doi : 10.17596/0003666

Cruise Report of NT03-07
(2003.7.5 - 2003.7.18)

JAMSTEC

MIO (Mutsu Institute for Oceanography)
HiLaTS (High Latitude Time Series observatory)

Dec. 2003



1. Outline of NT03-07
1.1 Cruise Summary
1.2 CruisdrackandSchedule
1.3 List ofparticipants
2. Observation
2.1 CTDandSalinity
2.2 Hydrocast
2.2.1 Dissolved oxygen
2.2.2 Nutrients
2.2.3 TCOZ2andAlkalinity
2.2.4 Primaryproductivity
2.2.5 Chlorophylla
2.2.6 Th-234and POC
2.3 Surfaceunderwayobservations
2.3.1 Continuous pC@Qneasurement
2.3.2Underwaysamplingfor Particulate matter
2.3.3Barium as dracer ofdustinput andbiogeochemicatycle inthe westernNorth Pacific
2.4 Optical Measurements

3. Appendix



1. Outline of NT03-07

1.1 Cruise Summary

Hajime KAWAKAMI (JAMSTEC, Mutsu Institutéor Oceanography)

This cruise wasnanly carriedout in order tostudy the biogeochemistry imorthwestermNorth Pacific by
following institutesanduniversities.

Mutsu Institutefor Oceanography (MIOf Japan Mrin ScienceTechnology Center (JAMSTEC)

Nationallnstitutefor EnvironmentaScience (NIES)

National Institute ofAdvancedndustrial Sciencandtechnology (AST)

HokkaidoUniversity

R/V Natsushima left Yokosukan 5 July. Becauséheweather ohorthwestermorth Pacificwas relatively

good in early sumer, wecouldadvancehe observationfavorably.

StationKNOT (44N, 155E)
Hydrocast

We deploy watessamplers (rossettaultiple samplemwith CTD sensor) 8imes Hydrocast). Vdter samples
takenwere orwill be usedor thefollowing chemicalanalysis.
* the routinechemicalanalysis(Sal, DO, SiQ, PO, NO,, NO,, TDIC, TALK)
* Th-234,POC, PON, Chlaanalysis
« simulatedn situ measuremerdf Primaryproductionused byC-13
In situ pumping

In order tocollect supendedparticles in thevatercolumn,largevolume pumpingsystem (LVP)wereused. 2
casts of LVPwere practice@nd 4LVP were deployed atnce for respectiveasts. Thearticulatesampledrom
LVP werewill be usedfor Th-234,POCandPON analysis.
Optical measurements

SeaWiFS ProfilingMultichannelRadiomete(SPMR)wasdeployed in a freall modethrough thewater
column, so as tinvestigate the amnd underwatdrght conditionsand todeterminedepthsfor simulatedn situ

measurement gdrimary production.

However a flood troubleccurred atea-cable othe rossettenultiple sanpler, we could repair during a few

hours. Thenall observations wplannedpreviouslyweresuccessfulpnly afew hours late.

Station K2 (47N160E)
We could dahe observationsamecontents ofSt. KNOT) smoothly.

Stforation K3 (39,160E)

We couldalso do theobservationsmoothly similarly toSt. K2.  But, wewere introuble for thebad weather



afterthe observation dbt. K3. Though thewaterbathes fosimulatedn situ measurement of primary

productiontumbled over duringhe incubation, weould recoverymost of thesamples of primarproduction.

Howeverthis cruise wadirst experiment obcearresearch aR/V Natsushima, thisruise wasearly 100%
successful. Wevouldlike to thankfor thekind supports of therew of R/V Natsushimandmarinetechnicians

of Marine Workslapan. Then, wexpect tasucceed irthe nextcruise (November, 2003) &/V Natsushima.



1.2 Cruisetrack and schedule

NTO3-07 Cruise Track
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JST Position Events
Date Time Lat. Long.
7.05 11:00 35-19N 139-39E Departure from Yokosuka
7.08 06:20 44-00N 155-00E Arrival at St. KNOT
7.08 23:50 44-00N 155-00E Departure from St. KNOT
7.11 07:00 47-00N 160-00E Arriva at St. K2
7.11 18:50 47-00N 160-00E Departure from St. K2
7.13 10:00 39-40N 160-00E Optical measurements
7.13 14:50 39-00N 160-00E Arrival at St. K3
7.13 23:50 39-00N 160-00E Departure from St. K3

7.18 15:30 35-19N 139-39E Arrival at Yokosuka
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2. Observation

2.1 Waer sampling, CTD and salinity

Makio HONDA (Mutsu Institutefor Oceanography: MIO)
Hiroaki SAKO (MIO)

(1) Water sarpling system

Watersampling systenfor this cruise consists @f 12-position Rosett@ater sample(General Oceanics
Rosette model 1016), Falmoufitience Inc. TD (ICTD-BP-702-SRD) and twelveNiskin Bottles ofl12 litters.
Watersamplesrom surface tadeep ocean (by 350@) were collected ahree stations: KNOTK2, and K3.
Salinity was aelculated with observedgssure, conductivitgnd tenperature. .
Vertical profiles forpotential temperature, salinignd sigma-thetaniupper 500m arshown inFigure 2.1. It
can beseen that subtropicalater with high terperature ad high salinityinvaded into statiotlNOT. Salinity
and vater temperature ithe surface ater were coplicated atstation K3,which isindicative ofthat thispoint is
located inthe subarctic front. Data ofsalinity and water temperatureveater samplinglepth for respective casts
summarized iMAppendix. Inaddition, O'D data obtained each 1 ane available aslectric file.

(2) Salinity

Seawater samples were collected withdheve systemand water sample f@alinity were stored in
125ml brown glass bottlewith screw @ps. The bottle was stored more th2#4 hours in the Autosal Room at
JAMSTEC Yokosuka headquarter before startingstilanity measurement. The room temperatureas set around
22 deg-C.

The salinitywas neasured with th&aboratory salinometer (Guildlinestruments Ltd. Autosal Model
8400B 3N 60132;.), attachedith anOcean Science International peristaltic-type sample irgakep. Adouble
conductivity ratio waslefined asnedian of 31 readings tffie salinometeData collectiorstarted after Seconds
and ittook aboutl0 seconds toollect 31readings by @ersonal computeihe bath temperature giutosal was
set t024 deg-C ad standardizedefore and after sequence of measuremetABBO Standard Seawater (SSW)
batch P141 (conductivity ratio0.99993, salinity34.997). Theaverage and standard deviation of SS&linity
measured bpur systenwere 34.9975 and 0.0004, respectively. aM® used sub-standard seawater (SUB) which
was eep-sea water filtered by Millipore filtépore sze 0f0.45 pm). Wemeasure®UB salinityevery 6 - 10
samples irorder tocheck the drift oAutosal. Theaverage and standard deviatiorsefB were 5.1035 and 0.0003,
respectively.

The average dhe difference between CTD data and dag¢asured byAutosal (n =28) was 0.017 and the
standard deviation was 0.026. Tdwerage oflifference between these fdeep water samples (below 1,000m : n =
5) was0.010 andhe standard deviation was 0.010. Iinisll know that salinitymeasured b TD does not
always oincide with salinitymeasured byAutosal for water samples frothe uppencean because difference in
objective water.. Even takinginto account fothis point,however, thesdiscrepancy were significantly large
compared with thaby MIRAI CTD / salinity observation system. (usually less tBa005). There might be
problems insmall volume of water sample (125métead o250 ml)and / orcalibration ofICTD. Finally, We
acknowledge Naoko TakahastiiMWJ for the measurement of salinity.
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2.2 Hydrocast
2.2 .1 Dissolved Oxygen

(1) Personnel
Hajime Kawakami(JAMSTEC) Principallnvestigator
Yuichi Sonoyama (Mrine Works Japalatd.)
Ai Yasuda (Mirine Works Japaintd.)

(2) Obijective
Precise determinatioof dissolvedoxygen (belowD.O.) using the Wkler titration with potentiometric

detection.

(3) InstrumentsandApparatus
Titrator:
Metrohm Model 716 DMS Titrino,capable ofitrating NgS,0; solutionfor 0.001 ml.
Metrohm PtElectrode6.0401.100
Software:
Dataacquisition/ MetrohmTinet 2.4
Sample flasks:
BOD flasks of 180ml nominatapacitywith glass stoppers.
OPTIFIX:
Capable of dispensirgml pickling reagents.
Dispensers:
Metrohm Model 765 Multi Dosimat,capable oflispensingstandard KIQ solution.
Eppendorf:
Capable of dispensirgml 5M H,SO, and standard KlQsoluion.

(4) Methods

Samplingandanalytical methods/ere based othe WHP Operationsind Methods Culberson, 1991, Dickson,
1994).

(a) Sampling
Seawatemwere sanpled from 12 litters Niskin bottles to the calibrated dry glass bottles at the stations
whose name was KNOT, K2 and K3. At each stations, we had two casts that was “Deep” and “Shallow”.
Deep caswas from 3600m to 200m, and shallow cast was from 200m toasuirfThus we collected
seawatesamples from 3600m teurfacefor 25 layers. Duringachsampling, 3 bottle volumes séawater
were overflowed to minimize contamination with atmospheric oxygen. After the sampling, ,Natf)
1ml andNaOH / Nal (aq.Lml wereaddednto the glass bottleandthen shook wellAfter the precipitation

was setteled, wensok thebottle vigorously tadispersehe precipitation.



(b) Analytical methods
The sanples were analyzed by 1 sets of Metrohm titrator with 10 ml piston burette and Pt electrode.
Titration values was determined by the potentiometeric methods, and the endpoint for titration was
evaluated byhe software of Metrohm, TineR.4. Fromthe titration values, wealculatecconcentration of
dissolvedoxygen by WHP Operatiorand Methods Culberson, 1991, Dickson, 1994).

