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The Environmental Research Laboratories do not approve,
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material mentioned in this publication. No reference shall
be made to the Environmental Research Laboratories or to this
publication furnished by the Environmental Research Labora-
tories in any advertising or sales promotion which would in-
dicate or imply that the Environmental Research Laboratories
approve, recommend, or endorse any proprietary product or
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ronmental Research Laboratories publication.
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I SUMMARY OF OBJECTIVES, CONCLUSIONS, AND IMPLICATIONS
WITH RESPECT TO OCS OIL AND GAS DEVELOPMENT.

The objective of the task undertaken by NBS is to
assess the quality of the chemical data obtained by NOAA
laboratories and contractors. This objective will be met
by: (1) conducting an interlaboratory comparison of hydro-
carbon analyses on intertidal sediments homogenized and dis-
tributed by NBS; (2) conducting a second interlaboratory
exercise with a marine tissue sample homogenized and dis-
tributed by NBS; (3) acting as a sample-split coordinating
laboratory (10% of all samples collected by NOAA principal
investigators are supposed to be sent for NBS analysis
and/or redistribution); (4) acting as a consultant labora-
tory to other NOAA principal investigators involved in
hydrocarbon analysis.

The sediment intercalibration exercise was completed
during the 4th quarter, and the results demonstrate the
problems associated with interpreting complex, organic
chemical, environmental data; analyses for the low hydro-
carbon burden (Katalla) sediment differed by as much as
a factor of 50. A detailed discussion is presented in the
draft of a paper appended to the summary of 4th quarter
operations. The tissue intercalibration exercise is sched-
uled to begin during June 1977. No sample-split activities
were undertaken this year, since no samples were sent to NBS
by NOAA principal investigators in spite of the requirements

outlined in (3) above.
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INTRODUCTION
A. General Nature and Scope of Study.

This program is being undertaken to assess the
analytical integrity of hydrocarbon analyses performed
by NOAA laboratories and NOAA contractors.

B. Specific Objectives.

The objectives of this study are to: (1) serve as
the quality assurance laboratory for hydrocarbon analy-
ses done under the NOAA-BLM Alaska program; (2) act as
a consultant to NOAA-spohsored laboratories engaged in
hydrocarbon analyses.

C. Relevance to Problems of Petroleum Development.
The chemical data reported to NOAA origin-
ates from several different laboratories. It is imper-
ative that these data be uniform in quality so that
there is a basis for intercomparibility of the data
produced by the different laboratories. Until such a
time as certified Standard Reference Materials are
available, a quality monitoring (control) function is
essential to maintain data integrity as described
above.
The program at NBS impacts upon the following NOAA
tasks:
A-33 -- Determination of total content and chem-
ical species of hydrocarbons in the
water column, in selected marine organ-
isms, in sea ice and in the sea ice -

water interface.




B-8 -- Examine the processes which determine the
fate of hydrocarbons introduced into the
environment,

B-14 -- Develop means to predict possible inter-
actions between ice and oil and other
contaminant discharges.

IIT. CURRENT STATE OF KNOWLEDGE

Due to the lack of readily available Standard
Reference Materials and intercalibration samples, a concerted
laboratory intercomparison program must be maintained.
This year's program at NBS showed that different labora-
tories analyzing the same Alaskan sediment yielded results
differing in some instances by more than a factor of 10.

IV. STUDY AREAS.

A. Gulf of Alaska
B. Bering Sea.

V. SOURCE METHODS AND RATIONALE OF DATA COLLECTION.
N/A
VI - VII. RESULTS AND CONCLUSIONS.
Results and discussion of experimental work during
the period from March 16, 1976, to September 15, 1976, has

been presented in a semi-annual report. These data, while

concerned with FY 76 tasks, are presented below in an abbre-

viated form.




A. Liquid Chromatograph (LC) - Fluorescence Analysis
for Polynuclear Aromatic Hydrocarbons (PAH's).

The Annual Report (April 1, 1976) gave the results
of the method development for LC-fluorescence analysis.

