Mk A58 (Limnological Study) 4: 17-26 (2017)

ain [Review]

BEKIBICHITAOST oD EEBEL L RICEDXEER

E<VEL PN

(2016 & 12 A 14 H=AF, 2017 451 A 16 H= )

Distributions and behaviors of uranium and their controlling processes in limnetic areas
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Abstract

Uranium has the unique characteristic of forming complexes with calcium and carbonate ions, which are
ubiquitous in aquatic environments, and shows good solubility. Additionally, this element is toxic and is used for
nuclear fuel due to its radioactivity. The distributions and behaviors of uranium and their controlling processes in
limnetic areas, such as freshwater lakes, rivers, and saline lakes, were studied in order to understand the element’s
geochemical cycle and obtain knowledge that could help in the estimation of its environmental behavior in the case
of contamination. The results revealed that factors of the chemical environment such as pH and major ion
composition are closely related to the behaviors of uranium in limnetic areas.
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KEIZE T H2METRDS T L BE

BHKPOILHRL, & LTRRIROEA « 1L O
il 72 & N AEWIEENC LV 5 Sh, KN Tolks
By« EWARORIC KV BRE SN D, STHRDFIERSTE

MBI, 29 LICREEN OB 2 SIS L TRLT 5.

N THMEITRE (—IZ, FEEMS 1 mg L RO
REERIND; HARREIKT S, 2006) 1%, = DFEED
DIz, KEDHDLNITXHR T LIZE o B Dy
fizk AED. Lizdo T, HMEILHE D SAACEE & B
L CEDOXEERNZMRAT 5 Z & T, KIRNSLZE D
T & TV B AEMMERAL I SOE ORI, & HizixwE
MEBRIB LD AR R B L FRE L 22 5.

KBIZEIT57 7 DILENHE

77 (V) IFERFITEL AT 2METHETH D.
Bt OEFREHZ b Wb TR TH Y, Fz
{bFwmE b AT 5. AME~OREIT RICHREDITD
MRE L, ENEBEIC LY B2 lcEEL RIET 2
EWNHIBILTUW S (Zamoraetal., 1998; Kurttio et al., 2002) .
D7, BB IE K O R B L HEE N E NS T
HHENTHEY, & XA REEE (World Health
Organization, WHO) Ti% 126 nmol L (30 pg Lt; WHO,
2011) , HATIXEEE TIEdH 228 8.4nmol Lt (2.0 ugL-
LOBREEA, 2004) MR SN TWD . BAAKIZEIT AU D
B, R IIEEE b IR EE SN H1ED, 7T
VLA OB - AR - JRHE (72 & 21F, Wang et al., 2004;
Foxetal., 2006) <>V > i1 % ik & 9~ D IE8E (72 & 21,
Zielinski et al., 2000) 72 SIZHEETH. T H LIoiHis
ERFDZEF T RO R B OB D, U 23KENZ RN
TED LI BETERL, TANED L D BRBERIZ AL
ENTVWBEDPERLNNITAHZ LITEETHS.

U i3 E 7, KEZBWTOREERLFRIEE 2R3, f
MECERLRI 7RI TIE, [REBA A2 (COs%) 7ebNTH
N T hAFY (Ca¥) LNV T A—DT =)L — KR
B4 (CaUO2(COs)s?, Ca2U0,(COs):%(aq)) % Tk L CT&E
WZBTET 5 (72 & 21%, Dongetal., 2005) . #EEER/ XA 7
TV TR - ShIE T I — 8k 72 oA 2 7~ A% (Kuetal.,
1977; Falkner et al., 1991; Delanghe et al., 2002) , Z#ifZ
OWEHIZLVBREZIZEAEZTRVWEDEZZ BN
L. ZOEIIKPITRIET DA A v & SR % Ak
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L CREICEGFT 5 uH#IE, U OARTH L. —F, Brm
ZREREL T TR, +6 iy H+4 fli~ L E T S, EAHA~BAT
5. PR O MEFASR/KI TIL, HERAN T U O
LA Z D, K DOWEFRE U UM NI~ S N D
72, AR U REOIK 2B &5 (Anderson etal.,
1989; Klinkhammer and Palmer, 1991; Elbaz-Poulichet et al.,
1997) . I 1 ICi, MK OELR R tRREE b L1
B L7z U @ pH-BX%Z/R L. ZORIL, % pH
& Eh (FEEARFEmL B oL L L2IGG oRbiECE
) DEEITH-EHEELD UDLFHEER LIS
DTHDHN, LIl Uiz U OFERI R A 5 IS
ZENTED.
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U02(CO3)°(aq)

