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Fig. 1 The historical atmospheric mixing ratios of CFCs
and SF; in Northern Hemisphere air. Data was
obtained from USGS The Reston Groundwater
Dating Laboratory: http://water.usgs.gov/lab/
(accessed on 10™ May, 2016).
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Table 1  Advantage and limitation of SFg tracer method
for water age dating.
Advantage

Wide dating range at 2016: 1-45 years

High time resolution on age dating: 1 year resolution
Uncomplicated sampling and analyzing procedure
Continuous availability for young water dating
No-toxic property

Ideally-conservative characteristics in environment
Little microbial degradation and sorption

Low natural backgraound: less than 0.04 pptv

Limitation

Regional anthropogenic source
Regional natural source
Significant error due to excess air
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Fig. 2 Comparison of SFg mixing ratio record in
Northern Hemisphere air (NH-air) and air in
Japan (Okinawa: Hateruma, Hokkaido: Ochiishi,
and Ibaraki: Tsukuba). Data in Tsukuba
was observed by authors. Other data was
obtained from USGS The Reston Groundwater
Dating Laboratory: http://water.usgs.gov/lab/
(accessed on 10" May, 2016) and NIES Global
Environmental Database: http://db.cger.nies.
go.jp/portal/geds/atmosphericAndOceanicMonit
oring/ (accessed on 25" March, 2016).
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Fig. 3 Lag time for water recharged through tracer-
diffusion profile in unsaturated-zone air with
different depth to the water table from land
surface. (Busenberg and Plummer, 2000)
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Fig. 4 Relationship between the excess air quantity
and correction factor applied to SF; and CFC-12
concentrations data in a water sample. (Gooddy
et al., 2006)
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Right: Apparatus developed by authors.
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Fig. 6 SFg chromatogram on the analytical system developed by authors.



mol) TEHELZYEE, bpptv A% ¥ — %05
cc (0.1 fmol) &1.0cc (0.2 fmol) TEZE L 72
BOMGR LR REZ R L T Do BIFZA#ED K
UAEEN R TR S, &) biF, 50pptv A ¥
57— F%05 cc TER LG EOLERE (i
W7 / BATFEE) 13, 15% TH o720 KW DL
AR EUL, 16D ) K L HTIC L - T, 29%
TdH o720 104E A O IEH 12 H 7K O i B
(EA My 7u0—#E/)FHEEL LD T 554,

Iz, EEEEIOC, WERESIOm &35 L&,

2.9% DZSERELA SR REIHE 2 12 ST T RS,

20THETH D, Thbb, LHEFEZIE HY
B 1 AF 0 % i LIS 2 0TS HECTH %6

T/, REEBEBOSFERBERATHDLN, AF v
¥ — KHA5pptv # H\, 05cc DERE * H
W72k %, 0.1 fmol TH %, 400 mL D7k 2 50.1
fmol 28 & S, HAEREIOC, BWEESL00 m
AT HE, HEEER Y70 —4ERIZ19784E
Thb, oTC, EAMr7ua—%IREL K,

1.2
 c000000000%0000,000"°
—_ 1.0 fmol
o 08}
£
= 5
E?OA - ol 0.1 fmol
-%%AT%AAAAQAAAAAAAAAA
00060060%%04%0040400000
0.0 L 1 1 1
0 5 10 15 20
Run

Fig. 7 Repeated (20 times) SF; analysis results
showing the apparatus accuracy developed by
authors.
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DR T E /2720, FEREOMHIRFIL IR E
THDHN, REBEBIZIEOpptv DAY V5 — &
0.5 cc DEBFEEDMAEDLED, MELIEAT
XL HIREESFAY v ¥ — RThHHDT, %
=[R5130.1 fmol & LT\ 5%,

6. BERAEMLFIRER

ARETIE, HTKEGEHEEMAEZICSF L —
=2 S N7 WESE Bl & f3 /-3 %o Table 2
12, REMLZEBRET T LD,

20004 AR IZ K El 2 s & L, SFyZ H 7z H
TR R HEENIL L ATb vz Bl 21,
Busenberg and Plummer (2000) Ti&, kKEHD
HFK (30004 > FIVELE) Exfg & L, Sk
FErxEm LR ETREL b, KE - TA 5
FMOEREEBES L KIWKEE» S 7% 5 A R —
ZINFRERKERS, —a—2AF aM)+ 75
T OACE A G 7)) 7 v O T K
2BV, K& SFeFEEFREORBEICL H
72 % SFaEES R S 7z RLBICIE IG5
HE L NBNEEIC X 5 SFAIAE 212 v,
2070, EBEEOMBERMEFEREOERIC
KRELHEBINHT KD SFiEEEZ/RL TV
CENRWEENTS, T2, KB AU—=F U F
INT < = NEBIZBUT L2 5 7 5 AL
7K HL T K2 SF % I W 72 1 B8 B [T 5 322 % o8
L7zo CFCs & W72 5BATRI%E 7 — & (HEE
Brf) LR ERRET L L, BAMrROER
TWVE I EDNMHRENT BHOBETEDOTHER
T&HWwTr 7, TFKREBOBRET B

Table 2 Summary of previous researches regarding water age estimation based on SF; method.

Reference Country State/City/Region  Topography Geology Area Water type Water age Flow model
Asai et al. (2011) Japan Chubu Volcano Andesite <3km? Spring 0-32y PFM
Tsuchihara et al. (2014) Japan Yamagata Landslide region Tuff, Basalt, Mudstone < 2 km? Groundwater 4-16y PFM

Koh et al. (2007) Korea Jeju Volcano Basaltic rock <1850 km®> Groundwater 1-24y PFM
Friedrich et al. (2013) Germany Hesse River valley Crystalline rock <1800 km® Groundwater, Spring  0-16y PFM
Friedrich et al. (2013) Germany Hesse River valley Sand stone <1800 km®> Groundwater, Spring  7-45y PFM
Gooddy et al. (2006) U.K. Boxford Lowland catchment Chalk <1km? Groundwater 16-24y PFM, EM
Busenberg and Plummer (2014) U.S. Virginia Foot of mountain Metabasalt < 800 km? Spring 0-3y PFM
Manning et al. (2012) u.s. California Mountain basin Basalt, Andesite <30 km? Spring 7-57y PFM, BM

Kamtchueng et al. (2015) Cameroon Northwest Volcano

Granitic rocks

<30 km? Spring 1932y PEM

PFM: piston-flow model; EM: exponential model, BM: bimodal model
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Fig. 8 The mean monthly SF piston flow age of springs

around Blue Ridge Mountains, U.S. (Busenberg

and Plummer, 2014)

2]
o

0”
g
1:1.~
K
o

(9]
o
T

H
o
T

SFs PFM age (years)
S &

[y

o
T
|
N

%20 20 30 a0 50 60
CFC-12 PFM age (years)

W5, BEHOMEBHE=51) v 7% %L T»
5 b ) —DODHF321Z Manning et al. (2012) 3%
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Fig. 9 Comparison of CFC-12 and SF; ages. Left: CFC-12 versus SFg piston-flow model (PFM) ages. Right: CFC-
12 versus SF; exponential model (EM) ages. (Manning et al., 2012)
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Fig. 11 Historical atmospheric mixing ratios of
Halon-1301 (CF;Br) and Halocarbons (HCFC-
22 and HFC-134a) in Northern Hemisphere air.
(Haase et al., 2014; Beyer et al., 2015)
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