(5) Result
(a) Precision of Whkler titration data
We ok 14 duplicate samples for Winkletration method in this cruise. The standard deviation of
anlytical values was B85 pmol/kg-sw (Table 3.2.2) , and was satisfied WOCE precision (below

0.5umol/kg-sw).

(b) Vertical profiles

The vertical profiles of dissolved oxygen were shown in Fig. 3.2.2.

(6) References

CulbersonC.H. (1991) Dissolvedxygen, in WHP Operatiorend Methods, Védods Hole. ppl-15.

Cuberson, C.H., G.Knapp, R.T.Williams and F.Zemlydl®q1l) A comparison of methods for the
determination oflissolvedoxygen inseawater. (WHP@©1-2)

Dickson, A.G. (1994) Determination of dissolved oxygen in seawater by Witiktation, in WHP
Operationsand Methods, Véods Hole. pp1-14.

Murray,N., J.P.RileyandT.R.S. Wison (1968) Thesolubility of oxygen in Wnkler regentaisedfor the
determination oflissolvedoxygen,Deep-Sed&es.,15,237-238.



Table 22.2 Thestandardleviations othe duplicatesamples atachstations.

Station | Cast [ Niskin Pressure Sample 1 Sample 2 Difference
Bottle (dB) (umol/kg-sw) (umol/kg-sw) (umol/kg-sw)
KNOT 1 1 201.6 161.36 160.54 0.82
1 8 50.3 349.79 349.95 0.16
1 12 10.0 274.89 275.14 0.25
2 1 3556.9 146.26 146.00 0.26
K2 1 1 201.0 53.31 53.94 0.63
1 8 49.1 345.27 345.06 0.21
1 12 9.7 309.66 309.74 0.08
2 1 3557.7 149.46 148.81 0.66
2 8 607.4 16.37 16.12 0.25
K3 1 1 202.1 284.40 284.73 0.33
1 8 51.3 281.64 281.17 0.47
1 12 10.9 280.26 280.57 0.31
2 1 3556.9 146.55 145.45 1.10
2 8 605.5 49.83 49.81 0.02
Stdev 0.35
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Figure 22.2 \értical profiles ofdissolvedoxygen atachstations.



2.2.2 Nutrients

Yukihiro NOJIRI (Nationallnstitutefor EnvironmentalScience)
Kazuhiro HAYASHI (JAMSTEC MIO)
Mario HONDA (JAMSTEC MIO)

a. SamplingProcedures
Sampleswere drawrinto polypropylene 100 mémall mouth bottles. Thesewererinsedtwice before
filling. The samplesverequickly stored in &reezerunder - 20 °C anllept by the dayhe nutrientsanalysesvere

conducted orand.

b. Instrumentsand Methods
The nutrientanalysesvere performedn BRAN+LUEBBE continuous flonanalyticalsystem Mdel
TRAACS 800 (4channels). Theaboratorytemperaturevasmaintained betwee?0-25deg C.

Nitrite: The nitrite isdetermined byiazitizingwith sulfanilamideandcoupling withN-1-naphthyl-

ethylenediamine (NED) téorm a colorechzodyewhich is measured &850 nm using 5 cm length cell.

Nitrate: Nitrate inseawater iseduced tanitrite, which is determined byhe nmethod describedabove. Nitrite

initially present inthe sample isorrected.

Silicate: Thestandard\All molybdate-ascorbic acithethod was used.Tempreture othe sample wamsaintained
at 45-50deg Cusing awaterbath toreducethe reproducibilityproblemsencountereavhen thesampleswvere
analyzing at differenttemperatures. The silicomolybdat@roduced ismeasured

spectrophotometrically &30 nm using a 3 cm length cell.

Phosphate: Thmethod byMurphy andRiley (1962) wasisedwith separate additionsf ascorbicacid and mixed
molybdate-sulfuriacidtartrate. Tempreture ofthe samplesvere adjusted to b&5-50deg Cusing awaterbath.

The phospho-molybdate producednsasured &880 nm using a 5 cm length cell.

Preliminary results
a. Precision othe analysis

We havemadetherepeatanalysis of twdayers' (@out 100 mand500 mdepthssamples aéachstation.
At thoserepeatanalysisrange ofCV (concentratioraverage testandardieviation)were0.03 to 2.6 % irupperlayer

and0.07 to 1.9 % in bottorfayer excephitrite.

b. Distribution ofnutrients
The resultareshown inAppendix.



2.2.3TCO2 and Alkalinity

Nubuo TSURUSHIMA
KazuhiroHAYASHI
Mario HONDA

Sampling

We collectedsamples for oboard neasurements dabtal carbondioxide (TC) andtotal alkalinity (TA). Water
samplesvere collected with CTDosettesystemsattachedvith Niskin bottles of 121 capacity. Samplewaters
for TC/TA were drawrfrom Niskin samplersnto 250 (200 ?) ml glass bottles with plagtazew cagSchott
Duran). Sequentiallymercuric chloridesolution (3 mg-HgGl/ 100 g-HO) of 0.05 cn® wasadded as
preservative. Samplescollected orboard werekept inrefrigerator bythe daythe analysis wasonducted

Analysis

TC and TA inseawater were determined the methodssimilar to DOE (1994) withnew automatic
measuremergystem(KIMOTO ELECTRICCo., LTD.). This systentontaintwo devicesdevicefor extraction
of carbondioxideand a device for determination of TA htration, each in &0x60x40cm console. This system
is coupled to a COcoulometricdetector (modeb012, supplied byIC Coulometrics Inc.), aAutoburette
(ABU901, supplied by RADIOMETER 0., LTD.), two cooling units tomaintain the sampleater atconstant
temperatureand apersonatomputer. All proceduregxceptexchange ofthe sampleandrinsing of TA titration
cell are operatedutomatically. Sampleaterfor TC analyses wereontrolled atconstant temeraturg10°C). A
known volume (about 30 ml) ekawatesample isdispensednto the strippingchambeiand acidifiedvith 8.5%
reagengradephosphoriacid,converting allcarbonatespecies tdree CQ. Theevolved CQ is thenextracted
from seawateusing ultra high purity nitrogen gas (99.9995%)10 minutes at aate of200ml/min. The CQ
gas isabsorbed by aoulometer celsolution, contaning ethanolaminegimethylsulfoxideandthymolphthalein
indicator,andquantified bycoulometrictitration. Seawatebased referenceaterialswereprepared byHokkaido
University usedfor calibration. The precision was 0.1%vhich wasobtanedrom 10replicate determinations on
boardthe shiponce a day. TA wasdetermined byotentiometriditration. Samplevaterfor determination of
TA wascontrolled atconstantemperaturé20°C). Aknown volume (about 100 ml) skawater sapte is
dispensednto closedtitration cell containing two glassectrodes, ¢hermometeand acapillarytube that supplies
acidfrom a burette. Sampkeawatewastitratedwith 0.2 Nhydrochloricacidpast thecarbonicacidendpoint.
TA wascalculatedrom titrationdata bythe non-lineareast-squares approaffdOE, 1994). The precision was
0.1%, which wasobtainedfrom 10replicatedeterminations oboardthe shiponce aday.

Results
The results of T@reshown inAppendix. Theesults of TAwill be determined asoon as possiblafterthis

cruise.

Reference

DOE (1994): Handbook ofmethods fothe analysis of the varioymrameters ahe carbondioxidesystem in
seawateryersion2.0, A. G. Dicksonand C.Goyet,editors, U. SDepartment of Energy CCbcienceleam
Report.



2.2.4 Primary productivity

Ai YASUDA (MarineWorks Japan LTD)
Hiroaki SAKO (Japan Marine Scien@adTechnology Center MIO)
Makio HONDA (Japan Marine ScienamdTechnology Center MIO)

Uptake rates of'C and*N (primary productivity)\were measured bsimulatedn-situ incubation.

(1) Simulated in-situ incubation

We ok three samples from the sagé and other five depths at all stations. Water samples were collected by
using abucketfor surfaceandCTD / RMS systenior five predefined épths, whicthad100%, 36%, 22.5% 7.2%
4.5%and 2%light intensityrelative tothe surfacdight irradiancePAR) based orthe opticalprofiles (seesection
“optical measurements”). On deck,seawater samles of 1 literwere sieved througNorpacfilter with pore size of
200 mmto removelarge-sizedzooplanktorand transferrethto Nalgen polycarbonateottles withscrewcaps.

As achemicaltracer(spike), 1 ml NarfCQ, solution (0202 mmd-C/ml: 17 g NaH*CO;in 100 ml inbuffered
water) and 1 ml KNO, solution (0.1mmol-N/ml) werespiked totwo of three sarples fromeachlayer. Another
one samples was nepikedfor blanktest. Sequentially all bottleswereput into lightshieldnetsand placedinto
deck incubators with light shield filter adjusting to the light levels at respective depthshoughh water
temperatures falespective incubatorsere tried to badjusted tadhose atrespective watedepth,water temperature
was, unfortunately, not under control and most of those were approximately 3 — 4 °C, invhita water
temperaure is often higher than 10°C (see Tablel). Samples were incubated for 24hours except station K3
(suspension after 19 hours). At the incubation, samples Wered though glass fiberiters (Wattman GF/F
25mmo.d.) pre-combusteavith temperature o450 °C forat least 6 hourandthe filters were frozen immediately

until laboratoryanalysisarecarriedout onland.

(2) 13Cand15N Analysis
As result of 15Nanalysis isstill underconsiderationpreliminaryresult of13C analysisre reported here
1) 13C
Onland,®C of samplesvere measured bysing a masspectrometeANCA-SL system.
Before analysis, inorganic carbon of samples was removed by an acid treatment in a HCI vapor bath for 4-5 h.
Table * showstotal particulate organicarbon(POC)andconcentrations ofC of POCfor respectivesamples.

Based orthe balance of*C, assimilated organicarbon APOC) isexpressed a®llows (Hamaet al., 1983):

BCpog* POC =2Cq,, * APOC + (POC APOC) *1C,,

This equation isconverted tahe followingequation;

APOC =POC *¥Cpoe— *Cgy ) | (*Ciany— *Cpg) )

where "Cpoc) is concentration of “C of particulate organic carbon after incubation, i.e., measured value (%).