0.8

04 7
> Ca:U0,(C03)3°(aq) |
g

0.0
0.4

U(OH)s

08 R E T

0 2 4 6 8 10 12 14

pH

1Kk TO Y Z 0 pH-EN K. KT O 72
LRI (K 5, 2005; [U] = 1.4 x 108 mol L, [C] =2.3 x
103 mol L%, [Ca]l =1.1x102mol L) % & & (& #H{EX. Eh:
FEHEK BB E B u W L LoG6 om{biEcErr. b
HRAAR: K LR (10°Pa) OFR{LIE T - 2 £ 3 HAR, Eh
= 1.23—0.059pH. FEBfk#R: 7k &7k (10° Pa) Dfg{kizE
JCEAT A 264 E AR, Eh=0.00—0.059pH. JK A58 [E Ao
{bFFRAMESS & 72 2 58I (aq): KESPE. (cr): HEdn.

Fig. 1. pH-Eh diagram of uranium in seawater. This graph was
drawn by the author using elemental concentrations in seawater
(Fujinaga et al., 2005; [U] = 1.4 x 108 mol L%, [C] = 2.3 x 10
mol L, [Ca] = 1.1 x 102mol LY). Eh: redox potential relative
to the standard hydrogen electrode. Upper dashed line: redox
equilibrium between water and oxygen (10° Pa), Eh = 1.23—
0.059pH. Lower dashed line: redox equilibrium between water
and hydrogen (10° Pa), Eh = 0.00—0.059pH. Gray region: the
pH-Eh region in which solid species are predominant. (aq):
aqueous. (cr): crystalline.



BRI 1T D T T v D4 L EiE

EKBETDY T OHEEM

FEAIRIC I T D U OB BT 2501, BRE R
EACN RN DEITCHIKIBE R G L L b OBnZ W (-
L z21Z, Elbaz-Poulichet et al., 1997; Chappaz et al., 2010) .
I LRI T OMFIRIE, pH RSB EFEOPRE - M &
W o 7L BR IR S K IRN TIZIE R — T h 2 BRI 722
IS TEY (72 & 21%, Falkneretal., 1991) , 1k
Y BR 15 0D IE 22 [ B 28 ) S0 A Ik TG 22 A% 2 D 43 A O T HE
WCH-Z2 DR BT AR RRZ . iR BY, U T
KENZEET D Ca?ta b NT CO% & HEREER & TEAL
LCHRTETHM—DTETHL. LEERn-T, &
7RKIKT U O L EIREAFRAA L, ARIROREE (Rl
Ca?* - COZRE) 5 FEARDOLZEOEE AT 5
L ¢, KETO U OZFEFCHER(LFEREER 2 il 5 &
FUCOWTHEERNRE D L HIFF S LD . E72, BEAKIEAK
BIAKSLEE - BEAKR EICHV B, ARIEEIZERE
BN EERIZL ) 5700, bFEHEEEET 5 UL
T2 LEEMAERD Z EIIRE(LFOBANLLE
HATh2s.

AT, U B2 o 2 n 3 E A o
AKigET Y B, 22 TOFRIEREED U DILFRIRIC
EOXHZHEETHh, FOH0MAEEE ED L 91K
Bl LTV A 0EERD - KRICELET 5.

