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Continuous isotopic Water Sampling Cavity Ring-Down Spectroscopy
(CWS-CRDS) for real-time measurements of water isotopes

*David Kim-Hak'
1. Picarro, Inc.

Stable isotopes of water (d°H, d'20) are unique tracers of many hydrological processes including
evaporation, precipitation, reservoir mixing and residence time. Historically, discrete water samples have
been collected and analyzed via either Isotope Ratio Mass Spectrometry, or more recently laser-based
spectroscopic methods, such as Cavity Ring-Down Spectroscopy (CRDS). However, the analysis of
discrete samples precludes the ability to construct high resolution water isotopes data sets through time
and space. Previously, research groups have developed laboratory-built diffusive samplers for extracting
water vapor from liquid [1,2] and then analyzed that vapor via CRDS instruments, whose continuous flow
design and high frequency measurement interval (< 1 Hz) makes them uniquely suited to real-time, high
throughput measurements. Here we present details of the first commercially-available and
field-deployable Continuous isotopic Water Sampler (CiWS) coupled to a Picarro L2130-/ for isotopic
water analysis. The CiWS device utilizes an expanded polytetrafluouroethylene (ePTFE) membrane to
extract water vapor into a dry air stream. The resultant water vapor is analyzed by a Picarro L2130-i for d?
H and d'®0. An automated software program provides user-specified time-averaged data and switches
between four ports to enable easy calibration. Tight temperature and flow rate control regulates
fractionation across the membrane. In-lab testing demonstrates that the system can achieve a raw
precision (1s of 3 minute average) better than 0.05/0.15 %0(d'80/d?H), respectively, and a reproducibility
of 0.15/0.5 %o(d180/d2H) over seven days, even under variable ambient air and water temperature
conditions.
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HIBEICH 1T BFEKDO-excessDEHTZEY
Seasonal variation of '"O-excess of precipitation in East Asian
Monsoon region, Okinawa, Japan
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EE, KDKEEBEISOEMIAL (D& §'20) ICINA T, BFR17(8 O)DEREERENATAEIC
Bote, KEBOML—H—ELT. §'°0&8"70aMAaEbEROexcess& WD IEEMRRES N
(Barkan and Luz, 2005) , ''O-excessld, B¥ LOEFKICHS T IDFIBUICLIYELD EEZD
N, d-excessEMlAELEB I EICK > THERBEREZFOBIZEEL LTHEFTZ 5,

70-excessDEEN A 51 = X LG EAHICd-excess (= §D -8 x 6 '80) L E#TH B, EMIC, B¥LDKE
SD'"0-excess & d-excessiC IFEDIEEREFZE I H 2 (Uemura et al,, 2010), LA L, BEBDO7 A 237
(Landais et al., 2008) & & (Touzeau et al., 2016), 7 X ) AKBEDHITK (Li et al., 2012) T, 7
O-excess& d-excessDIEFEAREFRMEL . EFEHRPKEIBROZENM BRI TWS, ¥ 7I7UHE
Y A—UBEKARY hDO-excessh' T TEHICH 1T BBEERREDHENTRME E LT L3 (Landais et al., 2010)
o AR TIE, POTFEVR—VHIBICH T2 0O-excessEEIZBA S MICT D700, HTHBE TORKDAE
E{To7,

HEHE, HBEERCMRBRREREFEMEAICEWVWT, BB EIC2FEM. #IRLUABKERW -, RAE
DIICIEF v ET =) w759 R HEHL2140-i, Picarro)&Z AW =, KD O-excessldEICEL £ICE
WME% & BZEMEBIHNH N, INhiE. d-excessOEFZEE (Uemuraetal, 2012) EAKTH Y., KES
BEOHEMEEARMLTWSEEZONS, £/, ''O-excess& d-excessiC IZBWIEDMHEBEREFRLH SN
oo ZOFRERITHBEDREKINBETOERRERFOD FILHDBERERFEL TWEEEZRBLTWVWS,

