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Abstract

This report suimnarizee technique, estimated precisione and results for

• 3H and 3He analyses made on three cruises in the Sargasso Sea. In

addition, a statistical treatment is made on 36 surface (4~ 10 in) 
3He/4He

analyses to obtain an estimate of the solubility isotope effect and its

temperature dependence to be

(a— 1) x 1000 °/oo — (17.3 + 0.8) +(O.28 + 0.06) T (°c)

with a regression scatter of 2.6 O/~~~ and a linear correlation coefficient

of 0.640.
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1. Introduction

This report serves three purposes: it summarizes the analytical

techniques (sections 1(a) through 1(d)); it presents a preliminary analysis of

surface and near surface water helium isotope ratio anomalies to allow an

evaluation of the isotope effect on solution (section 2); and, it presents

data obtained by this laboratory from some recent cruises (sections 3 and 4).

It is presently intended that this report be the first in a series of data

releases which will occur periodically, and represent the primary form of data

report and update on analytical techniques.

(a) Sampling Technique

Samples are drawn from standard oceanographic sample bottles (Niskin and

• Nansen bottles) by a simple gravity feed technique through tygon tubing. The

sampler itself consists of a ca. 1 in length of 0.95 cm or 1.27 cm O.D.

annealed, dehydrated copper refrigeration tubing, which is pinched at either

end with standard refrigeration tube pinch—clamps (Imperial—Eastman type

105—FF) and mounted in an aluminum channel. The sample is transferred to the

• sampler by initially raising the sampler above the height of the bottle,

opening the lover stopcock, opening the vent and then lowering the sampler

slowly so that the air resident in the sampler is displaced slowly by the

seawater. After gravity flow is established, the sampler is tapped to remove

any air bubbles remaining. When several volumes of water have flushed through

the sampler, the sampler is sealed by tightening the pinch—clamps. The

cemplers are then rinsed in fresh water and the ends ringed out with a wash

bottle of fresh water. The useful shelf—life of samples in these containers,

with proper sempler preparation and post—sampling treatment is about two
4
C
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years. Severe reductions in this shelf—life result from exposure to water or

- humid conditions, or from storage with water in the ends. Also, the clamp gap

is critical for the strength of the seal.

(b) Sample Extraction

The sampler is connected via a viton 0—ring coupling to an all metal

extraction system which is subsequently baked (at 150°c) and evacuated to a

pressure of better than 2 x lO~~ torr. After isolation from the diffusion

pump, the sample is introduced into the system by rerounding the bottom

pinch—seal slightly and allowing the sample to dribble into a ca. 200 ml

Corning type 1720 aluminosilicate glass reservoir where it is shake—stirred

for ten minutes. The helium is then transferred to an aluminosilicate glass

breakseal sample tube by chilling the sample tube with liquid nitrogen. In

this process, the major gases (N2, 02 and Ar) exsolved from the sample are

adsorbed on activated charcoal inside the sample tube, and the exsolved He and

Ne are swept over into the sample tube by water vapor transfer through the

seal—off constriction ( 1 mm I.D. by 20 mm length) of the sample tube. The

• H2~ vapor pressure difference maintained by the water (about 25 torr) serves

to quantitatively sweep over the He and Ne into the sample tube and keep it
• 

there. This procedure has been determined mass spectroinetrically (both

• on—line and by re—extraction) to be quantitative (better than 99.9%

• recovery). The small amount of water transferred to the sample tube (ca. 500

mg) is not sufficient to significantly effect the 311e/4He ratio of the

• sample during storage for typical oceanic tritium levels (~20 T.IJ.), and could

in principle be accounted for. The helium sample is then “saved” by

- flame—sealing the constriction and stored for future analysis.

4~4•
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The procedure is checked (i.e. for completeness of extraction and —

V presence of leaks) by watching for a pressure surge when the pump isolation

valve is opened again (the water vapor pressure is “masked” by a liquid

nitrogen chilled trap), and the sample is further agitated to ensure complete

degassing. The reservoir (actually a storage container with breakseal and

• seal—off constriction) is subsequently sealed off. The sample is then stored

in a chest freezer (—20°C) to reduce diffusive influx of He during the

3Ii—~He growth period (12 months). To further reduce the contribution from

• He exsolving from the glass container itself, the container had been treated

prior to extraction by heating for ca. 10 hr to 350°c in a helium—free (pure

N2) atmosphere.

- (c) Helium Isotope Analysis

The isotopic ratio of the helium extracted from the samples is analyzed

in the “batch mode” mass spectrometrically. The mass spectrometer used is a

specially designed, Shields type, dual collecting, statically operated, 90°

magnetic sector, single focussing, 25 cm radius mass spectrometer with an

electron impact Nier type source. 4Re is collected on a faraday cup and the

current measured by a 10~~ ohm grid—leak solid state electrometer and

frequency modulated (VFC) at 100 KHz. The 3He was detected and amplified by

a 20 stage focussed mesh electron multiplier (gain ~~ l0~) operated in the

current integrating mode and measured and digitized as with 4Re. Both

digital and analog records are made, but the computations are performed from

• the digital data. An analysis consists of nine integrations of 90 sec each on

the 3He and 4He peaks simultaneously, separated and bracketed by 10 second

integrations on the respective baselines.

