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QUALITY CONTROL/QUALITY ASSURANCE PROGRAM

_________________________________________________________________

     SUMMARY:  The primary objective of the HOT program 

     is to collect and interpret biological, chemical and 

     hydrographic time-series data.  In order to provide 

     accurate and reliable data, to the oceanographic 

     community, the JGOFS component of HOT has established 

     a quality control/quality assurance (QC/QA) program 

     that is designed to assess and maintain data quality. 

     These QC/QA procedures encompass all aspects of the 

     program from sample collection through data reporting.

_________________________________________________________________

1.  Introduction

    Our QC/QA program is designed to ensure that data of the 

highest quality are obtained from the HOT program.  A fundamental 

component of this QC/QA program is the documentation of the detailed 

analytical procedures that are presented in the following chapters.  

These procedures are consistently applied in our laboratory analyses.  

This chapter describes the HOT program QC/QA procedures that are 

independent of the specific analytical protocols presented in 

subsequent chapters.  These QC/QA procedures include field sampling, 

analytical facilities and instrument maintenance, interlaboratory 

comparisons and data reporting.

2.  Precision and Accuracy

    The precision and accuracy of each analytical procedure is  

discussed in the appropriate chapter.  Accuracy is a measure of 

how close an analyzed value is to the true value.  In  general, 

the accuracy of an analytical method is determined by the use 

of calibrated, traceable reference standards.  However, it is 

important to bear in mind that the assessment of accuracy based 

upon primary standards can be misleading if the standards are not

prepared in seawater because many of our chemical determinations 

exhibit matrix (i.e., salt) effects.  In addition, it must be 

recognized that most of the HOT program core measurements (e.g., 

dissolved oxygen, pH, pCO2, primary production, etc.), do not 

have readily available reference materials.

    Precision is a measure of the variability of individual 

measurements (i.e., the analytical reproducibility) and in the 

HOT program two categories of replicates are measured; field and 

analytical replicates.  Analytical replication is the repeated 

analysis of a single sample and is a measure of the greatest 

precision possible for a particular analysis.  Field replication 

is the analysis of two or more samples taken from a single 

sampling bottle and has an added component of variance due to 

subsampling, storage, and natural within sample variability.  

The variance of field and analytical replicates should be equal 

when sampling and storage have no effect on the analysis (assuming 

the analyte is homogenously distributed within the sampling bottle).  

Therefore, the difference between field and analytical replicates 

provides a first order evaluation of the field sampling procedure.  

Higher level variance due to sample bottle replication (multiple 

bottles on same cast or multiple casts) is not well-resolved in the 

current HOT sampling protocols.

    It is apparent from these definitions that precision and accuracy 

are not necessarily coupled.  An analysis may be precise yet inaccurate, 

whereas the mean of a variable result may be quite accurate.  Therefore, 

precision and accuracy must be evaluated independently.

3.  Overview of the Quality Control/Assurance Program

    The basic framework of the HOT-JGOFS QC/QA program addresses field 

sampling, laboratory facilities, laboratory analysis and data reporting.  

Quality control in the field is primarily attained by utilizing modern 

sampling equipment that is properly maintained.  The quality of field 

and laboratory instruments is preserved with appropriate instrument 

maintenance, periodic calibration and careful documentation procedures.  

Laboratory analysis QC/QA is evaluated on the basis of periodic review 

of methodology, variance evaluations (control charts), reference 

materials (where available) and inter- and intralaboratory comparisons.  

Quality control procedures associated with data reporting include sample 

documentation, tracking and evaluation of analytical results, relative 

to sample documentation, and comparison of results to historical values.  

4.  Field Sampling and Strategy

    Specific aspects of the time-series field sampling strategy have 

been presented (see Chapter 2), and will not be repeated here except 

to emphasize key aspects of our QC/QA program.  Station KAHE (see map

in Chapter 1) serves as a representative coastal site for the collection 

and interpretation of long-term environmental data and as an equipment 

test station.  At Station KAHE, an initial cast is performed using 

only a weight to test the winch and to inspect the condition of the 

hydrowire.  This test cast is followed by a CTD-rosette cast to 1000 m 

with a full complement of 24 12-liter water bottles.  The latter serves 

to test the CTD, pylon and deck box, to collect water column samples 

and to provide a hands-on opportunity for novice members of the 

scientific party to participate in the deployment and retrieval of 

the rosette and the collection of water samples.  Ideally, samples 

are collected and processed exclusively by experienced personnel.  

However, the HOT program encourages graduate and undergraduate 

participation and endeavors to combine marine research with marine 

science education.  Consequently, we conscientiously schedule an 

at-sea training session to ensure that the procedures followed are 

identical from month to month.   

    During each HOT cruise, at least 20% of the samples are routinely 

collected in duplicate or triplicate to evaluate field precision. 

In addition, salinity samples are drawn and on-deck sample temperatures 

(for those casts where oxygen samples are drawn) recorded  from each 

water bottle sampled.  Both procedures are useful for the identification 

of sample mistrips (i.e., the collection of water from a depth other 

than intended).  

    The collection of representative samples is paramount to a successful 

time-series program and is contingent upon the use of appropriate 

sampling equipment which is well-maintained and operationally sound.  

A field sampling equipment maintenance program is administered by our 

Marine Technician.  The program consists of a documented inspection 

of field equipment at regular intervals.  A record of repairs, 

modifications and any other pertinent information is also maintained.  

In addition, diagrams outlining all sampling equipment and assembly 

procedures for sediment trap and in situ primary productivity arrays, 

radio direction finder tracking equipment, Argos satellite transmitter 

and on-deck incubation system have been drawn and are updated as necessary. 

    Sample collection quality control measures are based upon the 

concept of applying time-tested oceanographic sampling techniques in 

a standardized and coordinated manner supervised or conducted by 

experienced personnel (details of each sampling procedure are outlined 

in the following chapters).  Specific sampling data are recorded on 

log sheets at the time of collection, identifying the type of samples 

collected, cruise, station, time, cast number, sample number and any 

other pertinent metadata.  These "metadata," along with copies of the 

CTD console log and property vs. depth plots are retained in the 

appropriate HOT cruise notebook.  Records are maintained to identify 

sample tracking from collection through analysis and data reporting.  

Any problems associated with a particular sample are noted on the 

appropriate log sheet or data file and are evaluated relative to 

routine quality control proceures (Fig. 2).

5.  Analytical Facilities

    All analyses are conducted at the University of Hawaii at Manoa 

in modern, well-equipped research laboratories.  Specialized analytical 

equipment used in the JGOFS project include:  Packard model #4640 

liquid scintillation counter, UIC model #5011 coulometer, Biospherical 

microprocessor-controlled ATP photometer, Perkin-Elmer model #2400 

carbon/nitrogen analyzer, Technicon autoanalyzer and accessories, 

automatic Winkler titration system consisting of Brinkmann Dosimat 665, 

Orion EA 940 ion analyzer and IBM compatible computer, Guildline Autosal 

model 8400A salinometer, Antek model #720 nitrogen oxides analyzer, 

Zeiss epifluorescence,  phase contrast and inverted microscopes, Coulter 

Epics dural-laser flow cytometer, Ionics model #555 carbon analyzer, 

Beckman DU-640 ultraviolet-visible light spectrophotometer, Spectra-

Physics model SP8800 HPLC equipped with Waters model 440 absorbance 

and model 470 fluorescence detectors, Waters model 990 photodiode array 

spectrometer,  Turner model AU-10 fluorometer, Perkin-Elmer model #LS-5 

fluorescence spectrophotometer with data station, Cahn C-31 microbalance 

and LAL model #5000 optical analyzer.

    In addition to the above, the JGOFS laboratories are well equipped 

with standard laboratory equipment, including:  fume hoods, analytical 

and toploading  balances, centrifuges, freezers, refrigerators, 

volumetric glassware, pipettes, muffle furnaces, pH meters, computers 

and other general laboratory equipment and glassware.  The facilities 

are maintained to provide optimum conditions for a wide scope of 

analytical procedures.  Quality control measures include service 

contracts (balances and selected equipment), verification of performance 

through the use of calibration curves, standards bracketing samples, 

wavelength verification and calibration, measurement of secondary 

standards, utilization of NIST Class S weights, NIST traceable 

thermometers and analysis of appropriate known and unknown reference 

samples.  Instrument operating, service, and calibration manuals 

are retained and the calibration, repair and service history of 

JGOFS-utilized equipment documented and retained for use by laboratory 

personnel.

6.  Chemicals and Reagents

    All chemicals and reagents used in our routine sample analyses are 

ACS quality, or better.  Incoming chemicals are marked with date 

received and recorded on the chemical inventory sheet.  Distilled 

deionized water (DDW) is used in the preparation of solutions and 

the chemical resistivity of the DDW is continuously monitored to 

confirm purity.  New chemicals or reagents are compared to previous 

reagent performance and are discarded when:  (1) the expiration date 

has elapsed or (2) when the analytical performance is deemed inadequate.

7.  Laboratory Analysis

    The specific analytical methodologies outlined in the subsequent 

chapters have resulted from extensive methods evaluation (Table 1).  

These procedures are conducted by experienced personnel familar with 

oceanographic laboratory protocols and instrumentation.  Where applicable, 

analytical runs include a series of standards bracketing samples, 

replicates (>20%), analysis of reference (control) samples, as well 

as procedural, reagent, refractive index, salt, dilution and time-zero 

blank corrections.  All analytical results are documented and original 

hard copies are archived in the appropriate HOT notebooks.

     Sample analysis quality assurance relies heavily on replicate 

analysis and use of certified reference standards as determinants of 

precision and accuracy, respectively.  Replicates are the primary 

determinants of variance and, as discussed previously, can be divided 

into two categories; field replicates, providing a measure of sampling 

and natural variability, and analytical replicates, providing a measure 

of the analytical precision.  As previously stated, at least 20% of the 

samples are collected and processed as field replicates.  An additional 

number of analytical replicates are analyzed to evaluate analytical 

variance.  Where appropriate, internal standards are analyzed on 

selected samples.  When necessary additional quality control measures 

may include matrix matching, standard additions and comparison of 

results with independent methodologies.  When available, traceable 

certified reference standards are used to assess the accuracy of each 

set of determinations.

    Analogous to the field preventative maintenance program is an 

instrumental service and calibration program.  This program identifies 

and documents service intervals for balances and other specialized 

equipment.  Because the analytical equipment used in the JGOFS program 

experiences regular use the performance is routinely evaluated.  If a 

problem develops, sample analysis is terminated until normal operation 

is restored.  In addition, the dependency of many analytical procedures 

on the proper and accurate operation of the analytical balance is 

recognized and evaluated by weighting secondary standards during periods

of use and periodic comparison to NIST traceable class S weights.  All

calibration, repair, modifications and service histories are maintained

in written logs.

    Where relatively small temporal changes are expected in the ambient 

concentrations of dissolved and particulate analytes of interest to 

the HOT program scientists, it is of paramount concern to quantify 

the temporal performance of resulting analytical results in terms of 

the accuracy of primary standards.  This can be achieved by routinely 

analyzing the same reference standard over a relative long period of 

time.  These need not be certified reference standards, however, the 

analyte must be temporally stable (ideally greater than 1 year) in 

the sample matrix.  We have found that frozen  (-20  C) unfiltered 

inorganic nutrient samples (for inorganic nutrient analysis),  dried 

pulverized net plankton (particulate carbon, nitrogen and phosphorus), 

and a (-20  C) stored pure chlorophyll a standard (fluorometric analysis) 

are adequate for assessing temporal variability.   

    A great asset to any analytical quality control and assurance 

program is  participation in inter-laboratory programs.  Interlaboratory 

programs allow an independent evaluation of analytical quality and 

performance relative to participating laboratories.   The HOT program 

has had the opportunity to participate in the following intercomparison 

studies:

 * NSF-JGOFS intercalibration of plant pigments coordinated by R. Bidigare 

   and M. C. Kennicutt of Texas A&M 

 * ICES Marine Chemistry Working Group-sponsored intercomparison of 

   inorganic nutrient analyses coordinated by D. Kirkwood, United Kingdom

 * monthly total CO2 intercomparison with C. D. Keeling, Scripps 

   Institution of Oceanography 

 * periodic total CO2 intercomparison with P. Quay, University of Washington

 * periodic dissolved oxygen intercomparison with S. Emerson, University 

   of Washington

 * periodic dissolved oxygen intercomparison with Omar Calvario-Martinez, 

   Instituto de Ciencias del mar y Limnologia, Estacion Mazatlan

 * periodic salinity intercomparisons with C. Collins, Naval Postgraduate 

   School

 * methods intercomparison with Bermuda da Atlantic Time-Series, Bermuda

   Biological Station for Research

 * DON intercomparison coordinated by C.S. Hopkinson, Jr. Marine 

   Biological Laboratory, Woods Hole, Massachusetts

 * DOC intercomparisons coordinated by J. Hedges University of Washington 

   and J. Sharp, College of Marine Studies, University of Delaware

8.  Data Evaluation and Reporting

    Data evaluation and reporting are the final steps in the quality 

control process and comprise an essential part of the quality assurance 

program.  Here the data are reviewed in the context of the entire 

sample collection, storage and analytical process. Discrepancies or 

anomalous results are noted at various stages of the analytical process 

(Fig. 2) and the final data evaluated for correctness of analysis by 

plotting the analyte profile vs. depth and density and investigating 

those points outside the historic data envelope.  Data outside the 

historic data envelope are not automatically flagged as "bad," but 

rather investigated for the source of the problem through the sample 

documentation.  If the problem remains unidentificable the data are 

flagged "questionable" if  the values are outside the 95% confidence 

interval (greater than 2 standard deviations from the historical mean),  

and "good" if within this error envelope.  If a source for the discrepancy 

is discovered the data are flagged "bad."  At this point all data inside

the historic envelope are flagged "good" and together with the 

"questionable" data added to the historic data set.  Finally, all 

the data are summarized and reported in our annual data report along 

with the appropriate quality flag.
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CTD PROTOCOLS AND SALINITY1
_________________________________________________________________

     SUMMARY:  A commercially-available instrument package is 

     lowered into the ocean on a conducting cable to obtain real-

     time, high-resolution profiles of temperature, conductivity 

     and pressure from which salinity and depth are calculated.  

     Additional sensors also detect dissolved oxygen concentration 

     and phytoplankton fluorescence.  Water samples are collected

     in bottles attached to the rosette sampler which can be

     activated by a surface control unit.

_________________________________________________________________

1.  Principle

    High vertical resolution environmental data are collected with 

a SeaBird CTD having external temperature (T), conductivity (C) and 

dissolved oxygen (DO) sensors and an internal pressure sensor.  There 

is also a provision for adding fluorescence (F) and other sensors.  

A General Oceanics 24-place pylon and an aluminum rosette containing 

24 12-liter Niskin bottles is used to obtain water samples from 

predetermined depths.  The CTD and rosette are deployed on a 3-conductor 

cable allowing for the real-time display of data and acquisition, and 

for tripping the bottles in areas of interest in the water column.  

The CTD system takes 24 samples per second of pressure (P), T, C, DO 

and F.  The raw data are stored both on the computer and, for redundancy, 

on VHS-format video tapes. 

2. CTD Data Collection        

2.1. CTD data are taken with a SeaBird SBE-09 CTD having internal 

     pressure sensor, and external temperature, conductivity and 

     dissolved oxygen sensors.    

2.2. The CTD is mounted in an aluminum Scripps-type rosette with 24 

     places for Niskin bottles.  Water samples are taken on the upcast 

     for calibration of the conductivity and oxygen sensors.  

2.3. CTD data are recorded during both down and up casts.  When the 

     Niskin bottles are tripped, an event mark is made in the data 

     files to record the time and CTD data.

2.4. One deep cast to approximately 4700 m (total water depth = 4750 m) 

     is made on each cruise.

2.5. Ten to twelve consecutive casts to 1000 m are made over 36 hours 

     to span the local inertial period (~31 hour) and three semi-diurnal 

     tidal cycles.  This sampling is performed so that tidal or near-

     inertial variability can be estimated and removed, thereby 

     preventing an aliasing of the data records by these components.  

     During this 36 hour intensive sampling period, most of the water 

     samples for the GOFS program objectives are collected.

2.6. In 1989, SeaBird introduced a ducting arrangement which is designed 

     to minimize salinity spiking.  This "T-C" duct has been used in 

     cruises since HOT-11.

3.  CTD Sensors and Calibrations

3.1. Pressure:  CTD pressure is measured with a 6,000 dbar 

     Paroscientific Digiquartz pressure transducer with an internal 

     temperature sensor.  Pressure calibrations are conducted twice 

     yearly against a reference Paroscientific pressure standard 

     using a dead weight pressure tester to impose test pressures.  

     The pressure standard is recalibrated at the Northwest Regional 

     Calibration Center (NWRCC) every two years.  Pressure is 

     corrected for thermal shock effects using a linear response 

     method (Chiswell, 1990):

                          P = aPm + h * T + b

     where: *= temporal convolution operator

            h= impulse response function

            T= water temperature

           Pm= measured pressure

     The a and b calibration coefficients are determined from a 

     calibration at constant temperature and pressure.  The impulse 

     response function, h, is computed by measuring pressure 

     perturbations when the CTD is plunged into a cold water bath.

3.2. Temperature sensor:  CTD temperature sensors can be removed and 

     calibrated independently.  The SeaBird model SBE-3-02/F temperature 

     sensors are calibrated annually at the NWRCC.  A check on the 

     temperature sensors is maintained by intercomparing our pool of 

     sensors between each cruise.  Two sensors (#741 and #866) were 

     used during 1989.  These sensors were calibrated at Northwest 

     Regional Calibration Center prior to HOT-1, and again in November 

     1989.  Between each cruise, they were compared against each other 

     and against two additional sensors acquired in August 1989.  These 

     intercomparisons allowed us to map sensor drift that occurred 

     between the NWRCC calibrations.  Each HOT program data report 

     will provide a Table of temperature sensor corrections for the 

     period of investigation.

3.3. Conductivity sensor:  The SeaBird model SBE-4 conductivity cell 

     is calibrated by comparing CTD-recorded conductivities with 

     conductivities computed from the discrete water samples.  At 

     least three samples are used per cast; salinity minimum, 

     salinity maximum and mixed layer.  On three casts, together 

     comprising the "WOCE deep-cast," much higher vertical resolution 

     sampling of the salinity is done to get the best possible 

     salinity profile.  

3.4. Dissolved oxygen (DO) sensor:  A SeaBird model SBE-13 dissolved 

     oxygen sensor is used employing a polargraphic sensor, 

     manufactured by SensorMedics.  The DO sensor consists of a 

     teflon membrane covering a layer of KCl  gel.  A constant 

     voltage applied across two electrodes results in a current

     nearly proportional to the activity of oxygen diffusing across 

     the membrane.  This current and the temperature of the cell 

     are measured, and DO is calculated using an algorithm based on 

     Owens and Millard (1985):

     DO = (a1 OC + a2) OSAT (P,T,S) exp (a3 T + a4 OT + a5 p + a6 dOC/dt)

     where: OC= sensor current

            OT= sensor temperature

          OSAT= saturation concentration of oxygen 

             P = pressure

             T = temperature

             S = salinity

     The coefficients a1,....,a6 are determined from a nonlinear 

     least-squares fit against check samples taken from bottles 

     during the deep cast.  Because the DO sensor shows considerable 

     hysteresis, the calibration is made using the down cast values 

     of OC, OT, P, T, S at the same density levels of the bottles.

3.5. Fluorescence sensor:  Stimulated fluorescence is measured using 

     a Sea-Tech flash fluorometer with an excitation wavelength of 

     425 nm peak emission and a peak response at 685 nm (30 nm FWHM).

4.  Salinity Determinations

    Salinity samples are collected directly from the Niskin bottles 

    into 250 ml polyethylene bottles and stored at room temperature, 

    in the dark, for subsequent analysis at our shore-based laboratory.  

    The time between sample collection and analysis is generally less 

    than 1 week.  Prior to analysis, the samples are equilibrated to 

    laboratory temperature and the salinity measured using an AGE 

    model 2100 Minisal salinometer which is calibrated against IAPSO 

    standard (Wormley) seawater.  Typical precision of replicate 

    analyses from the same water sample is 0.0003 o/oo; for triplicate 

    sample bottles the precision is less than 0.001 o/oo.  The effects 

    of sample storage in polyethylene bottles was systematically 

    evaluated during year 1 of the HOT program.  The data, summarized 

    in the 1988-89 HOT Data Report, indicate that S o/oo changes were 

    negligible.

5.  CTD Post-processing

    Once the CTD data are collected and laboratory-determined pressure 

and temperature calibrations are applied, they are subjected to 

screening and quality control; they are checked for spikes or missing 

data caused by electrical interference in the hydrowire.  Spikes are 

removed with a 9-point median filter, and missing data are replaced 

with interpolated values.  After this initial screening, the data 

are averaged to 1/2-second values.  Pressure and conductivity are 

then corrected for thermal hysterisis effects.  This processing in 

the time-domain is required to allow for correction of lags between 

the C- and T- sensor responses.  After the data have been reduced to 

1/2-second values, corrections derived from the calibration methods 

described above are applied to the conductivity and dissolved oxygen.  

Finally, the data are pressure-sorted to remove effects of shiproll 

(i.e., only data taken when the CTD is moving downwards are kept), 

and averaged into 2 decibar values.
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DISSOLVED OXYGEN1
_________________________________________________________________

     SUMMARY:  Seawater is collected from known depths using 

     CTD-rosette sampling protocols.  Subsamples are drawn 

     into precalibrated iodine flasks and dissolved oxygen is 

     chemically bound by the formation of a manganese (III) 

     hydroxide floc.  The floc is subsequently dissolved under 

     acidic conditions which stochiometrically converts the 

     original dissolved oxygen (DO) oxidizing equivalents to 

     triiodide.  The latter is quantitatively titrated with 

     sodium thiosulfate to a potentiometric end-point using 

     a high-precision computer-controlled titration system.

_________________________________________________________________

1.  Principle

    The oxygen content of seawater is a fundamental measurement in 

oceanography providing information which can elucidate water mass 

movements, net primary productivity, atmosphere-ocean interactions 

and carbon remineralization processes.  The oxygen content of a 

seawater sample is largely determined by a balance between:  (a) 

the exchange of atmospheric oxygen with the upper mixed layer, (b)

net increases due to photosynthetic processes and (c) net decreases 

due to respiratory demands and heterotrophic processes.  From an 

oceanographic perspective, the measurement of dissolved oxygen is a 

parameter of fundamental importance.  

    In this procedure, a divalent manganese solution and a strong 

alkali are added to the water sample which results in the formation 

of a floc (1).  In the presence of oxygen the manganese II is 

oxidized to manganese III (2).  On subsequent acidification (1 < pH < 2.5), 

the manganese hydroxide floc dissolves, and I2 is produced in 

stoichiometric proportion to the original O2 concentration (3).  

The iodine, in the form of triiodide (4), is titrated with a 

standardized thiosulfate solution (5), and the oxygen content is 

calculated from the quantity of thiosulfate consumed.

  (1)
Mn2+ + 2OH ---------- Mn(OH)2
  (2)
2Mn(OH)2 + ½O2 + H2O ---------- 2Mn(OH)3
  (3)
2Mn(OH)3 + 2I- + 6H+ ---------- 2Mn2+ + I2 + 6H2O

  (4)
I2 + I- ---------- I3-
  (5)
I3- + 2S2O32- ---------- 3I- + S4O62-
2.  Precautions

    It is extremely important to prevent contamination of the 

sample with atmospheric oxygen during sampling, fixation and storage.  