F—7— K : 170-excess. =BEFRRAAIAE, FEK
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Alternative to toxic substance for water sample preservation to
measure stable carbon isotopic composition of DIC: preliminary result
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KARDORBZERMFHEERET 2ERICIE, SARPOMENDFI:ICEL > TREERAIDELLAWVL D ICF
BERBZIT) CENHREINTEY, BFERRTIIEEFEEG>TWS. LHALANS, BEKEARTIE, #
BEDODEBILEZKEBPTIIFT N DALV EEYAEFRATERVWIEESHD. ILIIEYDOER
IC&2T, REVR7A25H22EICAY, BRLEBICHEBPYIARMNEETIEDT A vy PEREL,

Fxelk, BMERETELO%, KERFOEMTEE A EILEIEZ-HDOUNEBIZDOWVT, W DHDFE%E
MREEL TE 7. NaOHDRMAEYNFEDEBKICIEMRDDH o726 DD, HBDILFMEMIC K > TEILEI £
BMLTLEW, DICOMHICIKBEIRWEDTH 7. 7, NaC | HFMICE Z2HMRDETREMICDWT, 20165
DI—=IRY2Iy NEBRKETERLE. TOMRIEA21To/& 2%, DICGEREMMEVER TIX, NaClOZm
IC& - T, REBMUELEIMMBEDDIEICELLLTLED 2D o7, DICGEEICDWTH, NaCIDRIMTIE
KRBZENTRIN, NaClzEYMORBE TR LI TERAVWEDIFEREST.

—A, BIEXRVYILO=D 4 (BAC) ZREAFOBEVREMEE LTHWS ZENEALNTL
%. Kuo (1998) TIXEREIKDDTDI=DICWL DHADKREBEMEERAVTHY, TORIDVEDHNBACTH
%. Gloél etal. (2015) Tl&, BKEARDOAEH R DIICT L TBACOMR AT L TH Y, BHMNAERR
ETHNIEEATEZEDREDNHS. LHLBACICK > THEYIZHRET 2B’ HBI1ET TH
Y, DICOWICRIRNH 2 EHFEINS., BLlZW< DHDKEREZHIL T, BEMEEBE2EOB=DICHE
ERIML7ZLET, BACDEREICL ZDICRE P kFAMKLDELEHREE L 7-.

FRERULERLIMMEONTUVARWVWS, ThETOE 34 BEEEOHARHRE TIX, BACHRMIZEL YDICE
EYXRRBMALOELIMZASNTHY, BACOMRETDICHFTEZLEIOND. 5%, IHICEL
DA EAVWTRIIZAERTVWELZVWEEZTWS,

5| A2k

Gloél, J., Robinson, C., Tilstone, G. H., Tarran, G. and Kaiser, J. (2015) Technical note: Could
benzalkonium chloride be a suitable alternative to mercuric chloride for preservation of seawater
samples? Ocean Sci. 11, 947-952.

Kuo, C. Y. (1998) Improved application of ion chromatographic determination of carboxylic acids in
ozonated drinking water. J Chromatogr A. 804, 265-272.
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Estimation of DIC escape from a mangrove forest in Ishigaki Island
inferred from using stable carbon isotopic analysise.
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Ty oO—7HiE. FEMERROPTREERREFEENKE < (Donato etal. 2011) . HFEMIZHWCO,
RINEEE D=8 (Rivera-Monroy et al. 2013) | G4, RECAEAESICFOREICIE I EE>TWL
%, mUWCO,RINEEIF. BAFRETOREWV—REEEL, BKICLZBEVWDBRIFREICLYEBAIATWS
B REBRIRZICDOWTKMBIPABI NS <. CORINDBEICIETKRERBRENH D, FARTR. EROAE
TREESINTI A > A—TER é‘?:?b\b@ﬂ@?*%ﬁbtrium.':le%Eb TIEADOITKIZFK
SN2AEEKRKSE (DIC) 7—ILEBYICK 2 TKBENICHEIDICORHICICDOWT, kFRAMEERAL
TR EERELL, SEREFNAAENIERIN TV SHBEREEWE)ID~Y Y/ O—7HoaOEics u»
T. 2017F8A AN S Y7 O— T MADMA) DA = IC T1IFEEISH)IIKZFHFE L. pH. 1&