I, 
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The isotopic ratio is computed as an isotopic ratio anomaly relative to

air, which was used as the calibration standard. Sample analyses are

bracketed by air aliquot analyses. The instrument is calibrated for

non—linearity, i.e. apparent ratio variations in otherwise identical samples

of differing sizes. The corrections applied to the samples due to this effect

are typically less than 2 G of analytical precision. This non—linearity is

periodically examined by analysis of aliquots of varying isotopic ratios and

determined to be solely a function of 4He (i.e. total gas pressure) in the

instrument. No effects occur due to variation (in sample) of Ne

concentrations, because the inlet procedure precludes significant amounts of

Ne entering the spectrometer. The sample is “chromatographed” into the

spectrometer through liquid nitrogen chilled activated charcoal for a

• precisely determined period of time, during which about 60% of the He enters

V the instrument, but only about 2% of the Ne comes through. Tripling the Ne

concentration in the air standard shows no significant change in the apparent

V 3He/4He ratio response. Consequently, the small (ca. 20%) difference in

He/Ne ratios between air standards and samples gives no effect.

The chroinatographic procedure used fractionates 3Re in favor of 4He.

This effect is corrected for by processing air standards in an identical

fashion through the same system. Great care is exercised in analytical

procedure because variations in the procedure (column cooling, etc.) leads to

random errors and degrades analytical precision. Analytical precision is

estimated by the reproducibility of air standards.

- — - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
. -— --——.
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(d) Tritium Measurements

The tritium analyses are accomplished by mass spectrometric analysis of

3He resulting from 3H decay during storage of the initially degas~ed water

samples (1) in the aluminosilicate storage vessels mentioned earlier. The

½e is extracted from the samples by what amounts to the “head—space”

technique. The sample is defrosted (cf. sec. 1 (b)) and stirred vigorously.

The volume of the container is about 200 ml, and the solubility of He is such

that at 22°C, 99.8% of the trituigenic 3He resides in the headspace for a

45 g sample (99.4% for a 90 g sample). The sample is water vapor diffusion

pumped from the vessel in an evacuated all metal sample handling line

directly coupled to the mass spectrometer. Mass spectroinetric analysis

consists of four 100 second integrations on the 
3
He and 4He peaks

bracketed and separated by 100 second integrations on the respective baselines.

The standard used in analysis consists of aliquots of volumetrically

reduced air standards. The technique used is to generate two daily

calibration curves. One curve consists of the 4He response as a function of

the number of aliquots (anywhere from 0 to 8 aliquots are admitted), and a

second curve consists of 3He response vs. 4He response. A linear

• regression of the former yields a preciRe estimate of the line processing

blank (the intercept) and the sensitivity (the slope). A linear regression of

the latter gives the instrumental discrimination fe~ ction, the scatter about

which is the analytical precision. By this method, instrumental sensitivity

and discrimination is determined to the order of a few per mil; i.e. better

•1. than analytical precision. The discrimination function is used in conjunction

with the sample’s 4He measurement to correct for “atmospheric

k. - ~~~~~~. . ~~~~~~~~~~~~~~ • .  ~~~~~~~~~~~~~~~~~ - ~~ — ~~~~~~~~~ ~~~~~~-~~~---~ —-—--~~—- -- •
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contribution”. Analysis of evacuated storage vessels (stored for the same

period of time under identical circumstances) shows this contribution

(presumably He exsolved from the glass itself) to be within analytical

precision (a few percent) of the atmospheric ratio. The 3He contribution V

from this component is equivalent to about 0.8 T.U. for a 45 g sample stored

for one year. The standard aliquots are usually around 5 x 10 15 
cc (STP)

3Be, corresponding to about 0.7 T.U.

(e) Computation, Assumptions and Definitions

The helium concentrations are measured by mass spectrometric peak height

comparison of the sample with air standards. Reproducibility of air standards

varied from batch to batch and has been improving with time as the technique

is improved. It is typically of the order of 1%; but recent analyses are now

V close to 5 0/00. The air standard size is computed using the measured

temperature, relative humidity and barometric pressure, and assuming 5.24 x

10—6 ppmv helium concentration in air. Sample weights were obtained by

difference (sampler full vs. sampler empty) to + .01 g ( 0.3 0/00)

The helium isotopic ratio anomalies (DEL—3HE) are expressed in per mil

and computed according to

~ (
311e) (RS/RA 

—1) x 1000 0/00

where R
~ 
and are the isotopic ratios (3He/4He) of the sample and

= air respectively. This value has been corrected for instrumental effects

(size dependence) and in storage decay of tritium.