Drawing tubes and sample flasks must be free of bubbles (3.1 and 

3.2.1), as must the autopipette system which dispenses the reagents 

(3.2.2).  If the water samples cool significantly or the seal dries 

during storage, air can infiltrate the flask.  The rims of the flasks 

are filled with seawater and the samples are stored in a location 

where temperature fluctuations are minimized (3.4).

    The solubility of oxygen in seawater is temperature-dependent and 

deep samples may warm up as they are brought to the surface (i.e. 

through the thermocline).  It is therefore necessary to measure the 

temperature in the Niskin bottle at the time the sample is drawn in 

order to calculate the oxygen concentration in situ (3.3).  Oxygen 

samples are always the first samples drawn from the Niskin bottles.

3.  Field Sampling

3.1. Sample collection

  3.1.1. Subsamples are drawn as soon as the rosette arrives on deck.  

         DO samples are the first samples drawn from the water 

         sampling bottle. 

  3.1.2. The drawing tube is flushed with sample and any bubbles are 

         displaced.  The tube is then inserted (with water flowing) 

         almost to the bottom of the sample flask.  Care is taken to 

         avoid creating turbulence in the flask in order to minimize 

         the intrusion of atmospheric oxygen.   

  3.1.3. The flask is overflowed with two to three volumes of sample.  

         With the sample flowing, the tube is slowly withdrawn from 

         the flask so that the bottle remains brimful when the tube 

         is completely withdrawn.

3.2. Sample fixation 

  3.2.1. Before fixing the sample, the iodine flask is carefully 

         examined for any bubbles that may have adhered to the walls.  

         If any bubbles are present, the sample is discarded and drawn 

         again.    

  3.2.2. Immediately after examining the flask, the two fixing 

         reagents (manganous chloride and alkaline iodide) are added 

         simultaneously using two 1 ml autopipettes mounted side-

         by-side and activated by a single injection lever arm.  

         Care is taken so that bubbles are not added in this process.  

         The pipette tips are positioned at least 3 cm below the 

         surface of the sample, the lever arm is pressed slowly and 

         gently and released while the pipette tips are still 

         submerged, and the pipettes and tubing are checked frequently 

         for bubbles.   

  3.2.3. The glass stopper is carefully inserted and the flask is 

         shaken vigorously for at least 20 seconds with a rapid wrist 

         action (it is extremely important that the floc be dispersed 

         throughout the flask).     

3.3. Sample temperature

  3.3.1. The temperature of the water in the Niskin bottle is measured 

         and recorded immediately following sample collection and 

         fixation.  This is accomplished by a second person to 

         reduce the time interval between sampling and temperature 

         determination.

  3.3.2. An insulated holding container is rinsed thoroughly and 

         filled with the sample.  The temperature is then measured 

         with a NBS traceable quick-response digital thermometer. 

  3.3.3. In situ temperature is measured at the time of bottle trip 

         using a calibrated thermistor (see Chapter 4).

3.4. Storage

  3.4.1. Approximately 20 minutes after the samples are collected, 

         the sample bottles are shaken again to resuspend the floc.  

         The flared mouth of the flask is then filled with seawater 

         and bottles are stored in a cool location where temperature 

         fluctuations are minimized.              

4.  Analysis

4.1. Computer controlled potentiometric titration 

    The computer program (DO05HOT.BAS) is written in GW Basic and 

located in the DO subdirectory on the AT 286 hard drive.  This 

program interfaces and operates the Dosimat (model 665) and pH 

meter (Orion model 720A or EA940).  The program parameters are 

chosen to optimize the equivalence point determination based on 

the computer controlled addition of µl quantities of titrant.  The 

titration time is approximately 10 minutes per sample, which is a 

function of the response time of the electrode and the preset 

electrode stability criteria.  The titration time is minimized by 

the manual addition of titrant by the operator until the color of 

the sample is a very light yellow (almost clear).  At this point 

the computer-controlled functions are enabled.  The computer 

terminates the titration when the end point criteria are met.  

The following steps outline the Incremental mv Titration program 

operation:

   1.  After the computer has booted and all peripheral instruments 

       are connected to the computer and turned on, change 

       directories to C:\DO.  The titration program and GWBasic 

       reside here.  To initialize the program, type "GWBASIC DO05HOT" 

       and return.

   2.  If the system is ready to go (i.e., all connections are "OK" 

       and all peripherals are working) the program will list a 

       description of the task keys available.  When you are done 

       with this screen, press return.

   3.  You will be presented with the option to load preset parameters 

       into the program.  For work at Sta. ALOHA you should answer "Y" 

       or "y".

   4.  Next you will be asked to input the name of the file containing 

       the parameters.  The default answers are ALOHA05 and C:\DO.  

       These default answers should be accepted for routine work at 

       Sta. ALOHA.

   5.  The program will list the default operational parameters which 

       have been found to optimize the sensitivity and precision of 

       the equivalence point determination at Sta. ALOHA and will 

       prompt you to either accept the default values or change them.  

       In most instances the statement is self-explanatory. 

                       Statement                   Comments

      Sodium thiosulfate normality (N) = 0.10      This is the standardized 




                           normality of the Na2SO3 

                                                   titrant.  This together 

                                                   with the change in mv and

                                                   volume added determines 

                                                   the slope.

      Buret size (ml) = 5                          Capacity of the Dosimat 

                                                   buret on the exchange

                                                   unit.

      Titration increment size (ml) = 0.02         This is the initial 

                                                   volume of titrant added 

                                                   before the first slope 

                                                   criteria is enabled.

      Preadd volume (ml) = 0                       This is set at 0 since 

                                                   we add the preadd manually.

      Total vol. of titrant (ml) = 4               This is one of the three 

                                                   titration end point 

                                                   criteria.  If 4 ml of 

                                                   titrant is reached, the 

                                                   titration is terminated.

      Stop potential (mv) = 100                    This is the second of the 

                                                   three end point criteria.  

                                                   If the potential reaches 

                                                   100 mv, the titration is

                                                   terminated.

      Electrode drift time (sec/.2mv) = 5          Criteria for electrode 

                                                   stability.

      First slope increment change (mv/meq) =      This is a calculated 

                                                   value which controls the

                                                   reduction in titrant 

                                                   increment size (300 mv/

                                                   titrant normality).

      Second slope increment change (mv/meq) =     calculated (750 mv/titrant 

                                                   normality) 

      Third slope increment change (mv/meq) =      calculated (3000 mv/titrant 

                                                   normality) 

      First increment volume change (ml) = .01    Titrant volume increment 

                                                  when first slope criteria

                                                  is enabled.

      Second increment volume change (ml) = .002  Titrant volume increment 

                                                  when second slope criteria

                                                  is enabled.

      Third increment volume change (ml) = .0005  Titrant volume increment 

                                                  when third slope criteria

                                                  is enabled.

   6.  If you wish to accept these values (which you should for routine 

       work at Sta. ALOHA), then enter a "Y" or "y" and return.  If you 

       do not want to accept the default parameters enter a "N" or "n".

       You will have to input all values except those calculated.

   7.  Next you will be asked to input:

      (a)  the date of analysis

      (b)  the pH meter model used

      (c)  if you have a printer connected to the computer

      (d)  if you want a detailed or summarized printout of the 

           titrations (use summarized for routine work at Sta. ALOHA).

      (e)  if you want an alarm to be activated at the end of each run

      (f)  the path of data storage (C:\DO\HOT##)

      (g)  the sample name.  This is an 8 character max file name and 

           for standardization purposes the following convention is 

           used.  For blanks and standards an alphanumeric designation 

           is used which represents the date and sample type.  For 

           samples, an alphanumeric system is also used which 

           represents the iodine flask number and the HOT cruise 

           number (see examples below, assume the date of the analysis 

           is 3/25/92 for these examples):

           Reagent Blank                3252bl1 (this creates a prn

                                        file with the name 3252bl1.prn)

           Primary KIO3 Standard        3252std1 (if you run more than 

                                        1 std then number sequentially)

           CSK Certified KIO3 Standard  3252csk1

           DO Sample                    1H36 (iodine flask number 

                                        followed by HOT cruise number).

           DO Sample Backtitrated       1BH36

           Different DO Sample          1AH36

           analyzed in a previously 

           used flask

      (h)  your name or ID

   8.  At this point a statement will appear on the screen instructing 

       you that the Dosimat is now in the manual titration mode and 

       to titrate your sample to a pale yellow color.  To reduce the 

       titration time, manually titrate to a very pale yellow (almost 

       clear), then press "x".

   9.  From this point on the computer controls the titration, 

       adjusting the volume of titrant added in response to the 

       slope criteria.  The titration is terminated when one of 

       three events occurs.  Either the volume of titrant or mv 

       criteria is reached or the calculated slope increases four 

       consecutive times.

  10.  At this point, the results are printed out and you are 

       prompted to make any comments which are specific to that 

       sample.  Record any problems, observations or concerns.  

       This is a great help in interpreting the data.  Entering 

       return will close that file and you will be prompted if you 

       would like to run another sample.  By entering "Y" or "y" 

       the process begins again.  If you do not want to run any 

       more samples press "N" or "n" and you will see "ok".  Type 

       "system" to return to the C: prompt.  Type "run" to start 

       the program again.  Normally the program is not terminated 

       until the end of the cruise.  If all of the samples have 

       been run but more are to be collected, do not terminate 

       the program (i.e., do not enter "n"; leave it as is).

   Other concerns:

   (a)  Backtitrating

   The program adds incremental volumes of titrant to the sample 

   based on selected slope criteria.  If the operator gets too close 

   to the equivalence point or passes it, during the manual titration 

   step, then the program will not reach its end point criteria and 

   will continue to run.  To avoid this, check the mv reading.  For 

   our samples this reading should be approximately 320-360 mv at the 

   end of the manual addition.  If you find that you have titrated 

   just past this point, go ahead and enable computer controlled 

   titration and observe 3 or 4 cycles checking the slope.  It should 

   decrease to a minimum value (~-500,000 to -900,000), and then 

   increase.  If it initially increases and the mv readings are below 

   300 mv then you have gone too far.  In this case, press F5 and add 

   volumetrically a known amount of primary standard.  Ideally, you 

   want to add an amount which is equivalent to the normal manual 

   addition end point.  I have found this to usually be around 100-

   200 µl, depending on how far you went over or how long the program 

   ran.  The program will have continued to add 20 µl if you passed 

   the end point during the manual addition.  If you walk away and 

   come back 1/2 hr later, it will still be adding titrant at 20 µl 

   every 2-3 minutes.  In this case the 200-300 µl of titrant have 

   been added.  Therefore, you need to add enough primary standard 

   to equal this amount plus an amount equal to the manual addition 

   end point.  Our primary standard is about 0.025 N and the titrant 

   about 0.05 N so you would need to add 400-600 µl of primary 

   standard to equal the added titrant, plus approximately 100 µl 

   to reach the manual addition end point.  From this point, the 

   program should function properly.

   (b)  Interrupting an analysis in progress

   If for some reason you need to interrupt an analysis, you can do 

   so by pressing F1.

   (c)  Restarting an interrupted analysis

   After the buret refills, the program will prompt you whether you 

   want to run another sample.  Continue in the normal manner.

   (d)  Volumetric delivery of standards

   To obtain the maximum precision and accuracy it is critical to 

   deliver the primary standard in a manner which is accurate and 

   reproducible.  At sea and in the laboratory we use class A 

   volumetric pipets which have been gravimetrically calibrated.  

   At the 5000 µl range, these glass pipets are accurate to within 

   +4.0 µl (0.08%) with a precision of +2.5 µl (0.05%).  This is 

   equal to the precision of the Dosimat within the delivery range 

   of 500-3000 µl.  To obtain this precision it is necessary to be 

   very reproducible in the delivery operation.  A technique which 

   produces good results is outlined below:

      1)  Fill the pipet past the calibration mark and slowly deliver 

          the contents into the container until the meniscus is level 

          with the mark.

      2)  Invert the pipet and wipe off any excess solution from the 

          tip and barrel (the level of the solution within the pipet 

          will be below the tip at this point).

      3)  Invert again and touch the pipet tip to the sample vessel 

          wall.  Release finger pressure and allow pipet to drain.  

          After the pipet has drained keep the tip against the vessel 

          wall for an additional 15-20 seconds.

      4)  Remove pipet and rinse any solution that may be on the vessel 

          wall into the sample with DDW.

   To maintain accuracy and precision it is necessary to have an 

   absolutely clean pipet where none of the delivered solution clings 

   to the pipet walls.  It is also good practice to rinse the pipet 

   with the filling solution prior to filling (unless this is the 

   first use of the pipet).

4.2. Reagent blank determination  

   The reagent blank is determined by adding the fixing reagents in 

   reverse order and titrating a known volume of primary standard 

   three separate times in the same flask.  The volume of the first 

   titration includes the equivalents of primary standard added plus 

   any oxidizing or reducing substances in the reagents (V1); the 

   second titration should theoretically be equal to the equivalents 

   of primary standard only (V2).  However, it has been our experience 

   that we rarely observe an obvious difference between V1 and V2 

   which could be attributed to the reagents and not a variable end 

   point estimation or pipetting.  To help quantify this relationship 

   we have added a third aliquot titration (V3), which again should 

   be equivalent to only the primary standard.  A statistical 

   comparison between the estimates of |V1-V2| and |V2-V3| is 

   performed to determine whether a significant blank exists.

   Fill an iodine flask with distilled water and add in the following 

   order, mixing after each addition, 1 ml of sulfuric acid reagent 

   (10 N), 1 ml alkaline iodide reagent (4 M sodium iodide in 8 N 

   sodium hydroxide), and 1 ml manganese chloride reagent (3 M).  

   [Care must be taken to dispense the reagents below the blank 

   solution surface or in such a manner as to ensure that no 

   precipitate forms in the neck of the flask.  If this occurs, a 

   high blank will be encountered if the precipitate subsequently 

   dissolves in the acidified blank solution during the titration 

   step.  This is especially prevalent when using the redox 

   electrode which displaces a larger volume of sample into the neck 

   of the flask.]  Add 1.0 ml of 0.01 N potassium iodate from a 

   precalibrated glass class A volumetric pipette.  Titrate 

   manually, with adequate stirring, to a very pale yellow color, 

   enable computer operation of the titration and run to completion.  

   Record the volume at the equivalence point as V1.  Add a second 

   1.0 ml aliquot of potassium iodate to the flask and titrate as 

   above.  

   Record as V2 the sum of the volume at the equivalence point and 

   the residual titrant from the first titration (this is equal to 

   the total amount of titrant added minus the volume of titrant 

   at the equivalence point).  Add a third 1.0 ml aliquot of 

   potassium iodate, titrate and record volume as V3 in the same 

   manner as V2.  Repeat this procedure a minimum of 3 times or 

   until a clear pattern is established.

4.3. Standardization of the thiosulfate titrant

   Prepare a blank solution as outlined section 4.1.  Add a known 

volume (at least 5 ml) of potassium iodate primary standard (usually 

0.02 N). It is necessary to know the volume added and the normality 

of the potassium iodate to the highest degree of accuracy that is 

reasonably possible.  Therefore, class A volumetric pipets which 

have been gravimetrically calibrated should be used and the potassium 

iodate should be thoroughly dried, weighed in large aliquots relative 

to the sensitivity of the balance to reduce weighing errors, and the 

final primary standard volume determined gravimetrically.  Titrate as 

outlined above.  Since precision is usually increased with increasing 

number of titrations, it is our general practice to titrate 3-7 

replicates at the beginning and end of each analytical run.  In 

addition to these, we typically run 1-4 standards per day since our 

samples are analyzed at sea over a 3-4 day period.

4.4. Calculate the concentration of thiosulfate working solution 

using the following relationship: 

                           VT * NT = VI * NI

where: VT= the blank corrected volume of thiosulfate used to 

           reach the end-point 

       NT= the normality of thiosulfate solution

       VI= the volume of potassium iodate added

       NI= the normality of potassium iodate solution

4.5. Sample titration

    Remove the ovelying seawater seal and remove the stopper.  Add 

1 ml of sulfuric acid reagent (10 N), and carefully slip a clean 

teflon-coated magnetic stir bar into the flask.  Place the flask 

on a magnetic stirrer, insert the clean redox electrode and titrant 

delivery tube.  Titrate as outlined above.  Record the presence of 

bubbles or any unusual aspects of the titration or sample condition 

in the comment section.  Rinse electrode and titrant delivery tube 

with DDW and repeat above procedure for the next sample.

5.  Calculations

    Calculate the DO concentration using the following formula:

                                  (Vt-Vb) * Nt * E

                     µmol O2 l-1 = ________________ - RDO

                                      (Vf - Vr) 

    where: Vt= volume of titrant (µl)

           Vb= volume of blank (µl)

           Nt= normality of titrant (µeq µl-1)

            E= 0.2500 (µmol O2 µeq-1)

           Vf= volume of flask (l)

          RDO= dissolved oxygen content of the reagents = (0.804 * 0.14)/Vf 

           Vr= volume of fixing reagents (l)

    This value is derived from Carpenter 1965 (i.e., DO content 

of fixing reagents when 1 ml of each reagent is used in 140 ml of 

sample equals 0.018 ml O2 l-1).

6.  Precision and Accuracy

    The method as outlined above is capable of a precision of 0.1% 

or less (as defined by the coefficient of variation for triplicate 

samples).  The accuracy of the Winkler titration procedure, when 

the Carpenter modifications are employed, has been determined to be 

0.1% (Carpenter, 1965a,b).

    Currently, we are using a high quality commercially prepared 

potassium iodate certified reference standard to independently 

assess the accuracy of our potassium iodate primary standard 

normality.  A batch of primary standard is prepared and the 

theoretical normality normalized to the certified primary 

standard value.  Our primary standard is periodically checked 

against the certified standard until the batch or lot is exhausted.

7.  Equipment

    5 ml Dosimat titrator (Brinkmann)

    calibrated iodine titration flasks

    teflon-coated magnetic stir bars and retriever

    squirt bottle with deionized distilled water (DDW)

    reagent dispensers

    magnetic stir plate

    calibrated volumetric pipettes and flasks

8.  Reagents

    Manganese chloride reagent (3 M) 

       Dissolve 600 g of manganese chloride tetrahydrate (MnCl2.4H2O) 

       in 800 ml distilled water and make up to 1 liter in a 

       volumetric flask.

    Alkaline iodide reagent 

       Dissolve 320 g sodium hydroxide (NaOH) in 500 ml distilled 

       water and, separately, dissolve 600 g sodium iodide in 500 

       ml distilled water.  Mix the he two solutions 1:1, by volume.

    Sulfuric acid reagent (10 N)

       Mix 280 ml of concentrated sulfuric acid into distilled water 

       using a 1 liter volumetric flask

    Sodium thiosulfate reagent (0.05 N)

       Dissolve 24.82 g of reagent grade sodium thiosulfate (Na2S2O3.

       5H2O and make up to one liter with distilled water.  Determine 

       exact normality as described under 4.3 above.

    Potassium iodate reagent (0.025 N)

       Dissolve 0.8918 g of dry (100oC, 2 hours) KIO3 into 800 ml 

       distilled water and bring up to 1 liter in a volumetric flask.

    CSK 0.0100 N KIO3 1o standard

       Wako Chemicals, Inc., 1600 Bellwood Rd., Richmond, VA  23237.
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DISSOLVED INORGANIC CARBON1
_________________________________________________________________

     SUMMARY: Seawater samples are collected at discrete depths 

     using CTD-rosette sampling protocols.  Subsamples for 

     dissolved inorganic carbon are collected, immediately 

     preserved with HgCl2 and stored for subsequent analysis 

     in the laboratory using a commercial CO2 coulometer.

_________________________________________________________________

1.  Principle

    The accurate and precise determination of dissolved inorganic 

carbon (DIC) concentrations over annual and interannual time scales 

is central to the achievement of GOFS objectives.  In the central 

ocean basins, DIC concentration in surface seawater is believed to 

be controlled by air-sea exchange reactions.  However, physical 

processes and biological activity also influence the concentration 

of DIC in surface waters.  Beneath the mixed layer the concentration 

of DIC increases as a result of the decomposition of organic material.

    DIC concentrations are determined using a commercial CO2 coulometer.  

The coulometric determination of carbon dioxide has the unique distinction 

of performing with a high degree of both precision and accuracy while 

maintaining relatively high sample throughput.  The coulometric 

determination of carbon dioxide involves the stripping of an acidified 

seawater sample with a carbon dioxide-free air stream and subsequent 

absorption of the carbon dioxide by a solution of ethanolamine.  

The weak acid generated by carbon dioxide absorbed in ethanolamine is 

titrated by a strong base produced electrolytically.  The equivalence 

point is detected photometrically with thymolphthalein as the indicator.  

The number of coulombs required to reach the end-point is proportional 

to the quantity of carbon dioxide evolved from the sample.  

2.  Precautions

    DIC samples should be the first samples taken from the water bottle 

unless dissolved oxygen (DO) or pH is also sampled from the same 

hydrocast.  In this case, DIC samples are collected immediately after 

the DO and/or pH samples.

    Careful subsampling is important for all dissolved gases.  Samples 

should be taken as soon as possible and in the same manner as DO samples 

(i.e., no bubbles, low turbulence with adequate flushing; see Chapter 5).

3.  Water Sampling

3.1. Drawing the sample

  3.1.1. Samples are drawn into clean 300 ml glass reagent bottles as 

         soon as the rosette arrives on deck.

  3.1.2. The drawing tube is completely filled with sample by raising 

         the end of the drawing tube.  Bubbles are simultaneously 

         dislodged by manipulation of the tube.  The drawing tube is 

         flushed and inserted to the bottom of the sample bottle. 

  3.1.3. The sample bottle is overflowed with at least two volumes of 

         sample.  

  3.1.4. The tube is slowly withdrawn from the bottle while the sample 

         is flowing so that the bottle remains brimful when the tube 

         is completely withdrawn.

4.  Preserving the Sample

4.1. Some of the sample is removed from the reagent bottle using a 

     plastic pipette equipped with a rubber bulb.  Enough water is 

     removed so that approximately 1 ml of air is contained in the 

     bottle when the glass stopper is inserted.

4.2. 100 µl of saturated HgCl2 is added to each sample.  The tapered 

     ground glass bottle neck is dried with a Kimwipe wrapped on an 

     applicator stick.  The bottle is sealed with a ground glass 

     stopper coated with a light covering of Apiezon grease.  The 

     stopper is pressed firmly into the bottle to make a good seal.  

     The stopper is secured with polyethylene tape or a large rubber 

     band.  

4.3. The samples are stored in a cool location, in the dark.

5.  Coulometric Determination of DIC

5.1. Maintenance of extraction and analysis system and temperature control

  5.1.1. The glassware used in the extraction system is combusted (450oC, 

         3 hours) on a regular basis in order to prevent the buildup of 

         organic films within the extraction system.

  5.1.2. The titration cell and rubber stopper are dried overnight at 55oC 

         before use.

  5.1.3. The air stream leaving the extractor is passed through a condensor 

         and then through a Balston air filter.                       

  5.1.4. The temperature of the titration cell is maintained at 25oC with 

         circulating water.

5.2.Analysis

  5.2.1. A 50 ml plastic syringe is rinsed with sample and then filled and 

         weighed on a microbalance.   