BEKIRIZETHVS DT EFE

BEBNIBT507 VEREDOREHEE

FEik L7z £ 918, bR ERIBICE TS U @
DAIEERE S Y —TH D (X 2(a), (b); Kuetal., 1977;
Falkneretal., 1991; Delanghe etal., 2002) . L2>L, RIU<

Fe by 72 C b 2 EEEWITIX, KB OBFERENEE
DB EE 2L 702 TRESRER] OSMBEZIHE
& Twd (K2 (c); Takaku et al., 2003; $7t 5, 2004;
$H,2011) . EEEHITIE, MO REEZ RV TERE O
WHEMBBENERIEBT 5 Z L1300 T, gk~
UDEBEITREIZE R SERAKP TOREWRD

(Anderson et al., 1989; Klinkhammer and Palmer, 1991,
Elbaz-Poulichetetal., 1997) N2 D XL 5 23 HADOFRIKTH
D EFEB 2V, DT, BIEE U RERMhOmBET
KK LT D0 A TR T EZ A ONCT 5700,
BB WT 2 FFMICh 282 £/ L, #DOiREE
B & BBF L7= (Mochizuki et al., 2016) .

FEEEWILH OB S (i 35 B 13 4, HRE 136 /£
0043: KER73m) IZBIFHEE (GREOmM) |, g (40
m , %@ (70m) @ UREORMEZSZ, K 3I1RT
KBO U R, ENLEICHT THINL, b &ic
PTTHADT D &0 AR EEHEB LR Lz, —7,
HECRE O U RBEIIED GEREKIC )T Th 2 Il
L, AF KRB LIZEFERCEE WML UMbz &
o, BFCBR S REEREROS (B 2 (c)
i, REOURERENSEIZNT THIIMLIZZ &ick
LD THDENZD.

FNTIE, TOXRBICBTHUREOEBTIED LS
B TAETDLIOTHA D . EBEMALIZEA T 51
JNOFEEANE ) U JBEEIE 184 pmol LT TH Y, LZFD
FEEBOWEE (65~94pmol L) XY @& (Mochizukietal.,
2016) . L7 > C, KD EE LT b ZETiTw
HSRD U RREOHTHWA L TEDORENEINL, £E
KBBENE N T AIA T AT R ORI L
TURENEDTD, LWOIRRANTDHZENTED

Dissolved U (pmol L)
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2. BALHKIBAC B DIRAFRE D T 0 OERESMN. () WEE (1968 45 H; Ku et al,, 1977) , (b) ~31 /L4l (1988
7 A; Falkner etal., 1991) , (c) EEEH (201048 H; 2 H,2011) .

Fig. 2. Vertical distributions of dissolved uranium in oxygenated basins. (a) The ocean (May 1968; Ku et al., 1977), (b) Lake
Baikal (July 1988; Falkner et al., 1991), and (c) Lake Biwa (August 2010; Mochizuki, 2011).
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Fig. 3. Seasonal variation in dissolved uranium concentration
in Lake Biwa (Mochizuki et al., 2016).

Z 2T, AT OIKINE L RAIK GRIJIK - fiAK7e &) @
UIREEZ AW CEEMILNCR T 5 U EIEET v
ARG L, WAMR 60 U OFA L REOEBEN U
WEICE 2 DB % R LT (Model A &%) . LaL,
AR T X DI, B Sz U R E LB (measured)
L0 HIELS, ZOFET A TIHEBROBELBZHH T
TV U OFEA L RFOEBEIT, RELEHOE
B A= AL TIT e &t T bt s.