Several sediment and tissue samples have been ana-
lyzed by this procedure. Sediment samples are analyzed
by Soxhlet or ultrasonic extraction and injection of
the concentrated extract directly into the LC systemn.
Katalla River sediment extract gives four major peaks
each of which is fluorescent at 400 nm. These peaks
have been identified as phenanthrene, chrysene, and
their alkylated homologs. Extracts of sediments taken
from Siwash Bay, Wells Bay, and Hinchinbrook Island
show no measurable PAH content.

B. Hydrocarbon Analysis in Tissue Matrix.

An analytical method has been developed for the
determination of petroleum hydrocarbons in various
marine tissue samples. The method involves dynamic
headspace sampling of the tissue homogenate followed by
liquid chromatographic removal of the biogenic polar
components. High resolution gas chromatography is then
used for quantitation of the petroleum hydrocarbons
present after LC clean-up. Recovery data for aliphatic
and aromatic internal standards are given in Table I.
It was assumed that the aliphatic hydrocarbons were
being retained in the 1lipid fraction in the tissue
homogenate and the partition coefficient for these
hydrocarbons between the headspace sampling gas and the
organophilic lipid fraction was quite unfavorable. It
was found that the addition of 2 M KOH to digest the
tissue matrix improved the aliphatic recoveries slightly.

5




VIII.

By extending the headspace sampling period from 4 hours
(2 hours at room temperature and 2 hours at 70 °C) to
~16 hours at 70 °C, recoveries for the higher aromatics
(e.g., phenanthrene) and most aliphatics from water
were increased to nearly 100 percent. Recoveries from
the mussel tissue homogenate for the extended headspace
sampling period were also approximately 100 percent for
the aromatics, but only ~30 percent for the aliphatic
components.

A comparison of hydrocarbon levels obtained with
and without LC clean-up is given in Table II for various
tissue samples and a sediment sample. The data indicate
that the LC removal of the polar biogenic components is
necessary in order to measure accurately baseline
hydrocarbon levels in tissue.

The results of initial analyses of Mytilus from
various sites in the Prince William Sound/Northeastern
Gulf of Alaska are listed in Table III. Work is
continuing on the analyses from these sites and addi-
tional sites in order to determine the baseline hydro-
carbon levels.

C. Laboratory Intercalibration Exercises.

Results of the sediment intercalibration exercises
are presented with the summary of the 4th quarter
activities (vide infra).

CONCLUSIONS.

Of the Alaskan sediment samples analyzed by the LC

method, only Katalla River sediment showed the presence of
PAH's
Katalla River, the presence of PAH's in the river sediment
is to be expected. The other sediment collection stations

. Since thecre is a low level, natural o0il seep on the




must be considered to be free from any detectable PAH
contaminat®on.

The methodology for the analysis of hydrocarbon content
in biological tissue samples has been completed and verified.
The method will be used to determine the hydrocarbon baseline
in Mytilus samples backlogged at NBS.

The sediment intercalibration exercise results indicated
that wide (factor of 50) variations can occur when different
laboratories analyze the same low-level hydrocarbon samples.
Detailed evaluation of the results indicates that the numbers
are not in the same population, and therefore no statistical
evaluation of the data (other than reporting ranges) can be
made. These observations confirm the need for a strong
program in quality assurance.

IX. NEEDS FOR FUTURE STUDY.

It is obvious from the discussion of the intercalibra-
tion exercise that a quality assurance program must continue
to be an integral part of the NOAA hydrocarbon program, even
if only to continue demonstrating at what level of difference
chemical results generated by different laboratories can be
considered environmentally significant. This program must
evolve to a point where hydrocarbon Standard Reference
Materials will be developed and released to analytical
laboratories. These SRM's will allow hydrocarbon anélyses
to be put on an absolute basis. Until this is possible,
NOAA laboratories and contractors need to strongly commit
themselves to the quality assurance program.