°C o) is that ofparticulateorganic carbon befoiecubationi.e., that forsample as lank.
YCsn is cortentratdn of *C of ambient seawater with a tracer. This value for this study was determined to be

10.17 %based orthe followingcalculation;

15C g (%) = [(0.002 * 0.011) + 0.000202] / (0.002 + 0.000202) * 100

where 0.002 is assumed concentration of total dissolved inorganic carbon (TDIC: naind 0.011 is

concentration of*C of naturalseawate(1.1 %). 0.000202 iadded*C (mol) as aracer.

Taking into account for the disanination factor betweef?C and**C (1.025), primary productivity (PP) was,

finally, estimated by

PP =1.025 *APOC

Table 1 also show edimated primary productivity. The precision (repeatability) for the deepest
sampe (n = 3)ranged from 2 % to 5 % dphowever, the average of that for other samples (n = 14) was 0.7 %.
Fig. 1 shows the vertical profile of primary productivity for respective stations. Unlike we expected, the
maximum of primary productivity did nadppear at surface. Instead of that, peaks of primary productivity were
observed aapproximately 15 nand 30 m.

Onthe other hand, primary productivity in the euphotic layer (> 1 % light level: upper 48 m) were
integrated assuming that primary productivity at 48 m is 0 my day* (Table 1). Itegrated primary
produdivity were estimated to be approximat@y0 mg n? day* for staion KNOT, 365 mg n¥ day* for station
K2, and230 mg n¥ day* for station K3. Primary productivityat stationKNOT waspreviouslyobservecandthat
in summemangedrom approximately 150 to 28@verage227) mg n¥ day* (Imai et al, 2002). Result irthis
observation wasomparable tahat.

However smulatedin-situ incubation mdtods during this cruise had problem in the light and water
temperature control. Especially there is much possibility that the light facewsmple was partly shielded.
The peakappeared approximagly 30 mmight beartifactbecause othe aboveproblem. \atertemperatures for
respetive incubators were much lower thamsitu watertemperatue. Therefore primaryproductivity observed

duringthis cruisemight beunderestimated. More preciseexperment isrequested iriuture.

References

Allen et al (1996):New productiorandphotosynthetigateswithin andoutside a cyclonic mesoscalddy in the
North Pacificsubtropical gyre. Deep-Sea Researcd3, 917-936.

Hamaet al (1983): Measurement gfhotosynthetigroduction of a marinphytoplankton population using a
stable™*C isotope. MrineBiology 73, 31-36.

Imai et al (2002): Timeseries of seasoneadriation of primary productivity attationKNOT (44°N, 155°E) in the
sub-arctic western NortRacific. Deep-Sea Researd®, 5395-5408.



Table2.2.5 Results ofC

in-situ  incubator POC BCroc) PP Integrated PP (0-48m)
light level  Depth(m) Tenp(°C) Temp(°C)  (ug %) (%)  (ug I'*day?) (mg nm?day?) (mg m?day?)
KNOT #1 Blank'C: 1.084
2.0% 40 4.340 3 125.74 1.495 5.83 23.34 266.36
4.5% 31 5.652 4 396.08 1.363 12.45 82.27
7.2% 26 14.012 3 139.20 1.310 3.56 40.01
22.5% 14 14.066 4 151.02 1.429 5.88 56.64
36.0% 8 14.087 3 147.22 1.392 5.11 32.98
100.0% 0 3 166.85 1.226 2.68 31.14
KNOT #2 Blank **C: 1.084
2.0% 40 4.340 3 110.71 1.480 4.95 19.80 269.25
4.5% 31 5.652 4 140.33 1.902 12.95 80.54
7.2% 26 14.012 3 138.40 1.321 3.70 41.62
22.5% 14 14.066 4 157.62 1.425 6.07 58.61
36.0% 8 14.087 3 144.74 1.424 5.56 34.88
100.0% 0 3 159.26 1.245 2.89 33.80
K2 #1 Blank **C: 1.084
2.0% 39 4.314 3 85.76 1.905 7.94 35.74 380.54
4.5% 31 5.812 4 105.85 2.356 15.20 92.55
7.2% 26 7.265 3 120.42 1.482 5.41 51.51
22.5% 13 8.459 4 135.37 1.647 8.60 91.06
36.0% 8 8.710 3 144.98 1.724 10.46 47.65
100.0% 0 9.037 3 168.49 1.349 5.04 62.02
K2 #2 Blank*C: 1.084
2.0% 39 4314 3 84.49 1.676 5.64 25.39 352.92
4.5% 31 5.812 4 127.97 2.090 14.52 80.65
7.2% 26 7.265 3 124.31 1.439 4.97 48.73
22.5% 13 8.459 4 125.10 1.679 8.39 86.86
36.0% 8 8.710 3 153.35 1.709 10.80 47.99
100.0% 0 9.037 3 166.59 1.351 5.02 63.30
K3 #1 Blank *C: 1.087
2.0% 41  9.495 3 71.15 1.336 2.00 7.00 227.71
4.5% 32 10.675 3 82.49 1.952 8.05 45.23 (29 hr. incubation)
7.2% 26 12.215 3 110.77 1.293 2.58 31.89 (without 0 -8m)
22.5% 13 15.146 3 170.48 1.541 8.74 73.58
36.0% 8 15.158 3 189.90 1.382 6.33 37.67
100.0% 0 3 174.83 1.176 1.76 32.35
K3 #2 Blank*3C: 1.087
2.0% 41 9.495 3 61.43 1.522 3.02 10.55 214.27
4.5% 32 10.675 3 109.57 1.718 7.80 48.65 (19 hr. incubation)
7.2% 26 12.215 3 108.30 1.365 3.40 33.60 (without 0 -8m)
22.5% 13 15.146 3 174.06 1.551 9.11 81.31
36.0% 8 15.158 3 192.04 1.408 6.95 40.15
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2.2.5Chlorophyll a

Hajime KAWAKAMI (JAMSTEC, Mutsu Institutéor Oceanography)

(1) Sanpling location
Seawatesamplesare collectedrom StationKNOT, K2 and K3 inthis cruiseused 12 LNiskin sampling bottles
with CTD-RMS. (Th-234cast)

(2) Experimental procedure

The concentration of chlorophyl in seawater samples imeasured by florometric determination. The
methodused here utilizes thEurner fluorometer as suggested®grsons eal. (1984).

Seawatersanples 600 ml) are iftered though a glass fibeiilfer at 1/2 atmospheric pressure. Filters are used
WhatmanGF/F glasdiber filters (25 mmdiameter).

The filters are extracted by 7 ml &f, N'-dimethylformanide between overght in a dark and cold (-20 °C)
place.

The exracts of the samples are measured the fluorescence by Turner fluorometer (10-AU-005, TURNER
DESIGNS) with a 340-500 nm bound excitatiomtér and a %65 nm bound emission filer, before and after
acidification. The acidification is carried out with 2 drops of 1 N HCI and the second measurement made 1
minutesafterthe acidification.

The amount of chlorophy#i is calculatedrom the followingequation;

ug chlorophylla/ L = (fo - fa) / (Fep - For)  * VIV
whee fo and fa are the fluorescence before and after the acidification, respectiyeind I, are the fluorescent
factor ofchlorophylla andphaeophyting, respectively, v ishe volume oN, N'-dimethylformamidesxtract, and
V is the volume obeawater.

Themethod iscalibratedagainst a knowoncentratiorof chlorophylla asdetermined byhe spectrophotometric
method (Porra atl., 1989).

A precisionbased oneplicatemeasurements issually less than 5%.

(3) Preliminaryresult

The preliminary resulte/ereshown inTable2.2.6 andFigures2.2.6

(4) References

Parsons Timothy RYoshiaki MaitaandCarol M Lalli. 1984. "Amanual ofchemicalandbiological nethods for
seawateanalysis" PergamorPress), pp. 101-112.

Porra R.J., W.A. Thompsorand P. EKriedemann1989. Biochim. Biophys. Acta, 975, 384-394.
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Table2.2.6 Theconcentrations oEhlorophylla (ug I'Y) at NT03-07.

Depth (m) St. KNOT St. K2 St. K3
0 0.495 0.472 0.553
10 0.616 - 0.739
20 0.543 0.737 0.817
40 0.651 0.849 0.433
60 0.783 0.445 0.322
80 0.078 0.134 0.258
100 0.057 0.055 0.073
150 0.018 0.020 0.019
200 0.025 0.016 0.012

Chlorophyll a (ug 1

Chlorophyll a (ug 1

Chlorophyll a (ug 1)
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Figure2.2.6 Theverticaldistributions ofChlorophyllaat NT03-07.



2.2.6 Th-234 and export flux

Hajime KAWAKAMI (JAMSTEC, Mutsu Institutéor Oceanography)

(1) Purposef thestudy
The fluxesof POCwereestimatedrom Particle-reactiveadionuclide £*Th) andtheir relationship wittPOC in

the northwestermNorth PacificOcean.

(2) Sampling

Seawatesamplingfor #*Th andPOC: 3 stations (SKNOT, K2, and K3)and 8depths(10m, 20m, 40m60m,
80m, 100m, 150nand200m) ateachstation.

Seawatesamples (20—30 Lyveretaken fromHydrocast at each depth. Témawatesamples sre filteredwith
47mm GF/Ffilter on boardimmediatelyafter wateisampling.

In situ filtering samplesveretaken fromlargevolume pumpsampler (LVP) asamedepths as Hydrocast.The
filter samples 150mm GF/Filter) weredividedfor #Th, POCandPON.

(3) Chemicaknalyses
Dissolved®®**Th was separategsing aniorexchangenethod orboard;all Hydrocassamples. Particulate”*Th
from LVP samplesvere separateid land-basedaboratory. Separatedamples of**Th were absorbed oB5mm

stainless stealisks electricallyand were measured {8¢ray counter.