WIZ, UIREE & pH OFHIZBIOFLIMEICER Lz, &
JEOpH b, AZFITIXTRIZR TH D0, EMIEB ORI
FVEIEZMHTTORiIEETLERL, Zo=EBIZE LN
AFIIIHO T HIRIE T 5. 295 L7z pH O &K,
HAKFD UREIZEEL 5 TWDHRERDD. 2
T, BNERICL Y 202 & ERGE LT, KEIZIK &
HeRW & AN, bR B A IRE LR & TR bR
WAL HBNEEEASERBEREIAALT, HAKD pH
 EFSH, 20/E, K5ITRd L1, Wikbou
BEEE pH IZFEST 2 K9 EB Lz, WiKiZA AL,
SRl (7T MY U L) BINR, EIoRESE . —
EAKRTICENTWS DT, ZORELEIAEMFH
AIRZALTIEZ2 <, pH 2 KIZ & b 72Tk & Hifd & o
M CA U7 b FROSICER T 5. U TR kg7 v
T A BRI 72 E ORI TR AE SN DN, RN D
T VD pH SER TIIREEMPA & 2R o TohiF &
DOFENRBOBELZENEOE Y (Vv T h—) UTF
= — IRFBSER ORI L 0 2 OWAEENBDT 5 (2
L 21X, A5, 1967; Hsi and Langmuir, 1985; Fox et al.,
2006) . S RIEHE Y 7 b MINEQL+ (ver. 4.6; Schecher
and McAvoy, 2007) %5 & U* Dong and Brooks (2006) D#A
TFENESE AW TEREBIKF O U OfbFfEHIE %5
B4 5L, pHT~10 ICblmoTRAAF L THD
CaUO2(CO3)s2 DENE N H - & by (Mochizuki et al.,
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Fig. 4. Comparison of mass balance model of uranium and its
measured concentrations in Lake Biwa (Mochizuki et al.,
2016). The descriptions of Model A and Model B are shown
in the text.
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Fig. 5. Changes in (a) pH and (b) dissolved uranium
concentration during the laboratory experiment using water
and sediments from Lake Biwa (Mochizuki et al., 2016).

10 14

2016) . Z D72, pH EF & & IR T L OFREN
SRR ED, U BDIHAKICBIT LI EXbND. Eiz,
pH EFIZ & 720y COZRENEML, v v bh—1
T =V — IREESER O RMEE S - EEME L 5. LA
FDOAB=ALNZEY, BFED pH EFIZE 7o TH
JEAK & BT BHEREM NS U SBLEE L, T OB L
EEZLND.

T 5 LI RHER ) 2 & O W3S & BRI AL U
OB FZET VEMHEL LT (Model B & 32) . E0»DH
WIS 2T T U DR SRR G IREE L, ZDOB%&ITH



FEARIRIZ IS 2 7 T > D434 & BhfE

TCWRETDHE LSS, K 4 IR T 8918, EEOR
EEES BB RARETE . ZOBOBBEERE & W&
AT, 2011 £ TIXENER 250 x 104 6.00 x 103 pmol
m2d?, 2012 £ CTIEZE N FH 4.80 x 104 1.10 x 10* pmol m-
20 L AML O, TNDIXENEROMERE (X5) b
b ST MEE (4% 1.86 x 104, 2.76 x 10% pmol m2 d1)
tBBbh—#HLE UbkoZ tnn, Edo X Hic,
IBFRHERI T 2 U OWGE=RDNHIK D pH I U T
b4 22 & T, REOEFEUIRENEHED 2RI &
fEmmfri b s.