X. SUMMARY OF 4TH QUARTER ACTIVITIES.

The sediment intercalibration exercise has been com-
pleted. A list of laboratories which were provided samples




for the exercise, and those which did not respond are indi-

cated below:

Dwight G. Ballinger, EPA, Cincinnati - Did not respond.
John A. Calder, Florida State Univ.
Ronald A. Hites, MIT
Isaac (Ian) R. Kaplan, UCLA (NOAA P.I.) - Did not respond.
C. Bruce Koons, Exxon, Houston - Did not respond.
John L. Laseter, Univ. of New Orleans
William Macleod, NOAA, Seattle
(NOAA P.I1.)

John McGuire, EPA, Athens - Did not respond.
Steven J. Martin, Geochem Laboratories
Patrick L. Parker, Univ. of Texas
David Shaw, Univ. of Alaska

' (NOAA P.1.)
J. Scott Warner, Battelle-Columbus - Did not respond.

(NOAA P.I1.)

As can be seen, 7 out of the 12 laboratories have responded.
The laboratories are identified in the attached report only
by numbers, and these numbers bear no relation to the order
in which the laboratories are listed above.

A sediment sample collected, spiked with Southern
Louisiana crude oil, and mixed by Ian Kaplan has been distrib-
uted and NBS has sent out a letter stating the parameters to
be reported and the deadline date for return of results to
NBS. A copy of the letter is attached to this report. The

following laboratories received the letter:

Rudolf Bieri, VIMS

John A. Calder, Florida State Univ.
John Farrington, Woods Hole

Isaac R. Kaplan, UCLA

John L. Laseter, Univ. of New Orleans
William MacLeod, NOAA-Seattle

Patrick L. Parker, Univ. of Texas

David Schultz, USGS-Reston
David Shaw, Univ. of Alaska
Warren Steele, Energy Resources Co., Inc.

J. Scott Warner, Battelle-Columbus




REVISED MILESTONE CHART

Milestones Date
1) Collect intertidal sediment samples at 5/76
Katalla River and Hinchinbrook Island for intercali-
bration exercises. (Mussels also collected.) Suffi-

cient material collected to allow periodic analyses
over the course of two years.

2) Return of first intercalibration exer- 1/77
cise results (sediment) to NBS and completion of
detailed lab analysis of sediment by NBS.

3) NRS report to NOAA on results of FY-76 3/77
quality assurance program.

4) Coal 0il Point mussel collection for 12/76
intercalibration.

1

5) Send out samples for second sediment 3/77

intercalibration exercise. These samples were
collected and homogenized by Dr. I. Kaplan, UCLA.

6) Completion of mussel homogeneity 5/77!
studies.

7) Dissemination of mussel samples to par- 6/77
ticipating laboratories (contingent upon satisfactory
results in homogeneity study).

8) Return of second sediment intercalibra- 5/77}
tion exercise results to NBS and completion of detailed
lab analysis by NBS.

9) Return of mussel intercalibration 9/77!
exercise results to NBS and completion of detailed
lab analysis by NBS.

10) Split of P.I. field samples for quality when
assurance purposes. recelived

11) NBS report to NOAA on results of FY-77 10/77
quality assurance program.

'Revised milestones to reflect change in sequence of FY77 inter-
calibration exercises (sediment preceding Mytilus).
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March 14, 1977

Dr. Rudolf Bieri
VIMS
Gloucester Point, VA 23062

Dear Rudi:

By now you should have received a Southern California
benthic sediment from Dr. Ian Kaplan of UCLA. If the sample
has not been received, please contact Dr. Kaplan directly
(213-825-1805). This sediment has been spiked with Southern
Louisiana crude oil. NBS will be performing a homogeneity
check on the sample during the course of this round robin.
The results of this intercomparison study should be mailed
to the National Bureau of Standards:.by May 1, 1977.

Mr. James Cimato of BLM has requested that all BLM contract
labs mail him a copy of their results.

For the purposes of intercalibration we are interested in
obtaining the following data:

1) total hydrocarbons in the GC elution range
(roughly C,0-C30); please specify the exact
range you are reporting.

2) total extractable hydrocarbons.

3) pristane/phytane ratio and the amount of these
present.

4) % water.

5) identities and amounts of the three most abundant
aliphatic and the three most abundant aromatic
hydrocarbons.

