1246 0.8497
HM==gk-5 21.86 | 0.007 2.1541 0.8663
HM4=0t-6 25.15 | 0.024 2.1230 0.8505
HM4=0k-7 2350 | 0.017 2.1262 0.8508
EfQrGior-3 | 19.17 | 0.008 2.1388 0.8467
Zb221040-2 | 21.26 | 0.014 2.1455 0.8456
CHAFQIQH-1 | 2246 | 0.005 2.1756 0.8307
OfAtQIOH-4 | 2495 | 0.027 2.1258 0.8511
S 15.82 | 0.005 1.9908 0.8026
%|Cj 4097 | 0.487 2.1756 0.8794
M 2747 | 0.040 2.1091 0.8483
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Appendix 14. continue

Li Cr Ni Cu Zn As Cd
Sites
mg/kg

Ztakot-1 74.97 64.69 27.05 67.98 135.56 7.98 0.22
Ztakat-2 61.48 68.18 28.02 13.73 84.02 6.29 0.10
Ztakot-3 53.97 63.09 25.29 13.67 77.06 5.13 0.09
Ztatot-4 74.88 66.82 30.03 41.70 130.98 8.03 0.53
Zakat-5 60.45 67.17 27.15 16.28 88.43 5.59 0.15
S2kit-1 54.64 63.97 2595 12.13 76.21 5.88 0.09
S2kit-2 54.82 67.46 26.47 12.31 69.51 5.29 0.09
=2kit-4 51.97 62.62 2498 11.66 72.85 5.56 0.09
= 2F0t-5 52.74 61.92 2533 12.39 7343 541 0.09
et ok-2 | 53.04 65.15 26.36 16.00 94.27 7.05 0.20
ctak-1 54.32 62.57 25.84 12.89 77.59 5.72 0.09
= tat-3 55.17 65.07 26.15 12.53 79.56 741 0.09
Cerat-4 52.04 60.46 2411 11.66 74.60 7.10 0.09
L Qrat-5 45.29 47.13 18.85 9.59 63.82 6.61 0.09
L Qrat-6 40.06 39.39 15.23 7.72 54.14 6.15 0.08
SrEOo-1 | 4461 60.99 21.79 10.79 62.45 7.13 0.08
atEoor-3 | 30.10 35.82 12.89 6.89 41.34 4.56 0.06
StEOO-4 | 4231 59.91 20.77 10.21 59.64 6.96 0.07
E 30.10 35.82 12.89 6.89 41.34 4.56 0.06
x| CH 74.97 68.18 30.03 67.98 135.56 8.03 0.53
" 53.16 60.13 2401 16.67 78.64 6.32 0.13
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Appendix 14. continue

Pb Hg 208Pb/206Pb 207Pb/206pb
Sites
mg/kg

Ztatak-1 30.89 0.047 2.1015 0.8488
Ztakat-2 25.28 0.021 2.1038 0.8460
Ztakot-3 24.12 0.017 2.1025 0.8460
Ztatot-4 31.75 0.044 2.1073 0.8509
Zratak-5 2561 0.021 2.1020 0.8459
Sgkot-1 23.78 0.019 2.1033 0.8462
S2kit-2 23.92 0.016 2.1044 0.8454
S2Fit-4 24.06 0.016 21012 0.8454
= 2F0t-5 24.08 0.017 2.1014 0.8452
I ok-2 | 26.14 0.021 2.1024 0.8464
ctak-1 25.13 0.017 2.1014 0.8457
= tat-3 25.60 0.018 2.1010 0.8455
L erak-4 25.57 0.017 2.1015 0.8456
L Qrat-5 2343 0.016 2.0910 0.8396
CQrot-6 21.68 0.020 2.0971 0.8378
StEOOk-1 | 2145 0.016 2.1036 0.8437
StE o3 | 2293 0.011 2.1103 0.8469
StEHOO-4 | 21.22 0.015 2.1050 0.8438
EN 21.22 0.011 2.0910 0.8378
x| CH 31.75 0.047 2.1103 0.8509
i 2481 0.020 2.1022 0.8453
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Appendix 14. continue