  5.2.2. Five ml of 6% phosphoric acid is added to the extractor and the 

         acid is purged for 2-5 minutes with carbon dioxide-free carrier gas.  

  5.2.3. The contents of the syringe are injected into the extractor through 

         a septum.  

  5.2.4. The syringe is weighed again and the mass of the extracted sample 

         determined.                 

  5.2.5. The acidified sample is purged with carrier gas.  Successive 

         coulometer readings are integrated at 1 minute intervals until 

         they differ by less than 0.01%

6.  Determination of the Coulometer Blank

    The coulometer blank is determined at intervals throughout each 

day by allowing the coulometer to titrate a CO2-free air stream.  The 

blank is taken as the µg C per minute value detected by the coulometer 

when a steady-state reading is achieved.

7.  Calibration

    Although the digital coulometer output is fairly accurate, the 

coulometer response per unit carbon may vary with time.  In order to

achieve maximum accuracy, it is necessary to calibrate the coulometer 

with samples containing known quantities of inorganic carbon.  We are 

presently using anhydrous sodium carbonate standards.  The dried (270oC 

for 3 hours) reagent is carefully weighed on a microbalance to the 

nearest 0.1 µg and introduced into a degassed acidified sample solution 

in a combusted aluminum boat through a port in the side of the extractor.  

Recoveries are generally slightly less than 100%.  

8.  Data Reduction and Calculations

    In order to compute the absolute concentration of DIC in a water 

sample, the integrated reading given at the titration endpoint must 

be corrected for both the coulometer blank and the recovery of NaCO3
standards.  These corrections are made by multiplying the blank µg C 

min-1 by the time taken to reach the endpoint and subtracting this 

value from the integrated reading.  This value is then corrected for 

the recovery of standards by dividing by the average percentage 

recovery of known standards run on the day of analysis.

9.  Precision and Accuracy

    Three replicate samples from a single Niskin bottle generally yield 

a coefficient of variation of less than 0.1% (+2 µmol/kg).  The 

precision of our replicate determinations of liquid standards averages

approximately 0.5 µmol/kg over periods of months.  The accuracy of our 

determinations is within 1 µmol/kg as determined by the routine analysis 

of liquid standards provided by Dr. Andrew Dickson of Scripps Institution 

of Oceanography under the U.S. Department of Energy Global Change 

Research Program.

10.  Quality Control

     As a safeguard on the quality of our results, we maintain a set 

of secondary seawater standards.  These are made from a large surface 

seawater sample, which is preserved with saturated HgCl2 and subdivided 

into 300 ml bottles.  These are sealed as described above and stored 

in the dark.  These secondary standards are analyzed relative to a 

primary seawater standard provided by Dr. Andrew Dickson. 

11.  Equipment/Supplies

     5011 Coulometer (UIC Inc.) and modified glassware

     300 ml ground glass stoppered reagent bottles

     kimwipes and applicator sticks

     large plastic pipette

     Apiezon grease

     Cahn microbalance

     volumetric flasks

     analytical balance / pan balance

     muffle furnace

     carbon dioxide-free carrier gas

     data acquisition system

     water bath

12.  Reagents

     distilled deionized water

     high purity sodium carbonate

     potassium iodide

     coulometer cathode solution (UIC Inc.)

     coulometer anode solution (UIC Inc.)

     orthophosphoric acid
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NITRATE, NITRITE and DISSOLVED ORGANIC NITROGEN1
_________________________________________________________________

     SUMMARY:  Seawater is collected from known depths using 

     CTD-rosette sampling protocols.  Subsamples are carefully 

     drawn and stored in acid-washed polyethylene bottles.  

     Nitrate/nitrite is measured with an azo dye either before 

     (nitrite) or after (nitrite plus nitrate) subsamples are 

     passed through a cadmium reduction column.  Dissolved 

     organic nitrogen is determined after quantitative 

     conversion to inorganic N by exposure to UV radiation.

_________________________________________________________________

1.  Principle

    In seawater the forms of dissolved nitrogen of greatest interest 

are, in order of decreasing oxidation state:  nitrate, nitrite, ammonium 

and organic nitrogen.  All these forms of nitrogen, as well as nitrogen 

gas (N2), are biochemically interconvertible and are components of the 

biological nitrogen cycle.              

    In this method nitrate is quantitatively reduced to nitrite in a 

copperized cadmium reduction column.  The nitrite thus produced, along 

with any nitrite present in the original sample, is coupled with an 

aromatic amine, which in turn is reacted with a second aromatic amine 

to produce an azo dye.  The extinction due to the dye is then read 

spectrophotometrically. A second subsample is analyzed without prior 

reduction in order to determine the nitrite level.  Nitrate is 

calculated by difference between the [nitrate+nitrite] and nitrite 

concentrations, using standard solutions.  For surface water samples 

(<100 m) where the [nitrate+nitrite] concentration is generally <0.05 

µM, we have employed a low-level assay procedure which is based on the 

production and detection of nitrous oxides.     

    Total dissolved nitrogen (TDN) is determined by UV oxidation of the 

sample and subsequent analysis for dissolved inorganic nitrogen (DIN = 

nitrite + nitrate + ammonia).  Dissolved organic nitrogen (DON) is

computed from the relationship DON = TDN - DIN, where TDN is total 

dissolved nitrogen after UV oxidation and DIN is the sum of the 

dissolved inorganic nitrogen species before UV oxidation.  As an 

alternative to the UV oxidation method, Walsh (1989) has described 

a high-temperature (1100oC) combustion method which has been applied 

to open ocean samples collected in the North Pacific Ocean.  No 

significant differences were observed between these two procedures 

(Walsh, 1989).

2.  Precautions

    Contamination is the primary concern with these samples.  This 

is particularly true with samples collected from the euphotic zone, 

where inorganic nutrient concentrations are extremely low (<0.2 µM).  

In order to avoid contamination, sample bottles must be meticulously 

cleaned with dilute HCl and rinsed with deionized distilled water 

(DDW) before use.  Samples are stored frozen until analysis, generally 

within 1-2 weeks of sample collection.

3.  Sampling Collection and Storage

NOTE:  The currently held "dogma" in the oceanographic literature is 

that seawater samples must be processed fresh and on board ship for 

high-precision, low-level inorganic nutrient analyses (Morse et al., 

1982; Venrick and Hayward, 1985).  However, extensive results from 

automated analyses of nutrients in tropical seawaters (Ryle et al., 

1981) and the VERTEX program (D. Karl and S. Moore, unpubl. results) 

which included direct comparisons of [NO3+NO2], PO4 and SiO3 

determinations in fresh vs. frozen samples would suggest otherwise.  

Provided that caution is taken to collect and store the samples in an 

environment free of potential contamination, we found no significant 

treatment effect.  A similar conclusion was presented by Walsh et al. 

(manuscript) following the analysis of a wide range of seawater 

samples that were either analyzed fresh or frozen and stored for 

varying periods of time.  They conclude that, "Despite published and 

voiced opinions to the contrary, there appears to be no adequate 

basis either from the literature or from our experiments for 

across-the-board dismissal of high-precision nutrient analyses 

undertaken on properly stored seawater samples."  As we are not 

able to take our autoanalyzer to sea on the HOT program cruises, 

we have focussed our attention on maintaining a contamination-free 

environment during collection and storage of nutrient samples.

3.1. Sample collection

  3.1.1. Rinse the nutrient sample bottle (acid-washed, 125 ml 

         polyethylene bottle) 3 times before filling.  Fill to 

         approximately 2/3 full, tighten cap and freeze.

  3.1.2. Record cruise, cast and Niskin bottle number on the bottle 

         and data sheet.      

4.  Sample Analysis

4.1. Standard procedure

     Currently, GOFS and WOCE nutrients collected during the Hawaii 

     Ocean Time Series cruises are analyzed by the Hawaii Institute 

     of Marine Biology Analytical Facility.  Mr. Ted Walsh has 

     provided us with the following procedure for the analysis of 

     dissolved N.      

  4.1.1. Nitrate (NO3-) plus Nitrite (NO2-) 

         [NO3-+NO2-] analyses are performed on a four-channel 

         Technicon Autoanalyzer IIR continuous flow system.  The 

         automated wet chemistries generally follow the standard 

         methods of seawater analysis as given by Technicon (1977), 

         which involve:  (1) reduction of nitrate to nitrite using a 

         copperized cadmium reduction column, (2) reaction of nitrite 

         with sulfanilamide for diazotization and (3) coupling with 

         N-1-napthylethylenediamine dihydrochloride (NED) forming a 

         purple azo dye (Armstrong et al., 1967).  The dye absorbance 

         is read through a 15 mm pathlength flowcell at 550 nm.  The 

         reduction column is looped in line using a Hamilton 4-way 

         valve and can be by-passed for nitrite analysis only.  Both 

         nitrate and nitrite standards are run to check column 

         efficiency.  If speciation is desired, nitrite is determined 

         separately by omitting the reduction step.  Nitrate is 

         calculated by difference.

  4.1.2. Dissolved Organic Nitrogen (DON)

         The method for DON involves initial UV digestion of a seawater 

         sample followed by autoanalysis of the digestion products for 

         [nitrate+nitrite], as above, and ammonium using the Berthelot 

         (indophenol) method.  The modified photooxidation technique 

         (Armstrong et al., 1966) utilizes a 24 hour irradiation.  

         Details are given in Walsh (1989).  Periodic calibration 

         checks of the UV lamp efficiency are made using a dissolved 

         organic nitrogen (2,2-bypyridyl) standard.   As a general rule,

         the UV lamp is replaced after approximately 700-800 hr of use. 

         DON is calculated by difference between the sum of [nitrate+

         nitrite+ammonium] before and after UV treatment.

4.2. Low-level procedures for nitrate (NO3-) and nitrite (NO2-) by 

     chemiluminescence

     Nanomolar quantitites of nitrate and nitrite are routinely analyzed 

     using the chemiluminescence techniques of Cox (1980) and Garside 

     (1982).  This technique relies on the wet chemical reduction of 

     nitrate and nitrite to nitric oxide in a highly acidic solution 

     of sulfuric acid, ferrous ammonium sulfate, and ammonium molybdate.  

     The reduced nitric oxide is carried by an inert carrier gas (argon),

     scrubbed of acid and water vapors in a cold finger filled with 6 M 

     sodium hydroxide solution followed by an anhydrous sodium carbonate 

     filled drying tube.  The gas stream is then routed through a 

     membrane dryer and the nitric oxide is combined with ozone and 

     simultaneously exposed to a photomultiplier tube.  The nitric 

     oxide is further oxidized to excited nitrogen dioxide emitting a 

     photon as it returns to ground state, and the emitted light is 

     detected by the photomultiplier.

  4.2.1. [NO3- + NO2-] determinations 

         [NO3- + NO2-] analyses are performed on an Antek model 720 

         nitrogen oxide analyzer.  Ten ml of concentrated sulfuric 

         acid (36 N) plus 2 ml each of ferrous ammonium sulfate (4%, 

         w/v) followed by ammonium molybdate (2%, w/v) are dispensed 

         into the reaction tube.  The reaction tube is inserted into 

         the carrier gas line and the reagents degassed.  A 10 ml 

         water sample or standard solution is introduced into the 

         reaction tube with a syringe through a septum fitted to the 

         side arm of the reaction tube.  Total reaction light emission 

         is recorded using an automated integrator.

  4.2.2. NO3- determinations

         Sample analysis is conducted, as above (Chapter 7, section 

         4.2.1), except that the sample (10 ml) is pretreated with 

         0.2 ml of sulfanilamide prior to injection into the reaction 

         tube.  Since sulfanilamide quantitatively binds nitrite, the 

         integral is the result of nitrate only.  Therefore, nitrite 

         can be obtained from the difference of the two analyses.

5.  Calibration, Data Reduction and Calculations 

5.1. Calibration stocks and regression standards

     The calibration of dissolved inorganic nutrients in the autoanalysis 

     of seawater samples is performed using standard solutions containing 

     N, P and Si.  A nutrient stock solution is prepared by dissolving 

     dried (65oC, 72 hours) analytical grade reagent chemicals with 

     distilled-deionized water in 1 liter glass volumetric flasks 

     containing 1 ml of chloroform.  Once dissolved, this stock solution 

     is immediately transferred into 1 liter amber polypropylene bottles 

     and stored at 4oC.  The reagent chemicals and concentrations are: 

     phosphate (KH2PO4, 1 mM), nitrate (KNO3, 5 mM) and silica (Na2SiF6, 

     4 mM).

     Working standards are prepared daily by volumetric dilutions of the 

     stock using glass pipettes and a plastic (polymethylpentene; PMP) 

     volumetric flask.  All pipettes and PMP flasks are acid-washed 

     (1 M HCl) and gravimetrically calibrated prior to use.  The daily 

     regression standards are prepared by diluting the working standard 

     with low nutrient natural seawater diluent (SWDIL).  The SWDIL is 

     filtered open ocean surface seawater that is stored in a carboy at 

     room temperature.  By using this technique all standards are 

     matrix-matched with the seawater samples and any cross-nutrient 

     interference effect should be accounted for. 

     Cross-nutrient interference and reagent contamination was evaluated 

     by preparing separate solutions, as above, but with one of the three 

     standards omitted.  Only phosphate showed a slightly measurable 

     increase (+0.014 µM) in the presence of 40 µM-NO3 and 160 µM-Si.  

     The linear regressions of the standards were applied to all seawater 

     sample peaks for calculating each batch of cruise samples.  Typical 

     correlations produced r2 values that were between 0.9999 and 0.99999.  

5.2. Blank corrections

     All seawater standard absorbance peaks were corrected for the 

     absorbance of the seawater diluent (SWDIL).  All seawater sample 

     peaks were corrected for the refractive index absorbance for each  

     unique nutrient detection system.  The refractive index corrections 

     (in apparent uM units) ranged from approximately 0.13 (for P), 0.23 

     (for N) to 2.41 (for Si), and represent the increase in absorbance 

     that is due strictly to the presence of dissolved salts in seawater 

     when compared to the distilled-deionized water baseline.  These 

     corrections are made running seawater (35 o/oo salinity) through 

     the autoanalyzer with DDW only in reagent lines.  The Levor 

     surfactant used routinely in the phosphate channel was omitted 

     from the DDW lines during the refractive index measurement because 

     Levor reacts erratically with seawater in the absence of the acidic 

     color reagent.

6.  Accuracy and Precision

    The detection limit for nitrate plus nitrite is approximately 0.03 

    uM with a coefficient of variation for field-collected replicates 

    of 0.3%.  The detection limit for DON is 0.05 with a coefficient of 

    variation of 4%.

7.  Equipment/Supplies

    Niskin bottles and rosette/CTD unit

    acid-washed, 125 ml polyethylene bottles 

    Autoanalyzer (Technicon Corp.) and accessories

    UV oxidizer unit

    nitrogen oxide analyzer (Antek model #720, operated in vacuum mode)

    reaction tube, cold finger and drying tube glassware array

8.  Reagents

    glass distilled deionized water (DDW)

    1 M HCl for cleaning

    concentrated H2SO4 (36 N)

    Ammonium Chloride Reagent:  Dissolve 10 g of ammonium chloride in DDW, 

     adjust pH to 8.5 with concentrated ammonium hydroxide and dilute to 

     1 liter.  Add 0.5 ml Brij-35 (Technicon No. T21-0110).

    Color Reagent:  To approximately 1500 ml of distilled water, add 200 

     ml of concentrated phosphoric acid and 20 g of sulfanilamide.  

     Dissolve completely (heat if necessary).  Add 1 g of N-1-naphthyl-

     ethylenediamine dihydrochloride and dissolve.  Dilute to 2 liters.  

     Add 1.0 ml of Brij-35. Store in a cold, dark place.  Stability: one 

     month.

    Cadmium Powder (Technicon No. T11-5063):  Use coarse cadmium powder 

     (99% pure).  Rinse the powder once or twice with a small quantity 

     of clean diethyl ether and 1 M HCl  to remove grease and dirt.  

     Follow with a DDW rinse.  Allow the metal to air-dry and store in 

     a well-stoppered bottle.

    Ferrous Ammonium Sulfate (4% w/v):  Dissolve 4 g of reagent grade 

     ferrous ammonium sulfate in 100 ml DDW.  Prepare fresh daily.

    Ammonium molybdate (2% w/v):  Dissolve 2 g reagent grade ammonium 

     molybdate in 100 ml DDW.  Prepare fresh daily.

    Sulfanilamide (1% in 10% HCl).  Dissolve 1 g reagent grade 

     sulfanilamide in 100 ml of 10% HCl.

    Sodium hydroxide (6 M):  Dissolve 240 g of reagent grade sodium 

     hydroxide and make up to 1 liter with DDW.

    Preparation of Reduction Column:  See Technicon Industrial System, 

     1977.

    Stock Standard (1000 µM):  Dissolve 0.101 g of potassium nitrate 

     in DDW and dilute to 1 liter.  Store in a dark bottle.  Add 1 ml 

     of chloroform as a preservative.

    Working Standard (50 µM):  Dilute 5 ml of stock standard in a 

     volumetric flask with DDW or seawater diluent.
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POSTSCRIPT:  During year 1 of the HOT program, we routinely measured 

NH4+ concentrations using the standard Berthelot (indophenol) method.  

Concentrations of NH4+ were consistently at, or below, our detection 

limits (<0.05 µM) throughout the water column.  Although a new method 

has been described for low-level determinations of NH4+ in seawater 

(Brzezinski, 1988, Limnology and Oceanography, 33, 1176-1182), we have 

not yet successfully adapted this procedure for our routine determinations.  

Until that method, or a suitable alternative, is available we have decided 

to delete NH4+ measurements from our list of "standard procedures."

ORTHOPHOSPHATE AND DISSOLVED ORGANIC PHOSPHORUS1
_________________________________________________________________

     SUMMARY:  Seawater is collected from known depths using 

     CTD- rosette sampling protocols.  Subsamples are drawn and 

     stored in acid-washed polyethylene bottles.  Soluble 

     reactive phosphorus (SRP) is measured spectrophotometrically 

     following the formation of phosphomolybdic acid.  Total 

     dissolved phosphorus (TDP) is measured in a separate 

     sample after exposure to ultraviolet (UV) light and dissolved 

     organic phosphorus (DOP) is estimated by difference. 

_________________________________________________________________

1.  Principle

    Phosphorus (P) is one of several macronutrients required for the 

growth of marine organisms.  In open ocean marine ecosystems, P is 

often present in low and, perhaps, limiting concentrations for 

microalgal and bacterial populations.  Therefore, P is a central 

element in oceanic biogeochemical cycles.

    In seawater, inorganic phosphorus (also referred to as 

orthophosphate or soluble reactive phosphorus, SRP) occurs chiefly 

as ions of HPO42-, with a small percentage present as PO43-.  

Dissolved organic phosphorus (DOP) exists in a variety of forms 

(primarily P-esters) which result from excretion, decomposition, 

death and autolysis.

    In this analytical procedure, we make direct measurements of 

SRP and total dissolved phosphorus (TDP).  The latter includes all 

organic and inorganic phosphorus compounds.  Bound phophorus is 

released from organic matter by ultraviolet light (UV) oxidation 

and the liberated orthophosphate is reacted with an acidified 

molydate reagent and potassium antimonyl tartrate.  The resulting 

compound, a heteropoly acid (phosphomolybdic acid), is reduced to 

the intensely colored molybdenum blue by ascorbic acid and measured 

spectrophotometrically.  SRP samples are prepared in the same manner 

as TDP samples, but without the prior UV oxidation step.  DOP is 

calculated by difference (i.e., TDP-SRP).

2.  Precautions

    Contamination is the primary concern with P determinations.  

This is particularly true with samples collected from the euphotic 

zone, where SRP concentrations are extremely low (<0.2 µM).  In 

order to avoid contamination, sample bottles must be meticulously 

cleaned with dilute HCl and rinsed with deionized distilled water 

(DDW) before use.  

3.  Sample Collection and Storage

3.1. Sample collection (also see "NOTE" in Chapter 7, section 3)

  3.1.1. Rinse the nutrient sample bottle (acid-washed, 125 ml 

         polyethylene bottle) 3 times before filling.  Fill to 

         approximately 2/3 full, tighten cap and freeze.

  3.1.2. Record cruise, cast and Niskin bottle number on the 

         bottle and data sheet.      

4.  Sample Analysis

    Currently, GOFS and WOCE nutrient samples collected during 

the Hawaii Ocean Time Series cruises are analyzed by the Hawaii 

Institute of Marine Biology Analytical Facility.  Mr. Ted Walsh has 

provided us with the following procedure for the analysis of phosphate.

    Phosphorus analyses are performed on a four-channel Technicon 

Autoanalyzer II continuous flow system.  The automated wet chemistries 

generally follow the standard methods of seawater analysis as given 

by Technicon (1973).  Slight modifications have been incorporated to 

achieve the optimum range and sensitivity for each nutrient at 

concentration levels specific for the Station ALOHA seawaters.

4.1. Soluble Reactive Phosphorus (SRP)

     This method employs a single color reagent consisting of an 

     acidified solution of ammonium molybdate, ascorbic acid and 

     antimony-tartrate.  The blue phosphomolybdenum complex formed 

     is read colorimetrically through a 50 mm pathlength flowcell 

     at 880 nm (Murphy and Riley, 1962).  The specific automated 

     method used is described in Technicon (1973) with the following 

     modifications:  

     sample pump tube size is increased to allow for a flow rate 

     of 0.8 ml min-1, and the color reagent 

     solution concentration is diluted by a factor of 2.

4.2. Total Dissolved Phosphorus (TDP)

     The method for TDP involves initial UV digestion of a seawater 

     sample followed by autoanalysis of the digestion product (SRP; 

     see Chapter 8, section 4.1).  The modified photoxidation technique 

     (Armstrong et al., 1966) utilizes a 2 hour UV irradiation period.  

     Exact details of the photoxidation unit are described in Walsh 

     (1989).  Periodic calibration checks of the UV lamp efficiency 

     are made using dissolved organic phosphorus (β-glycerol-

     phosphate) standards.  As a general rule, the UV lamp is replaced 

     after approximately 700-800 hr of use.

4.3. Low-level procedures

     We have recently developed a method for the determination of P 

     dissolved in seawater at low concentrations (<0.1 µM; Karl and 

     Tien, in preparation).  The method is based upon the quantitative 

     removal of SRP by co-precipitation with magnesium hydroxide which 

     is formed by the addition of high purity sodium hydroxide to 

     selected seawater samples.  The precipitate is collected by 

     centrifugation, washed with a solution of weak sodium hydroxide 

     (0.01 M) and then dissolved in a known volume of high purity 

     hydrochloric acid.  At this point, the concentrated samples are 

     treated as above (see Chapter 8, section 4.1) for the determination 

     of SRP.  The detection limit is determined by the volume of 

     seawater initially used (50-250 ml for our routine assays), but 

     P concentrations as low as 5 nM can be easily and reproducibly 

     detected.  All low level P determinations are corrected for 

     arsenic interference by thiosulfate reduction of dissolved 

     arsenate (Johnson, 1971).

5.  Calibration, Data Reduction and Calculations 

5.1. Calibration stocks and regression standards

     The calibration of dissolved inorganic nutrients in the 

     autoanalysis of seawater samples is performed using standard 

     solutions containing N, P and Si.  A nutrient stock solution 

     is prepared by dissolving dried (65oC, 72 hours) analytical 

     grade reagent chemicals with distilled-deionized water in 1 

     liter glass volumetric flasks containing 1 ml of chloroform.  