Thedetermination®f POC andPON were used CHMinalyzer inland-basedaboratory.

(4) Preliminaryresult
The distributions oflissolvedandparticulate”**Th will be determined asoon as possiblafterthis cruise.

This workwill help furtherunderstanding gbarticle dyramics at the euphotlayer.



2.3 Surface underway observations

2.3.1 Continuous pCQmeasurement

Yukihiro NOJIRI (Nationallnstitutefor EnvironmentalScience)
Kazuhiro HAYASHI (JAMSTEC MIO)
Mario HONDA (JAMSTEC MIO)

Introduction

Thesurface seawater pG@& controlled bythe percentage afjaseousarbondioxide concentration to its
sdubility in seawater. The four major controlling mechanisms adanic pCQ are SST (surface seawater
temperature), biological activitiepl{otosynthesis and decompam of organic matter), vertical mixing and gas
exchange. TheNT03-07 cruiseincludedthe subarcticnorth Pacificwith intensive coolingandvertical mxing of
surface seawater.

Because the oceanic pg@xies wth time and space, the pemsetime of the underway measurement
on board a ship should be as short as possible.  The popular types ,&fys@ns are using showerhead type
equilibrator. Because iusually hadargeratio of air towater inthe equilibrator,the systemrmeed<irculating pass
to achieve the gas-water equilibrium to hameugh contact with gas and seawater. This usually makes the
responsgime of the pCQmeasurement ithe order ofhour. Theoceanic pC@sometimechanges very sharply
with therapidchange ofSST atffrontal regions Sharp spatiathange isalsoobserved irthe springbloom season,
when the patch diighestproductivity iscommonlyobserved irthe subarcticandcoastal regions.

In this cruise, we used the continuous flow type ofildogator, which facilitate the rapid rpense

measurement of pCO

Method

The surface seawater taken from the sea chest of R/V Natsushimaipydgedsto an air-liquid
equlibrator having Tandem design, which is a combinatiorbutbbling and mixer edibrators. Seawater is
supplied from the inlet locating the top of the equilibrator and run down. As the inlet diameter is 20 mm, it is
never clogged by plankton and nekton. Cylinder air having natural d@@entrationis supplied from the
bottom of the bubbling edibrator at 350 ml/min flow rate and ascends in the cylindrical tube. The air is
equlibrated to the CQ@concentration in seawater at the overflow surface of the cylindrical tube. Because of the
surfacetension in the bubblingir makes thénside pressure dir bubbleincrease, theesulted pCQof the bubble
has slightlylower pCQ than the truseawater pCOwhich is estimatedabout 0.8% of the total pG@n seawater.

The aupplied air then passes through the mixerildmator with a splasher inside. The air &curately
equilibrated bythe seconcequilibratorandthen flows out from the equilibrator200 ml/min of the aioverflows
ataseparatorand150 ml/minof theair is aspirated to a COneasuremergystem with NDIR.

TheNDIR is cdibrated with 4 working standard gases have already been critically calibrated against
NIES-95standardyas scale. The calibration wdans at Gand 12 of GMT. The calibration take40 minutes and
amospheric CQwas measured after each calibration for 10 minutes. The NDIR output signabggedl with
10 secondsnterval forstandardjasesandwith 1minuteintervalfor atmospherandseawatemeasurement. Then,

we had 2 series of 670 minutes (11 hour and 10 minutes) of continuous rp€Surement of minutes date



logging in aday.
TheNDIR mV oufput ae corrected with pressure effect with pressure gage at the outlet of NDIR cell

andthencalibrated bythe standardyasreadings.

Result
After leaving the lasstation, K3,and onthe wayback toYokosuka,sea conditiofbecamevorseand the
sea cheswas outcropped in the air.  Therefore the continuous pCO2 measurement could not but be suspended.

Exceptthis period,temporalandspatial variability insurfacgpCO2 wassuccessfullyobservedtontinuously.



2.3.2 Underway sanpling for Particulate matter

KazuhiroHAYASHI (Mutsu Inst.for Oceanography, JABITEC)

Objectives

Undestandingthe seasonal variation of the trace metals in the particle matter at the ocean surface is
important for study of export fluxes by them. The contents of trace elements in particulate matter differ by
dominantphytoplanktonrcommunities The objectives ofhis investigatiorare to understarttie seasonalariation
rdationship beveen chemical tracers and primary production at the northwestern Pacific, and obtain more

knowledge oftharacteristics ahe particulatematterandphytoplankton communities in thaea.

Sampling

Underwaysampleswvere collected bgontinuousseawater pump oR/V Natushimalnderway seawater
waspassedhroughtemperatur@ndsalinity sensor Themosalinograpmodel316SM), and introduced tgtainless
steel flter holder (SUS316) for 142mmifters. Particulate matter was collected by Nuclepore (0.4um),opers
(0.8um), Millipore-HA (0.45um) and GF/F filtes, respectively (Table 2.3.2-1). Filtered volume aueged by
flowmeter. After filtratedeach fiter was rinsed 3 times by milli-Q water. Nuclepore, e and Mlipore HA
filters weremoved toacidclean centrifugéubes, whichwerestored inthe refrigerator. GF/F filter waswrapped by
organicfreealuminum foil, andstored inthe freezer.

Seawatersanples were calectedin 280 ml after iftration, and were acidified in pH ~2 by adding 8M
HNO,. After acidification,samplesverestocked inplastic bagandstored inthe refrigerator. Table 3.2-2 showed

sampling list ofsurfaceseawaterandFigure2.3.2 illustratedlistribution oftemperatureandsalinity.

Analytical method

Nuclepore, Versopand Millipore HA filters arecut in half size byplastic cutter in theleanfood, one
is digestedby using microwave digestion system (Ethoth: Milestone) with Hai@ HF.Dissolved samples are
transferred to 50ml centrifuge tube. For ICP-AES samples, uptake of 5ml, add Sc as an internal standard, which
take for major elements. These samples will be measured by ICP-AES (QQ300BV: Perkin-Elmer). After
divided for ICP-AES, almos#5ml sample is added spikes, transferreddfion beaker, and evaporated to small
drop. Teflon beaker wall is rinsed by conc. HN® or 4times. Sample will be measured by ICP-MS with
dessolvator (mdified Cullen et al, 2001). GF/Hilter is dried byvacuumfreezedrier,andcut a ofquartersize. One
is introduced to CHNS analyzer (NCS 2500: FiniganMAT) for determination of total Carbon and Nitrogen.
Another one is fodeterminatiorof inorganic Carboicontents byCoulometer.

Seawater saptesarebrought outlml, added Sdor internalstandardanddiluted by 109%HNO3. Diluted
samplesare introduced téCP-AESandanalyzeCa, Sr,and Mg.

Reference
Cullenet al, (2001) Determination of elementsfitiered suspendedharine particulate material by secfiefd
HR-ICP-MS, J. Anal. AtSpectrom. , 2001, 16,307-1312



Table 2.3.2-1 Filteration sample list.

Start End Filteration

No. |Type Lot Long Salinity | Temp. (°C) Lot Long | Salinity | Temp. (°C)| volume /L
1|GF/F 37.07.07 |143.31.73] 34.216 20.928 37.24.37 |143.59.44| 34.341 21.162 211.8
2|Versopor 37.26.68 |144.03.30] 34.349 21.243 37.37.61 |144.19.92| 34.291 21.072 112.6
3|Nuclepore | 37.42.75 |144.28.21| 34.234 20.496 37.47.49 |144.36.18| 34.213 20.708 3.1
4|Nuclepore | 37.49.08 |144.38.80| 34.267 20.792 38.19.65 |145.27.20| 34.305 20.140 13.9
5|GF/F 39.16.34 |147.00.15] 33.596 18.139 39.38.64 |147.36.15| 32.718 15512 182.7
6|Versopor 39.40.05 |147.38.46] 32.764 15.345 40.00.38 |148.12.47| 34.266 21.091 56.6
7|Nuclepore | 40.02.19 |148.15.41| 34.270 21.117 40.22.65 |148.48.69| 33.007 16.286 11.2
8|Nuclepore | 40.26.21 |148.54.63| 33.211 16.402 40.51.90 |149.39.05| 33.975 15.822 1.3
9|GF/F 41.52.26 |151.10.19| 32.729 13.119 42.24.28 |152.13.74] 32.680 13.842 203.7
10{Versopor 42.25.96 |152.16.79| 33.316 13.910 42.38.43 |152.38.64] 32.985 14.392 58.9
11|Nuclepore | 42.39.91 |152.41.24| 32.989 14.408 42.55.26 |153.07.98| 33.044 14.498 114
12|Nuclepore | 42.55.26 |153.07.98| 33.070 14.494 43.25.14 |153.59.70] 32.690 13.023 16.5
13|GF/F 44.00.03 |154.59.93| 33.584 15.101 44.00.01 |155.00.00] 33.597 15.237 171.9
14| Versopor 44.00.05 |155.00.04| 33.601 15.262 44.00.05 |154.59.78| 33.775 15.299 59.8
15|Nuclepore | 44.00.07 |154.59.73| 33.801 15.299 44.00.07 |154.59.73| 33.805 15.399 11.6
16|GF/F 44.57.06 |156.34.84| 32.809 12.166 45.27.18 |157.35.07| 32.814 11.180 2759
17| Versopor 45.28.75 |157.38.09| 32.788 11.081 45.50.16 |158.14.50, 32.809 10.979 113.6
18|Nuclepore | 46.02.93 |158.34.26] 32.781 10.562 46.14.85 |158.52.18| 32.776 10.600 14.2
19|GF/F 46.59.97 1160.00.09| 32.820 10.307 47.00.05 |160.00.00] 32.820 10.886 180.7
20| Versopor 47.00.05 1160.00.00| 32.821 10.841 46.59.92 1160.00.17| 32.814 10.798 74.5
21|Nuclepore | 46.59.92 |160.00.17| 32.814 10.798 46.44.36 |159.59.89| 32.798 10.669 6.6
22|GF/F 46.04.03 159.59.99| 33.020 11.975 44.36.66 160.00.04| 32.903 11.820 306.7
23| Versopor 44.29.42 1160.00.02| 32.903 11.820 43.50.21 |160.00.00, 33.686 13.721 308.4
24|Nuclepore | 43.46.27 |159.59.94| 33.711 13.756 43.34.02 |159.99.98| 33.627 13.442 12.2
25|GF/F 43.31.37 160.00.01| 33.566 13.265 43.11.47 160.00.03| 33.517 13.033 164.4
26| Versopor 43.08.52 |159.59.97| 33.488 13.107 42.50.82 |159.52.92| 33.213 13.100 95.9
27|Nuclepore | 42.48.67 |160.00.04| 33.198 13.173 42.38.06 |159.59.97| 33.836 15.100 12.79
28|GF/F 42.35.95 1160.00.00| 33.563 14.454 42.05.13 |160.00.01) 33.987 15.676 121.2
29| Versopor 42.02.87 1160.00.01| 33.798 15.612 41.46.67 |159.59.98| 33.897 15472 65.1
30|Nuclepore | 41.43.20 |159.59.87| 33.990 16.185 41.37.95 |159.57.66| 34.186 16.896 33
31|GF/F 41.35.92 159.59.25| 34.218 17.159 40.01.50 |160.00.01) 33.667 15.355 100.6
32|Versopor 39.57.85 ]160.00.02] 33.548 15.097 39.43.11 [160.00.07| 33.567 15.660 24.7
33|Nuclepore | 39.40.21 |159.59.98 33.458 15.129 39.40.15 |159.59.92| 33.441 15.072 1.8
34|GF/F 39.40.49 |159.59.76| 33.433 15.102 38.59.96 |160.00.01 33.861 16.758 103.8
35| Versopor 39.00.12 |159.59.93| 33.863 16.732 39.00.12 159.59.93| 33.719 16.225 24.4
36|Nuclepore | 39.00.03 |159.59.84| 33.724 16.327 39.00.03 |159.59.84| 33.769 16.414 1.7
37|GF/F 39.00.06 |159.59.88] 33.772 16.453 39.00.06 |159.59.88| 33.772 16.453 99.7
38| Versopor 38.57.56 |159.48.06] 33.588 16.023 38.33.08 |157.48.11| 34.229 19.689 47.7
39|Nuclepore | 38.31.95 |157.42.32| 34.258 19.686 38.29.00 |157.28.07| 34.237 19.571 1.2
40|GF/F 38.28.57 |157.25.74] 34.220 19.553 38.28.57 |157.25.74] 34.220 19.553 59.1