Sites Li Cr Ni Cu Zn As Ccd
mg/kg
2491 | 58.86 72.73 32.17 2695 | 112.76 7.96 0.20
S4AtE9E-2 | 56.97 71.38 30.49 2411 | 11049 8.36 0.21
=AtAHQE-3 | 5751 66.45 30.09 56.09 | 162.84 | 14.80 0.30
2404 | 5298 58.78 27.43 7974 | 20095 | 21.11 0.57
S4AAHCE-5 | 5641 63.01 28.38 75.03 | 176.64 | 18.53 0.33
=4AAHOH-6 | 60.26 65.03 32.19 89.56 | 185.83 | 2241 031
2497 | 70.39 69.50 32.10 32.20 | 118.67 | 10.77 0.29
2498 | 76.19 79.01 33.59 8237 | 207.82 | 16.07 0.47
=499 | 50.92 62.44 27.15 29.72 | 106.59 9.23 0.26
SAEOH-10 | 46.77 54.99 24.22 33.76 | 106.81 9.47 0.28
2411 | 55.96 72.77 32.25 7546 | 24342 | 12.86 0.54
24012 | 59.74 73.92 32.92 3896 | 138.94 9.66 0.40
2AtHok-1 | 2751 29.21 1291 33.77 | 110.86 7.17 0.28
2492 | 62.35 76.81 34.10 25.07 | 117.02 8.26 0.21
2AtHOE-3 | 62.46 78.53 34.92 2373 | 115.88 8.37 0.19
2404 | 2854 29.26 12,61 33.28 | 104.70 6.50 0.29
2405 | 4213 47.81 21.06 | 186.77 | 44040 9.80 142
2406 | 53.00 63.58 28.36 68.37 | 213.13 9.36 0.52
24AH0-7 | 57.40 67.77 30.01 50.99 | 157.97 9.99 0.36
2408 | 60.69 75.86 33.77 | 13244 | 197.27 | 1253 0.54
2409 | 61.73 77.61 3488 | 15488 | 22139 | 1431 0.82
EN N 27.51 29.21 12,61 23.73 | 104.70 6.50 0.19
x| CH 76.19 79.01 3492 | 186.77 | 44040 | 2241 1.42
"o 55.18 64.59 28.84 64.44 | 169.07 | 11.79 0.42
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Appendix 14. continue

Pb Hg 208Pb/206Pb 207Pb/206pb
Sites
mg/kg

2491 | 31.81 | 0.060 2.1003 0.8511
2492 | 3208 | 0.065 2.0997 0.8512
S4tE9F-3 | 39.70 | 0.108 21011 0.8554
2404 | 40.27 | 0172 2.0985 0.8539
S4AAHCH-5 | 4187 | 0.103 2.0999 0.8544
SAAHCH-6 | 4343 | 0.136 2.0985 0.8536
SAtERE-7 | 2749 | 0.052 2.0953 0.8476
S48 | 4343 | 0452 21011 0.8554
S4AAH0CH-9 | 3099 | 0.073 2.1009 0.8529
SArEOE-10 | 31.94 | 0.057 2.1026 0.8550
SAtEOF-11 | 8379 | 1.087 2.1228 0.8769
2412 | 4096 | 0.099 2.1031 0.8569
2491 | 5293 | 0.270 2.1202 0.8763
24AH0H-2 | 3093 | 0.053 2.0995 0.8505
24AHAH0E-3 | 30.28 | 0.055 2.0996 0.8502
2404 | 4211 | 0.182 21191 0.8744
2405 | 217.66 | 0.700 2.1402 0.8926
2406 | 81.02 | 0421 2.1246 0.8788
2407 | 4343 | 0.130 2.1083 0.8613
2408 | 79.61 | 0.211 21132 0.8689
2409 | 102.39 | 0.260 2.1119 0.8688