     Once dissolved, this stock solution is immediately transferred 

     into 1 liter amber  polypropylene bottles and stored at 4oC.  

     The reagent chemicals and concentrations are:  phosphate (KH2PO4, 

     1 mM), nitrate (KNO3, 5 mM) and silica (Na2SiF6, 4 mM).  

     Working standards are prepared daily by volumetric dilutions 

     of the stock using glass pipettes and a plastic (polymethyl-

     pentene; PMP) volumetric flask.  All pipettes and PMP flasks 

     are acid-washed (1M HCl) and gravimetrically calibrated prior 

     to use.  The daily regression standards are prepared by diluting 

     the working standard with low nutrient natural seawater diluent  

     (SWDIL).  The SWDIL is filtered open ocean surface seawater that 

     is stored in a carboy at room temperature.  By using this technique 

     all standards are matrix-matched with the seawater samples and any 

     cross-nutrient interference effect should be accounted for.

     Cross-nutrient interference and reagent contamination was evaluated 

     by preparing separate solutions, as above, but with one of the three 

     standards omitted.  Only phosphate showed a slightly measurable 

     increase (+0.014 µM) in the presence of 40 µM-NO3 and 160 µM-Si.  

     The linear regressions of the standards were applied to all seawater 

     sample peaks for calculating each batch of cruise samples.  Typical 

     correlations produced r2 values that were between 0.9999 and 0.99999.

5.2. Blank corrections

     All seawater standard absorbance peaks were corrected for the 

     absorbance of the seawater diluent (SWDIL).  All seawater sample 

     peaks were corrected for the refractive index absorbance for each 

     unique nutrient detection system.  The refractive index corrections 

     (in apparent µM units) ranged from approximtely 0.13 (for P), 0.23 

     (for N) to 2.41 (for Si), and represent the increase in absorbance 

     that is due strictly to the presence of dissolved salts in seawater 

     when compared to the distilled-deionized water baseline.  These 

     corrections are made by running sampling seawater (35 o/oo salinity) 

     through the autoanalyzer with DDW only in reagent lines and also with 

     all reagents except the color producing reagent.  The Levor surfactant 

     used routinely in the phosphate channel was omitted from the DDW lines 

     during the refractive index measurement.

6.  Accuracy and Precision

    The detection limit for phosphorus is approximately 0.02 µM with a 

coefficient of variation for field-collected replicates of 0.3%  For DOP 

the detection limit is 0.02 µM with a coefficient of variation of 1%.

7.  Equipment/Supplies

    Niskin bottles and rosette/CTD unit

    acid-washed, 125 ml polyethylene sample bottles 

    Autoanalyzer (Technicon Corp.) and accessories

8.  Reagents

    glass distilled deionized water (DDW)

    HCl (1M) for cleaning

    concentrated H2SO4
    ultrapure NaOH and HCl for low-level P determinations

    Ammonium molybdate solution: Dissolve 40 g of ACS grade ammonium 

     paramolybdate [(NH4)6M O7O24 . 4H2O into 800 ml DDW and dilute 

     to 1 liter in a volumetric flask.  Store  in plastic bottle in

     the dark.  Solution is stable indefinitely.

    Ascorbic acid solution (Prepare fresh):  Dissolve 1.8 g of ACS 

     ascorbic acid into 100 ml DDW (1.8% wt/vol).

    Antimony potassium tartrate solution:  Dissolve 3.0 g of ACS 

     antimony potassium tartrate (C8H4K2O12Sb2 . 3H2O) into 800 ml 

     DDW and dilute to 1 liter in a volumetric flask.  Solution is 

     stable for several months.

    Mixed reagent (Prepare fresh):  Mix together in the following 

     order 15 ml ammonium molybdate, 50 ml 5 N sulfuric acid, 30 ml 

     1.8% ascorbic acid and 5 ml potassium antimony tartrate.

    Stock phosphate standard solution (1 mM):  Dissolve 0.1361 g of 

     dry (65oC for 72 hours) potassium phosphate monobasic (KH2PO4) 

     into 800 ml of DDW and dilute to 1 liter in a volumetric flask.  

     Store in a dark bottle with 1 ml of chloroform.

    Working phosphate standard (40 µM):  Dilute 4.0 ml of the stock 

     standard to 100 ml (use volumetric flask).  Then dilute the 

     working standard to prepare a series of standards to cover 

     a range of P concentrations.

9.  References

    Armstrong, F. A. J., P. M. Williams and J. D. H. Strickland.  1966.  

    Photo-oxidation of organic matter in seawater by ultraviolet radiation, 

    analytical and other applications. Nature, 211, 481-483.

    Grasshoff, K., M. Ehrhardt and K. Kremling.  1983.  Methods of Seawater 

    Analysis.  Verlag Chemie.

    Johnson, D. L.  1971.  Simultaneous determination of arsenate and 

    phosphate in natural waters.  Environmental Science and Technology, 

    5, 411-414.

    Murphy, J. and J. P. Riley.  1962.  A modified single solution 

    method for the determination of phosphate in natural waters.  

    Analytica Chimica Acta, 27, 30.

    Strickland, J. D. H. and T. R. Parsons.  1972.  A Practical 

    Handbook of Seawater Analysis.  Fisheries Research Board of Canada, 

    167.

    Technicon Industrial Systems.  1973.  Orthophosphate in water and 

    seawater.  Autoanalyzer IIR Industrial Method No. 155-71W.  W. 

    Tarrytown, New York 10591.

    Walsh, T. W.  1989.  Total dissolved nitrogen in seawater: A new 

    high temperature combustion method and a comparison to photo-

    oxidation.  Marine Chemistry, 26, 295-311.

    Walsh, T. W., R. E. Young and S. V. Smith.  Seawater nutrient 

    storage and analysis.  Manuscript.

SOLUBLE REACTIVE SILICA1
_________________________________________________________________

     SUMMARY:  Seawater is collected from known depths using 

     CTD- rosette sampling protocols.  Subsamples are drawn and 

     stored in acid-washed polyethylene bottles.  Soluble 

     reactive silica is measured spectrophotometrically following 

     the formation of silico- molybdic acid from the reaction of 

     ammonium molybdate and silica at acidic pH. 

_________________________________________________________________

1.  Principle

    Silicon is the second most abundant element in the Earth's crust.  

Subaerial weathering processes produce orthosilicic acid Si(OH)4 which 

eventually is deposited in the oceans.  In seawater, various groups

of organisms (diatoms, radiolarians, silicoflagellates, sponges and 

some fungi) utilize silica primarily as a structural component.  

    The analysis of soluble reactive silica is based upon the formation 

of yellow silicomolybdic acid from the reaction of ammonium molybdate 

and silica at low pH.  Phosphate also reacts to produce a positive 

interference due to the formation of molybdophosphoric acid.  The 

addition of oxalic acid eliminates the phosphate interference.  The 

sensitivity of the analysis is increased by a further reduction of 

the yellow silicomolybdic acid using ascorbic acid, in order to 

produce "molybdenum blue".           

2.  Precautions

    Contamination is the primary concern with these samples.  This 

is particularly true with samples collected from the euphotic zone, 

where inorganic nutrient concentrations are extremely low.  In order 

to avoid contamination, all sample bottles must be meticulously 

cleaned with dilute HCl and rinsed with deionized distilled water 

(DDW) before use.  It is important to realize that silica is leached 

from glass at seawater pH.  Therefore, plastic should be used for 

sample handling and storage.  Finally, special care must be taken 

when performing dissolved Si analyses on frozen seawater samples 

(Macdonald et al., 1986).

3.  Sample Collection and Storage (also see "NOTE" in Chapter 7, 

    section 3)

3.1. Rinse the nutrient sample bottle (acid-washed, 125 ml 

     polyethylene bottle) 3 times before filling.  Fill to 

     approximately 2/3 full, tighten cap and freeze.

3.2. Record cruise, cast and Niskin bottle number on the bottle 

     and data sheet.      

4.  Sample Analysis

    Currently, GOFS and WOCE nutrient samples collected during 

the Hawaii Ocean Time Series cruises are analyzed by the Hawaii 

Institute of Marine Biology Analytical Facility.  Mr. Ted Walsh has 

provided us with the following procedure for the analysis of 

reactive Si.

    Si analyses are performed on a four-channel Technicon Autoanalyzer 

II continuous flow system.  The automated wet chemistries generally 

follow the standard methods of seawater analysisas given by Technicon 

(1977).  This method involves a reaction of the sample with oxalic acid, 

molybdate, and ascorbic acid.  The absorbance is read at 660 nm using 

a 15 mm pathlength flowcell.

5.  Calibration, Data Reduction and Calculations 

5.1. Calibration stocks and regression standards

     The calibration of dissolved inorganic nutrients in the 

     autoanalysis of seawater samples is performed using standard 

     solutions containing N, P and Si.  Nutrient stock solution "A" 

     is prepared by dissolving dried (65oC, 72 hours) analytical 

     grade reagent chemicals with distilled-deionized water in 1 

     liter glass volumetric flasks containing 1 ml of chloroform. 

     Once dissolved, this stock solution is immediately transferred 

     into 1 liter amber polypropylene bottles and stored at 4oC.  

     The reagent chemicals and concentrations are:  phosphate 

     (KH2PO4, 1 mM), nitrate (KNO3, 5 mM) and silica (Na2SiF6, 4 mM).

     Working standards are prepared daily by volumetric dilutions of 

     the stock using glass pipettes and a plastic (polymethylpentene; 

     PMP) volumetric flask.  All pipettes and PMP flasks are acid-washed 

     (1 M HCl) and gravimetrically calibrated prior to use.  The daily 

     regression standards are prepared by diluting the working standard 

     with low nutrient natural seawater diluent (SWDIL).  The SWDIL is 

     filtered open ocean surface seawater that is stored in a carboy 

     at room temperature.  By using this technique all standards are 

     matrix-matched with the seawater samples and any cross-nutrient 

     interference effect should be accounted for.

     Cross-nutrient interference and reagent contamination was evaluated 

     by preparing separate solutions, as above, but with one of the 

     three standards omitted.  Only phosphate showed a slightly 

     measurable increase (+0.014 µM) in the presence of 40 µM-NO3 

     and 160 µM-Si.  The linear regressions of the standards were 

     applied to all seawater sample peaks for calculating each batch 

     of cruise samples.  Typical correlations produced r2 values that 

     were between 0.9999 and 0.99999.

5.2. Blank corrections

     All seawater standard absorbance peaks were corrected for the 

     absorbance of the seawater diluent (SWDIL).  All seawater sample 

     peaks were corrected for the refractive index absorbance for each 

     unique nutrient detection system.  The refractive index corrections 

     (in apparent µM units) ranged from approximately 0.13 (for P), 0.23 

     (for N) to 2.41 (for Si), and represent the increase in absorbance 

     that is due strictly to the presence of dissolved salts in seawater 

     when compared to the distilled-deionized water baseline.  These 

     corrections were measured by sampling seawater (35 o/oo salinity) 

     with DDW only in reagent lines and also with all reagents except 

     the color producing reagent.  The Levor surfactant used routinely 

     in the phosphate channel was omitted from the DDW lines during the 

     refractive index measurement.

6.  Accuracy and Precision

    The detection limit for dissolved Si is approximately 0.3 µM.  The 

coefficient of variation of field-collected replicates is 6%.

7.  Equipment/Supplies

    Niskin bottles and rosette/CTD unit

    acid-washed, 125 ml polyethylene bottles 

    Autoanalyzer (Technicon Corp.) and accessories

8.  Reagents

    Because Si is the principle component of glass, all solutions 

should be made up and contained in plastic.  Glass distilled deionized 

water will have minimal silica leaching due to the low pH of distilled 

water.

    Glass distilled deionized water (DDW)

    Ammonium molybdate solution:  Dissolve 10 g of ammonium molybdate 

      into 1 liter of sulfuric acid (0.1 N).  Filter and store in an  

      amber plastic container.

    Oxalic acid (0.56 M):  Dissolve 50 g of oxalic acid into 900 ml 

      of DDW and dilute to 1 liter.      

    Ascorbic acid solution (1.76% wt/vol):  Dissolve 17.6 g of ACS 

      quality ascorbic acid in 500 ml of DDW containing 50 ml of 

      acetone.  Mix and dilute to 1 liter with DDW.  Add 0.5 ml  

      of Levor V per liter of reagent.
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    The storage of reactive silicate samples by freezing. Limnology 

    and Oceanography, 31, 1139-1142.

    Standard Methods for the Examination of Water and Wastewater, 

    15th Edition.
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PARTICULATE CARBON AND NITROGEN1
_________________________________________________________________

     SUMMARY: Seawater samples are collected at discrete depths 

     in 12-liter Niskin bottles.  The water samples are prefiltered

     (202 µm) and transferred to specially designed, precalibrated

     filtration bottles, pressure filtered through combusted GF/F

     filters and stored frozen for subsequent analysis.  In the

     laboratory, the filters are dried and analyzed for C and N 

     using a Perkin-Elmer model 2400 analyzer. 

_________________________________________________________________

1.  Principle

    Particulate carbon (PC) and particulate nitrogen (PN), including 

both inorganic and organic forms, are present in seawater primarily 

as by-products of biological activity.  Living organisms also contribute 

a variable amount (<1% in deep waters to >50% in the euphotic zone) 

to the total particulate carbon and nitrogen content of seawater.

    Both PC and PN can be measured using commercially-available 

instruments which detect the gaseous by-products of high-temperature 

combustion.  The Perkin-Elmer model 2400 CHN analyzer used in the 

HOT-GOFS project, combines the classical Pregal and Dumas methods 

for the determination of carbon and nitrogen, respectively.  The 

samples are combusted in a pure oxygen environment, the gases mixed 

and separated by frontal chromatography.  The separated gases are 

determined stepwise by a thermal conductivity detector.  

2.  Precautions

     Care must be taken to ensure that contamination with PC and PN 

is avoided.  Samples should, therefore, be kept away from paper, 

wood, food or other carbon-containing compounds.  The filtration 

system that is set up to collect these samples is constructed of 

plastic.  Plastic contains carbon and, therefore, is a potential 

source of contamination.  The carboys and tubing used in this system 

must be kept clean and free of abrading surfaces.  

3.  Sampling, Filtration and Storage

3.1. Seawater samples are collected in 12-liter Niskin bottles and 

     transferred directly to acid-cleaned filtration bottles.  The 

     samples are transferred via Tygon tubing which incorporates an 

     in-line 202 µm Nitex screen prefilter to remove zooplankton or 

     any other rare particles which might otherwise affect the 

     precision of the estimate.  The filtration bottles are 4- and 

     12-liter polyethylene aspirator bottles fitted with a valve 

     assembly and tubing connection.

     Once the rosette sampler is on deck, the vent valve of each 

     Niskin bottle is opened and one end of the drawing tube is 

     attached to the outflow spigot of the sampling bottle and the 

     other end to the tubing connector on the cap of the filtration 

     bottle.  Particular attention is paid to the orientation of 

     the in-line screened drawing tube (the shorter, larger bore 

     section is attached to the Niskin bottle).  The filtration 

     bottle valve is opened and 100-200 ml is run through the 

     transfer tube and valve assembly to rinse the sampling bottle.  

     The bottle and cap are rinsed 3 times in this fashion.  During 

     the rinsing and filling operation, the filtration bottle cap 

     valve is used to control and direct the sample flow.  After 

     rinsing,the cap is placed on the bottle mouth (without 

     tightening), the valve is opened and the polyethylene bottled 

     is filled to the calibration mark.  

3.2. After filling, the filtration bottles are inverted and placed 

     into the filtration rack.  The contents are then pressure 

     filtered (4-7 psi nitrogen gas) through combusted in-line 25 

     mm GF/F filters.

3.3. Following filtration, clean forceps are used to transfer each 

     filter to a clean plastic petri dish containing a 3 cm square 

     piece of combusted foil.  The sample is labeled and stored 

     frozen (-20oC).  Usually only a few ml or less of water remains 

     in the carboy after filtration; this residual water is ignored 

     in assessing the volume filtered unless it appears to be 

     significant compared to the volume of the carboy.  All appropriate 

     data are entered on the data sheet.

4.  Analysis

    Standard procedures for instrument warm-up are followed.  Primary 

PC/PN standards are prepared using acetanilide (C8H9NO; mol. wt. = 

135.16).  Standards are made to encompass the range 20-500 ug/sample.  

Blanks are prepared by analyzing combusted GF/F "field filters" and 

the mean value subtracted from the sample value.  Typical ranges in 

analytical blanks, expressed as percentages of the total signal 

produced by a sample in the course of a given analysis, are 5-17% 

for both PC and PN.

5.  Data Reduction and Calculations

    External standard data are used to prepare a standard curve of C 

(or N) versus corrected signal counts, and linear regression statistics 

are calculated.  An EXCEL spreadsheet is used to calculate PC and PN 

(µg l-1) for each sample based on standard curve, corrected signal 

counts and volume of seawater filtered.

6.  Precision and Accuracy

    Replicate samples are routinely analyzed to estimate the precision 

of our PC and PN analyses.  The average coefficients of variation for 

such replicate analyses are 12% and 10%, respectively.  Accuracy is 

estimated from determinations of the C and N contents of reference 

standards analyzed along with samples during each analytical run.  

This accuracy, expressed as the mean percent difference between the 

analytical determination and the known C and N contents of the 

standards, is found to be 6% for PC and 13% for PN.  Note that the 

estimates of accuracy apply only to standards containing >10 µg N 

and >70 µg C.  Below these levels, we have found the performance of 

the PE-2400 to be suspect.  Therefore sample volumes large enough 

to keep above this lower limit are used.

7.  Equipment/Supplies

    PE-2400 (or equivalent) Carbon/Nitrogen analyzer with integrator

    Cahn (or equivalent) electronic balance

    combusted 2.5 cm GF/F filters (450oC, 4 hours)

    ethanol-cleaned forceps for handling filters

    combusted foil (450oC, 4 hours)

    aluminum foil for covering work area

    clean petri dishes

    low pressure filtration apparatus (4-7 psi)

    valved polyethylene aspirator bottles

8.  Reagents

    acetanilide standard

9.  References

    Sharp, J. H.  1974.  Improved analysis for particulate organic 

    carbon and nitrogen from seawater. Limnology and Oceanography, 19, 

    984-989.     

PARTICULATE PHOSPHORUS1
_________________________________________________________________

     SUMMARY: Seawater samples are collected at discrete 

     depths in 12-liter Niskin bottles.  The water samples are 

     prefiltered (202 µm) and transferred to specially designed, 

     precalibratedfiltration bottles, pressure filtered through 

     combusted acid-rinsed GF/F filters and stored frozen for 

     subsequent analysis.  In the laboratory, the filters are 

     combusted at 450-500oC and the concentration of the resulting 

     inorganic phosphorus is determined by colorimetric analysis.

_________________________________________________________________

1.  Principle

    The procedure presented here is a modification of one used by the 

Hawaii Institute of Marine Biology Analytical Services laboratory at 

the University of Hawaii.  It is a method pioneered and used by soil

scientists and marine chemists for particulates which can be homogenized 

into a fine powder.

    The method relies on the release of organically-bound phosphorus 

compounds as orthophosphate, by high temperature combustion at 450-500oC.  

The orthophosphate is then extracted with 0.5 N HCl at 90oC.  The 

liberated orthophosphate is reacted with a mixed reagent of molybdic acid,

ascorbic acid and trivalent antimony to form phosphomolybdic acid.  This

heteropoly acid is then reduced to the colored molybdenum blue complex

by ascorbic acid and the solution is measured spectrophotometrically.

    This procedure measures all forms of phosphorus which can be released 

by combustion and acid hydrolysis.

2.  Precautions

    Contamination is the primary problem to be avoided with these samples.  

Combusted acid rinsed filters are used.  All sampling bottles, forceps, 

tubing and filtration bottles are also acid rinsed.

3.  Sampling, Filtration and Storage

3.1. Seawater samples are collected in 12-liter Niskin bottles and 

     transferred directly to acid-cleaned filtration bottles.  The 

     samples are transferred via Tygon tubing which incorporates an 

     in-line 202 µm Nitex screen prefilter to remove zooplankton or 

     any other rare particles which might otherwise affect the 

     precision of the estimate.  The filtration bottles are 4- and 

     12-liter polyethylene aspirator bottles fitted with a valve 

     assembly and tubing connection.

     Once the rosette/CTD unit is on deck, the vent valve from each 

     Niskin bottle is opened and one end of the drawing tube is 

     attached to the outflow spigot of the sampling bottle and the 

     other end to the tubing connector on the cap of the filtration 

     bottle.  Particular attention is paid to the orientation of the 

     in-line screened drawing tube (the shorter, larger bore section 

     is attached to the Niskin bottle).  The filtration bottle valve 

     is opened and 100-200 ml is run through the transfer tube and 

     valve assembly to rinse the sampling bottle. The bottle and cap 

     are rinsed 3 times in this fashion.  During the rinsing and 

     filling operation, the filtration bottle cap valve is used to 

     control and direct the sample flow.  After rinsing, the cap is 

     placed on the bottle mouth (without tightening), the valve is 

     opened and the polyethylene bottle is filled to the calibration mark.  

3.2. After filling, the filtration bottles are inverted and placed 

     into the filtration rack.  The contents are then pressure 

     filtered (4-7 psi nitrogen gas) through combusted in-line 

     acid-rinsed 25 mm GF/F filters.

3.3. Following filtration, clean forceps are used to transfer each 

     filter to a combusted 16 x 100 mm glass test tube which is 

     then covered with a 3.5 cm square piece of combusted foil.  

     Each sample is labeled and stored frozen (-20oC).  Any water 

     remaining in the carboy is measured to calculate the volume 

     filtered.  This information and any other appropriate data 

     are entered on the data sheet.

4.  Blank Determination

    Standards are corrected for reagent blanks while samples are 

corrected for field filter blanks.

4.1. Standards:  At least 2 reagent blanks are prepared and individual 

     standard absorbances are corrected by the mean blank value.  

4.2. Samples:  The mean absorbance from three field filter blanks, 

     stored and processed in the same manner as samples, are used 

     to correct individual sample absorbances for filter, reagent 

     and systematic procedural contamination.

5.  Analysis

5.1. Samples are combusted in 16 x 100 mm test tubes at 450oC for 

     4.5 hours in a muffle furnace.  The samples are then allowed 

     to cool and are immersed in 10 ml of 0.5 M HCl. The test tube 

     is then heated for 60 minutes at 90oC in a heating block.

5.2. The samples are allowed to cool, and centrifuged for 30 min at 

     2800 g.  5 ml of the supernatant is volumetrically subsampled 

     into another combusted acid washed 16 x 100 mm test tube.     

5.3. One half ml of mixed reagent is added to samples and standards 

     and mixed thoroughly.  Color is developed for 60 minutes and 

     absorbance is read at 880 nm against a DDW reference.  Standards 

     are corrected for absorbance of reagent blanks and samples are 

     corrected for absorbance of filter or procedural blanks. 