Table 2.3.2-2 Surface seawater sampling list.

trace

No. Sampling data metal Nuts” Auto Sal. |Remark
Date Lot Long Salinity | Temp. (°C) (MAG) (MIO) psu

1 | 7/6/2003 | 37.16.47 | 143.46.47 | 34.334 21.243 0 0 34.5236

a |7/6/2003 | 37.27.55 | 144.04.68 | 34.383 22.039 0 0

2 | 7/6/2003 | 37.49.08 | 144.38.80 | 34.260 20.761 0 0

3 | 7/6/2003 | 38.19.65 | 145.27.20 | 34.305 20.140 0 0

4 |7/7/2003 | 39.05.95 | 146.44.26 | 34.383 20.195 0 0 0 34.2101

5 [ 7/7/2003 | 39.44.96 | 147.46.19 | 33.618 17.598 0

b | 7/7/2003 | 40.02.19 | 148.15.41 34.270 21.117 0 0

6 | 7/7/2003 | 40.22.65 | 148.48.69 | 33.007 16.286 0

7 | 7/8/2003 | 40.57.35 | 149.50.88 | 33.913 15.440 0

8 |7/8/2003 | 41.46.57 | 151.10.19 | 32.756 13.264 0 0

9 |7/8/2003 | 42.20.34 | 152.07.17 | 32.991 14.163 0 0 33.1317

c | 7/8/2003 | 422596 | 152.16.79 | 33.316 13.910 0 0

10 | 7/8/2003 | 42.55.26 | 153.07.98 | 32.065 14.494 0 0

11 | 7/8/2003 | 43.26.92 | 154.02.74 | 32.689 12.609 0

12 | 7/9/2003 | 44.00.03 | 154.59.93 33.582 15.102 0 0 KNOT
13 | 7/9/2003 | 44.00.05 | 155.00.04 | 33.601 15.262 0 0 33.7418 |[KNOT
14 | 7/9/2003 | 44.00.07 | 154.59.73 33.801 15.269 0 0 KNOT
15 [7/10/2003| 44.57.06 | 156.34.84 | 32.830 12.457 0

16 [7/10/2003| 45.28.75 | 157.38.09 | 32.793 10.632 0 32.9428

17 |7/10/2003| 46.02.93 | 158.34.26 | 32.781 10.562 0

18 [7/10/2003| 46.29.98 | 159.14.88 | 32.799 10.307 0

19 [7/11/2003| 46.59.97 | 160.00.09 | 32.820 10.337 0 K2
20 |7/11/2003] 47.00.05 | 160.00.00 | 32.821 10.841 0 K2
21 [7/11/2003| 46.59.92 | 160.00.17 | 32.814 10.798 0 K2
22 |7/11/2003| 46.04.03 | 159.59.99 | 33.020 11.975 0 0

23 [7/12/2003| 44.36.66 | 160.00.04 | 32.903 11.820 0

24 (7/12/2003| 43.50.21 | 160.00.00 | 33.686 13.721 0

25 (7/12/2003| 43.27.86 | 159.59.99 | 33.502 12.755 0 33.6547

26 (7/12/2003| 43.08.52 | 159.59.97 | 33.488 13.107 0

27 (7/12/2003| 42.48.67 | 160.00.04 | 33.198 13.173 0

28 [7/12/2003| 42.35.95 | 160.00.00 | 33.563 14.454 0

29 [7/12/2003| 42.17.66 | 160.00.01 34.067 15.858 0

30 (7/12/2003| 42.02.87 | 160.00.01 33.790 15.612 0

31 (7/12/2003| 41.43.20 | 159.59.87 33.990 16.185 0

32 |7/13/2003| 40.01.50 | 160.00.01 33.667 15.355 0

33 |7/13/2003| 39.40.21 | 159.59.98 | 33.472 15.176 0

34 |7/13/2003| 39.10.27 | 160.00.01 33.962 17.112 0 34.1148

35 |7/13/2003| 39.00.12 | 159.59.93 33.859 16.646 0 K3
36 |7/13/2003| 39.00.06 | 159.59.88 | 33.747 16.301 0 K3
37 |7/13/2003| 38.31.95 | 157.42.32 | 34.258 19.686 0

* Nutrients samples were stored by 2 methods. MIO was poisoning by using HgCl,. MAG was stored by frozen.
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2.3.3 Barium as atracer of dust input andbiogeochemical cycle in the western North Pacific

HisashiNARITA (HokkaidoUniversity)

Objectives
It is wel known that the vertical profiles of barium in theean well areimilar to those of silicate.
The objective of this study is to understand seasonal variation in surface water and spatial distribution of barium

concentration irthe westernNorth Pacific inrelation tobiological productionanddustinputs.

Sampling

Suface waters for barium analysis were collected during this cruiseighrunderway swate water
sampling. Inaddition,Seawatesamples fobarium analysisverealsocollectedusing Niskin bottles wunted on
the CTDRMS system. The samples for bariuanalysis were collected into 10 ml polyethylene vials after pre-
ringng with the sample. The external joints between caps and bodies were wrapped in Parafilm to minimize
evaporation, and the unacidified samples were enclosed in plastic bags to store. All samples were stored at room

temperaturgill analysis inHokkaidoUniversity.

Analytical method

Barium concentrationwill be cetermined byisotopedilution-inductivelycoupledplasmaquadrupolenass
spectrometrfID-ICPMS) in a mannesimilar to thatdescribed byKlinkhannerandChen(1990). Briefly, 1 ml of
seawatesample waspikedwith anequalvolume of135Ba-enrichedolution (Oak Ridge Nationdhboratories)
anddiluted100-flod in0.16 N ultrapureHNO3. Sampleswvere introducethto ICP-MS (HP 4500).



2.4 Optical Measurements
Hiroaki SAKOH (JAMSTC Mutsu Institute for €@anogrphy)

(1) Objective
The objective ofhis mesurement is tinvestigate the aand underwatdight conditionsat respective
stations and todetemine depths for simulated situ measurement of prinma production using labeled 15N

nitarateandinorganic13C-carbon.

(2) Description of mstrumentsleployed

The instrument consisted of the SeaWiF =S
Profiling Multichannel Radiometer (SPMR; an
SeaWiFS Mitichannel Surdice ReferencéSMSR).
The SPMR was deployed in a free fall mode throug
the water column. Therofiler has a 13 channe
irradiarce sener (Ed), a 13 channel radiance sens
(Lu), tilt sensor, and fluorometer. The SMSR has
13 channéirradiance sensor (Es), tilt meter. The
instrumentsobserved the vertical profiles of visibl
and ultra violet light and chlorophyll

concentration. Figl. Profiler configuration

Table2.4-1. Centerwavelength othe SPMR/SMSR

Es [ 379.5]| 399.6( 412.2] 442.8] 456.1| 490.9]| 519.0| 554.3] 564.5| 619.5| 665.6| 683.0f 705.9

Ed | 380.0] 399.7( 412.4| 442.9] 455.2| 489.4| 519.8| 554.9| 565.1| 619.3| 665.5| 682.8| 705.2

Lu | 380.3] 399.8| 412.4| 442.8] 455.8] 489.6[ 519.3| 554.5] 564.6] 619.2| 665.6] 682.6| 704.5

The profilerwasdeployedwice atrespectivestations to alepth of 200 m. Thereference (SBR) was
mounted orthe @mpasgeck andvasnevershadowed byany shipstructure. Therofiler descended at aaverage
rate of1.1 m/s with tiltsof less than 2legrees.