The excess 3He concentrations (in cc (STP)/g) and T.U.) were computed

assuming that all of the excess helium (above eolubility equilibrium at one

atmosphere, potential temperature, and salinity, using data from (2)) was

S

-. 
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entrapped, unfractionated air due either to sea surface bubble injection, or

bubble trapping in the sampler. The relation used was 
V

C (3He) 6 RC/l000 + (1 — a) RC*

wnere C (3He) is the concentration of excess 3He, 6 is the isotopic ratio

anomaly (-in per tail, defined earlier), R is the atmospheric ratio (1.384 x

10—6, after (1)) C is the helium concentration, a is the solubility isotope

partitioning coefficient (see below), and C* is the solubility helium

concentration. The (multiplicative) conversion factor from cc STP/g to T.U.

(10 18 atoms per ‘H) is

4.O22~~~1O
’
~ T.U. —g/cc (STP)

The tritium concentrations are computed by mass spectrometric peak height

comparison with air standards of comparable size. They are corrected for

atmospheric helium contamination, fractionating water vapor loss (see (1)),

and machine performance; and are decay corrected to the date of sampling. The

assumed half—life of tritium is 12.262 y. As pointed out by Clarke et al. (1)

V 
this may be revised upward in future, but will result in only small (ca. lx)

changes in the values since the primary standard is air rather than the NBS

standard used by others.

2. The Isotope Effect in Solution

A cornerstone to the 3H—3He dating technique and the calculation of

the excess 3Re concentrations is a knowledge of the helium solubility

V isotope effect: we must know what the baseline 3He/4He ratio is. Weiss

(3) made a determination of the isotope effect for water and seawater . The

-- ~V V V V  - ~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 
V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V~~ -— ~~~~~~~~ —- ~~~~~~~~~~~~ - ~~~~~~~~~~~~~ 
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problems are that first, only two measurements were made for seawater in the

relevant temperature range (0—25°C); second, the analytical accuracy was of

the order of 3 0/00 for (i.e. about 2 a of our current analytical

precision); and third, the measurements were made by microgasonometric

techniques at a partial pressure of one atmosphere of 311e, necessitating a

twelve orders of magnitude extrapolation. A fourth concern, one which is more

difficult to address, involves the possibility that the natural enviroi ent

due to partial bubble dissolution, dynamic diffusion effects, etc., may not

resemble an equilibration chamber.

Consequently, we have compiled a number of near surface (shallower than

or equal to 10 m depth) sample analyses and assumed these to be representative

• of the “initial” conditions. These results include Only those obtained by

this laboratory since it is not known whether systematic effects may occur

between laboratories on the 1 0/00 level. The samples were taken from a

variety of ocean environs (coastal vs. open ocean vs. Mediterranean, calm vs.

stormy) and no significant salinity effect was observed (or expected) over the

range covered (32 ~/oo to 38 °/oo).

The data, plotted in Figure 2, exhibit a significant temperature

dependence. A linear regression (solid line) yields a relation of

( a  — 1) x 1000 ~~~ -(17.3 + .8) +(0.28 + 0.06) T (°C)

with a regression scatter of 2.6 0/00 and a linear correlation coefficient

of 0.640. For the 3~i points used, the correlation probability is greater than

.999. The regression scatter is slightly higher than analytical precision and

may be due to variation of systematic errors betweeen analysis batches, or

• natural variations due to the effects mentioned earlier.
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3. Cruise Descriptions V

The data contained in this report are on samples taken on two cruises and

from a monitoring station.

(a) Sarg 74

These stations (labelled S74###) were taken during KNORR cruise 43

November to December, 1974, from Bermuda to Woods Hole, L.V. Worthington,

Chief Scientist. The general area of operations was between 30°N and 36°N

near 68°W, with one station at 33.5°N, 56.5°W. The hydrographic data

was generously supplied by L. V. Worthington and his co—workers.

(b) Sarg 75

These stations (labelled S75###) were occupied on KNORR cruise 48, March,

1975, L. V. Worthington, Chief Scientist. Details as with Sarg 74.

(c) Pan 77

The Panulirus samples (PAN###) were taken at the Bermuda Monitoring

Station (32.2°N, 64.5°W) by BBS personnel on the Panulirus II. Hydro data

courtesy of BBS and E. Schroeder.

(d) Data Quality

The relative precisions of analysis varied with the cruise, since

V improvements in technique came gradually. Since the samples were drawn from

Nansen bottles, no duplicates were available (limited water volume!), so that

V analytical precision was estimated from reproducibility of standards.
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V TABLE 1

- 

- 

Data Quality

- Cruise Helium Tritium

- 
(3He) C (He) Relative Detection

Error Limit

V 

Oh ,  % (%) (T.u.)

- Sarg 74 2.0 1.4 4 .20
V 

Sarg 75 2.0 1.0 4 .15

Pan 77 1.8 0.75 2 .08

L -

~~~~~~~ ~~~~~~~~~~~~ V V V~ -• V
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