6) total polynuclear aromatic hydrocarbon (PAH)
concentration (4 rings and larger).

7) identity and amount of the most abundant PAH
(4 rings or larger).

8) the level of your analytical blank; the frequency
of obtaining and precision of the blank value.




-2-

Please respond to as many of the categories as you can and
give results on a dry weight basis. Please report precision
data when replicate analyses are performed. Also, please
enclose as much of your raw data as possible. Finally,
intercomparison of results is facilitated if you include a
description of the methodology used in doing the analyses.

As mentioned at the beginning of this letter the deadline
for submitting results is May 1, 1977. We look forward to
hearing from you.

Sincerely yours,

Harry S. Hertz, Ph.D.
Research Chemist

Bioorganic Standards Section
Analytical Chemistry Division

310.07 HSH;vmm 3-14-77

11




Table I - Internal Standard Recovery (%)

Trimethyl-

Sample Mesitylene Naphthalene naphthalene Phenanthrene MeC, MeCy 4 MeC, ¢ MeCis
Water (4 hour
headspace sampled) 8+6 (6)* 29+10 (6) 12+10 (6) 17+12(6) 62+8(6) 74+*8 (6) 57+18(6)
Water (18 hour 4
headspace sampled) 6+1 (3) 52+16 (3) 95t9 (3) 927 (3) 31+14(3)  84*6(3) 976 (3) 945 (3)
Mussels (4 hours) 18+16(2) 76+31 (3) 4719 (3) 127 (3) 12¢6 (3) 11x4(4) 4+0,5(4) 2t1 (4)
Mussels, 2M KOH
(4 hours) --- %% 83+25 (2) 88+ 9 (2) 40+ 8 (2) 41 (2) 7+4(2) 2+2  (2) 21 (2)
.
Mussels, 3M KC1
(4 hours) 5.1 (2) 40+ 7 (2) 20+ 4 (2) 7+ 1 (2) 84 (2) 11£1(2) 6:0 (2) 3+1 (2)
Mussels, 2.5M NaOH
(18 hours) No LC
clean-up --- 66+ 8 (4) 102+ 28(4) 101+13 (4)
Mussels, 2.5M NaOH
(18 hours) LC ’
clean-up --- 26+ 6 (8) 80+ 20(8) 80+14 (8)

*( ) denotes number of samples analyzed.
#*%.-. denotes no recovery of internal standard.




Table II

Comparison of Volatile Hydrocarbon Levels
Obtained with and without LC cleanup (ug/kg)

No LC LC
Mytilus (site unknown) 1406 + 139 (2)! 540 + 79 (3)
Oysters (Middle Marsh, SC) 1834 (1) 652 (1)
Clams A (control) 509 £ 16 (2) 377 + 124 (2)
Clams B ( 1 ppm o0il)? 1421 + 161 (2) 491 + 153 (3)
Clams C (10 ppm o0il)? 1704 (1) 1413 + 560 (2)
Katalla River sediment 566 * 52 (2) 574 (1)

'( ) denotes number of samples analyzed.
2exposed to 1 ppm crude oil in the water.

*exposed to 10 ppm crude oil in the water.

13




Table II1

Mytilus Tissue Analysis

Hydrocarbon Level

Site (ug/kg)
Simpson Bay 411 + 51 (2)*
Bligh Island 364 + 85 (3)
Hinchinbrook Island 250 + 68 (3)
Wells Bay 179 + 111 (4)

*( ) denotes number of samples analyzed.

14
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Abstract

Results of analyses for petroleum hydrocarbons at the
ug/kg (ppb) level in marine sediments have been compared
among eight laboratories. Values for concentrations of
total extractable hydrocarbons scattered between 9 to 500
ug/kg and 49 to 6625 ug/kg for the two sites examined.
Scatter of results for hydrocarbons in the gas chromatographic
elution range, the most abundant aliphatic and aromatic
hydrocarbons, and total polynuclear aromatic hydrocarbons
(four rings and larger) were similar. Results for percent
water and pristane/phytane ratio were somewhat more consistent.
Sample inhomogeneity and analysis uncertainty contributed to
an observed intralaboratory precision (lo) of *25 percent
for nine replicate analyses of one sediment sample. The
data are discussed with regard to the reliability and
comparability of current methods for environmental baseline

measurements.