Thesemeasurements provide data for the computation of quantitigghatbsynthetically available
radiation(PAR).

The preliminary resultazereshown in Figures 2.4-1, 2.4&hd2.4-3.
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Figure2.4-1. Vertical profiles of underwatetight field atstation KNOT.
a: downwelling spectratradiance
b: upwelling spectraradiance

c¢: calculateathlorophyllconcentratiorandphotosyntheticallavailableradiation(PAR)



haEl A i.ki i i i L1 ]
L L
-
Ee-
L] [,
o
: 2
B PPl 5 |
~F
s
rl o == = -
'g » & " lEI“.'\: Fi -
] - K — — a4
- 'F ; -- 1.4
i |
¥ .
I A~ 4 [
aH L
e
ey oLhl dee |
P T T
1= B (]| L L] L i I
¥
et
] L3y o
'.-.':.!:1
" T A
A
= A =
4 i
i T el ' - I, me
u — ]
&= g I — —aliig
F Ir' "'.u'.
L9
. T i
o |- Lot 4 o}
' w18, T
*
i b
-
e L I

' ) N

Dl carcapng 10 it 10

a4 1B (I FR | i
d - o g f —F— ey
€ N E,
w | L] - Sy "
I‘-I- ]
£ o | i y A
= i
a .|' — Baimevil
-imn | i s fuin
|
If
i I & i

H
mt ik [ (T [TeLl m# mn

SIUNE P PR T |

Figure2.4-2. Vertical profiles of underwatetight field at station K2.
a: downwelling spectratradiance
b: upwelling spectraradiance
¢: calculateathlorophyll concentratiorandphotosynthetically

availableradiation(PAR)
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Figure2.4-3. Verticalprofiles of underwatetight field at station K3.

a: downwelling spectratradiance

b: upwelling spectraradiance

¢: calculateathlorophyll concentratiorandphotosynthetically

availableradiation(PAR)



(3) Opticalcharacteristics
Makio HONDA (JAMSTEC MIO)

In the northwestermorth Pacific (NWNP)pur group (JAMSTEC-NMD / WHOI-JPAC)havebeen
conductingime-series observatiomith using mooring systems. Qhese mooringystemspptical sensor
package calleBLOOM areinstalled. TheBLOOM measures spectral downwellimgdiance andipwelling
radianceor threewavelengthg443 nm, 490 nnand555 nm),andchlorophyll.  On the othdrand,our group has
neverobservedight condition byusing optical sensors fitne-seriestations in the NWNP. Anothebjective
of optical observatioduringthis cruise was t&know the opticatharacteristicand tocontribute tothe evaluation
of observedralues byBLOOM.

1) Extinction rate for respective wave lengths and PAR for respective stations

Figure 2.4-4 showspectral downwellingrradiance(Ed) atseveral depthgbserved astation K2. It
can be seethat the extinction of Ed witdepth is largefor wavelengthdrom 600 to 700 nnthan for thatfrom
450 to 550 nm. It isndicative ofthat thewavelength of- 480 m, which is blue greenlight, can penetrate to
deepedepth. Figure 2.4-5 showsertical profile inphotosyntheticallavailableradiation(PAR) at stations
KNOT, K2 and K3. PAR at station K2vas the stronge$tllowed bystation KNOT. The extinctionoefficient

(K) is one ofindex ofextinction intensityandexpressed as

|, =1, e )

where | and |}, are irradiance at m and 0 mwaterdepth, respectively. With usingPAR data atupper 50 m, K at
stations KNOT, K2and K3 were estimated to BeD95, 0.094and0.089, respectivelyresulting that extinction
coefficient atstation K3located inthe subarctic-subtropicddoundaryandgoverned bythe Kuroshiorelated water

wasslightly smaller than othestations.

2)Calculation of PAR
Quantumyield betweertiwo wavelengthgA 1 andA2) (Q.p) areestimatedvith Ed ofrespective

wavelengths (Eg;) and Ed,, ) andthe followingequation:

Quunz) (quanta crii sec?)
= (Edyy + Ediy) * (A2)- A1))/2*10° /h/c* (1) +(A2)/2*10° (2

where Ed,,;, and Ed,, are irradiancef wavelength ofA1 andA2 nm, respectively. Therefore (EQ,;, + Ed ;) *
((A2) - @1))/ 2 * 10°is integrated Ed (W-crhor joule-cnf) betweenwavelength oh1 andA2 nm.  ((A1) +
(A2)) / 2 * 10°isaveragavavelengt(m). The hand c are the Planck constantlight velocity, and6.626 *

103 joule-sec-mand3.0 * 1¢ m-sed, respectively.

Based orthe above equatiorR AR whichis integratecquantum yield between 4@hd700 nmwere calculated.
Estimated®AR coincidedwell with PAR computed by softwareSatlantic PROSOFT6dedicated tdahis optical



sensor systermwithin 1 %deviation.

3) The ratio of quantum yield between 443 and 555 nm to PAR

As describecabove BLOOM installed atapproximately 45 m belowaurface orour mooring system
measures Edf three wavelendis; 443 nm, 490 nm, 555 nm. drder tounderstandhe ratio ofquantum yield
betweer43 and555 nm (Q3555) 10 PAR, Quu3555Wascalculatedwith equation(2).  Figure 2.4-6 shows the
ratio of Q435550 PAR against thdight levelrelative to sirfacelight level. The ratio in air waspproximately
38 % anddecreasediith light level. At 40 mwherelight level is approximately 2 % ail OOM is deployed,
the ratio was approximateR8 %. Therefore Q,35s5€stimatedvith BLOOM datacan be sysected to be
approximately 80 % dPAR at thadepth. It isnotedthat Q,,3555eStimatedvith Ed ofthree wave lengths (443,
490, 555)coincidedwell with Q43555 €stimatedvith Ed of fivewavelengths (443, 455, 49620, 555)within

5 % deviation.

4) Daily PAR

Although wecan observeptical condition such aBRAR severatimes aday byBLOOM, total daily
PAR isoftenrequestedor estimation of neprimary productivity. Inaddition,satelliteprovides us a daily PAR
data(often weekly composite). Thereforehow to estimatelaily PAR with temporallyobserved® AR should be
considered.

The followingempiricalequation isproposedor the estimation ofliurnalchange irPAR  (PAR);

PARq) = PAR a0 * (sin (/1 * T) ) (for sunnyday insummer) 3)
PARq) = PAR a0 * (Sin (/1 * T) ¥ (for otherday) 4
(Kaiyo KansokuShishin,1990)

wherePAR(max) isPAR atmeridian passagéme, | is an insolatiomurationand T is arelapsed time from
sunrise. During this cruise, optical observation waarriedout aroundnoontime. Assuming thatbserved PAR
in air is PAR aimeridian passagéme andinsolationduration atstations KNOT, K2and K3 are approximately
15.3, 15.5and14.8 hoursrespectivelydiurnal diange inPAR wassuspected bysingequation (3panddaily PAR
wasestimated byntegrating PAR, for respectivestations. Based orsuspected diurnal changePAR in Figure
2.4-7,integratedPAR, i.e., daily PAR, wereestimated tdoe approximately22, 17and 11mol quanta rif day* at
station K2,KNOT andK3, respectively. Table2.4-2 showsstatistics ofdaily PAR in July 1998/1998bserved
by VISSR (Visible and Infraredspin ScarRadiometerpboardlapanese GMS- (Hond2)01). Comparedur data
with these datagur data wereslightly snaller.  This might beattributed tothat PARobservation wasot always
conducted aineridian passage timanddaysfor observatiorwerecloudy. Howeverestimated dailf?AR does not

differ from previousdatacritically.

Finally, it is likely that the estimation of PABedicated tahe estimation oprimary productivitywith
BLOOM data isnot simpleand nany assumptionareneeded. Howeverthe aboveconsideratiomwill be helpful
for the interpretation dBLOOM data. In addition,more optical observatias stronglyrecommended at our

time-seriesstations infuture.
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Figure 2.4-7 Diurnathange inPAR for respective

Table 2.4-2 PAR in July 1998 / 1999 at stations 50N (50°N, 16KEDT (44°N,
155°E)and40N (40°N, 165°E)

PAR in July (mol gquanta/m2/day)

stations 50N KNOT 40N
average 31.8 30.0 36.5
max 56.0 56.0 54.0
min 10.0 10.0 14.0

stdev 10.1 9.1 11.5




3. Appendix

List of Hydrocast
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Hydrocast for Productivity
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Station: KNOT
Start End Remarks: Cast for Routine SHALLOW
Date/Time:| 2003.7.9 10:23 2003.7.9 10:45
Lat.:|43-59.883 43-59.870
Long.:|155-00.080 155-00.095
Depth (m):|5310.0 5310.0
CTD data Autosal Chemical analysis (uncorrected data)
Bottle # Depth Pressure Pot-Temp. Sdlinity SigmaB6 Sa  Sainity DO TA TDIC  NO2 NOx PO4 S04
[m] [db] [. C] [PSU] [kg/m"3] B/N (psu) umol/kg umol/kg umol/kg umol/kg umol/kg umol/kg umol/kg
1 201 202 2418 33.585 26814 98 33587 161.36 2247.6 005 3521 264 76.28
160.54
2 151 152 2.163 33.416 26.693 97 33427 250.65 2188.5 0.06 28.17 218 55.65
3 126 127 1.847 33.278 26.624 96 33.303 296.22 2161.1 0.06 2551 201 4744
4 100 101 1.606 33.164 26543 95 33206 319.36 2147.2 0.07 24.60 197 4338
5 80 81 1.377 33.112 26504 94 33129 328.31 2141.0 0.77 2481 198 4253
6 70 70 1.617 33.073 26466 93 33.103 331.68 2140.0 0.00 2375 197 40.74
7 61 61 2.125 33.078 26434 92 33.092 334.24 2128.4 0.70 22.02 193 37.15
8 50 50 3.133 33.075 26.329 91 33.081 349.79 2092.3 042 1861 173 25.78
349.95
9 40 40 3.838 33.064 26.245 90 33.066 361.53 2063.6 0.34 16.60 158 17.50
10 30 30 7.422 33.194 25950 89 33.128 349.49 2027.3 024 10.39 114 1107
11 20 20 13.698 33.698 25242 88 33.691 280.53 2029.9 0.16 4.43 056 12.37
12 10 10 13.970 33.742 25221 87 33746 274.89 2023.6 0.16 3.98 051 1277
275.14
bucket 0 0 14.025 33.733 25203 99 33.740 - 2027.0 0.17 3.76 050 12.56