2. DICERES LURRRMALEAEBE L, IhbE, BUEHICH LT ERL, BiIC. FHEBICEWL
DICEBENTIN/, TOEEL. EROMAIIKPFHEDEKE EE>THEY., v/ O—T#HH5DDICH
WA TRBINEEDTH>7, ZDEZE, DICORZRAAMKLLOEEIE, v/ O—THTROAOTIE
0.37~-10.33%. ¥ O—TMHELTIE-1.97~-13.87%TH Y. BKEZBRERDODICL Y HLEALNEWET
Hotleo TODZEIF, IV 7O—THITICE T 2EENDRICHET 2 RkFRAAMALLDEVDICE &AL
TN, v a—THHhSHINIANRHELEZZEERLTWS,

IV O—TMOSDRBRBOHEATEET 27010, BAERFRAMEEIEES LIREEREL
T. PHEDFHE AT o7/ce IV O—THOLDRERDDEFEENH>TH, BRICIEHELLRVWEEZDL
NaZeEDH, BOEBIZE LAEETIE, ANKEBKMEGLEEEDRENBIRTE, TOEED
DICBE L RERMAKLLEZHELDEE LTROZZEHLNTES, CZOFEEEEAED TN EFATH
W, ¥/ O—THHIhoDORFERDPDESEREEIENTREERSE, TO@BFICLY., BB LZTHKR3EE
BEORRNY Y/ O—THBEETHZ EHESINT,

F—U— R RFRBR. v/ O0-T%ERER. DIC. kFREZERMEK
Keywords: Carbon cycle, Mangrove forest, DIC, 13C
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Preliminary study of volatile flux from magma of Aso volcano through
shallow groundwater layer, Kumamoto Prefecture, Southwest Japan
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AEFALTSHOSXRBHMTKREBLTIHESN ST/ VEBBRYMEEELRT T 272D, MENILTIRUE
ORBOEN (B 2 &) RO TKAEEIT> k.

21| (KHE, REASRK) TORTEX. FiES3.7ton/day. #&E3F&25ton/day. Bl (WREE. EEaA
i2) TORTEIEHE2.3ton/day. ERRKT=IE5.4ton/dayTH - 7=,

BERHDWVITHBENOHIGSINIHE. BROEDIBIE. H2WHER CRBHTK) OXETKADHE
BrEELL, ZBHMTAKREZRALTHEINETI/ITREBEYEEICOVTRIETIHENH B,

ARRISERH28FEERFHEZFH K NRERTEE (NUFZETEIC (R D RME R DOERE) ORRO—ER
THs

F—O—R:W@EALT S, A - WTKAEE v VREVERHE. KE - BERAAL

Keywords: Aso caldera, groundwater and river survey, volatile flux of magma, hydrogen and oxygen
isotopic ratio
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Runoff processes of volcano springs in the northeast foot of Mt.
Ontake
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Comparison of stable water isotopes between lake bottom springs and
groundwater around Lake Kawaguchi at the northern foot of Mount
Fuji
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FAIETIE, 20155 DFEICK Y. BBOBDR, KREHNSMDMEIE KN ER I nWic, T DFEKDKREML
REbiE, BKMADOE LKICEABEWMEZRLTE Y. BZOWbH, 5D TRKOFZEN TR Wid,
KEDREICEY ZOFMBERICOVWTIIALHTRD >/, £I T, AFERTIF20165F7H. BKRAEIC
& WHEEKE ERIRALL. £ OKEMALEZRRICERIR L 7ZHRLOMTRKELKR L, ZORER. HE
BIKDKRGIAL L, HEREOMTKICKAS ., HMILEROMTKIGEWMEZ TR L, TDI EIEHEEKD
FIC, R ZRERE 2 TKTHEIEERERLTWD,
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Keywords: Fuji Five Lakes, springs, stable water isotopes
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An isotopic study on origins of water and nitrogen pollution of shallow
groundwater in densely populated areas of Kawasaki City, central
Japan
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HHHOMTKBREEIABNLFELBRCRIITEY, ZITHRERRELY HIEENCEMLK - WER
BYATLDPHERINTWS., ZOEHHEBOHTKOK - MEREY AT LICEBT 2RIV ELZICOR
{, MEEHOEBBEHIFLNTWVWEBEIETHS. 22T, AARTIEHENNENIEGHEEEREX & ZDORDOER
Mgz R e LT, AMARNFEICEDE, thTKOBEDOHAEFICERICERE Y THHTKERD
ERE - TORREPEALNCTEIEEBNELE.