Keywords:
Gas chromatography; gas chromatography-mass spectrometry;
hydrocarbons; intercalibration; liquid chromatography;

marine sediment; polynuclear aromatic hydrocarbons.

Brief

Results of the analysis for trace level petroleum
hydrocarbons in two marine sediments are compared among

eight laboratories.
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Introduction

Analytical methodology for the determination of petro-
leum hydrocarbons in sediments is evolving at a rapid rate.
Studies on the fate of hydrocarbons that enter the marine
environment from natural sources such as seeps or that are
introduced through man's activity in the form of pollution
with fossil fuels have recently been reviewed (1,2).

Uptake by intertidal and benthic sediments is one such fate.
Since the o0il may then persist for years, resulting in
continuous exposure of the marine ecosystem, measurement of
petroleum hydrocarbon content in sediments must be an integral
part of o0il pollution studies. Intensified research efforts
arising from environmental and public health questions have
resulted in numerous methods for the measurement of hydro-
carbons in sediments (3-8). The toxicity of petroleum 1is
well documented for a number of different compound classes
and specific compounds such as naphthalene, benzo(a)pyrene,
and toluidine (9). Polynuclear aromatic hydrocarbons (PAH)
have been studied extensively in recent years due to reported
mutagenic and carcinogenic properties (10). Environmental
PAH concentrations must be monitored in order to assess
potential human exposure.

Analyses of environmentally significant molecules
present at trace levels are currently being performed in
many laboratories, and the environmental analytical chemist
is being called upon to report narrower confidence limits at
lower levels of petroleum pollution. Ultimately, he must

seek to extend the range of analysis to the sub-ppb level

17




for accurate measurement and assessment of the hydrocarbon
bufden.

For many of the environmental analyses there is little
or no knowledge of comparability of data from different
laboratories and, in most cases, probably little knowledge
of intralaboratory precision. 1In order that the data from
diverse methods be meaningful and reliable, there must be a
basis for intercomparability. Furthermore, unless the data
can be put on an equivalent basis, environmental standards
can be neither set nor enforced.

Farrington et al. have intercalibrated gas chromato-
graphic analyses for hydrocarbons in spiked cod liver lipid
extracts and tuna meal samples and found good agreement
among three laboratories (11). Results of an initial feas-
ibility study consisting of an intercalibration of sediment
analysis between two laboratories have recently been pub-
lished (12). The results of an eight laboratory inter-
comparison exercise for the determination of hydrocarbons in
two intertidal sediment samples from the Northeastern Gulf
of Alaska are described below. It was decided to intercali-
brate on 'real world' samples (i.e., samples containing
hydrocarbons from natural sources and not '"spiked"), recog-
nizing that the mixture of chemicals in petroleum is highly
complex and that the products of weathering and microbial
degradation compound this complexity. It is also true that
sample inhomogeneity may complicate intercalibration studies

of a natural sample. If these problems can be controlled

18




effectively, these data could be uniquely valuable in asses-
sing the variability and reliability of current sediment
hydrocarbon analyses from sample work-up through measurement

and interpretation.

Experimental

The intercalibration material consisted of two intertidal
sediment samples from the Prince William Sound and North-
eastern Gulf of Alaska. Two sites were selected for sampling:

Hinchinbrook Island: 146° 41' W, 60° 21' N; this site
is at the ocean entrance to the Prince William
Sound and is constantly being washed with
water from the Gulf of Alaska.

Katalla River: 144° 35' W, 60° 11' N; this site is
downstream from a known o0il seep and provides
samples with hydrocarbons known to be of
petroleum origin.