Start

End

Remarks: Cast for Routine DEEP

Date/Time:| 2003.7.9 21:47 2003.7.9 23:46 Precision of Salinity #86 determined by Autosal islow.
Lat.:|44-00.055 44-00.059
Long.:|154-59.881 155-00.218
Depth (m):|5351 5351
CTD data Autosal Chemical analysis (uncorrected data)
Bottle # Depth Pressure Pot-Temp. Salinity Sigma0 Sa  Sainity DO TA TDIC  NO2 NOx PO4  SO4

[m] [db] [. C] [PSU] [kg/m"3] B/N (psu) umol/kg umol/kg umol/kg umol/kg umol/kg umol/kg umol/kg

1 3492 3557 1471 34.673 27749 86 34.717 146.26 2331.9 0.00 36.33 250 147.93

146.00

2 2993 3045 1.525 34.662 27.736 132.06 2343.8 0.00 37.16 261 151.33

3 2495 2535 1.640 34.640 27.711 110.51 2357.2 0.00 3851 274 157.09

4 1996 2025 1.854 34.603 27.663 82.04 2371.0 0.00 40.35 2.87 159.89

5 1497 1517 2.175 34.528 27.580 54.04 2377.1 0.00 4191 3.01 156.84

6 997 1009 2.628 34.413 27450 85 34417 35.67 2374.4 0.00 42.62 3.06 145.97

7 798 807 2.950 34.350 27.371 36.30 2367.9 0.00 4246 3.06 134.36

8 598 605 3.078 34.208 27.247 29.95 2357.1 0.00 43.02 3.07 125.15

9 501 506 3.547 34.173 27.173 44.31 2339.6 0.00 4151 296 111.93

10 400 404 3.316 34.019 27.071 53.99 2328.0 0.00 41.60 3.00 104.32

11 299 302 2.976 33.824 26.957 82.27 2306.6 0.00 40.12 293 95.15

12 249 251 2.811 33.737 26.893 84 33.747 110.59 2283.3 0.00 38.03 2.80 85.58




Remarks: Cast for Th/POC Upper (Kawakami)

Start End
Date/Time:|2003.7.98:51  2003.7.9 9:05
Lat.:{44-00.019 44-00.067
Long.:{155-00.005 155-00.035
Depth (m):
CTD data
Bottle # Depth Pressure Pot-Temp. Salinity  Sigma0
[m] [db] [ C] [PSU]  [kg/m"3]
1 59 60 2711 33.095 26.368
2 59 60 2.726 33.088 26.368
3 60 61 2.728 33.094 26.366
4 40 40 3.787 33.064 26.266
5 40 40 3.978 32.976 26.266
6 40 40 3.991 33.029 26.266
7 20 20 13.843 33.733 25.236
8 20 20 13.907 33.708 25.236
9 20 20 13.923 33.725 25.236
10 9 9 13.952 33.729 25.211
11 10 10 13.956 33.729 25.211
12 10 10 13.960 33.728 25.211




Remarks: Cast for TH/POC Lower (Kawakami)

Start End
Date/Time:|2003.7.96:16  2003.7.9 6:35
Lat.:[44-00.072 44-00.089
Long.:[154-59.957 154-59.890
Depth (m):
CTD data
Bottle # Depth Pressure Pot-Temp. Salinity  Sigma0
[m] [db] [ C] [PSU]  [kg/m"3]
1 200 202 2.464 33.606 26.820
2 200 202 2.465 33.611 26.820
3 201 203 2.466 33.610 26.823
4 150 151 2.062 33.413 26.694
5 150 151 2.062 33.410 26.694
6 150 151 2.060 33.410 26.694
7 99 100 1.448 33.209 26.576
8 99 100 1.448 33.208 26.576
9 99 100 1.448 33.209 26.576
10 79 80 1.509 33.166 26.531
11 79 80 1516 33.159 26.531
12 80 81 1514 33.162 26.533




Remarks: Cast for Primary Productivity

Start End
Date/Time:|2003.7.9 20:48 2003.7.9 21:08
Lat.;:[43-59.990 44-00.017
Long.:[154-59.834 154-59.880
Depth (m): 5310
CTD data
Bottle # Depth Pressure Pot-Temp. Salinity  Sigma-0
[m] [db] [. C] [PSU] [kg/m"3]
1 201 203 2519 33.599 26.805
2 150 151 1.847 33.351 26.661
3 125 126 1572 33.250 26.599
4 79 80 1.498 33.103 26.503
5 70 71 1.651 33.083 26.460
6 59 60 2.023 33.069 26.414
7 51 51 2.901 33.051 26.344
8 40 40 4.340 33.170 26.244
9 32 32 5.652 33.115 26.080
10 26 26 14.012 33.928 25.378
11 14 14 14.066 33.950 25.355
12 8 8 14.087 33.950 25.356
bucket 0 0




Station: K2
Start End Remarks. Routine SHALLOW
Date/Time: 2003.7.11 10:33 2003.7.11 10:53 Precision of Salinity #81 determined by Autosal islow.
Lat.:|47-00.240 47-00.351
Long.:|160-00.024 160-00.059
Depth (m):|5189.0 5189.0
CTD data Autosal Chemical analysis (uncorrected data)
Bottle # Depth Pressure Pot-Temp. Sdlinity Sigma6 Sa Sdinity DO TA TDIC  NO2 NOx PO4  SO4
[m] [db] [. C] [PSU] [kg/m"3] B/N (psu) umol/kg umol/kg umol/kg umol/kg umol/kg umol/kg umol/kg
1 200 201 3.452 33.867 26.934 80 33858 53.31 2316.9 0.05 4307 307 94.16
53.94
2 150 151 2.965 33.676 26.829 106.63 2281.6 006 39.90 287 8257
3 124 125 2.081 33.405 26.683 195.06 22245 006 3434 256 66.64
4 100 100 1.313 33.105 26.508 325.22 2138.0 007 2530 200 4329
5 80 80 1.526 33.070 26.465 340.69 2128.8 0.77 2317 192 39.77
6 71 71 1.705 33.056 26442 81 33.070 342.10 2124.1 0.00 2264 190 39.11
7 60 60 1.965 33.029 26.401 342.73 21195 0.70 2259 187 39.28
8 49 49 3.351 33.037 26.266 345.27 21134 042 20.87 179 36.63
345.06
9 40 40 4.751 32.999 26.114 345.62 2093.2 0.34 18.79 163 3342
10 29 29 8.030 32.936 25.670 330.60 2075.7 024 16.97 152 3262
11 20 20 8.595 32.877 25.580 314.10 2066.2 0.16 15.28 139 3121
12 10 10 8.744 32.960 25562 82 32966 309.66 2063.5 0.16 15.04 139 30.85
309.74
bucket 0 0 8.925 32.847 25445 83 32.973 - 2067.1 0.17 15.06 139 30.62




Start End Remarks. Routine DEEP |
Date/Time: 2003.7.11 14:41 2003.7.11 16:01 CTD obervation stopped accidentally after 2000 m water sampled.
Lat.:|47-00.00
Long.:|160-00.304
Depth (m):
CTD data Autosal Chemical analysis (uncorrected data)
Bottle # Depth Pressure Pot-Temp. Sdlinity Sigma6 Sa Sdinity DO TA TDIC  NO2 NOx PO4  SO4
[m] [db] [. C] [PSU] [kg/m"3] B/N (psu) umol/kg umol/kg umol/kg umol/kg umol/kg umol/kg umol/kg
1 3509 3558 1.460 34.671 27.753 77 34.678 149.46 2327.1 0.00 3624 253 147.24
148.81
2 3008 3046 1.493 34.663 27.743 138.21 2338.3 0.00 36.85 259 149.17
3 2507 2536 1.580 34.645 27.724 119.76 2348.2 0.00 37.80 2.69 154.58
4 2006 2026 1.749 34.612 27.688 90.58 2365.8 0.00 39.62 2.81 160.29
Start End Remarks. Routine DEEP I
Date/Time: 2003.7.11 16:05 2003.7.11 16:37
Lat.: 46-59.973
Long.: 160-00.145
Depth (m):
CTD data Autosal Chemical analysis (uncorrected data)
Bottle # Depth Pressure Pot-Temp. Sdlinity Sigma® Sa Sdinity DO TA TDIC NO2 NOx PO4  SO4
[m] [db] [. C] [PSU] [kg/m"3] B/N (psu) umol/kg umol/kg umol/kg umol/kg umol/kg umol/kg umol/kg
5 1504 1517.4 2.018 34.556 27.618 57.82 2385.0 0.00 41.60 298 161.48
6 1002 1010.0 2.456 34.447 27494 78 34454 25.65 2388.2 0.00 43.26 312 156.35
7 803 809.1 2722 34.381 27.419 18.85 2380.5 0.00 43.75 3.13 147.70
8 603 607.4 3.019 34.293 27.325 16.37 2370.6 0.00 43.85 314 135.18
16.12

9 502 505.2 3.183 34.235 27.264 15.25 2368.2 0.00 43.75 315 12831
10 402 403.7 3.355 34.160 27.188 16.60 2357.6 0.00 43.97 3.16 120.58
11 301 3025 3.481 34.069 27.099 20.10 2345.0 0.00 43.95 3.15 112,56
12 252 252.8 3.521 34.003 26.723 79 34.008 21.90 2340.5 0.00 44.13 3.17 104.91