6.  Data Reduction and Calculations

6.1. Calculations

  6.1.1. Calculate µmol l-1 of phosphate from standard curve using:

                          µmol l-1 = (x - b)/m

         where:x = blank-corrected absorbance of sample

               b = y intercept of regression line

               m = slope of regression line

  6.1.2. Calculate ug P-PO4 l-1 using:

         µmol l-1 smpl x 30.97376 µg µmol-1 = µg P l-1 in sample extract

         (µg P l-1 in extract) /(1000 ml l-1) = µg P ml-1 

         (µg P ml-1 x 20.0 ml of extract) / vol in liters filtered = 

            µg P-P04 l-1
7.  Equipment/Supplies

    Niskin bottles and rosette/CTD unit

    low pressure filtration apparatus (4-7 psi)

    muffle furnace

    heating block

    combusted, acid-rinsed GF/F filters 

    acid-rinsed vacuum filtering assembly

    spectrophotometer (Perkin-Elmer Lambda 3B) and 1-cm cuvette

    combusted (450oC, 3 hours), acid-washed 16 x 100 mm glass tubes

8.  Reagents

    Glass distilled deionized water (DDW)

    0.5 M HCl

    HCl for cleaning (1 M)

    Ammonium molybdate solution: Dissolve 15 g of ACS grade ammonium 

      paramolybdate [(NH4)6 MO7O24 . 4H2O], in 500 ml DDW. Store in 

      plastic bottle in the dark.  Solution is stable indefinitely.

    Sulfuric acid solution (5 N)

    Ascorbic acid solution:  Dissolve 0.54 g of ACS ascorbic acid in 

      10 ml DDW (5.4% wt/vol).  Prepare fresh.

    Potassium antimonyl-tartrate solution:  Dissolve 0.34 g of ACS 

      potassium antimonyl-tartrate (tartaremetic), in 250 ml DDW.  

      Solution is stable for many months.

    Mixed reagent:  Mix together 10 ml ammonium molybdate, 25 ml 5 N 

      sulfuric acid, 10 ml 5.4% ascorbic acid and 5 ml potassium 

      antimony tartrate.  Prepare fresh.

    Stock phosphate standard solution (1000 µM):  Dissolve 0.1361 g 

      of dry KH2PO4, in 1000 ml of DDW. Store in a dark bottle with 

      1 ml of chloroform.

    Working phosphate standard (100 µM):  Dilute 10 ml of the stock 

      standard to 100 ml, using a volumetric flask.       

    Dilute the working standard to prepare a series of standards to 

      cover the range from 0.05 - 10 µM.

9.  References

    Strickland, J. D. H. & T. R. Parsons.  1972.  A Practical Handbook 

    of Seawater Analysis.  Fisheries Research Board of Canada, 167 p.

FLUOROMETRIC ANALYSIS OF CHLOROPHYLL A. AND PHAEOPIGMENTS1
_________________________________________________________________

     SUMMARY: Concentrations of chlorophyll a and  

     phaeopigments, considered an index of the phytoplankton  

     standing stock, are measured by fluorometry after 

     particulate sample concentration by vacuum filtration 

     and extraction in 100% acetone.

_________________________________________________________________

1.  Principle

    Historically chlorophyll a (chl a) has been used as a measure 

of phytoplankton standing stock.  Also, when related to photosynthetic 

carbon production, the concentration of chl a and distribution in the

water column allows one to estimate an index of the efficiency of 

phytoplankton in harvesting light.

    Fluorescence is produced by atoms or molecules that, under exited 

state, return to their state of minimum energy (or ground state) by 

losing energy in the form of light.  The absorption of blue light 

by chlorophylls and phaeopigments produces emission of red light.  

In a sample, the fraction of light transformed is proportional to 

the amount of pigment.  Hence, by knowing the amount of incident light 

and by measuring the light emitted at a second wavelength, it is 

possible to estimate the concentration of these pigments in the sample.     

2.  Sampling, Filtration, Extraction and Storage

2.1. Seawater samples are collected from 5, 25, 45, 60, 75, 85, 95, 105, 

     115, 125, 150, 175 and 200 m using 12-liter Niskin bottles attached 

     to the rosette sampler and from the primary productivity cast (see 

     Chapter 14) using Go-Flo bottles attached to a Kevlar line.  

2.2. A 500 ml sample from each bottle is collected in clean 4-liter 

     polyethylene bottles and stored in the dark.  The polyethylene 

     bottles are rinsed three times with 100-200 ml of sample before 

     the collection of the final sample.

2.3. Filtration and storage 

  2.3.1. As soon as possible, triplicate 100 ml subsamples from the 

         12-liter Niskin bottles from 30, 95 and 125 m are filtered 

         through 25 mm GF/F filters.  For the remaining depths of the 

         same cast a single 100 ml sample is filtered.

  2.3.2. Triplicate 100 ml samples from each Go-Flo bottle are filtered 

         as in Chapter 12, section 2.3.1. 

  2.3.3. Immediately following filtration, the filter is transferred 

         to a glass screw cap tube containing 5 ml of cold (-20oC) 

         100% acetone.  Then the tubes are wrapped in aluminum foil 

         and stored at -20oC to prevent photodegradation of pigments. 

2.4. Sample Analysis

  2.4.1. Samples are brought to room temperature 2 hours before the 

         analysis and the fluorometer is allowed to stabilize for 

         30 minutes before the samples are analyzed.

  2.4.2. The external standard, prepared with reagent grade chl a 

         (see Chapter 12, section 3), is read before other samples. 

  2.4.3. Samples are analyzed from deepest to shallowest depth.  Each 

         time the door of the fluorometer is changed, the dial is 

         brought to the "zero" setting using 100% acetone as a blank.                       

  2.4.4. Each sample is acidified by adding 2 drops of HCl (1 M) to 

         the sample in the cuvette.  The new reading must be stable 

         before recording the value and is made using the same door 

         used for the reading before the acidification.

  2.4.5. The fluorometer door used, the readings before and after 

         acidification and the dilution factor are recorded in the 

         chlorophyll log book.

3.  Standard Preparation and Analysis

3.1. A chl a standard stock is prepared every four months using 

     commercially-available chl a (SIGMA) and 100% acetone.  The 

     stock is wrapped in aluminum foil and stored at -20oC.

3.2. To determine the concentration of the stock, a 50 ml sample 

     is brought to room temperature avoiding exposure to the light.  

     An absorbance spectrum from 350-750 nm is obtained using a 

     scanning spectrophotometer and the concentration is calculated 

     considering an extinction coefficient of 88.15 (l g-1 cm-1) 

     for the absorbance at 662 nm.  

3.3. Using the same stock sample, three dilutions (1/10 each) are 

     prepared gravimetrically using 100% acetone and read in the 

     fluorometer.  During this step, chl a must be kept under dim 

     light.

3.4. A calibration of the fluorometer is performed every 6 months 

     following the procedure described by Strickland and Parsons 

     (1972).

4.  Data Reduction and Calculations

4.1. Concentrations of chl a and phaeopigments are calculated using 

     the following equations:

               chl a = (T/(T-1))*(Rb-Ra)*Fd*volex/volfilt

             phaeo = (T/(T-1))*((T*Ra)-Rb)*Fd*volex/volfilt

     where:  chl a = concentration of chl a (mg m-3)

             phaeo = concentration of phaeopigments (mg m-3)

                 T = acidification coefficient (Rb/Ra average obtained 

                     during the calibration of the fluorometer)

                Rb = reading before acidification

                Ra = reading after acidification

                Fd = door factor (µg/(ml* reading units)) 

             volex = volume of extraction (ml)

           volfilt = volume filtered (l)

5.  Equipment/Supplies

    Niskin or Go-Flo bottles and rosette/CTD unit

    filtration system

    glassware

    freezer

    fluorometer (Turner model 111)

    spectrophotometer (Varian model DMS-100S)

6.  Reagents

    Filtered seawater

    100% acetone

    HCl (1 M) 

7.  References

    Strickland, J. D. H. and T. R. Parsons.  1972.  A Practical 

    Handbook of Seawater Analysis, Fisheries Research Board of Canada, 

    167 pp.

HPLC ANALYSIS OF ALGAL PIGMENTS1
_________________________________________________________________

     SUMMARY:  Chlorophylls and carotenes are analyzed by high- 

     performance liquid chromatography (HPLC).  The diversity as 

     well as their distributions and concentrations in the water column 

     are used to describe the structure of the phytoplankton 

     community.

_________________________________________________________________

1.  Principle

    Because different pigments are specific for individual 

phytoplankton taxa, the study of plant pigment diversity, concentration 

and distribution in the water column has become a useful tool when 

trying to describe the phytoplankton community.  The method presented 

here is based on the protocol described by Mantoura and Lewellyn (1983) 

and modified according to Bidigare et al. (1989).  The difference in 

polarity and molecular size between photosynthetic pigments is used 

to separate these molecules by high-performance liquid chromatography.  

The integration of the area under a particular peak in absorbance or 

fluorescence at 436 nm or 640 respectivelly is a measure of the amount 

of pigment injected in the column.  Pigments routinely measured are:  

chlorophyll a, b and c and their degradation products, fucoxanthin, 

diadinoxanthin, β-carotene, zexanthin, lutein, alloxanthin, prasino-

xanthin 19'-hexanoyloxyfucoxanthin and 19'-butanoyloxyfucoxanthin.

2.  Precautions

    Light causes deterioration in pigments.  Therefore, the samples 

should always be protected from exposure to light.  Pigments can also 

decompose spontaneously, particularly when concentrated onto filters.  

Therefore, filters are stored in liquid nitrogen to minimize pigment 

degradation.

3.  Sampling, Filtration, Extraction and Storage

3.1. Seawater samples (4-10 liters) are collected in 12 liter Niskin 

     bottles and transferred, via Tygon tubing, to polyethylene 

     filtration bottles.  The filtration bottles and caps are rinsed 

     three times with the sample before filling.  Sampling depths 

     correspond to those used for primary productivity.  Four to six 

     additional depths are distributed uniformly within the region 

     of the chl maximum, as determined by the continuous profile of 

     fluorescence (see Chapter 4).

3.2. After filling, the filtration bottles are placed upside down in 

     the filtration rack and the contents pressure filtered (4-7 psi 

     N2) through in-line 25 mm GF/F filters.  All filtration procedures 

     are done under subdued light conditions.

3.3. After the sample is filtered, each filter is folded and transferred 

     to a cryotube.  The tube is labeled, flushed with N2 gas and stored 

     in liquid nitrogen.

3.4. Extraction and concentration of pigments

  3.4.1. Filters are extracted for 48 hours in 3 ml 100% acetone at 

         -20oC.  One  hundred microliters of a known concentration of 

         canthaxanthin are added as external standard to the extract 

         to correct for changes in extraction volume resulting from 

         the water content in the filter and the acetone evaporation.  

         The sample is vortexed to ensure an homogeneous suspension 

         and supernatant is decanted by centrifugation (1,500 rpm for 

         5 min.).

  3.4.2. One milliliter of each extract is combined with 300 µl of an 

         ion pairing solution (IPS) (50 mmol tetrabutyl ammonium 

         acetate [95% purity] and 1 mol of ammonium acetate [analytical 

         reagent grade] in 100 ml DDW) in an autosampler vial and store 

         at 4oC until analysis by HPLC. 

4.  Sample Analysis by HPLC

4.1. Two eluant solutions (termed solvent A and solvent B) are prepared 

     for the chromatographic separation. One liter of solvent A is made 

     by mixing 50 ml IPS and 150 ml DDW in 800 ml methanol.  The solvent 

     B is 100% methanol.  

4.2. Samples are loaded in a temperature controlled autosampler equipped 

     with a 500 µl injection loop.  The temperature is kept at 4oC. 

     The separation of pigments is performed on a Radial-Pak C18 column 

     (0.8 x 10 cm, 5µ particle size). by linear gradient elution from 

     100% eluant A to 100% eluant B in 12 min, followed by 20 min of 

     100% eluant isocratic hold. Flow rate is 6 ml min-1 and upper limit 

     pressure for the column is 3000 psi.  

4.3. Absorbance is read at 436 nm.  The excitation wavelength of the 

     fluorometer is 424 nm and the emission is read at 640 nm.

4.4. Peak areas are converted to concentration by the external standard 

     calibration method using standards provided by Dr. Bidigare.

5.  Data Reduction and Calculations

    Pigment concentration in the concentrated sample is determined using 

the following equation:

                           (RF) * (Area of the peak)

                     [P] = -------------------------

                              (Sample Loop Area)

  where  [P] = pigment concentration

        (RF) = response factor (obtain from the calibration)

        (RF) = [(calibration[P]) * (sample loop volume)]/(calibration 

               [peak area])

The extraction volume is calculated as follows:

                       (AESP) * (volume ext. std. added to sample)

       vol. extract) = -------------------------------------------

                            (Area of ext. std. peak in sample)     

    where (AESP) = Area of the external standard when 1 ml external 

                   standard is mixed with 300 µl of IPS and 500 µl 

                   are injected in the HPLC.

6.  Equipment/Supplies

    Niskin bottles and rosette/CTD unit

    low pressure filtration apparatus

    liquid nitrogen dewer

    Spectra-Physics HPLC, Waters model 440 absorbance detector, 

      Waters model 470 fluorescence detector, Radial-Pak C18 column 

      (0.8 x 10 cm, 5 µm particle size), guard column

    vortex

    centrifuge

    general laboratory glassware and supplies

    N2 gas

    freezer

7.  Reagents

    Deionized distilled water (DDW)

    Acetone (HPLC grade)

    Methanol (HPLC grade)

    Tetrabutyl-ammonium acetate (95% purity) 

    Ammonium acetate (reagent grade)

    Ion-pairing reagent (made of 1.5 g tetrabutyl ammonium acetate 

      [95% purity] and 7.7 g of ammonium acetate [analytical reagent 

      grade] in 100 ml DDW)

    Solvent "A" (mix 50 ml of ion-pairing reagent, 150 ml DDW and 800 

      ml methanol)

    Solution "B" (100% methanol)

8.  References

    Bidigare, R. R., O. Schofield and B. B. Prezelin.  1989.  Influence 

    of zeaxanthin on quantum yield of photosynthesis of Synechococcus 

    clone WH7803 (DC2).  Marine Ecology Progress Series, 56, 177-188. 

    Mantoura, R. F. and C. A. Lewellyn.  1983.  The rapid determination 

    of algal chlorophyll and carotenoid pigments and their breakdown 

    products in natural waters by reverse-phase liquid chromatography.  

    Analytica Chimica Acta, 151, 297-314.

PRIMARY PRODUCTIVITY1
_________________________________________________________________

     SUMMARY:  The 14C-radiotracer method is used to measure 

     the assimilation of dissolved inorganic carbon (DIC) by 

     phytoplankton as an estimate of the rate of photosynthetic 

     production of organic matter in the euphotic zone.

_________________________________________________________________

1.  Principle

    The 14C method, originally proposed by Steeman-Nielsen (1952), 

is used to estimate the uptake of dissolved inorganic carbon (DIC) 

by planktonic algae in the water column.  The method is based on the 

fact that the biological uptake of 14C-labeled DIC is proportional 

to the biological uptake of 12C-DIC.  If one knows the initial 

concentration of DIC in a water sample, the amount of 14C-DIC added, 

the 14C retained in particulate organic matter (14C-POC) at the end 

of the incubation and the metabolic discrimination between the two 

isotopes of carbon (i.e., 5% discrimination against the heavier 14C 

isotope), then it is possible to estimate the total uptake of carbon 

from the following relationship:

                              DIC * 14C-POC * 1.05

                C uptake  =   --------------------

                                  14C-DIC added 

    Due to the potentially toxic effects of trace metals on phytoplankton 

metabolism in oligotrophic waters, the following procedure is used to 

minimize the contact between water samples and possible sources of 

contamination.

2.  Cleaning

2.1. HCl (Baker Instra-Analyzed) solution (1M) is prepared with high 

     purity hydrochloric acid and freshly-prepared glass distilled 

     deionized water (DDW).

2.2. 500 ml polycarbonate bottles are rinsed twice with 1M HCl 

     (Baker Instra-Analyzed) and left overnight filled with the same 

     acid solution.  The acid is removed by rinsing the bottles three 

     times with DDW before air drying.

2.3. Go-Flo bottles, fitted with teflon-coated springs, are rinsed 

     three times with 1M HCl and DDW before use.

2.4. Pipette tips used in the preparation of the isotope stock and 

     in the inoculation of samples are rinsed three times with 

     concentrated HCl (Baker Instra-Analyzed), three times with DDW 

     and once with the sodium carbonate solution (Chapter 14, section 

     3.2) and stored in a clean polyethylene glove until used.

3.  Isotope Stock

3.1. The preparation of the isotope stock is performed wearing 

     polyethylene gloves.  A 25 ml acid-washed teflon bottle and a 

     50 ml acid-washed polypropylene centifuge tube are rinsed three 

     times with DDW.

3.2. 0.032 g of anhydrous Na2CO3 (ALDRICH 20,442-0, 99.999% purity) 

     are dissolved in 50 ml DDW in the centrifuge tube to provide 

     a solution of 6 mmol Na2CO3 per liter.

3.3. 3.5 ml of NaH-14C03 (53 mCi mmol-1; Research Products Inc.) 

     are mixed with 16.5 ml of the above prepared Na2CO3 solution 

     in the teflon bottle.

3.4. The new stock activity is checked by counting triplicate 10 µl 

     samples with 1 ml β-phenethylamine in 10 ml Aquasol-II.

3.5. Triplicate 10 µl stock samples are also acidified with 1 ml of 

     2 M HCl, mixed intermittently for 1-2 hours and counted in 10  

     ml Aquasol-II to confirm that there is no 14C-organic carbon 

     contamination.  The acidification is done under the hood.  

     The acidified dpm should be <0.001% of the total dpm of the 14C 

     preparation.

4.  Incubation Systems

    Typically we measure primary production using in situ incubation 

techniques.

4.1. A free-floating array equipped with VHF radio and strobe light 

     is used for the in situ incubations.  Incubation bottles are 

     attached to a horizontal polycarbonate spreader bar which is 

     then attached to the 200 m, 1/2" polypropylene in situ line at 

     the depths corresponding to the sample collections. 

4.2. Generally eight incubation depths are selected (5-175 m, 

     approximately).

5.  Sampling

5.1. Approximately 3 hours before local sunrise, seawater samples 

     are collected with acid- washed, 12-liter Go-Flo bottles using 

     Kevlar line, metal-free sheave, teflon messengers and a 

     stainless steel bottom weight.  A dedicated hydrowinch is used 

     for the primary productivity sampling procedures in a further 

     effort to reduce/eliminate all sources of trace metal contamination.

5.2. Under low light conditions, water samples are transferred to the 

     incubation bottles (500 ml polycarbonate bottles) and stored in 

     the dark.  Polyethylene gloves are worn during sample collection 

     and inoculation procedures.  No drawing tubes are used.

6.  Isotope Addition and Sample Incubation

6.1. Three light bottles, three dark bottles and 1 time-zero control 

     (see Chapter 14, section 8) are collected at each depth for in 

     situ incubation.  In situ dark bottles are deployed in specially-

     designed, double-layered cloth bags with VelcroR closures.

6.2. After all water samples have been drawn from the appropriate Go-Flo 

     bottles, 250 µl of the 14C-sodium carbonate stock solution is added 

     to each sample using a specially-cleaned pipette tip. The samples 

     are deployed before dawn on a free-floating, drifter buoy array.

6.3. At local sunset, the free-floating array is recovered and all in 

     situ bottles are immediately placed in the dark and processed as 

     soon as possible. The time of recovery is recorded. 

7.  Filtration

7.1. Filtration of the samples is done under low light conditions and 

     begins as soon as the incubation bottles are recovered from the 

     in situ array.

7.2. 200 µl are removed and placed into a second LSC vial containing 

     0.5 ml of β-phenethylamine.  This sample is used for the 

     determination of total radioactivity in each sample.

7.3. The remainder is filtered through a 25 mm diameter GF/F filters.  

     The filters are placed into prelabelled, clean glass liquid 

     scintillation counting vials (LSC vials) and stored at -20oC.

8.  14C Sample Processing

8.1. One ml of 2 M HCl is added to each sample vial (under the hood).  

     Vials are covered with their respective caps and shaken in a 

     vortex mixer for at least 1 hour with venting at 20 minute 

     intervals.  To vent, the vials are removed from the shaker, 

     and the cap opened (under the hood).  After shaking is completed, 

     the vials are left open to vent under the hood for an additional 

     24 hours.

8.2. Ten ml of Aquasol-II are added per vial (including vials for total 

     14C radioactivity) and the samples are counted in a liquid 

     scintillation counter.  Samples are counted again after 2 and 

     4 weeks, before discarding.  Counts have shown a consistent 

     increase during the first two weeks and become stable between 

     the second and the fourth week.  This is probably the result of 

     sample hydrolysis or diffusion of radioactivity from the GF/F 

     filter matrix, thereby reducing the extent of self-absorption.  

     Only the 4-week count is used for 14C calculations.  Counts per 

     min (CPM) are converted to disintegration per min (DPM) using 

     the channels ratio program supplied by the the manufacturer 

     (Packard Instrument Co.).

9.  Calculations

    From the data derived above we can estimate several properties of 

the phytoplankton populations at Station ALOHA.  Total daylight organic 

carbon production is calculated from the 12-hour uptake data (after 

corrections for 12-hour dark activities).  Net daily organic carbon 

production is calculated from the 24-hour light/dark samples (corrected 

for the time-zero blank activities).  Phytoplankton population respiration 

is taken as the difference between the 12-hour light and the 24-hour 

light/dark incubations.  Net primary production is used as the estimate 

of phytoplankton carbon production for the purposes of comparison to 

other ecosystem-level processes (e.g., standing stock assessments, 

vertical C-flux, etc.). 

10.  Equipment/Supplies

     Go-Flo bottles

     kevlar hydroline

     teflon messengers

     stainless steel weight

     temperature- and light-controlled deck incubation system 

       (NORDA/USM incubation system)

     free-drifting productivity array (including polypro line, 

       spreader bars, surface floats, buoy, radio 

     transmitter and strobe le light)

     500 ml wide-mouth polycarbonate bottles

     vacuum filtration system

     liquid scintillation counting (LSC) vials 

     pipettes

     glassware 

     vortex mixer

     liquid scintillation counter (Packard model 4640; United 

       Technologies Inc.)

11.  Reagents

     distilled deionized water (DDW)

     HCl for trace metal analysis (Baker Instra-Analyzed)

     Na2CO3 (99.999%)

     NaH-14CO3 solution (cat #CMM-50, Research Products Inc.)

     β-phenethylamine

     Aquasol-II (Dupont)

     2 M HCl

12.  References

     Steeman-Nielsen, E.  1952.  The use of radioactive carbon (14C) 

     for measuring organic production in the sea.  Journal du Conseil, 

     18, 117-140. 

BACTERIA AND CYANOBACTERIA1
_________________________________________________________________

     SUMMARY:  Picoplankton populations are subsampled from 

     seawater collected in Niskin bottles.  The cells are 

     fixed in the field by the addition of paraformaldehyde 

     and, in the laboratory, stained with Hoechst 33342 (a DNA

     specific dye) and enumerated by dual-beam flow cytometry. 

_________________________________________________________________

1.  Principle

    Flow cytometric enumeration is based on the method of Monger and 

Landry (1993).  This method increases substantially the precision of 

bacterial counts, relative to epifluorescence microscopy.  Hoechst 

33342 is used because binding to DNA substantially alters its 

fluorescence spectrum, which facilitates separation of cell 

fluorescence signals from the background fluorescence of the unbound 

dye.  A 225 mW UV laser is aligned colinearly with a 1 W visible 

(488 nm) laser to permit enumeration of both heterotrophic and 

autotrophic picoplankton.  Methods for enumeration of autotrophs 

are given by Campbell and Vaulot (1993) and are not described in 

detail here.