EN N 2749 | 0.052 2.0953 0.8476

x| CH 217.66 | 1.087 2.1402 0.8926

" 55.63 | 0.226 2.1076 0.8612
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Appendix 14. continue

Li Cr Ni Cu Zn As Cd
Sites
mg/kg

A ok-1 2245 26.22 9.30 9.19 54.63 5.98 0.12
HAroot-2 4241 52.37 1941 27.89 | 149.13 9.26 0.35
FAHCI0-3 2133 20.03 5.93 9.26 82.26 843 0.18
FArAH-4 56.59 67.56 28.55 30.63 | 125.20 8.06 0.18
HAAOF-5 56.07 64.53 26.80 20.74 | 109.13 9.49 0.17
H A ok-6 5471 63.93 25.58 2205 | 11476 9.77 0.20
At oF-7 56.08 70.52 25.75 2312 | 123.37 9.52 0.31
FAHGI0-8 45.90 52.57 20.29 34.09 | 127.46 8.52 0.19
FAHGI0-9 50.94 58.37 22.57 2243 | 10291 9.25 0.16
HArHO-10 | 63.25 70.96 28.62 59.04 | 164.28 | 1131 0.22
HArGOR-11 | 54.25 59.40 2348 2947 | 11830 | 10.60 0.17
HArGOR-12 | 6541 76.82 33.47 32.67 | 143.77 8.49 0.24
HALAHOH-13 | 18.09 31.01 7.68 15.17 79.97 8.92 0.22
HAAEE-1 70.30 62.31 27.85 18.53 | 100.00 | 10.04 0.15
HAABE-2 70.33 61.83 26.75 2097 | 135.64 9.87 0.28
Sz 4dst-1 | 4740 49.50 19.61 15.38 9413 7.71 0.17
Sz 4dst-2 | 69.20 68.53 30.14 18.33 99.01 8.66 0.16
S 4dst-3 | 52.26 55.61 22.17 17.12 97.77 8.39 0.17
S 4dst-4 | 4912 48.43 19.83 14.19 9201 7.34 0.15
EN 18.09 20.03 593 9.19 54.63 5.98 0.12
x| CH 70.33 76.82 33.47 59.04 | 164.28 | 1131 0.35
M 50.85 55.82 22.30 2317 | 111.25 8.93 0.20
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Appendix 14. continue

Pb H g 208Pb /206Pb 207Pb /ZOGPb

Sites

mg/kg

HARIOR-1 | 18.86 | 0.055| 2.0953 0.8469
EARIOL-2 | 3580 | 0.085 | 2.0960 0.8502
EARIOL-3 | 2428 | 0.023 | 2.0931 0.8481
BHAOE-4 | 2781 | 0.052 | 2.0955 0.8473
EAOIOH-5 | 2827 | 0042 |  2.0961 0.8457
EAGIO-6 | 29.50 | 0.039 | 2.0953 0.8441
HAIOL-7 | 3368 | 0.083 | 2.0932 0.8480
EAROIOL-8 | 2839 | 0.055| 2.0982 0.8490
EAOL-9 | 3134 | 0.050 | 2.1004 0.8493
2AOR-10 | 37.35 | 0.067 | 2.0973 0.8493
SARGIOR-11 | 30.30 | 0.043 |  2.0978 0.8471
SAOR-12 | 37.21 | 0.054 |  2.0985 0.8507
SAIOH-13 | 2417 | 0.018 | 2.0930 0.8493
EAAMSET | 2697 | 0.022| 2.0951 0.8434
EAAMSE-2 | 3754 | 0.028 | 2.0968 0.8461
L= Zbst-1 | 26.30 | 0031 |  2.1017 0.8467
L= Z4sp-2 | 27.57 | 0.039 | 2.0980 0.8460
L= ZksE1-3 | 27.69 | 0.043 | 2.0983 0.8455
L= 2bst-4 | 25.88 | 0.035 |  2.0989 0.8467
EAJ S 18.86 | 0.018 | 2.0930 0.8434
%|CH 37.54 | 0.085| 21017 0.8507
3 29.42 | 0.045 | 2.0968 0.8473