Start End Remarks: Cast for Th/POC Upper (Kawakami)
Date/Time:|2003.7.11 9:48 2003.7.11 9:58
Lat.:[{47-00.025 47-00.046
Long.:{160-00.111 160-00.123
Depth (m): 5189
CTD data
Bottle # Depth Pressure Pot-Temp. Salinity  Sigma-6
[m] [db] [ C] [PSU]  [kg/m"3]
1 61 61 2.039 32.999 26.399
2 61 61 2.046 33.035 26.399
3 61 61 2.069 32.999 26.399
4 40 40 3.489 33.015 26.253
5 40 40 3.583 33.029 26.253
6 40 40 3.770 33.023 26.253
7 20 20 8.289 32.965 25.653
8 19 19 8.144 32.936 25.653
9 20 20 8.255 32.947 25.653
10 10 10 8.665 32.963 25.569
11 10 10 8.677 32.961 25.569
12 10 10 8.677 32.964 25.569




Remarks: Cast for TH/POC Lower (Kawakami)

Start End
Date/Time:|2003.7.11 7:28 2003.7.11 7:44
Lat.:[46-59.945 46-59.957
Long.:[ 160-00.294 160-00.301
Depth (m): 5189
CTD data
Bottle # Depth Pressure Pot-Temp. Salinity  Sigma-6
[m] [db] [ C] [PSU]  [kg/m"3]
1 202 203 3.434 33.850 26.925
2 201 202 3.436 33.851 26.925
3 201 202 3.444 33.852 26.925
4 150 151 2.953 33.672 26.838
5 150 151 2.953 33.671 26.838
6 150 151 2.955 33.671 26.838
7 100 100 1.296 33.118 26.531
8 100 100 1.294 33.118 26.531
9 100 101 1.296 33.124 26.531
10 81 81 1.482 33.070 26.476
11 81 81 1.491 33.087 26.476
12 80 80 1.521 33.077 26.473




Remarks: Cast for Primary Productivity

Start End
Date/Time:|2003.7.11 18:24 2003.7.11 18:39
Lat.:[46-59.909 46-59.538
Long.:{160-00.144 160-00.149
Depth (m): 5189 5189
CTD data
Bottle # Depth Pressure Pot-Temp. Salinity  Sigma-6
[m] [db] [ C] [PSU]  [kg/m"3]

1 101 101 1.381 33.097 26.487

2 101 102 1.378 33.095 26.487

3 101 101 1.393 33.093 26.487

4 101 101 1.390 33.096 26.487

5 101 101 1.390 33.096 26.487

6 101 101 1.388 33.089 26.487

7 40 40 4.272 33.008 26.166

8 40 40 4314 32.990 26.166

9 30 30 5.812 33.032 26.032

10 27 27 7.265 32.973 25.825

11 13 13 8.459 32.965 25.602

12 8 8 8.710 32.962 25.566
bucket 0 0 9.037 32.870 25.445




Station: K3
Start End Remarks. Routine SHALLOW
Date/Time:| 2003.7.13 15:53 2003.7.13 16:12
Lat.:|39-00.053 39-00.013
Long.:|159-59.977 159-59.971
Depth (m):|5488 5488
CTD data Autosal Chemical analysis (uncorrected data)
Bottle # Depth Pressure Pot-Temp. Sdlinity Sigma@ Sa Sdinity DO TA TDIC  NO2 NOx PO4  SO4
[m] [db] [. C] [PSU] [kg/m"3] B/N (psu) umol/kg umol/kg umol/kg umol/kg umol/kg umol/kg umol/kg
1 200 202.1 6.068 33.757 26555 75 33755 284.40 2,117.6 0.06 16.79 132 2726
284.73
2 150 150.8 6.471 33.757 26.509 291.93 2,108.1 0.06 15.32 121 24.07
3 125 126.1 6.520 33.723 26.478 294.40 2,104.6 0.06 15.16 120 23.65
4 100 100.9 6.843 33.696 26.411 296.58 2,101.3 0.07 14.68 118 23.17
5 80 80.5 7.185 33.681 26.358 334.44 2,092.1 051 13.66 113 2246
6 70 70.5 7.187 33.650 26.335 74 33.645 305.97 2,090.2 055 13.04 113 2247
7 60 60.6 7.702 33.695 26.290 302.64 2,086.2 047 1249 1.08 21.66
8 51 51.3 9.348 33.995 26.315 281.64 2,085.3 031 12.26 0.99 20.00
281.17
9 40 40.1 9.947 34.009 26.205 277.56 2,081.9 041 1117 091 1854
10 31 30.7 11.168 34.138 26.105 279.03 2,069.8 0.52 9.42 081 16.45
11 21 21.0 13.132 33.870 25.694 290.19 2,029.3 0.23 514 055 1250
12 11 10.9 15.280 33.998 25143 73 33992 280.26 2,002.5 0.14 180 031 9.58
280.57
bucket 0 0.0 15.504 33.988 25.081 76 34.001 - 1,998.0 0.14 164 029 9.31




Start End Remarks. Routine DEEP
Date/Time:| 2003.7.13 21:43 2003.7.13 23:38
Lat.:{39-00.035 38-59.987
Long.:|159-59.897 159-59.875
Depth (m):|5488 5488
CTD data Autosal Chemical analysis (uncorrected data)
Bottle # Depth Pressure Pot-Temp. Sdlinity Sigma@ Sa Sdinity DO TA TDIC  NO2 NOx PO4  SO4

[m] [db] [. C] [PSU] [kg/m"3] B/N (psu) umol/kg umol/kg umol/kg umol/kg umol/kg umol/kg umol/kg

1 3496 3556.9 1.483 34.673 27.750 70 34.677 146.55 2336.2 0.00 36.37 258 149.37

145.45

2 2999 3046.5 1551 34.660 27.735 130.35 2349.6 0.00 37.39 2.67 152.65

3 2497 2534.0 1.677 34.637 27.708 108.69 2357.9 0.00 38.70 278 156.79

4 1998 2025.4 1.917 34.593 27.655 77.71 2375.9 0.00 40.59 293 159.30

5 1500 1517.9 2.299 34.518 27.564 48.46 2385.2 0.00 4214 307 15491

6 1000 1010.9 2.967 34.392 27404 71 34419 37.30 2368.4 0.00 42.28 3.09 136.73

7 800 808.3 3.451 34.319 27.298 40.46 2349.8 0.00 41.50 3.03 122.98

8 600 605.5 3.901 34.166 27.136 49.83 2322.7 0.00 4054 298 106.41

49.81

9 500 504.2 4.174 34.059 27.031 No data 2304.4 0.00 38.86 288 93.29

10 399 402.9 4.817 34.003 26.910 107.58 2255.9 000 3444 250 76.02

11 300 302.6 5.614 33.917 26.752 222.02 2137.0 0.00 19.33 146 37.81

12 250 251.6 6.325 33.912 26.668 72 33911 194.97 2175.7 0.00 2424 179 44.28




Start

End

Remarks: Cast for Th/POC Upper (Kawakami)

Date/Time:|2003.7.13 15:25 2003.7.13 15:35
Lat.;[39-00.124 39-00.125
Long.:[{159-59.916 159-59.932
Depth (m):|5488
CTD data
Bottle # Depth Pressure Pot-Temp. Sdinity  Sigma-0
[m] [db] [ C] [PSU]  [kg/m"3]
1 61 61 7.774 33.750 26.299
2 62 62 7.771 33.718 26.299
3 61 61 7.839 33.724 26.299
4 41 41 9.769 34.046 26.194
5 42 42 9.975 34.008 26.199
6 41 41 10.058 34.058 26.194
7 21 21 12.696 34.149 25.679
8 20 20 13.160 34.092 25.618
9 21 21 13.545 34.038 25.679
10 11 11 15.250 33.991 25.137
11 10 10 15.236 33.996 25.143
12 10 10 15.269 34.001 25.143




Start

End

Remarks: Cast for ThH/POC Lower (Kawakami)

Date/Time:|2003.7.13 14:48 2003.7.13 15:02
Lat.:|39-00.013 38-59.961
Long.:[{160-00.054 160-00.061
Depth (m):|5488
CTD data
Bottle # Depth Pressure Pot-Temp. Sdinity  Sigma-0
[m] [db] [ C] [PSU]  [kg/m"3]
1 201 203 6.500 33.819 26.548
2 200 202 6.514 33.823 26.548
3 200 202 6.472 33.830 26.548
4 150 151 6.669 33.777 26.501
5 150 151 6.669 33.779 26.501
6 150 151 6.669 33.780 26.501
7 101 102 6.859 33.677 26.415
8 99 100 6.903 33.688 26.394
9 100 101 6.870 33.680 26.401
10 81 82 7.268 33.694 26.354
11 80 81 7.297 33.698 26.352
12 80 81 7.300 33.692 26.352




Start

End

Remarks: Cast for Primary Productivity

Date/Time:|2003.7.13 19:20 2003.7.13 19:35
Lat.:|39-00.026 39-00.011
Long.:[159-59.946 159-59.913
Depth (m):|5488
CTD data
Bottle # Depth Pressure Pot-Temp. Sdinity  Sigma-0
[m] [db] [ C] [PSU]  [kg/m"3]
1 101 102 7.715 33.899 26.769
2 101 102 7.724 33.906 26.769
3 101 102 7.720 33.906 26.769
4 100 101 7.724 33.906 26.444
5 101 102 7.723 33.907 26.769
6 101 102 7.719 33.906 26.769
7 100 101 7.695 33.898 26.444
8 41 41 9.495 33.946 26.189
9 33 33 10.675 34.149 26.171
10 25 25 12.215 34.074 25.886
11 13 13 15.146 33.973 25.156
12 8 8 15.158 33.928 25.106
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