2.  Precautions

    Because this is a procedure for enumerating preserved cells, 

sterilization is not a guarantee against contamination.  However new, 

sterile plastic containers tend to be among the cleanest containers 

available. All reagents (preservative and stain) must be prefiltered 

through 0.2 µm filters and the sample should not come in contact with 

fingertips or other potentially contaminating surfaces.  No drawing 

tubes are used.

    Because of the small sample volume (1 ml), frozen samples thaw 

quickly.  Therefore they should be kept in liquid nitrogen during 

transport from the ship to the shore-based laboratory.  

3.  Sampling 

3.1. A small volume of sample (10-12 ml) is drawn from the Niskin 

     bottle into a sterile 15 ml plastic centrifuge tube.  Drawing 

     tubes are not used.

3.2. 1 ml subsamples are drawn from the sample and placed in 2 ml 

     cryovials containing 0.02 ml of 0.2 µm prefiltered 10% 

     paraformaldehyde (final concentration 0.2%).

3.3. Cryovials are let to sit for 10 minutes and then quick frozen 

     in liquid nitrogen.  They are then stored frozen at -20oC or 

     colder until analyzed.

4.  Analysis

4.1. Samples are stained with freshly prepared, prefiltered Hoechst 

     33342 (Molecular Probes Inc.) to a final concentration of 0.5 

     µg/ml.  Samples stain for 2 h at room temperature in the dark.

     215 µL sample

     25 µL Hoechst 33342 (5 µg/ml)

     10 µL fluorescent beads (internal standard)

4.2. Samples are analyzed by colinear dual-beam flow-cytometry using 

     a Coulter EPICS flow instrument (Monger and Landry, 1993).  

     Prior to analyzing samples, fluorescent beads are run to check 

     the volume calibration and the alignment of the instrument.

     100 µL subsamples are analyzed for forward angle light scatter 

     (FALS), right angle light scatter (RALS), blue (DNA) fluorescence 

     (BF) and red (chlorophyll) fluorescence (RF).  The scatter parameters 

     are a function of cell size and are used to separate bacteria from 

     beads and other blue fluorescence signals.  Marine bacteria form 

     a distinct cluster on a scatter plot of BF vs. RALS (Monger and 

     Landry, 1993).  BF and RF signals are used to distinguish 

     heterotrophic (unpigmented) from autotrophic (chlorophyll-containing) 

     cells.

     A known concentration of beads (0.98 µm, Polysciences) are used as 

     an external standard for volume calibration.  Beads (0.46 µm, 

     Polysciences) are also added to each sample as an internal standard 

     for per cell blue fluorescence.  A record of cruise-to-cruise 

     variation in fluorescence per cell relative to beads is maintained.

4.3. Data are stored in list (ASCII) files.  Statistical analysis is 

     carried out on an 80486 microcomputer using the CYTOPC program 

     developed by Dr. Daniel Vaulot (Station Biologique, Roscoff-sur-mer, 

     France).  This is not presently available commercially; see Vaulot 

     (1989) for a description of the program.  Further calculations 

     (correction for dilution by preservative and stain) are done on 

     a Microsoft Excel spreadsheet.

5.  Reagents

    Hoechst 33342 (5 µg/ml; prepared fresh)

    paraformaldehyde (10%)

    Add 10 g paraformaldehyde (be careful not to breathe dust) to 90 ml 

    boiling distilled water and stir (use magnetic stir bar).  Add 1 M 

    NaOH, dropwise, with constant mixing, until the solution clears.  

    Cool in ice to room temp, add 10 ml filtered sea water (can be cooling 

    in ice while on stirrer).  Adjust pH to 7.5 (careful, pH changes 

    very rapidly below about 8.8; i.e., only one or two more drops 

    needed).  Use a Sterifil apparatus with 47 mm GF/F filters to filter 

    this solution.  Filter in two equal aliquots,changing the filter 

    between aliquots to avoid clogging.  The final preservative strength 

    is about 10%.  This solution should be prepared fresh for each cruise 

    and pH checked before use.

6.  Equipment and Supplies

    15 ml sterile polypropylene centrifuge tubes

    2 ml sterile cryovials

    sterile plastic syringes and Acrodisc filters

    1 ml autopipet and tips

    liquid nitrogen and container

    Coulter EPICS flow cytometer with UV and visible lasers

    IBM-compatible 80486 microcomputer and software

    0.5 µm fluorescent beads
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    Campbell, L. and D. Vaulot.  1993.  Photosynthetic picoplankton 

    community structure in the subtropical North Pacific Ocean near 

    Hawaii (Station ALOHA). Deep-Sea Research, in press.

    Monger, B. C. and M. R. Landry.  1993.  Flow cytometric analysis 

    of marine bacteria with Hoechst 33342. Applied and Environmental 

    Microbiology, 59, 905-911.
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MICROBIAL ATP1
_________________________________________________________________

     SUMMARY:  ATP, an obligate constituent of all living 

     organisms, is extracted from viable microorganisms in 

     boiling TRIS buffer following sample concentration by 

     vacuum filtration.  The extracted ATP is analyzed in a 

     photometer by the firefly bioluminescence reaction, and     

     the ATP content is related to total living (biomass) 

     microbial carbon by the application of a laboratory-

     derived extrapolation factor. 

_________________________________________________________________

1.  Principle

    In field studies it is often desirable to determine the total 

amount of living cellular material (biomass).  Conventional methods 

(i.e., fresh or dry weight determinations, rate of increase of cell 

numbers, etc.) usually cannot be used owing to (a) lack of sensitivity 

in the analytical procedures, (b) the presence of a heterogeneous 

assemblage of organisms, (c) the presence of dead cells and (d) the 

presence of detrital (non-living) organic material which is not 

associated with the living cells.  Estimation of cellular biomass 

by measurement of adenosine triphosphate (ATP) is not limited by any 

of these considerations.

    The rationale for using ATP to estimate biomass is the ubiquitous 

distribution of ATP in all living cells, the rapid loss of ATP from 

dead cells and the fairly uniform concentration of ATP in the protoplasm 

of all microbial cells.  Data on ATP concentrations can thus be 

extrapolated to biomass parameters, such as cellular organic carbon 

or dry or fresh weight (Holm-Hansen, 1973).  ATP is extracted from 

cells using boiling TRIS buffer and is stored frozen (-20oC) prior 

to analysis by firefly bioluminescence.

2.  Precautions

    ATP samples must be processed as rapidly as possible, because the 

ATP content of microorganisms can change rapidly when cells are stressed.  

Furthermore, a phenomenon referred to as the "filtration effect" causes 

a loss of ATP when cells are exposed to dessicating conditions 

immediately after the water is drawn through the filter pad (Karl 

and Holm-Hansen, 1978).  For this reason it is very important that 

the samples are filtered immediately upon sampling and extracted 

immediately upon filtration; any delay will cause a decline in ATP 

content.  Because the firefly bioluminescence assay is inhibited by 

metals, it is also important to use clean stainless steel forceps when 

handling the filters.  It is also essential that the extraction buffer 

(TRIS) is boiling (100oC), as inefficient extraction results at 

temperatures (<95oC).  TRIS buffer boiling must be confirmed before 

starting the filtration process.

3.  Sampling, Filtration, Extraction and Storage

3.1. Samples for ATP determinations are collected in clean Niskin 

     bottles attached to the rosette/CTD unit.

3.2. As soon as the samples arrive on deck, water is prefiltered 

     through a drawing tube containing an in-line 202 µm Nitex mesh 

     prefilter to remove large zooplankton and particles which might 

     otherwise affect the precision and accuracy of microbial biomass 

     determinations.  Samples are drawn into 4-liter polyethylene 

     bottles that are rinsed 3 times with approximately 100-200 ml 

     seawater from the appropriate depth.  Filtration is begun 

     immediately (be sure heating block is on and has achieved a 

     temperature >110oC; time required ~1 hour).  

3.3. Filter triplicate samples at each depth through 47 mm GF/F filters.  

     Total volume required per sample will depend on depth:  between 

     0-150 m use 1 liter per sample, below 150 m use 2 liters per sample.

3.4. As soon as the last few drops of water have passed through the 

     filter, remove the filter tower from the base, fold the filter 

     in half then in half again and plunge the folded filter into 5 

     ml of boiling TRIS buffer (pH 7.4; 0.02 M) which is kept partially 

     covered to eliminate evaporative volume loss.  Try to avoid 

     "bumping" of the TRIS buffer (caused by superheating of the 

     buffer).  

3.5. After a 5 minute extraction period, remove the tubes from the heating 

     block, allow to cool to approximately room temperature, secure the 

     rubber stoppers and freeze (-20oC) in upright position.

3.6. In order to minimize sample cross-contamination it is best to start 

     with deepest sample, which, in most cases, contains the lowest 

     concentration of ATP.

4.  Analysis

4.1. Prepare enough firefly lantern extract (Sigma Chemical Co., FLE-50) 

     to process all samples and at least ten external ATP reference 

     standards.  Lyophilized FLE-50 should be reconstituted in 5 ml 

     distilled water and allowed to "age" at room temperature for at 

     least 6 hours (but no longer than 24 hours) in order to reduce 

     the background luminescence.  Approximately 1 hour before 

     starting the assay, dilute each 50 mg vial of reconstituted 

     FLE-50 with 15 ml of sodium arsenate buffer (0.1 M, pH 7.4) 

     and 15 ml of MgSO4  (0.04 M).  Immediately before use, filter 

     the FLE-50 mixture through a GF/F filter.

4.2. Turn on ATP photometer at least 30 minutes before use.

4.3. Prepare set of ATP reference standards ranging from 0.1-100 ng 

     ATP ml-1 (see Chapter 16, section 5). 

4.4. Using the automatic injector and computer-assisted photometer, 

     analyze the peak height of light emission (0-15 seconds) for 

     each sample and standard.

5.  Preparation of ATP Standards

    A primary (reference) ATP standard is prepared by dissolving 

exactly 10 mg of high purity (99.9%) ATP (sodium salt) into exactly 

10 ml of sterile distilled water.  Be sure to weigh out an amount 

equivalent to 10 mg of free acid form of ATP (not 10 mg of hydrated 

Na-ATP) taking into account the cation contribution and average 

hydration state of the molecule.  This latter information is supplied 

by the manufacturer.  Immediately prepare 1/10 and 1/100 dilutions 

of the primary stock, place a portion of each solution into a 1 cm 

quartz spectrophotometercuvette and measure the absorbance at 259 nm.  

Calculate the exact concentration as follows:

                              A = Elc

where:  A = absorption at 259 nm

        E = ATP molar extinction coefficient (15.4 x 103)

        l = path length (cm)

        c = concentration of ATP in moles per liter

    After calculating the precise concentration of ATP in the primary 

standard, dilute the stock (gravimetrically) into sterile-filtered 

(0.2 µm) 0.02 M TRIS buffer pH 7.4 to yield an ATP standard solution 

of exactly 1 µg ml-1.  Compare with "old" standard and if different 

by >|1%|, repeat the dilution step.  Store frozen in 1 ml aliquots.

    Working standards, ranging from 0.1-100 ng ATP ml-1, are prepared 

by diluting a vial of the primary standard with freshly-prepared TRIS 

buffer (0.02 M) just prior to use.  These working standards are 

discarded at the end of the day.

6.  Data Reduction and Calculations

6.1. Plot ATP standard data and calculate linear regression statistics 

     for the standard curve.  Use LOTUS spreadsheet to calculate ATP 

     concentration (ng l-1) from data on peak height (relative to 

     standards), volume of extract and volume of sample filtered.

6.2. ATP concentrations can be related to total biomass by applying 

     the extrapolation factor; 250 x ATP = C (Karl, 1980).  This 

     relationship is based upon direct laboratory and field analyses 

     performed over the past two decades.  While there is a range 

     in the C/ATP ratio for microorganisms grown under a variety 

     of environmental conditions, the relationship of C/ATP = 250 

     appears to be reasonable for samples collected from the 

     oligotrophic North Pacific Ocean (Laws et al., 1987).

7.  Equipment/Supplies

    Niskin bottles and rosette

    sample bottles and tygon tubing

    heating block and test tubes

    ATP photometer (Biospherical Instrument Co.)

    stainless forceps

    glass fiber filters (Whatman; 47 mm GF/F)

8.  Reagents

    TRIS buffer (0.02 M, pH 7.4)

    magnesium sulfate (0.04 M)

    sodium arsenate buffer (0.1 M; pH 7.4)

    firefly lantern extract (FLE-50; Sigma Chemical Co.)

    reagent ATP (Sigma Chemical Co.)
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DISSOLVED AND PARTICULATE LIPOPOLYSACCHARIDE1
_________________________________________________________________

     SUMMARY:  LPS, an obligate constituent of the cell walls 

     of bacteria and cyanobacteria, varies in proportion to 

     total bacterial biomass.  Particulate (bound) and dissolved 

     LPS samples are collected from standard hydrocasts and are 

     measured using the Limulus amoebocyte lysate (LAL) reaction.  

     Bound-LPS can be extrapolated to bacterial biomass using 

     laboratory-derived LPS/C relationships.   

_________________________________________________________________

1.  Principle

    The outer membrane of all gram-negative bacteria, including 

photosynthetic prokaryotes (e.g., sulfur and nonsulfur purple 

bacteria, green sulfur bacteria, cyanobacteria) contains 

lipopolysaccharide (LPS).  Total LPS (T-LPS) exists in seawater 

in both a particulate or bound form (P-LPS) and a dissolved form

(D-LPS).  The measurement of P-LPS has been suggested as an 

indicator of bacterial biomass in the marine environment (Watson 

et al., 1977; Watson and Hobbie, 1979).  Watson has adapted the 

Limulus amoebocyte lysate (LAL) test for the in vitro detection 

of bacterial LPS as endotoxin (or pyrogen) and a commercially-

available automatic system now exists for the quantitative 

determination of LPS.  During the assay, LPS reacts with LAL 

which causes an increase in the optical density of the seawater 

sample.  The rate of optical density increase is proportional to 

the pyrogen concentration.  In this analytical procedure, the 

rate of optical density increase is converted to LPS concentration 

using lipopolysaccharide standards made up in pyrogen-free seawater.  

Further extrapolation of LPS to total prokaryote biomass relies 

upon empirically-determined LPS-to-carbon relationships.

2.  Precautions

    Contamination is the primary concern with the LPS assay, and 

great care should be used to ensure that the samples are not 

contaminated.  All glass and plastic sampling gear must be pyrogen 

free.  Niskin bottles should be acid-washed before use.  The primary 

source of contamination is from fingertips, therefore plastic gloves 

should be worn when collecting samples at sea and when analyzing 

the samples in the laboratory.

3.  Sampling and Storage

3.1. Total LPS (T-LPS)

  3.1.1. A 20 to 40 ml sample is collected directly from each Niskin 

         bottle into a previously unused, 50 ml plastic centrifuge 

         tube.  Do not use a drawing tube as this too is a potential 

         site for LPS contamination.  It is important that only 

         pyrogen-free, disposable tubes are used.  It is not necessary 

         to rinse the centrifuge tubes.

  3.1.2. As soon as the samples have been collected, pipette a 1 ml 

         aliquot from each 50 ml centrifuge tube into a 1.5 ml 

         microcentrifuge tube.  Use a new, clean pipette tip for 

         each sample and wear gloves during this operation.  After 

         the 1 ml subsample has been removed, tighten the cap securely 

         on the 50 ml sample and store at -20oC for subsequent 

         laboratory analysis.  The 1 ml subsample contained in the 

         centrifuge tube is then immediately processed for D-LPS 

         (see Chapter 17, section 3.2).

3.2. Dissolved LPS (D-LPS)

  3.2.1. The 1.0 ml subsample (Chapter 17, section 3.1.2) is 

         immediately centrifuged for 10 minutes in a Beckman 

         microfuge.  The supernatant is then decanted into a 

         second pyrogen-free microcentrifuge tube and stored 

         frozen (-20oC) until assayed.

4.  Lab Procedures

4.1. Turn on computer-assisted LAL-5000 and follow menu to set up 

     the instrument.  The LAL-5000 must reach the appropriate 

     operating temperature before the assay can begin, this can 

     take up to 2 hours.  The instrument should, therefore, be 

     turned on and set up to accept samples before samples are 

     prepared for analysis.

4.2. Dilute the commercially-available pyrotell-GT reagent with 5 ml 

     of pyrogen-free seawater, as described on the label.

4.3. Set up an endotoxin standard curve in combusted 10x75 mm glass 

     culture tubes.  The standard curve should contain two pyrogen-

     free blanks and one tube each of the following concentrations: 

     0.0001, 0.0005, 0.001, 0.005, 0.01, 0.05, 0.1 ng endotoxin ml-1.  

     Each tube should contain a total of 0.4 ml of the appropriate 

     solution.  

4.4. Dilute three replicate aliquots of each sample into a combusted 

     10x75 mm glass culture tube.  Dilute each sample 1:20 with 

     pyrogen-free seawater to make a total of 0.4 ml of diluted 

     sample per tube (i.e., 380 µl of pyrogen free seawater and 

     20 µl of sample).  Extreme caution must be taken to avoid 

     contamination.  Use new pipette tips for each sample and wear 

     gloves throughout the sample preparation procedure.

4.5. Immediately before positioning the samples and standards 

     in the LAL-5000 for analysis, add 100 µl of diluted pyrotell-

     GT to each tube and vortex for approximately 10 seconds.  

     Process each tube sequentially and immediately place the tube 

     in the instrument after vortexing.  Try to do this part of 

     the assay as reproducibly as possible.  Variability between 

     samples in this procedure will directly contribute to 

     variability in measured LPS concentrations between replicates.

5.  Data Reduction and Calculations

    The quantity of LPS in each sample is determined by the computer 

software program.  LPS concentrations are corrected for dilution in 

these calculations.  P-LPS is calculated by difference between "total"

and "dissolved" determinations.

6.  Equipment/Supplies 

    new, pyrogen-free 50 ml and 1.5 ml centrifuge tubes

    LAL-5000 (Associates of Cape Cod) and MS-DOS computer

    automatic pipettes and tips

    combusted 10x75 mm glass culture tubes and appropriate rack

    parafilm

7.  Reagents

    pyrogen-free seawater (prepared by UV irradiation of surface seawater)

    pyrotell-GT (Associates of Cape Cod)

    endotoxin standard (Associates of Cape Cod)
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SEDIMENT TRAP PROTOCOLS1
_________________________________________________________________

     SUMMARY:  Passively sinking particulate matter is 

     collected using a free-floating sediment array and, 

     after prescreening (335 µm) to remove zooplankton and 

     micronekton carcasses, the sample materials are analyzed 

     for C, N, P and mass flux (mg m-2 d-1). 

_________________________________________________________________

1.  Principle

    Although most of the particulate matter both on the seafloor 

and in suspension in seawater is very fine, recent evidence suggests 

that most of the material deposited on the benthos arrives via 

relatively rare, rapidly sinking large particles (McCave, 1975).  

Therefore, in order to describe adequately the ambient particle 

field and to understand the rates and mechanisms of biogeochemical 

cycling in the marine environment, it is imperative to employ 

sampling methods that enable the investigator to distinguish between 

the suspended and sinking pools of particulate matter.  This universal 

requirement for a careful and comprehensive analysis of sedimenting 

particles has resulted in the development, evaluation and calibration 

of a variety of in situ particle collectors or sediment traps.  

The results, after nearly a decade of intensive field experiments, 

have contributed significantly to our general understanding of:  

(1) the relationship between the rate of primary production and 

downward flux of particulate organic matter, (2) mesopelagic zone 

oxygen consumption and nutrient regeneration, (3) biological control 

of the removal of abiogenic particles from the surface ocean and 

(4) seasonal and interannual variations in particle flux to the 

deep-sea.  Future sediment trap studies will, most likely, continue 

to provide novel and useful data on the rates and mechanisms of 

important biogeochemical processes.

    At Station ALOHA, we presently deploy a free-drifting sediment 

trap array with 12 individual collectors positioned at 150, 300 and 

500 m.  The deployment period is generally 72 hours.  The passively 

sinking particles are subsequently analyzed for a variety of chemical 

properties, including:  total mass, C, N and P.

2.  Precautions

    Because particle fluxes in oligotrophic habitats are expected 

to be low, special attention must be paid to the preparation of 

individual sediment trap collector tubes so that they are clean and 

free of dust and other potentially contaminating particles.  Traps 

should be capped immediately after filling and immediately after 

retrieval.  Pay particular attention to airborne and/or shipboard 

particulate contamination sources.  In addition, the time interval 

between trap retrieval and subsample filtration should be minimized 

in order to limit the inclusion of extraneous abiotic particles and 

the post-collection solubilization of particles.

3.  Field Operations

3.1. Hardware

     Our free-floating sediment trap array is patterned after the 

     MULTITRAP system pioneered by Knauer et al. (1979) and used 

     extensively in the decade-long VERTEX program.  Twelve individual 

     sediment trap collectors (0.0039 m2) are typically deployed at 

     three depths (150, 300 and 500 m).  The traps are affixed to a 

     PVC cross attached to  1/2" polypropylene line.  The traps are 

     tracked using VHF radio and Argos satellite transmitters and 

     strobelights.  Typically we deploy our traps for a period of 72

     hours each cruise.

3.2. Trap solutions

     Prior to deployment, each trap is cleaned with 1 M HCl, 

     rinsed thoroughly with deionized water then filled with a high 

     density solution to prevent advective-diffusive loss of 

     extractants and preservatives during the deployment period and 

     to eliminate flushing of the traps during recovery (Knauer et al., 

     1979).  The trap solution is prepared by adding 50 g of NaCl to 

     each liter of surface seawater.  This brine solution is pressure 

     filtered sequentially through a 1.0 and 0.5 µm filter cartridge 

     prior to the addition of 10 ml 100% formalin l-1.  Individual 

     traps are filled and at least 10 l of the trap solution is saved 

     for analysis of solution blanks (see sections 4.1 and 5.1).  

3.3. Post-recovery processing

  3.3.1. Upon recovery, individual traps are capped and transported 

         to the shipboard portable laboratory for analysis.  Care 

         is taken not to mix the higher density trap solutions with 

         the overlying seawater.  Trap samples are processed from 

         deep to shallow in order to minimize potential contamination. 

  3.3.2. The depth of the interface between the high density solution 

         and overlying seawater is marked on each trap.  The overlying 

         seawater is then aspirated with a plastic tube attached to 

         a vacuum system in order to avoid disturbing the high density 

         solution.  Because some sinking particulate material collects 

         near the interface between the high density solution and the 

         overlying seawater, the overlying seawater is removed only 

         to a depth that is 5 cm above the previously identified interface.

  3.3.3. After the overlying seawater has been removed from all the 

         traps at a given depth, the contents of each trap is passed 

         through an acid rinsed 335 µm NitexR screen to remove 

         contaminating zooplankton and micronekton which entered 

         the traps in a living state and are not truly part of the

         passive flux.  Immediately before this sieving process, the 

         contents of each trap are mixed to disrupt large amorphous 

         particles.  The traps are rinsed with a portion of the <335 

         µm sample in order to recover all particulate matter, and 

         the 335 µm NitexR screen is examined to determine whether 

         residual material, in addition to the so-called "swimmers", 

         is present.  If so, the screens are rinsed again with a 

         portion of the 335 µm filtrate.  After all traps from a 

         given depth have been processed, the 335 µm screen is 

         removed and placed into a vial containing 20 ml of formalin-

         seawater solution, and stored at 4oC for subsequent 

         microscopic examination and organism identification and 

         enumeration.