Appendix 14. continue

Sites Li Cr Ni Cu Zn As Cd
mg/kg
siotot-1 85.32 65.26 28.83 27.80 123.10 8.37 0.46
sqotor-2 78.73 57.98 26.57 65.50 216.33 9.48 1.18
sioknf-3 57.24 43.54 19.52 76.84 306.72 9.05 1.19
siornt-4 76.93 41.22 19.81 40.97 172.73 8.59 0.66
OpAbOE-1 67.83 66.82 25.18 69.82 293.66 10.85 1.07
OpAOE-2 97.60 69.63 32.18 40.95 188.02 10.80 0.80
OpAHRE-3 88.66 60.01 27.70 49.20 196.67 10.85 0.75
OFAFOE-4 82.11 6141 26.71 47.16 183.81 942 0.82
OfAFRE-5 82.75 66.45 30.76 48.90 188.92 8.32 0.93
OfAHOE-6 75.38 66.30 30.21 2549 122.86 7.78 0.25
apAOE-7 78.10 63.81 28.68 2198 110.93 7.89 0.17
OfAHOE-8 76.84 64.47 29.90 3271 142.78 147 0.47
OpAr3E-9 95.59 80.46 36.07 16.62 104.86 7.59 0.22
opAtEE-10 | 72.61 55.32 2410 81.22 285.74 11.00 1.16
opAtEE-11 | 66.51 65.13 24.96 88.68 338.13 1142 1.40
OpAtEE-12 | 68.08 62.40 23.88 98.21 328.69 13.87 1.39
OpAtEE-13 | 46.67 53.81 21.83 56.79 256.16 10.37 0.84
OpAtEt-14 | 51.37 59.38 23.57 75.55 310.89 11.40 1.07
OpAtEE-15 | 58.61 66.03 2373 68.36 295.08 10.42 1.16
Aset-1 68.21 60.07 26.94 19.34 105.05 8.34 0.14
XIS 8t-2 80.67 67.64 30.89 37.45 156.73 7.87 0.52
XS 8t-3 98.57 53.69 28.46 56.43 123.86 12.52 0.44
XIS 8t-5 94.39 44.35 19.85 30.08 106.23 11.41 0.31
s 2t-6 | 102.37 51.73 24.32 99.62 179.87 11.37 0.53
Xset-8 92.79 65.82 32.65 26.08 128.63 8.16 0.36
EN 46.67 41.22 19.52 16.62 104.86 747 0.14
x| CH 102.37 80.46 36.07 99.62 338.13 13.87 1.40
M 77.76 60.51 26.69 52.07 198.66 9.79 0.73




Appendix 14. continue

Pb Hg 208Pb /206Pb 207Pb /206Pb
Sites
mg/kg

sjorot-1 | 3380 | 0.062 2.0964 0.8469
sHorot-2 | 4466 | 0.109 2.0938 0.8506
siorot-3 | 5949 | 0.119 2.0968 0.8537
siorot-4 | 60.64 | 0.084 2.0928 0.8505
OpAMEE-1 | 64.23 | 0.103 2.0971 0.8530
OpAMEE-2 | 44.64 | 0.190 2.0980 0.8519
OpAtDE-3 | 5492 | 0.122 2.1035 0.8594
OpAFEE-4 | 4363 | 0.065 2.0946 0.8505
OpAtOE-5 | 3885 | 0.105 2.0989 0.8514
OpAMEE-6 | 31.20 | 0.048 2.0978 0.8469
OpAFEE-7 | 29.80 | 0.041 2.0977 0.8459
OpAbEE-8 | 31.31 | 0.073 2.0979 0.8483
OpAtEE-9 | 2300 | 0.018 2.0943 0.8422
OpAFOE-10 | 5672 | 0.127 2.0970 0.8532
OpAFDE-11 | 6273 | 0.148 2.0969 0.8537
OpARDE-12 | 63.32 0.233 2.0975 0.8543
OpAMEE-13 | 61.02 | 0.089 2.0963 0.8528
OpAtOE-14 | 63.88 | 0.116 2.0973 0.8536
OpAtOE-15 | 57.38 | 0.098 2.0964 0.8532
ZIs|ot-1 | 29.04 | 0.038 2.0977 0.8464
XIs|ot-2 | 3528 | 0.098 2.0982 0.8485
XIs|or-3 | 2821 | 0.065 2.0969 0.8496
XIS|TE-5 | 2944 | 0.049 2.0986 0.8504
XIs|o-6 | 2848 | 0.059 2.0981 0.8507
XIs{ok-8 | 3353 | 0.053 2.0975 0.8473