All samples were collected during low tide and stored in pre-
cleaned 1-gallon tin-plated steel cans. Samples were frozen
immediately with dry ice and maintained in that state except
for a brief period when the sediments were homogenized. The
bulk sediment from each site was homogenized by mixing for
three hours in a specially modified cement mixer which had
been cleaned with pentane prior to use. Subsamples (v350g)

of each sediment were removed from the rotating mixer with a
stainless steel trowel and placed in 16-o0z, acid-washed, glass
bottles. The bottles were sealed with plastic screw caps

containing aluminum foil cap liners. These samples were

refrozen immediately after packaging.
19




Two bottles each of the Katalla and Hinchinbrook sediment
samples were shipped frozen to each participating laboratory.
The following data were to be obtained for each sample:

1. Total hydrocarbons in GC elution range (approxi-

mately C;0-Csy),

2. Total extractable hydrocarbons,

3. Pristane/Phytane ratio and the amount of each of
these present,

4. Percent water,

5. Identities and amounts of the three most abundant
aliphatic and three most abundant aromatic hydro-
carbons,

6. Total polynuclear aromatic hydrocarbon (PAH)
concentration (4 rings and larger),

7. Identity and amount of the most abundant PAH
(4 rings or larger).

The analytical methods employed by each of the partic-

ipating laboratories are summarized briefly in Table I.

Results and Discussion

The importance of establishing environmental baselines
for hydrocarbon levels in sediments is well accepted;
however, these baselines are only meaningful if one can assess
the accuracy and precision of the data. This intercalibration
exercise was conducted to determine the adequacy of analytical
procedures for hydrocarbon determinations in sediments and
to indicate the uncertainty with which results from different

laboratories may be compared. The current, most commonly

used analytical approach for determining hydrocarbons in
20




sediments involves an organic solvent extraction, saponifica-
tion, and column or thin layer chromatography to isolate the
hydrocarbons (1,13). Within this general scheme, however,
there exists a variety of analytical methods. Since the
'true' or 'actual' values cannot be verified with current
state-of-the-art methodology, one cannot conclude which is
the 'best' method or result. It is imperative, however,

that one be cognizant of the limitations of each method;
knowledge of how a procedure compares with others is extremely
important when environmental decisions with far reaching
economic and social consequences are to be made.

Examination of the Hinchinbrook and Katalla sediments
showed both to be predominantly fine to medium grain sand.
Homogeneity studies on the two sediments were conducted by
the National Bureau of Standards utilizing the dynamic
headspace sampling technique previously described (8). The
results of these studies are summarized in Table II. The
relativé standard deviation for the Katalla sediment (910
ug/kg * 25%, n=9) is slightly better than that for the
Hinchinbrook sediment (420 ug/kg + 30%, n=12). An internal
standard of phenanthrene was added to both sediments at the
20 ug/kg concentration level; an average of 83 percent was
recovered from the Katalla sediment, while only 41 percent
was recovered from the Hinchinbrook sediment. Mesitylene,
naphthalene, and trimethylnaphthalene also exhibited similar
recovery behavior from the two sediments. The Hinchinbrook
sediment thus appears to have greater affinity for hydro-

carbons than the Katalla sediment.
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Intercomparison Results

Table III contains the results of percent water analy-
ses for the two sediments. The agreement is generally good
with the exception of high results from lab No. 7, which
accounts for the large standard deviations (Hinchinbrook =
6.7 + 4,3% H,0, Katalla = 25.3 + 5.2% H,0). However this
uncertainty or even larger uncertainties have no significant
effect on the remaining data, which are reported on a dry
weight basis.

The amount of extractable hydrocarbons obtained for the
sediments is reported in Table III. Laboratories 5, 6, and
8 dried the samples (freeze dried or otherwise) prior to
extraction. The drying process results in some loss of
hydrocarbons (up to C,,, depending on the procedure, tempera-
ture, etc.) from the mixture of hydrocarbons to be measured.
Farrington (14) has suggested an alternative method to
circumvent this loss which employs a headspace analysis of
the sediment, followed by freeze drying and solvent extraction.
Losses of volatile hydrocarbons would be minimized with such
a procedure and a broader molecular weight range of compounds
could be analy:zed.