AFGANIZHETE295 D DEKRLUNIVRE & HHAHE

2011 4F 3 A 11 BIZRA LT-BEFH R IR EHO
F T, Z2EOBSHEDE BN FEFAMHBIC K S .
U2 L 275 3R S R OFIRAKHIZIE R A TRk
WE SN TV A (Sakaguchietal., 2012) , ERAVIZIZIR
KO F W e ST X o THKDOIBEYAE U 5 aTHENE H 48
EIND. TOEHIRGEONNy I 7Ty RTr—2 L
T D 72O, FJIKFD BIR L~ U R O IR T BRER
DETH D, 22T, REFHLANCEIS -2 E
194 I DFRIK R O U REAER L, ARF)IK D
HARL~L UBELZHLNI L (A - #£10,2012) .
JEATIFZE (7= & 24X, #A - (L, 1998; Uchida et al., 2006)
DA G723 B B 7 ORI EERIN DO AT R 54
2200, ZZTCIHEARSEOZEON) I Exig L L
7o Fiz, U RBE SIKERELH#E 7 & & DR
B, AT D U D434 LECERIZ DWW T S AR

Siteam L7z,

AFRIF A O U JREE 1 0.002 ~ 6.3 nmol L O#iPHIC
KO, BEHEHMEIEL 0.17 nmol LY Toh o 72, U JEEEA B
5% T & o 72 D KREBAFIZ DN T, F DKL
EEEADRSHA LTS ZENAADEBIEAR S,
FIHEO UBENE N & N HER LXK (535, 2004)
DOREGR SN T, fEREFO—i%7 U JBFEIE 9.2 ~ 63
nmol gt T, o KA LHERTS IZ -~ TEvy (Rogers
and Adams, 1969) DT, FDE(KIZ X 0 ]Ik oo E
bE b EBEZLND.

MHES RO RHI EBSEINCB T 2REXZNE
42,63nmol LT THY, ZIHIZKNTEVEE T
AT (ERE, 2.0nmol L) & T HEFRMISE D -
7z. LU, R ITTERE oS b g, &
BHE X LAUIA KA 723K A (CaCOs & & ®iT
ETVREHERE) N LTS, AIKE T O— k72
U B 1X 1.5~9.9 nmol g* THERE & WK< (Rogers and
Adams, 1969) , E 7RIS P OMEITIMER 2. S HIT,
HIERALZZX (45 H 5, 2004) 12X 2 HIZRO U RE b o
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His & D SRV, Lo Z Enh, BRI
ENOMHE & 13875 U IAEERTFEET 22 &0
REEND.

DT L EZT, 2012 0D 2015 FITHT THRE
OIFINCF T B RN - EaAMRFHEEIT o7, T O
B, B 12 N5 UREIX 075~ 15 nmol
LT ToH Y, Ll &R T 12 f1)1loofE (0.008 ~
1.3nmolLY) L0 bEhot=. ZoHbh, EHif)I (45~10
nmol L) & #45)11 (9.8~ 15nmol LY) o U AT HA
DK IERETH S5 8.4nmol LT (2.0 pg LY BREE,
2004) Z i L TWD Z L AVHB] L7z, #EKF @ UICH t
AR A > L BE & I TR (DR, Tk E)
RO U REZ RO D, WIIKFORED 19%FEEI1C
WET, TOFLHGIFINIIVWZI ERHLNER -T2

(Mochizuki et al., 2015) .

TR FE S OW I T, UIREDIENC S CallRfE & T
A Y =F 4 — ([HCOs] + 2[COs?] + [OH]—[H]) »{&
Motz WEIFENFN 088 ~35 mmol L1, 20~7.1
meq Lt OFPHZ & 0, WERER A B E 72 WARFE O
EHME (ZHFH 0.22 mol LT, 0.51 meq L% /NHk, 1961)
L0 BIEAEMNITEV. 72, pH b 8 HiZICH D, AFT
JNOHEELL 23 6.9~7.2 DFEFAIZH D Z & (/HE, 1961)
NHTHERITVENE VWD, TN DI, RSy
i3 DIBKFA DS CaCO3 & &I E Fr, THBRRT D Z
FICERT S, 22T, 2O LTeAK—EAKGNILD U
DHAEIZHONWTHREET 5720, BENOEBR Lz a6 % A
W 3 FHEOENEREI T, £, OM/KICIKE
Nz, BAMEE L. LML, WiETo Ca i, 7
NHY =T 40—, UBEIZZNZ 0.6 mmol L7, 1.1 meq
LY, 2.8 nmol L2z & EF 0, K OEIZ T & IiX 7 H
Sz WIZ, QIRIKAE 22 72K —FIbRET A L
72X % 1 AR & AR, F D% KRR E PHRRBIC S W 7=,
T, CaCOs WD UGRIC L VIEfRTH Z Lich &
SNTN5,