ESES 23.00 | 0018 2.0928 0.8422

%| | 64.23 | 0.233 2.1035 0.8594

oI 4437 | 0.093 2.0971 0.8506
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Appendix 14. continue

Li Cr Ni Cu Zn As Cd
Sites
mg/kg

Zrefot-1 87.92 67.14 30.17 2213 144.49 8.76 0.19
202 80.66 58.59 24.99 17.68 100.44 10.25 0.15
ZHerot-3 63.01 50.52 21.82 16.24 94.46 6.91 0.12
4eknt-4 55.69 45.50 18.37 10.85 66.13 6.53 0.09
Z4eknt-5 38.76 33.46 13.69 8.16 48.34 4.58 0.07
4ekot-6 55.36 42.74 16.43 10.45 69.29 5.76 0.10
2Qkot-7 20.16 26.08 6.12 2.86 2591 5.92 0.06
2QFOt-8 55.10 45.17 19.60 13.82 80.51 6.07 0.10
ZHefaor-9 81.85 65.79 29.85 2142 117.59 7.91 0.15
2010 | 42.62 35.32 15.06 12.24 72.26 5.52 0.09
2nk-11 | 8279 66.51 29.37 22.33 122,71 7.98 0.15
k12 | 58.63 49.36 2144 16.56 82.32 6.31 0.14

ENES 20.16 26.08 6.12 2.86 2591 4.58 0.06

x| CH 87.92 67.14 30.17 22.33 144.49 10.25 0.19

g9 60.21 48.85 20.58 14.56 85.37 6.88 0.12
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Appendix 14. continue

Pb Hg 208Pb/206pb 207Pb/206Pb
Sites
mg/kg

2Qfat-1 | 28.97 0.041 21011 0.8472
2Qkot-2 | 28.08 0.036 2.1045 0.8437
2Qf0t-3 | 2354 0.030 2.1002 0.8454
2eFot-4 | 23.20 0.019 2.1117 0.8352
25 | 2221 0.015 2.1238 0.8479
2eFot-6 | 2541 0.016 2.1130 0.8371
2QfFat-7 | 26.17 0.010 2.2434 0.7228
24Qk0t-8 | 24.65 0.020 2.1049 0.8454
Qa9 | 28.28 0.036 2.0984 0.8457
2ekot-10 | 18.37 0.027 2.1047 0.8485
2QF0t-11 | 28.82 0.033 2.0974 0.8444
2QFat-12 | 2492 0.021 2.0983 0.8433

ENES 18.37 0.010 2.0974 0.7228

x| CH 28.97 0.041 2.2434 0.8485

o 25.22 0.025 2.1168 0.8339
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Appendix 14. continue