FHRKEBKEFRIC, 2016 FEDEZICEEHIB0MAN ST KEN AR L 2. AhEOHFIZEES
B - HIREHBEY RO TKE, EHOFFITHEBOMTKEGRELTHEY, HFOZFREIFVWTNE
15mEURTH D, —MRKEMHDSIE, HTKIESKBHICIEEHEE, BB EICZzhEThE/2KEHRKD S
WIEEAE I 2EA’ROHONE. TO—AT, ALEM, B TEHEHET 2B TKEICELWEW
(FHEMW) PHd et o7, ZOREORHEMIIHEEA T VICBVWTHICEEETH > (0.0-95.8
mg/L) .

ek - KREMAELLLIEKEKDRHELS, BAKIREEWMEAZRLE. £IZT, ThthiazKERKEREK
EEKOBAMAELERRTEZI VY RAYN—E LT, HTFKPICHEDHZKERKDEES CEAR) 2#&8H L
ET 3, REICBEVWTHTKBEADKERKDHELYEBEDRANER SN, ZOMTKEEICRLTKERK
DESRZEIAVOEME TIRECTH > (RRTHLA0%) . HWT, HEEA 4V DRE - BRRERNMAE
A SBROEBRERARE LAFER, ShEIOTKRSCICEIGEVW—EOEE O TKPDERIFEIC
ERIEIR, ZOEHOEME (i) OZhIETKRKERTHZ E#HEINE. £, B, KEOH
FTkEH, —SMTREOELADETHERD Shis.

AFROER, KERKIPHMHEOXBEHTKEBICEERRIZRALLTWVWEIE, ILHICAHTKENS
HEINTALWEHEHBTHZICEN DD ST, AEMBELE TERICEZMTKBFRIAERLTWEZ E
DB -7z, FICTKRAKICE Z2HTKBROREN RS RBI N/, KEBRKE TFTKRKORETK
XEHNREBICOWT, ISICERLREENTHENSHROREEERS .

F—O— N #iiig, JIET, SREMRTK . KERK TKEK HEA LY ORR - BERRAK

Keywords: urbanized area, Kawasaki City, shallow groundwater, leakage from water mains, sewage
leakage, nitrogen and oxygen isotopes of nitrate ion
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Anomalous changes in groundwater and hot spring water after the
2016 Kumamoto earthquake
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2016F4AB 14D S E S - —EDREAMEDEFHNICL B TKLERADHELFANS-H, BEBRERD
SHFTDEK (FHTDA~H) ICBIF2REETo7/. £/ 21+ FOERERICHITA2EERVAET S, ME
WX THAICRELZEK (H10D)) ORELHT o,

BEAT 8, FTDEKXKD I B64 AT (A~D, G, H) (&, #ED14 ARID2016FE3H6-108ICEHERIE
PEREGAEZT > TWEIGMTH D, XLEYD25A (E F) IZD2VWTH, 2014FICAKRDAE%=IT> TV
%, TOEDBMEFMOBEICL > T, BAMEICH I BHEVLERDBEDOEARES MR 7,

BHEIE, 3771 (A~C) IZEWTHEM BmMIRIEHERID2-61%) . 2487 (G, H) ICEWVWTEY GV E
I HERTD50-80%) MR 5N (Fig.2) . BYD34FF (D~F) IIEEBEBHIHERIOI0NURNTH o7, B
HEDEBIMB KBV INREOSNIEKIE, MEZS|IESREI LAHHI - BREAMBA S7kmLADERICAIE
I BEKTH-,

BHEOEREMETRE LR OMEE 2L T 5720, ELtER (2016) OEEETILZEICL
T. AT EMRITZE O S LAMICAP-G (Okada, 1992, & - F)Il, 1999) =AW THXRE TCIEEINS
GEELCELAHE L, BEOOH AR LTHELLZEZ S, BREARRIIEShA, -,

BHEMEMLA3 L. WINE2016F1T1BDBHEIFHERIOL RIVICIER> TLWaAW (K2) , —
FH. BHENSRDLE25FD D514 (H) 32016F9BICHEFIDL NILICRS =2, BY D147
(G) 1F2016F9BICIEWEICHERID7EZICIBIML. ZORBIHINELSNTWVWS, COLIITEHEDOREZE
{BISBATICK > THRA TH Y., MTKOBEESLLOELE WO M MEEER L AL S, BEOERICDODWTE
RIZVENHBEEZILND,