4.  Determination of Mass Flux

4.1. Three of the 12 traps deployed at each water depth are used for 

     the determination of mass flux.  At our shore-based laboratory, 

     triplicate 250 ml subsamples of the time-zero high density trap 

     solution (blank) and equivalent volumes individual traps (start 

     with the deepest depth and work up), are vacuum filtered through 

     tared 25 mm 0.2 µm Nuclepore membrane filters (see Chapter 18, 

     sections 4.1.4 to 4.1.3).  The tared filters are prepared as 

     follows:

  4.1.1. Rinse filters three times with distilled water.  Place rinsed 

         filter on a 2.5 cm2 foil square (to reduce static electricity) 

         in a plastic 47 mm petri dish.

  4.1.2. Fold the foil in half over the filter and place the petri dish 

         in a drying oven with the lid ajar for 2 hours at 55oC.  Remove 

         and cool in dessicator for 30 minutes. 

  4.1.3. Weigh filter to constant weight (i.e., repeat oven drying, 

         cooling and weighing until a relative standard deviation of 

         <0.005% is achieved), on a microbalance capable of 0.1 µg 

         resolution.  Record weights (to the nearest 0.1 µg) on label 

         tape placed on top of the petri dish.

4.2. After the last of the sample has passed through the filter, the 

     walls of the filter funnel are washed with three consecutive 5 ml 

     rinses of an isotonic (1 M) ammonium formate solution to remove 

     seawater salts.  During each rinse, allow the ammonium formate 

     solution to completely cover the filter.

4.3. Return the processed filter to its petri dish, record sample number 

     (on the dish and data sheet), and place in a drying oven at 55oC 

     for 8 hours.  Alternately, store in a dessicator, if an oven is 

     not immediately available.  Dry to constant weight (as in Chapter 

     18, section 4.1.3).

4.4. Mass flux is calculated as follows: 

                                   [(Wa-Wb)-Wbl] * Vt

         mg (dry wt.) m-2 d-1 =  ----------------------

                                 Vf * 0.0039 * 1000 * t

     where: Wa = filter weight after filtration (µg)

            Wb = filter weight before filtration (µg)

           Wbl = net weight of blank solution (µg)

            Vt = volume of trap (l)

            Vf = volume filtered (l)

        0.0039 = cross-sectional area of trap (m2)

          1000 = conversion factor (µg mg-1)

             t = deployment period (d)

5.  Determination of C, N and P Flux

5.1. The quantities of particulate C, N and P in the prescreened 

     trap solutions are determined using methods described in Chapters 

     10 and 11.  Six replicate traps are used for C/N determinations 

     and three additional traps for P.  Typically, 1.5-2 liters are 

     used for a single C/N or P measurement.  An equivalent volume 

     of the time-zero sediment trap solution, filtered through the 

     appropriate filters is used as a C, N or P blank.

5.2. C, N and P flux is calculated as follows:

                                    [(Cs-Cb)] * Vt

          mg C (or N, P) m-2 d-1 =  ---------------

                                    Vf * 0.0039 * t

     where:  Cs = carbon (mg) in sample

             Cb = carbon (mg) in blank

             Vt = volume of trap (liters)

             Vf = volume filtered (liters)

         0.0039 = cross-sectional area of trap (m2)

              t = deployment period (d)

6.  Equipment/Supplies/Reagents

    Nuclepore 25 mm 0.2 µm membrane filters

    petri dishes and pre-cut foil squares

    vacuum filtration apparatus and glassware

    Cahn electronic microbalance or equivalent

    graduate cylinders

    sediment trap array (spar buoy, radiotransmitter, strobe light, 

      floats, trap supports, collector tubes)

    forceps

    335 µm NitexR screen

    ammonium formate solution (1 M)
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MEASUREMENT OF SOLAR RADIATION1
_________________________________________________________________

     SUMMARY:  Knowledge of the flux of radiant energy is 

     essential to interpret habitat variability in the water 

     column.  Solar radiation is measured with two automated, 

     independent instruments.  Solar radiation at the sea 

     surface (incident radiation) is measured with both a 

     cosine collector and with a scalar irradiance sensor.  

     Data are logged over the daylight period.  In addition, 

     continuous profiles of underwater radiation are obtained 

     from the surface to approximately the 0.1% light level.

_________________________________________________________________

1.  Introduction

    Measurements of solar radiative flux are essential to interpret 

variability in primary production.  In addition, the depth distribution 

of underwater light is an important physical determinant of phytoplankton 

standing stock and species composition.  As part of our regular sampling 

program at station ALOHA, we therefore collect data on both solar 

radiative flux at the sea surface and the vertical profiles of underwater 

quantum scalar irradiance.  Our measurements of radiation are restricted to

the 400 to 700 nm waveband.  This waveband is defined as Photosynthetically 

Active Radiation (PAR) and is the waveband limits for photosynthetically 

useful light (Booth, 1976).  

2.  Shipboard Measurements

    A LicorR (model LI-1000) data logger and a LicorR (model LI-192S) 

quantum sensor are used to collect continuous measurements of radiative 

flux at the sea surface on monthly HOT cruises.  The quantum sensor 

is a cosine collector and measures PAR.  The sensor is positioned 

approximately 4 meters above the deck in order to avoid shadows from 

the ship's superstructure.  Radiance is averaged over 10 minute 

intervals and logged throughout the day.  

3.  Underwater Measurements

    Underwater irradiance is measured using a Biospherical Instruments 

Profiling Natural Fluorometer (model PNF-300).  This submersible device 

transmits measurements of temperature, pressure, downwelling scalar 

irradiance (PAR) and upwelling irradiance at 683 nm to an on-deck 

computer which allows one to obtain continuous profiles of the above-

mentioned parameters to a depth of approximately 175 m.  In addition, 

the instrument package is equipped with an on-deck 2 π deck cell which 

continuously logs surface light for comparison with the Licor system 

described above.  The data provided by the Biospherical PNF instrument 

are used to determine the depth of the 1.0 and 0.1 % light level, and 

to determine the underwater extinction coefficient for PAR.  In addition, 

the measurement of upwelled red light (683 nm) is used to estimate the 

depth distribution of chlorophyll a and primary production for comparison 

with these parameters measured at discrete depths (Kiefer et al., 1989; 

Chamberlain et al., 1990).
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SHIPBOARD METEOROLOGICAL OBSERVATIONS AND NDBC BUOY1
_________________________________________________________________

     SUMMARY:  Basic meteorological and sea surface 

     observations are recorded by ship's crew and HOT program 

     personnel.  These data are used in support of the CTD 

     measurements and discrete water sample analyses.  In 

     addition, continuous environmental data are recorded at a 

     NOAA-NDBC buoy located to the northwest of Station ALOHA.

_________________________________________________________________

1.  Introduction

    The surface ocean is inexorably tied to atmospheric forcing, 

including such processes as surface winds, solar radiation and heat 

flux.  These processes, in turn, affect mixed layer depth and the 

distributions of nutrients and microorganisms.  The stochastic 

variability of the north Pacific Ocean gyre demands a continuous 

observation program to fully assess upper water column variability.  

These important environmental data can only be collected with remote 

meteorological buoys, equipped with appropriate sensors.

2.  Shipboard Meteorological Observations

    Each month while the research vessel is supporting the water 

sampling and measurement program at Station ALOHA, basic meteorological 

observations (including sea surface temperature, relative humidity,

cloud cover, etc.) are made on 4-hour intervals by the WOCE program 

personnel.  In addition to these measurements, the bridge weather logs, 

sail-loop data and other meteorological observations made the ship's 

officers and crew are also incorporated into the HOT program data base.  

Finally, continuous measurements of photosynthetically available 

radiance (PAR) are made by the GOFS program personnel for the duration 

of each cruise.

3.  NDBC Buoy Measurements

    We have recently obtained a nearly continuous 9 year record of 

meteorological  and upper water column data from the National 

Oceanographic Data Center in Washington, D.C. for environmental 

conditions near Station ALOHA.  Since Feb 1981, data have been

collected from NDBC buoy #51001 located to the northwest of Station 

ALOHA (23o 23'59"N, 162o 8'00"W).  Data include:  air temperature (in 

oC, to nearest 0.1), barometric pressure reduced to sea-level (in mB,

to nearest 0.1), wind speed as 8.5 minutes average (in m sec-1, to 

nearest 0.01), wind direction as 8.5 minutes average (in degrees from 

true N to nearest 0.1), significant wave height corrected for low 

frequency noise (in m, to nearest 0.1), average wave period (in sec, 

to nearest 0.1), sea surface temperature (in oC, to nearest 0.01), 

wind gust (in m sec-1 to nearest 0.01) and wave spectrum data. 

    The file structure is the standard NODC 9x120 character records 

logged on hourly intervals.  The data, recorded on magnetic tape, 

are obtained from NODC, approximately three months after collection.  

At the University of Hawaii, the data are translated into ASCII file 

format whereupon they are further analyzed by HOT program personnel.  

It is also possible to receive these data in real time from the NOAA 

weather service as this information is also used for local weather and 

surf forecasting.

LOW LEVEL NITRATE AND NITRATE BY CHEMILUMINESCENCE1
_________________________________________________________________

     SUMMARY: Seawater is collected from known depths using 

     CTD-rosette sampling protocols.  Subsamples are carefully 

     drawn and stored in acid-washed polyethylene bottles.  

     Nitrate/nitrite is converted to nitric oxide by wet chemical 

     reduction in a highly acidic solution.  The nitric oxide 

     produced is measured by a chemiluminescent detector. 

_________________________________________________________________

1.  Principle

    Surface water samples (<100m) in oligotrophic waters usually 

have nitrate concentrations below the 0.03 µM detection limit of 

the Technicon Autoanalyzer.  Except for a narrow band of elevated 

nitrite around 100 m (the primary nitrite maximum), nitrite 

concentrations are also below standard detection limits.  To achieve 

high-precision high-accuracy measurements at these low levels, we 

employ the chemiluminescent method of Cox (1980) and Garside (1982).  

In this method nitrite and/or nitrate are chemically reduced to 

gaseous nitric oxide by an acidic solution of glacial acetic acid 

and sodium iodide (nitrite only) or concentrated sulfuric acid, 

ferrous ammonium sulfate and ammonium molybdate (nitrate plus 

nitrite).  The reduced nitric oxide is carried by an inert carrier 

gas (argon) through a cold finger filled with 6M sodium hydroxide, 

a drying tube filled with anhydrous sodium carbonate, and a membrane 

drier in order to remove acid and water vapors.  The gas stream is 

then routed into the chemiluminescent analyzer, where the nitric 

oxide is combined with ozone to produce a metastable nitrogen dioxide.  

The nitrogen dioxide subsequently emits a photon as it returns to 

ground state, and the emitted light is detected by a photomultiplier 

tube.  The integrated electrical signal produced by the photomultiplier 

is proportional to the content of nitrite (or nitrate plus nitrite) 

in the sample.

2.  Precautions

    As with the autoanalysis of these nutrients, contamination is the 

primary concern.  Because nanomolar concentrations are to be measured, 

all sample bottles and laboratory glassware must be meticulously cleaned 

with dilute HCl (10%) and distilled deionized water (DDW) before use, 

and both the argon carrier gas and the oxygen supplied to the ozone-

generator must be of the highest purity available.  An additional 

concern with the chemiluminescent technique is the quenching effect 

that water vapor has on the signal.  All drying and scrubbing tubes 

must be well maintained to ensure that no water enters the detector.

3.  Sample Collection and Storage

     Concerns about the potential "freezing effect" on these samples 

are heightened due to the low levels of the nutrients and the high 

precision of the measurements.  However, results from experiments 

conducted by Constantinou (unpubl.) indicate no evidence for any 

discrepancy between replicate samples analyzed immediately on ship 

and those frozen and analyzed later in the laboratory.  Samples are 

therefore collected and stored exactly as described for autoanalysis 

of these nutrients.  

4.  Analysis

    Nitrate and nitrite analyses are performed on an Antek model 720 

nitrogen oxide analyzer.  The reaction apparatus is a slight variation 

of that described by Garside (1982).  

4.1. [NO2-] determinations

     One ml sodium iodide solution (3% wt/vol) and 3 ml glacial acetic 

     acid are dispensed into the reaction tube.  The reaction tube is 

     inserted into the carrier gas line and the reagents degassed.  

     This degassing step removes any contaminating nitrite from the 

     reagents.  The extent of the degassing is monitored by the 

     detector signal.  When this step is complete, the detector is 

     reset and 10 ml of sample or standard are introduced into the 

     reaction tube with a syringe through a septum fitted to the 

     side arm of the tube.  The signal produced is integrated and 

     peak area is recorded.  The waste is then discarded, the 

     detector reset and the procedure repeated.  Generally each 

     sample or standard analysis takes about five minutes.

4.2. [NO3- + NO2-] determinations

     Ten ml concentrated sulfuric acid (36 N) followed by 2 ml 

     ferrous ammonium sulfate (4% wt/vol) and 2 ml ammonium 

     molybdate (2% wt/vol) are dispensed into the reaction tube 

     (the order of addition is important).  Unlike in the nitrite-

     only analysis, the heat generated by the dilution of the acid 

     is important for the rapid stripping of the nitric oxide 

     produced from the solution, therefore an insulating sleeve 

     is used around the reaction tube.  The reagents are degassed 

     as above, and the sample added immediately after degassing 

     is complete, in order to maintain an elevated reaction 

     temperature.  If the reaction temperature gets too low, 

     the sample may not degas rapidly enough for quantitative 

     results.  A strip chart recorder is useful for troubleshooting: 

     if asymmetrical peak tailing is observed, the reaction 

     temperature is probably not being maintained at a high enough 

     level (Garside, 1982).  The signal is integrated and recorded 

     as for the nitrite-only analysis.

4.3. [NO3-] determinations

     Our preferred method for low level nitrate determination is to 

     analyze the samples for both [NO3- + NO2-] and [NO2-] and 

     calculate [NO3-] by difference.  An alternative method is to 

     first bind the nitrite in the sample with sulfanilamide to 

     form a diazonium salt, then analyze the sample for nitrate 

     plus nitrite.  0.2 ml of a sulfanilamide solution (1% wt/vol 

     in dilute HCl) is added to the sample and allowed to react 

     with the nitrite for at least two minutes.  Then the treated 

     sample is analyzed as for [NO3- + NO2-] above.  The 

     disadvantages of using the latter method are that:  (1) a 

     small blank correction for contaminating nitrate in the 

     sulfanilamide solution must be determined and applied to the 

     results and (2) some precision is sacrificed in using the [NO3- 

     + NO2-] assay twice instead of using the [NO3- + NO2-] assay 

     once and the more precise [NO2-] assay once.  The advantage is 

     that two separate sets of analyses involving the time-consuming 

     generation of two standard curves are not required.

5.  Calibration, Data Reduction and Calculations

5.1. Calibration stocks and regression standards

     The calibration of the low level nitrate/nitrite analysis is 

     performed using standard solutions of NO3- or NO2- in DDW.  

     Dried (60oC, 72 hours) analytical grade reagent  chemicals are 

     dissolved in DDW in 500 ml acid-washed glass volumetric flasks.  

     A few drops of chloroform are added to inhibit microbial 

     activity.  The stock solutions are stored at 4oC  and discarded 

     about every three months.  The reagent chemicals and concentrations 

     are KNO3 (10 mM) and NaNO2 (10 mM).

     Working standards are prepared fresh by volumetric dilutions of 

     the stock using acid-washed glass pipettes and flasks.  Since 

     there is no salt effect in the chemiluminescent analysis, working 

     standards are all prepared using DDW.  These working standards 

     are used to generate a standard curve, and are analyzed at 

     intervals throughout the sample run in order to detect any drift 

     in the detector response.  Typical correlations produce r2 values 

     of 0.9999 or better.

     In order to maintain the accuracy of the analysis, a few certified 

     reference standards (CSK or equivalent), diluted volumetrically 

     with DDW until within the concentration range of interest, are 

     included in every sample run in case stock solutions become 

     contaminated or microbially altered during storage.

5.2. Blank corrections

     For the [NO3- + NO2-] analysis, a small blank is observed due 

     to traces of nitrate in the DDW diluent.  This blank is corrected 

     for in the calculation of standard concentrations, but is not 

     subtracted from sample results because they contain no diluent.  

     For samples, therefore, only the slope of the regression line 

     is used.  For the [NO2-] analysis, no such diluent blank is 

     observed.  If the sulfanilamide method is used for [NO3-] 

     measurements, the blank due to the sulfanilamide solution should 

     be determined and subtracted from results.

6.  Precision and Accuracy

    The detection limit for nitrate plus nitrite is approximately 

    1-2 nM.  The nitrite-only analysis produces less noisy signals; 

    standards with as little as 0.4 nM nitrite and samples with as 

    little as 0.1 nM nitrite have been detected.  Precision and 

    accuracy of the nitrate plus nitrite analysis are approximately 

    2-3 nM while for nitrite-only they are generally <2 nM.

7.  Equipment/Supplies

    Niskin bottles and rosette/CTD unit

    acid-washed 125 ml polyethylene bottles

    nitrogen oxide analyzer (Antek model #720, operated in vacuum mode)

    reaction apparatus including cold finger and drying tube

    ultra-high purity O2 and Ar, with drierite/ascarite scrubbers

    volumetric flasks and pipettes, syringe, septa, and glass beakers

8.  Reagents

    glass distilled deionized water (DDW)

    dilute HCl (10%): add 500 ml concentrated reagent grade HCl to 4500 

      ml DDW.

    glacial acetic acid

    sodium iodide (3% wt/vol): dissolve 3 g reagent grade NaI in 100 ml DDW.  

      Prepare fresh daily.

    concentrated H2SO4 (36 N)

    ferrous ammonium sulfate (4% wt/vol): dissolve 4 g reagent grade 

      ferrous ammonium sulfate in 100 ml DDW.  Prepare fresh daily.

    ammonium molybdate (2% wt/vol): dissolve 2 g reagent grade ammonium 

      molybdate in 100 ml DDW.  Prepare fresh daily.

    sulfanilamide (1% wt/vol in 10% HCl): dissolve 1 g reagent grade 

      sulfanilamide in 100 ml 10% HCl.

    sodium hydroxide (6 M): dissolve 240 g reagent grade sodium hydroxide 

      and make up to 1 l with DDW.

    nitrite stock solution (10 mM): dissolve 0.345 g dried NaNO2 in 500 ml 

      DDW.  Add 0.5 ml chloroform and store in the dark at 4oC.

    nitrate stock solution (10 mM): dissolve 0.506 g dried KNO3 in 500 ml 

      DDW.  Add 0.5 ml chloroform and store in the dark at 4oC.

    CSK (or equivalent) certified reference standards for seawater:  NO2- 

      and NO3-.
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TITRATION ALKALINITY1
_________________________________________________________________

     SUMMARY: Seawater is collected from discrete depths 

     using PVC sampling bottles attached to the CTD/rosette   

     system.  Subsamples of approximately 50 ml are measured 

     gravimetrically and titrated with 0.1 N HCl using an 

     automated potentiometric titration system.  Total 

     alkalinity is determined using a Gran plot corrected 

     for interference from bisulfate and hydrogen fluoride. 

_________________________________________________________________

1.  Principle

    Titration alkalinity is one of four parameters needed to describe 

the carbonate system in seawater.  Titration alkalinity is therefore 

useful for assessing the magnitude and direction of ocean-atmospheric 

carbon dioxide flux and the saturation state of calcium carbonate 

within the interior of the ocean.  Titration or total alkalinity is 

usually defined as the quantity of hydrogen ions in millimoles (mmol) 

required to neutralize the weak bases in 1 kilogram of seawater 

(Grasshoff, 1983).  A more exact definition (Dickson, 1981) of total 

alkalinity is the quantity of hydrogen ion required to neutralize 

bases formed from weak acids with pKs of a > 4.5.  Our determination 

of total alkalinity employs the potentiometric titration of a seawater 

sample with hydrochloric acid.  Our methods are slight modifications 

of those developed for seawater analysis (Grasshoff, 1983 and references 

therein).  Our titration procedure employs an open cell and a computer-

controlled titration system .  The computer-controlled system 

incorporates an automated high-precision burette and pH meter. 

2.  Precautions

    Alkalinity samples should be drawn directly from the Niskin bottle 

using clean drawing tubes.  Care should be taken to avoid contamination 

from ship's equipment or the atmosphere.

3.  Water Sampling

    Alkalinity samples are collected using the same techniques employed 

when collecting DIC samples (see Chapter 6).

3.1. Drawing the sample

  3.1.1. Samples are drawn into a clean 300 ml glass reagent bottle.

  3.1.2. The bottle should be flushed with at least one volume of water.

  3.1.3. The tube is withdrawn so that the bottle remains brimful when 

         the tube is completely withdrawn.

4.  Preserving the Sample

4.1. Some of the sample is removed from the reagent bottle using a 10 

     ml pipet.  Enough water is removed so that about 1 cc of air is 

     contained in the bottle when the glass stopper is inserted.

4.2. 100 µl of a saturated HgCl2 solution is added to the sample.  

     The tapered ground glass bottle neck is dried with a kimwipe 

     and the bottle is sealed with a ground glass stopper covered 

     with light coating of ApiezonR grease.  The stopper is pressed 

     firmly into the bottle to make a good seal and is secured with 

     polyethylene tape of a large rubber band.

5.  Potentiometric Titration

5.1. The sample is brought to 25oC and approximately 50 ml is placed 

     in a tared 100 cc beaker.  The weight of the sample is recorded 

     to the nearest milligram.

5.2. A clean stirbar is added to the beaker and the beaker is placed 

     on a stirplate.  The antidiffusion burette tip and the 

     potentiometric electrode is placed in the beaker.

5.3. The temperature of the stirred sample is measured to the nearest 

     0.1oC.  The temperature of the sample is recorded and the 

     automated titration is initiated.

5.4. The automated titration procedure adds a 1 to 1.5 ml aliquot of 

     approximately 0.1 N HCl depending upon the anticipated sample 

     alkalinity.  After reaching a stable mv reading, the mv value is 

     recorded and a 15 microliter HCl aliquot is added.  After the 

     electrode output stabilizes a second 15 µl aliquot is added.  

     This process is continued until the mv value reaches a 

     predetermined value beyond the V2 inflection point.  Typically 

     30 to 35 aliquots are added to reach the predetermined mv value.

6.  Computation of Total Alkalinity

    Total alkalinity is determined from the volume of acid required 

to reach the second endpoint and the acid normality.  The inflection 

point (V2) is determined using a Gran plot (Gran, 1952) which corrects 

for the interference from both bisulfate and hydrogen fluoride.  Sulfate 

and fluoride concentrations are calculated from salinity and the 

equilibrium constants for bisulfate and hydrogen fluoride (Khoo et al., 

1979; Dickson and Riley, 1979).

7.  Preparation of HCl

    The accuracy of the total alkalinity measurement is determined, in 

large part, by the uncertainty in the normality of the HCl.  The 

approximately 0.1 N HCl solution is made by dilution of concentrated 

HCl into a 0.7 M solution of high-purity NaCl.  The normality of the 

HCl solution is ascertained by titration of solutions made from dried 

high-purity sodium carbonate and borax.