CaCOs + H20 + CO2(g) = Ca?* + 2HCO3z (1)
ZORER, K61 T X DI, pH, CalltfE, TAB ) =T
S —DNEOWIEFREOEETLERL, £/ UREIC
DOWTHHNIKFOREN BB SN, EED
KBTI, ZBbRFIEERCORHMME DG E (5
K- HA, 1993; 5, 2001) RPREAKIC L Y RS
CaCOs BT D LEZbND. 1212 L, EEEOWJIK
HOE & IR % & EBRBIRE S OEIRO pH X< 72 o
TEY, FLBLRFESETEL Lo TND ETHE
b, 29 LIZEWREAND OTLREHICHEL 5 2



ESVENUN

TV AR & 5.

T, K EER EDRKNE LY IEMIZHERT S
728, @ B{LRFE L EROWGAIIZ LY AIKE & VRfiF
S (ZOBEF O U RBEIFINCHETHSEY)
A1 T2 IRIZIRIR G 2 N2 THRFE L7z, £ ORER,
TITRT L 91T, TRIKEE A T2 ERICEIR PO U R
NaLR Lz, Eiz, EEWOSGEG L REROE) FHE
i (Dong and Brooks, 2006; Schecher and McAvoy, 2007)
IZE D U DBFLFERGE3HET D &, Bl
TIE CaU02(COs)%(agq) 234 70%, CaUO2(COz)s? 25 £
30%7% 587 (Mochizuki et al., 2015) . LL EOfER L0,
CaCOs DIEFFIZ L D AE U T2 Ca¥* & COLMRKAT D U

T
e

0

10

9

pH

Ca (mmol L?)

1 2 3 4 5

Alkalinity (meq L)

U (nmol L)

CYRTEREMEDE NN T L — 7 5 =)L — [REREE K
AL CRIRICIEH L, 207D EWIATFRE U R
BRLIZEBERLND. BEGETO U REORIER R

(9.8~13nmol gt) I1XfEREHA (9.2~63 nmol g*; Rogers and
Adams, 1969) & b2 L RIFREE T L ARV, Eilo
A= RALO TS WIREFEE TIXEAH O U 231K
W L3 <, MEREIROIIN LD bEiRE L o7z
AREMENR B D, O Z L, WIHERE O ST &
<HIERIEF (45, 2004) ClRMUEOHIFIZI T 5 U
IREMMEN-72Z L L BTN TH LS. 77205, W)l
HERIZ BRI O E A O EUE, - SERE R THE L7270 >
THENERE L7 b DO TH D280, WIKISERAIC

2
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R IAHLEROFER (£H,2016) .
Fig. 6. Results of the experiment of blowing carbon dioxide and air into a mixture of marl and pure water (Mochizuki, 2016).
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BRI 1T D T T v D4 L EiE

WHT 2 UDREIIES Ro7ctEABND.