Li Cr Ni Cu Zn As Ccd
Sites
mg/kg

QI™MARH-1 | 3295 48.26 16.97 8.17 50.99 494 0.07
QUEACH-2 | 3248 43.49 17.05 10.42 54.33 5.76 0.10
QEAC-3 | 24.94 37.78 14.47 8.13 45.57 6.34 0.07
QI Hot-4 6.36 8.45 3.15 193 13.01 2.39 0.02
QI™MAQCL-5 | 17.48 27.08 9.66 4.96 30.83 4.80 0.05
QIMAQCH-6 | 52.84 66.69 27.19 18.38 81.09 8.37 0.13
QI™MACH-7 | 27.13 39.78 15.51 12.22 48.66 541 0.09
QUEHACH-8 | 56.97 76.36 30.77 26.82 94.57 9.23 0.16
QEACH-9 | 3274 45.80 17.67 10.56 52.89 6.31 0.08
CIMAQH-10 | 46.44 60.89 24.07 15.92 73.15 7.73 0.12
QIMAQCH-11 | 23.14 33.68 12.37 5.59 36.79 4.82 0.06
QIMAQCH-12 | 42.79 57.00 2151 13.09 63.12 7.51 0.10
OlMAHOr-13 | 17.23 24.20 9.22 452 29.13 434 0.05
QI™MACH-14 | 3599 43.14 18.05 11.44 51.89 8.24 0.07
QUEARH-15 | 35.30 48.35 18.66 11.93 54.21 8.88 0.09
CIMAOL-16 | 26.03 37.60 1412 7.84 4445 543 0.07
CIMAOCL-17 | 24.65 39.08 13.74 6.80 40.46 491 0.06
I™MAQH-18 | 11.39 15.66 6.00 2.00 17.01 3.92 0.03
ANzts-1 35.80 53.11 2047 14.22 64.47 6.67 0.12
A3ts-2 29.21 91.90 3446 | 115.01 | 254.90 8.73 1.07
Azts-3 20.46 37.23 12.28 6.82 41.22 474 0.07
A2tz -4 3559 | 10131 | 37.22 | 110.29 | 24991 | 11.66 0.97
ABtZ-5 33.79 76.89 25.74 82.67 | 162.52 7.00 0.38
A2tz -6 36.96 56.70 21.72 23.80 78.25 7.15 0.21
EN 6.36 8.45 3.15 193 13.01 2.39 0.02
x| CH 56.97 | 10131 | 37.22 | 115.01 | 25490 | 11.66 1.07
g 30.78 48.77 18.42 22.23 72.23 6.47 0.18




Appendix 14. continue

Pb H g 208Pb /206Pb 207Pb /ZOGPb
Sites
mg/kg

OIMQdor-1 | 18.71 | 0.011 2.1320 0.8491
OIMOL-2 | 2446 | 0.019 2.1466 0.8569
OIFMQIOr-3 | 2497 | 0.011 2.1518 0.8595
Ol Iot-4 | 2403 | 0.002 2.1723 0.8764
QI OL-5 | 2572 | 0.010 2.1578 0.8566
OIXMot-6 | 2645 | 0.032 2.1200 0.8500
OIMQOL-7 | 2272 | 0.015 2.1510 0.8542
QI HOL-8 | 28.75 | 0.036 2.1214 0.8501
QIHMAHCH-9 | 2259 | 0.020 2.1418 0.8482
Ol dot-10 | 24.88 | 0.030 2.1231 0.8485
OIFMOr-11 | 20.90 | 0.010 2.1441 0.8560
OIMdor-12 | 23.46 | 0.024 2.1247 0.8502
QI or-13 | 23.15 | 0.009 2.1449 0.8481
OIMot-14 | 2564 | 0.025 2.1404 0.8556
QI AO-15 | 29.26 | 0.022 2.1968 0.8127
OIM¢dot-16 | 21.83 | 0.010 2.1481 0.8568
Ol ot-17 | 20.80 | 0.012 2.1437 0.8509
Ol or-18 | 21.37 | 0.002 2.1568 0.8670
A3tS-1 23.14 | 0.021 2.1292 0.8464
A3tS-2 45.06 | 0.065 2.1481 0.8581
A3t=-3 19.62 | 0.009 2.1467 0.8492
A3tZS-4 43.34 | 0.053 2.1456 0.8594
A|Bt=-5 3431 | 0.074 2.1394 0.8611
A3tZ-6 26.74 | 0.028 2.1310 0.8554
XA 18.71 | 0.002 2.1200 0.8127
] 45.06 | 0.074 2.1968 0.8764
g 2591 | 0.023 2.1441 0.8532

— 149 —