8.  Precision and Accuracy

    The precision of our total alkalinity determinations is approximately 

+4 µequiv/kg.  This gives a coefficient of variation of approximately 

0.2% for typical seawater samples.  Because we lack a liquid seawater 

standard of known alkalinity, the accuracy of our total alkalinity 

determinations is not well known.  In order to help ensure the accuracy 

of our alkalinity measurements we regularly collect intercalibration 

samples for Dr. Keeling's laboratory at Scripps Institution of Oceanography.  

To date, alkalinity values for replicate samples analyzed in both 

laboratories are typically within 10 µequiv/kg.

9.  Equipment and Supplies

    kimwipes and applicator sticks

    300 ml ground glass stoppered reagent bottles

    10 ml automatic pipet

    Apiezon grease

    analytical balance

    volumetric flasks, 100 ml beakers, 50 ml glass pipets and mercury 

      thermometer

    Automated titration system

      PC and software

      Brinkmann model 655 Dosimat and 5 ml top

      Orion model 940 pH meter

      Orion combination electrode

      stir plate

10.  Reagents

     distilled deionized water (DDW)

     high purity sodium carbonate

     high purity sodium chloride

     reagent grade hydrochloric acid

11.  References

     Almgren, T., D. Dyrssen and S. Fonselius.  1983.  Determination 

     of alkalinity and total carbonate.  In: Methods of Seawater 

     Analysis, M. E. K. Grasshoff and K. Kremling, editors, Verlag-

     Chemie, pp. 99-123.

     Dickson, A. G.  1981.  An exact definition of total alkalinity 

     and a procedure for the estimation of alkalinity and total 

     inorganic carbon from titration data.  Deep-Sea Research, 28A, 

     609-623.

     Dickson, A. G. and J. P. Riley.  1979.  The estimation of acid 

     dissociation constants in seawater media from potentiometric 

     titrations with strong base. TheThe ionic product of water (Kw).  

     Marine Chemistry, 7, 89-99.

     Gran, G.  1952.  Determination of the equivalence point in 

     potentiometric titration. Part II.  Analyst, 77, 661-671.

     Khoo, K. H., R. W. Ramette, C. H. Culberson and R. G. Bates.  

     1977.  Determination of hydrogen ion concentrations in seawater 

     from 5 to 40oC:  standard potentials at salinities from 20 to 

     45 o/oo.  Analytical Chemistry, 49, 29-34.

MEASUREMENT OF pH1
_________________________________________________________________

     SUMMARY: Seawater samples are collected at discrete 

     depths with PVC sampling bottles attached to a CTD/

     rosette system.  Seawater samples are brought to 

     constant temperature and pH is determined from the 

     millivolt output of an Orion reference electrode 

     calibrated with buffer solutions.  The buffer 

     solutions are prepared in a special matrix which 

     mimics the ionic characteristics of seawater. 

_________________________________________________________________

1.  Principle

    The pH (-log of the hydrogen ion concentration) is a master 

variable for describing the acid-base equilibria in seawater.  The 

pH of seawater is dependent upon the in situ chemical, physical and 

biological conditions, and pH is also one of four variabilities 

which can be used to describe the carbonate system in seawater.  

This parameter is therefore useful for examining the exchange of 

carbon dioxide across the air-sea interface and for the calculation 

of the saturation state of calcium carbonate in the interior of the 

ocean.  pH is a unique physiochemical quantity because it involves 

the activity of a single ion which cannot be measured directly.  As 

a consequence, pH is defined operationally in terms of the method 

by which it is measured.  In order for pH measurements to be 

interpreted correctly the reference scale must be precisely defined.  

In this procedure, pH is measured electrochemically using a combination 

electrode.  Measurements are made relative to seawater buffers prepared 

as described.

2.  Precautions

    Because pH is dependent upon temperature, the temperature of the 

pH sample must be carefully controlled, or at least accurately measured 

before pH is determined.  In addition, the pH of a seawater sample 

changes if CO2 is lost or gained on contact with the atmosphere.  This 

is a concern particularly with deep water samples where CO2 concentrations 

are high.  It is therefore important that samples be drawn as soon as 

possible after arrival of the rosette on deck.  Furthermore, contact 

with the atmosphere should be avoided during sampling and sample bottles 

should remain tightly sealed until pH measurements are made.

3.  Water Sampling

3.1. pH samples are collected from the PVC sampling bottles into a 

     clean 200 ml polyethylene bottle using a Tygon drawing tube to 

     minimize sample contact with the atmosphere.

3.2. The sample bottle is overflowed with at least one volume before 

     the sample bottle is tightly capped.

3.3. The air space with the sample bottle is kept to a minimum in 

     order to minimize CO2 exchange with the head space.

4.  Sample Analysis

4.1. pH sample bottles are immersed in a constant temperature water 

     and brought to 25oC.

4.2. After reaching constant temperature, the sample bottle is opened 

     and a clean stir bar is placed in the bottle.

4.3. The bottle is placed on a stir plate and the sample temperature 

     is measured to 0.1oC.

4.4. The potentiometric electrode is placed in the bottle and the mv 

     output is recorded after the reading stabilizes.

5.  Electrode calibration and calculation of pH

    The potentiometric electrode is calibrated with the seawater 

buffers 2-amino-2-hydroxymethyl-1,3-propanedion (tris) and 2-amino-2-

methyl-1,3-propanediol (bis).  These buffers are made as described by 

Dickson (1991) and pH is computed on the "total" hydrogen scale.  The 

electrode slope and an isoelectric point is computed from the mv outputs 

when the electrode is immersed in the seawater buffers as described in 

Grasshoff (1983).  The pH of seawater samples is calculated using the 

electrode slope and isoelectric point and sample temperature.

6.  Precision and Accuracy

    Because of a variety of problems inherent in electrometric pH 

measurements, including electrode drift, electromagnetic interference 

and problems with the reference electrode, the precision of these pH 

measurements is relatively poor.  On average, we obtain a precision of 

+0.02 pH units on replicate samples.  The accuracy of our pH measurements 

are difficult to evaluate directly because we have no seawater standard 

for pH measurements.  The accuracy is therefore dependent primarily on 

the accuracy of the seawater buffers that are used for electrode 

calibration.  In order to improve the precision of our time-series pH 

measurement data, we are currently evaluating the spectrophotometric 

methods for pH measurements described by Byrne et al. (198_).  Although 

these measurements are currently being made on a regular basis, the 

methodological details are not finalized and are not described here.

7.  Equipment and Supplies

    Orion combination electrode

    Orion model 940 pH meter

    250 ml polyethylene bottles

    stir plate and stir bars

    water bath at 25oC

    chemicals for seawater buffers

       NaCl

       KCl

       MgCl2  

       CaCl2 

       Na2SO4 

       HCl

       2-amino-2-hydroxymethyl-1,3-propanediol (tris)

       2-amino-2-methyl-1,3-propanediol (bis)

8.  References
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ALKALINITY1
_________________________________________________________________

     SUMMARY: Seawater samples are collected at discrete 

     depths using CTD-rosette sampling protocols.  Subsamples 

     for alkalinity are collected and immediately preserved 

     with HgCl2 for subsequent analysis in the laboratory.  

     The alkalinity is determined by a potentiometric titration, 

     and the second end point (V2) is determined with a 

     modified Gran Plot. 

_________________________________________________________________

1.  Principle

    The total alkalinity is defined as the number of milliequivalents 

of H+ required to titrate one kilogram of seawater to the bicarbonate 

equivalence point (~pH 4.5).  The classical chemical formulation 

(Harvey, 1966) of this definition is:

         Alk(t) = [HCO31-] +2[CO32-] +[B(OH)41-] +[OH1-] -[H+]

     In high precision work corrections for other proton acceptors 

(e.g. [H3PO3-] and [SiO(OH)3-), should be taken into account (Edmond, 

1970; Dickson, 1981; Bradshaw and Brewer, 1988).  From the knowledge 

of the total alkalinity, dissolved inorganic carbon, salinity, and 

nutrient content of seawater the entire carbonate "balance" can be 

calculated from the dissociation constants of carbonic acid, boric 

acid and other interacting species.

2.  Precautions

    Samples should be drawn as soon as possible and preserved to halt 

biological activity.  Samples bottles should be completely sealed and 

stored in the dark cool place.

3.  Water Sampling

3.1. Drawing the sample

  3.1.1. Samples are drawn into combusted 300 ml glass reagent bottles 

         in the same manner as dissolved oxygen.

  3.1.2. The drawing tube is completely filled with sample while 

         manipulating the tube to dislodge bubbles.  The drawing tube 

         is flushed and inserted to the bottom of the sample bottle.

  3.1.3. The sample bottle is overflowed with at least two volumes 

         of sample.

  3.1.4. The tube is slowly withdrawn with the sample flowing. 

3.2. Preserving the sample

  3.2.1. Use a pipet to remove water from the neck of the sample 

         bottle of sample.  Enough water is removed so that 

         approximately 1 ml of air is contained in the bottle when 

         the glass stopper is inserted.

  3.2.2. 100 µl of saturated HgCl2 is added to each sample.  The 

         tapered ground glass bottle neck is dried with a Kimwipe 

         wrapped on an applicator stick.  The bottle is sealed with 

         a ground glass stopper coated with a light covering of 

         Apiezon grease.  The stopper is pressed firmly into the 

         bottle to make a good seal, and is secured with polyethylene 

         tape or a large rubber band.                                                

4.  Calibration of Electrode (NBS and SWS)

4.1. NBS

  4.1.1. Soak electrode in storage solution overnight.

  4.1.2. Place electrode in buffer 7 and soak for 15 minutes.

  4.1.3. Pour out old buffer and replace with fresh buffer.

  4.1.4. Record relative millivolt reading when electrode stabilizes.

  4.1.5. Take temperature of buffer.

  4.1.6. Repeat steps 2 through 5 with buffer 4.

4.2. Seawater buffer preparation

  4.2.1. 0.4 M Tris and 0.4 M Bis seawater buffers are prepared 

         according to the method of Dickson (1992).

  4.2.2. NaCl, KCl, and NaHSO4 are dried and added gravimetrically.

  4.2.3. MgCl2 and CaCl2 are added volumetrically from stock 

         solutions that have  been standardized with AgNO3.

  4.2.4. HCl is added from a 0.1 M stock solution carefully prepared 

         from a Dilut-it.

  4.2.5. Buffers are stored in tightly capped 250 ml polyethylene 

         Nalgene bottles.

4.3. Calibration

  4.3.1. Place electrode in Tris buffer overnight.

  4.3.2. Pour out old buffer and replace with fresh buffer.

  4.3.3. Record relative millivolt reading when electrode stabilizes.

  4.3.4. Take temperature of buffer.

  4.3.5. Place electrode in Bis buffer for approximately 15 minutes.

  4.3.6. Repeat steps 2 through 6. 

5.  Preparation and Standardization of Acid Titrant

5.1. Volumetrically prepare a solution of 0.1000 N HCl in 0.7 M 

     sodium chloride. 

5.2. Standardize the above solution against recrystalyzed sodium 

     tetraborate (borax) which is stored in a dessicator over a 

     saturated solution of sodium chloride and sodium citrate 

     (Vogel, 1978).

5.3. Prepare at least two concentrations of borax primary standard.

  5.3.1. Make a 0.0035 to 0.004 M solution of sodium tetraborate.

  5.3.2. Weigh out approximately 25 g of the borax solution and 

         titrate in a similar manner to a seawater titration.

  5.3.3. Calculate the endpoint using a Gran Plot.                                         

5.4. Calculate normality of the acid titrant using the known quantity 

     and concentration of borax primary standard.

5.5. As a final check on the accuracy of our acid standardization, 

     a subsample is sent to Dr. Andrew Dickson's laboratory at 

     Scripps Institution of Oceanography for high precision 

     coulometric determination of the acid normality.

6.  Titration of Samples

6.1. Turn on computer, Dosimat, printer, and pH meter.  Load the 

     alkalinity program.  Dispense approximately 20 ml of acid 

     through the Dosimat to purge any air bubbles and to pump fresh 

     acid into the lines.                                                          

6.2. Throughly rinse and dry a 50 ml beaker.

6.3. Place beaker on balance and tare.  Weigh out approximately 

     50 grams of sample.      

6.4. Rinse electrode with seawater and gently dry by touching the 

     bottom of the electrode with a Kimwipe.  Do not wipe the 

     electrode dry.

6.5. Place sample on magnetic stir plate.  Put stir bar into sample 

     taking care not to splash any sample out of the beaker. Adjust 

     to moderate stirring.  Arrange electrode and buret tip as to 

     not interfere with the stir bar but to make sure electrode 

     junction and tip are submerged in sample.          

6.6. Start titration program.  The program will request a preadd 

     volume.  This volume should be sufficient to adjust the pH of 

     the sample to about 4.  The program will then add HCl in 0.015 

     ml increments and record the millivolt reading after each 

     increment is added.  The titration will automatically terminate 

     when a specified millivolt reading (equivalent to pH 3.0) is 

     reached.                

6.7. After the titration has terminated, check and record the sample 

     temperature.

6.8. Remove beaker from stir plate and pour out sample.  Rinse with 

     tap water for approximately 3 minutes and then rinse with 

     deionized distilled water.  Dry beaker for next sample. 

7.  Calculations

    Data is fit by a modified Gran Function (f2=(Vo+V)([H+]+[HS04-]+[HF])) 

using Matlab.  A best fit Eo and slope are obtained by minimizing the sum 

of the residuals for those points in the range pH 3-3.5.  The accuracy 

of the calculated slope is determined by comparing to the measured slope 

for the buffers described above.

8.  Quality Control

    As a safeguard on the quality of our results, we maintain a set of 

secondary standards which are run with each analysis.  These are made 

from a large surface seawater sample, which is preserved with HgCl2 

and subdivided into 300 ml reagent bottles.  These are sealed as 

described above and stored in a cool dark place.

9.  Precision and Accuracy

    The precision of our titration procedure is approximately 3 µeq/kg.  

An absolute alkalinity standard is not yet available, and the accuracy 

of the procedure is determined primarily by the standardization for 

the normality of the titrant.  We  intercalibrate the determination 

of the acid normality with Dr. Andrew Dickson's laboratory at Scripps 

Institution of Oceanography, where high-precision coulometric methods 

are used to determine the acid normality.

10.  Equipment and Supplies

     Niskin bottles and rosette

     300 ml combusted reagent bottles

     Apiezon grease

     Computer interfaced 665 Dosimat and Orion EA 940 Ion Analyzer

     Calibrated volumetric glassware

     Analytical and topload balance

     Magnetic Stirrer

     Thermometer

     Glass Electrodes     

11.  Reagents

     Hydrochloric acid (0.1000 N)

     Sodium tetraborate (borax)

     Distilled and deionized water

     NaCl

     HgCl2 (saturated solution)
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Particulate S82
Particulate elemental sulfur (S8) is analyzed by ion chromatography after gravity filtering 200 ml samples from a Niskin bottle through a 0.2 m polycarbonate filter.  Filters are kept frozen (-20oC) until extracted in 5 mM sulfite solution for 2.5 hours to react all elemental sulfur with sulfite to thiosulfate (Luther III et al., 1991).  

The method of (Rozan and Luther 2001) can be adapted for thiosulfate analysis using anion chromatography with subsequent spectroscopic detection at a wavelength of 215 nm.  The elutent is 8 mM perchlorate, at a flow rate of 2 ml/min.  Thiosulfate retention time is 7.3 minutes.

Salinity, pH, & electrochemistry2
- Refractometer

- pH Electrode

- Blunt glass microelectrode

- Reference electrode (Ag/AgCl)

- Counter electrode (Pt)

- DLK-100A + laptop

- Faraday cage

- Buffers (4, 7, and 10) in NaCl 0.54 M

- Thermocouple probe

- 0.5 ml glass cell

Electrochemistry (O2, H2S, FeS, Fe2+, Mn2+, S0) and pH
- Before the sub comes back: Both the voltammetric and pH electrodes must be calibrated (O2 and Mn(II) for voltammetric electrode and two pH buffers in NaCl 0.54 M for pH electrode).

- Approximately 0.5 ml is directly filtered in the glass cell (minimize the mixing of samples to avoid degassing H2S)

- Electrochemical measurements are performed with a blunt Au/Hg glass electrode.

- pH is then recorded with the DLK-100A.

- Add 5-10 l of 0.5 N HCl, degas H2S with nitrogen and measure S(0).

Iron: Fe(II), total dissolved Fed, total FeT 2
- UV-vis. Spectrophotometer + Mr. Sipper

- Ferrozine (0.01 M)

- Ammonium Acetate (5 M)

- Hydroxylamine (0.2 M in 0.1 M HCl)

- 36 x 5 ml Falcon tubes (samples) + 5 ml tube racks

- 7 x 14 ml Falcon tubes (standards) + 14 ml tube racks

- 100 ml graduate cylinder + 150 ml PP bottle for Ferrozine mix solution

Fe2+, total dissolved Fe (Fed), and total Fe (FeT) 
- Before the sub comes back: 100 ml of a ferrozine-acetate reagent is pre​pared by adding 50 ml of 0.01 M Ferrozine to 50 ml 5 M Ammonium Acetate.

- 100 ml of a 0.2 M hydroxylamine in 0.1 M HCl is prepared.

- 10 ml of a stock solution of 10-3 M Fe2+ is prepared in 0.01 M HCl (degassed milli-Q water to which 0.2 ml of 0.5 M HCl is added).

- Five standards are prepared from 0 to 20 M Fe2+: 2.5 ml degassed milli- Q water is mixed with 2.5 ml of ferrozine-acetate mix in 14 ml Falcon tubes. Aliquots of the Fe2+ stock solution are added to make up the appro​priate concentration. The color development takes 5 min. The standards can be used for a couple of hours. Measure the absorbance at 562 nm.

- 100 l of filtered sample is injected in 5 ml Falcon tubes containing 1 ml of degassed milli-Q water and 1 ml of ferrozine-acetate mix.

- 100 l of filtered sample is injected in 5 ml Falcon tubes containing 1 ml of milli-Q water and 100 l of hydroxylamine mix. These samples are sealed and stored at overnight at ambient temperature. They should be analyzed the next day for Fe(II) by the Ferrozine method.

- 100 l of unfiltered sample is injected in 5 ml Falcon tubes containing 1 ml of milli-Q water and 100 l of hydroxylamine mix. These samples are sealed and stored overnight at ambient temperature. They should be ana​lyzed the next day for Fe(II) by the Ferrozine method.

H2S by UV-vis 2
- N,N-dimethyl-p-phenylenediamine sulfate

- Solid FeCl3
- HCl (50%)

- 24 x 5 ml Falcon tubes spiked with reagents for H2S

- 7 x 14 ml Falcon tubes for H2S standards

- 500 ml solution of the diamine reagent is prepared by diluting 2 g. of N,N-dimethyl-p-phenylenediamine sulfate and 3 g. of FeCl3 in a solution of 50% HCl. The solution is kept in a dark bottle and must be stored in a refrigerator.

- A stock solution of 10-2 M H2S is prepared in a 100 ml volummetric flask by adding the washed and dried crystals to degassed milli-Q water. From this stock solution, a standard of 1 mM H2S is prepared in a 14 ml Falcon tube containing 10 ml of degassed water. These stock solutions are pre​pared freshly and used immediately.

- Five standards are prepared from 0 to 40 M H2S: 5 ml of degassed milli- Q water is mixed with 0.4 ml of the diamine reagent in 14 ml Falcon tubes. Aliquots of the H2S stock solution are added to make up the appro​priate concentration. The color development takes 20 min. The standards can be used for a couple of hours. Measure absorbance at 670 nm.

- Prepare 12 Falcon tubes (5 ml) for H2S analysis by UV-vis. Add 2 ml degassed milli-Q water and 160 l of diamine reagent to the tubes.

- Place 100 l of the unfiltered sample in the H2S Falcon tubes and mix. The color development takes 20 min. The samples should be analyzed within two hours.

- Place 100 l of the filtered sample in the H2S Falcon tubes and mix. The color development takes 20 min. The samples should be analyzed within two hours.

FeS & FeS22
FeS and FeS2
- Zinc acetate 0.2 M solution

- 24 x 1.5 ml Eppendorf tubes

- 0.5 M NaOH

FeS and FeS2
- Before the sub comes back: prepare 24 x 1.5 ml Eppendorf tubes and add 100 l of 0.2 M zinc acetate and 10 l of 0.5 M NaOH.

- Add 1 ml of the 12 unfiltered samples to the Eppendorf tubes. Shake and store in the refrigerator.

- Add 1 ml of the 12 filtered samples to the Eppendorf tubes. Shake and store in the freezer.

Bimane (thiols, thiosulfate, polysulfides)2
- 12 x 0.6 ml amber tubes

- Heatblock

- 50 mM HEPES with 5 mM EDTA buffer

- 10 mM monobromobimane

- 50% acetonitrile

- 65 mM methane sulfonic acid

- timer

- Before the sub comes back: make a pH 8 buffer with 50 mM HEPES and 5 mM EDTA in 50% acetonitrile.

- Add 100 l of the HEPES and EDTA buffer to the 0.6 ml amber tubes.

- Add 10 l of 10 mM bimane stock solution (for samples with less than 500 M thiols).

- Add 50 l unfiltered sample to the 0.6 ml amber tubes.

- Let the samples derivatize for 30 min in the dark.

- Put the samples in a 60oC heatblock for 10 min.

- Add 100 l of 65 mM methane sulfonic acid.

- Store frozen at -80 or in liquid nitrogen until analysis.

Sulfate, nitrate, nitrite, ammonium2
Sulfate, nitrate, nitrite, ammonium

- HCl (0.05 M)

- 12 x 0.5 ml Eppendorf tubes + tube rack

- Before the sub comes back: a 0.05 M HCl stock solution is prepared by diluting 1 ml of 0.5 M HCl in a total of 10 ml milli-Q water.

- 0.5 ml Eppendorf tubes are spiked with 50 l of 0.05 M HCl (pH = 2).

- 400 l of filtered sample is added to the 0.5 ml Eppendorf tube.

- Purge the samples for 2 minutes with nitrogen (use a Pasteur pipette).

- Samples are frozen until analysis.

Chloride & phosphate2
- 12 x 1.5 ml Eppendorf tubes + tube rack

- Add 1 ml of filtered sample to 1.5 ml Eppendorf tubes (No acid).

- Samples are frozen until analysis.

Metals by ICP (Mg, Mn, Fe, Co, Ni, Zn)2
- Trace metal grade concentrated HNO3
- Trace metal grade concentrated HCl

- 24 x 5 ml Falcon tubes + 5 ml tube rack

- Before the sub comes back: add 50 l concentrated trace metal free HNO3 to twelve 5 ml Falcon tubes. Add 50 l concentrated trace metal free HCl to the other twelve 5 ml Falcon tubes. 

- Add 2.5 ml of filtered samples in Falcon tube with HCl and 2.5 ml to Fal​con tubes with HNO3.

- Add remaining of unfiltered samples in Falcon tubes. Add appropriate acid to have a total of 0.1 M HNO3.

- Samples are refrigerated until analysis.

Field & Laboratory Protocols Sources

1 – HOTS - http://hahana.soest.hawaii.edu/hot/hot_jgofs.html

2 – Luther, III