EBHIIE TV U DREST

A, Hrslsk o PRI oA U BEEE e i T &
HIZRWHATH Y, IERARAKOEFIZ IV H gLt ~ &
B gLt b OEIRE &R, ARy DRI & B AR
W OIWIEDBEINATAET, — R ZRBEARIE TR Z LD
TERVWILEDORBE LM SN D720, £
DOKE, BT EFA AR O P E A% 12 B9 A BF e A3 i
HHITE 7= (72 & 21F, Eugster and Hardie, 1978) . =%
(LZFRE D D REAR S 20 2 S8 O b C I VA i FE R 23 A ke 1Y
IR 28, ZEFIRHE 2 T T2l ~ DR A K B 1L L
UL — BRI (FfRA, BRATRE) RPN ILE
T 5. ZOMFEERRTE UK, AKDEELFE
ARl A SO U C, DREE{LFFE (HCOs, COs?) IZ'& 4+ Ca
e L7 b 0 L @Ca (T8 BRI FFEHE L2 b
DLz "5y &E D (Eugster and Hardie, 1978) . = 9 L7z
KEDOZETHEH TOMEITLFE O - BRI L L 5
2% ETRIN, WE ORI OV TORMRLIIWENE
IR RREDOMIIC L E T 2EEZbND
N, FOLXHRMEITIEL A EITTOR TR, £ 2T,

X FE I EREECEML A R TR TO U ORENA
A - L, WEOBRICOWTHREE L (A b,
2014) .

RO I 1T DA U REZER 1 ITRT.
IRBALFFRICEEH I URENEL, £ 2VHHE
D=L — T S 7z 62.5 pmol LT (14.9
mgLl) W IHEIE, ZNE TRBEAKICIBODTHRESNRT
WHHKHED U REOHTHL- L bENE ST
% (Linhoffetal.,2011) . —J7, HREMRF U L H12m<
Th, REBILFERISEE LTV DO U B 3R
ARV, AR OREIXHEOH CREE TH D
DT, U LR TR SN, BE CikREshTns
EEZBND.

KWk 3 L OWEAK T O U OETFLEREE S %, -
WROES)AIFHE (Dong and Brooks, 2006; Schecher and
McAvoy, 2007) (2L Y RfEdH o7 ZORER, & B b
2 OFE oI F b\ OW T o, i AW JII T
Ca2U02(CO3):%aq), il 7k T UO2A(COs)s* * 7= 1F
MgUO2(CO3)> DEIE Nt - & b Ed> > 7. CaCOs DL
Bri o712k 25 Ca 23 L, U ORFLFREE
DRELELIZEBZBND. FFIT, MgUO2(CO3)s? 73

F 1. L ZOWMmAKL B ONCHEKICRB I 2IEFEY T U 3E (nmol L) .
Table 1. Dissolved U concentrations in saline lakes, their inflowing waters, and the ocean (nmol L-1).

Lake water Inflowing water
Lake Concentration Ref. Concentration Ref. Note
Carbonate species-enriched lakes
Mono 1,350 [2]
2,310 [3]
Van 319* [7] 111 [7] Bendirmahi River
394* [8] 4.29 [7] Anonymous stream
Shaazgai 3,590* [9]
Shar Burdiin 62,500 [10] 360 [10] Anonymous well
Ahryan 154 [11]
Tsagaan 288 [11]
Carbonate species-depleted lakes
Dabuxun 2.32 [4]
Dead Sea 7.23 [5] 244 [5] Jordan River
10.1 [6] 3.49 [6] Jordan River
Ocean 14 [1]

*FJE K DOIEYIME. [1] Ku et al. (1977), [2] Anderson et al. (1982), [3] Simpson et al. (1982), [4] Yui et al. (1998), [5] Gavrieli and
Halicz (2002), [6] Mdller et al. (2007), [7] Yaman et al. (2011), [8] Zorer and Sahan (2011), [9] Isupov et al. (2011), [10] Linhoff

etal. (2011), [11] £ H (2016).

*Average in surface water samples. [1] Ku et al. (1977), [2] Anderson et al. (1982), [3] Simpson et al. (1982), [4] Yui et al. (1998),
[5] Gavrieli and Halicz (2002), [6] M&ller et al. (2007), [7] Yaman et al. (2011), [8] Zorer and Sahan (2011), [9] Isupov et al.

(2011), [10] Linhoff et al. (2011), [11] Mochizuki (2016).
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