FEEFZHEBICOVWTIE, ZLORDTRIFEAEELDROSNGN >/, M—FEERA F VIREICEHSH
BREELGASNE (K3) . EEMICIEK. 857FIDEKTRTICHEWT, 201655 1210-90%DIEINA &
C. 201659 £ CICHERIE ARENZNUTOREICHE S L TWS, BHEDER & IFEFRLR . IAT
DFBKICBVWTEABROZENIEETWS Z EITEKEN, HTKOEECHZRED & S AthigitEicig< KkET
ZERTIEAL, BOWHEHDLI DB IRTOEKICEBEL THETIERIIODWTERT INENH D EE
Abha,

BRERICHITZEEMYFAEOHER. HEALRELAVYBAEENEZICIEML RECHEAHZ &N
¥IBAL 7z, 20N %E LEEOMBERCDDHRELETEE. WITNEBADMBELILAFEIN s
ERBZEDN DI o1,

SE R

ELithiEpr (2016) FHK28F (2016%F) BEAME, HEFMEREZRER, 96, 557-589.

Okada (1992) Internal deformation due to shear and tensile faults in a half-space, Bull. Seism. Soc. AM.,
82, 1018-1040.

WEERA - FIEEX (1999) MBEBWRAZIZET OV > LDRFE, HE2 52,101-103.
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Keywords: The 2016 Kumamoto earthquake, groundwater, flow rate, nitrate ion, crustal strain changes,
hot spring
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Groundwater flow system in Fukushima Prefecture traced by tritium-°
He and '®°| dating methods
Groundwater flow system in Fukushima Prefecture traced by tritium->
He and '*’I dating methods
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For developing and effective utilizing of groundwater resources, it is necessary to understand the large
circulation of water from precipitation to use by residents (Mahara et al., 1993). In particular, studying the
residence time and source (recharge area) of the water is important in evaluating the groundwater flow
system. In Fukushima Prefecture, although environmental behaviors of various radionuclides released by
the accident of Fukushima Daiichi Nuclear Power Plant have been analyzed, there are few reports on the
behavior and contamination status of groundwater by radionuclides, which are necessary to be assessed
for safety use of groundwater resources in the future.

In this study, we investigated the groundwater flow system in Fukushima Prefecture and the
anthropogenic contamination of groundwater caused by the nuclear accident using *H->He dating
method, which is possible to acquire not only the age of groundwater but also the information on the
water source based on the initial *H concentration, and 129I, one of the radionuclides released by the
nuclear accident.

Sampling was conducted in September 2016 and January 2017 mainly on groundwater and spring
water at the Hama-dori region, Fukushima Prefecture. The water samples for 3H-*He dating method were
collected and sealed in copper tubes with special care to atmospheric contamination and analyzed using
a noble gas mass spectrometer at Department of Basic Science, University of Tokyo. After the first
extraction of originally dissolved helium, the sample water was sealed in the copper tube again and stored
for about a month, and then the amount of *He produced by the decay of *H was extracted by the second
degassing and analyzed to obtain the initial 3H concentration and the residence time. Water samples for
iodine analysis were sampled in 1-L plastic bottles. lodine in the sample water was extracted and
back-extracted to yield silver iodide pellet, and then '?°l/'?’| ratios and concentration of stable isotope '%’
| was measured using an accelerator mass spectrometer and ICP-MS at Micro Analysis Laboratory,
Tandem accelerator, University of Tokyo.

For example, in Minami Soma Sports Park located about 30 km north of the nuclear plant, the
concentration of tritium-derived *He was approximately 2.2x1 0’8 mol/g. The current 3H concentration
has been determined by liquid scintillation counter to be 9.3 TU for a sample collected from the same
locality (Yabusaki et al,, 2015). These values give the initial *H concentration of 10.1 TU and the
residence time of about 1.5 years. This suggests the groundwater system in this region has already been
almost completely refreshed since March 2011 due to the short residence time.

For '#1/"?7| ratios, most of the samples measured so far showed values below 1.0x10™"", which is the
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lower limit of the isotope ratio including radioactive iodine of anthropogenic origin (Fehn, 2012). The low
1291 /127) vatio of water from Minami Soma Sports Park is in the range of natural background, which is
consistent with the short residence time obtained with the *H-3He method.

Up to the present, it is not possible to confirm the apparent contamination due to the nuclear accident,
but depending on the residence time of the groundwater, the possibility that polluted water will discharge
in the future cannot be ruled out. We are planning to carry out further sampling to estimate the residence
time and water source by the *H->He method and combine it with the "I results to investigate the
environmental impact.
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10-Beryllium-contents of sediments in mountainous catchments
topographically constrained by shallow landslides
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Recently, it is being important to understand sediment dynamics in a river basin for a well-balanced
sediment management in the entire basin at view points of the national flood control and water resources.
However, it is still unclear how much sediment has been produced in a mountainous stream, which is a
basic information of the sediment dynamics. In this study, 10-beryllium-contents have been analysed for
sediment samples of mountainous catchments in Fukuoka, Japan in order to fundamentally examine the
sediment dynamics in the river basin. Since the late 1980s, beryllium isotopes of quartz extracted from
rock or river sediment have been analysed to estimate rock- or catchment-scale denudation rates [1].

A lot of slope collapses are observed in the study area, of which the geology mostly consists of Mesozoic
granites. Most of those failures were explained as a shallow landslide under around 1m in depth, which
accompanied with an infiltration of rains and an increase of a groundwater table in weathering granite [2].
The sediment samples have been collected at four riverbeds and one hillslope in two different
sub-catchments (A and B).

The samples that originated from weathering granite are composed of quartz, feldspar, mica and some
organic materials. Firstly, they were washed by pure water and sieved over 250 uwm to avoid a
contamination from aeolian deposits. Then, the quartz was purified with acids and beryllium oxide was
produced based on the method of Kohl & Nishiizumi [3]. Finally, beryllium isotopes were analysed with
the accelerator mass spectrometer equipped by JAEA (JAEA-AMS-TONO).

As a result, the sample of the catchment B shows a little bit higher value in 10-beryllium-content that is
8.7 +1.9 (x 10* atoms/g), than those of catchment A that show similar values ranging from 3.1 £0.5 to 5.5
+0.9 (x 10* atoms/g). This result indicates that the river sediment in the catchment B includes quartz
grains that have been exposed on a ground surface for a long time compared with the catchment A
because topographical settings of these two catchments are similar. It is also possible to think that the
river sediment in the catchments A contains more landslide materials because the landslide materials,
which have come from a deeper part, might have a lower value in 10-beryllium-content. This result is
consistent with distribution of the shallow landslides in 2003.
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Dynamics of Lake and Groundwater
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Soils and forests are deteriorating; grazing lands are degraded; water points, sources and lakes are drying,
and underground water levels are lowered. This could largely be attributed to the employed traditional
inappropriate resource management methods; severe soil erosion and degradation reducing infiltration
and resulting in sedimentation of water sources and lake basins. Bad cultivation practices, burning and
cutting of perennial vegetation, overgrazing and grass fires increase the runoff causing soil erosion and
consequently sediment transport to the lake resulting to decrease its storage capacity and quality of
stored water.

The present investigations also include the runoff-rainfall studies combined with estimation of sediment
transport, pollution of water and rating decrease in storage capacity. The lake discharge has been
decreased according to preliminary analysis. The main aim of this research is to quantify the interactions
between groundwater and surface water. A multi-disciplinary approach will be used to quantify
interactions between groundwater and surface water in the catchment. The methods include modelling,
isotopes, hydrochemistry, hydraulic, and temperature approach. These methods will be applied at various
spatial and temporal approach. With the help of different GIS/Remote Sensing equipment’ s, different
maps and imageries will be developed and further investigation will be done to evaluate the present mode
of land situation and its degradation. Hydrological data and other related data will be collected from the
different sources. Analysis of soil samples for different physico-chemical properties and water sample for
testing its quality will be done by standard procedures and methods.

The status of land and water surface will be counter checked by ground truth. The results will provide a
solid scientific basis on integrated approach of groundwater and surface water. Moreover, depending on
the analysis and result, suggestions can be made for adopting some strategies to improve water resource

management.
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