Data obtained for the Hinchinbrook sediment, including
hydrocarbons in the GC range, pristane/phytane ratio, and
the most abundant aliphatic and aromatic hydrocarbons are
presented in Table IV; analogous data for the Katalla
sediment are shown in Table V. The results of measurement
of hydrocarbons in the GC range vary widely among the eight

laboratories; the agreement is better for the Katalla sedi-
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ment than for the Hinchinbrook sediment. This variability,
which exists even for laboratories employing similar extrac-
tion and/or work-up procedures, may bé partially a result

of the different manner in which the gas chromatographic
quantification was carried out. GC analysis of the satur-
ated or aliphatic fraction of the sediment extract usually
produces a chromatogram with an unresolved complex mixture
of alkanes and cycloalkanes with a wide range of molecular
weights. Quantitative data based solely on resolved
chromatographic peaks differs from that in which a con-
tribution from the unresolved "envelope'" is considered.
Studies were conducted at NBS in which a sediment sample was
headspace extracted and analyzed by capillary column gas
chromatography. The resulting chromatogram was quantified
both on the basis of resolved peaks only, and resolved peaks
plus a contribution from the unresolved envelope. Values
for the hydrocarbon concentration showed a variability as
high as 300 percent.

In cases where quantitation was based on an external
standard, the percent recovery for each component of the
standard must be known. Warner (15) has shown that diethyl
ether extraction recoveries for napthalene, dimethylnaphtha-
lene, and biphenyl from spiked marine organisms may be as
low as 40 percent for concentrations below 0.1 ug/g. The addition
of an internal standard prior to any analysis step would
seem logical in order to correct for such losses. The
internal standard should contain both aliphatic and aromatic

components characteristic of the molecular weight range and
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concentration of compounds to be analyzed in the samples.
Losses during sample work-up are compensated for by a similar
loss of the internal standard. The sample must be analyzed
with and without the internal standard, however, to insure
that components in the standard are not also present in the
sample; or if they are present, their contribution can be
taken into account. The underlying assumption in methods
involving an internal standard is that the standard is
incorporated into, and equilibrated with, the sample matrix.
This may or may not be the case, however, and errors may
result., Values for the most abundant aliphatic hydrocarbons
in the Katalla sediment (Table V) show that the headspace
extraction recovered the volatile, lower molecular weight
components, Cq-C;;, which may be lost during the sample
drying step or the solvent concentration step required in
methods employing an organic extraction.

Sample extracts were saponified to reduce the problem
of separating hydrocarbons from lipids coextracted from the
sediments by laboratories 3, 6, 7, and 8. These compounds
may co-elute or overlap with peaks of interest on certain
chromatographic systems (14). Methods which do not remove
these polar compounds may be expected to give results for
hydrocarbon content which are high. Even when saponification
is carried out, there is a potential problem of transesteri-
fication with the potassium hydroxide-methanol extraction
usually used. Methyl esters of fatty acids may be produced

at concentrations which are significant when analyzing for

hydrocarbons at the ppm level (16). Farrington has noted
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that saponification in the presence of 25 percent water will
reduce transesterification considerably (3). Laboratory 1
(NBS) employed high-performance liquid chromatography (HPLC)
to remove the polar biogenic compounds in the extraction
procedure, but not in the headspace procedure (see Table I).
It was found that an HPLC clean-up of headspace sampled
sediment resulted in no change in the results of the GC
analysis. This result indicates that these interfering
compounds were removed from the sample matrix during solvent
extraction only and not during headspace sampling.
Values for relative amounts of pristane and phytane are
used to differentiate natural sources of hydrocarbons such
as biogenic hydrocarbons from petroleum-based pollutants (5).
Experimental values for the pristane/phytane ratio (Tables
IV and V) are in sufficient agreement to answer this question.
Results for the polynuclear aromatic hydrocarbon (PAH)
content of the samples are presented in Table VI. Only
three of the eight laboratories involved in the intercompari-
son submitted results for PAH concentrations. It seems
clear from this limited response that this higher molecular
weight fraction, which may be the most critical in terms of
toxicity, carcinogenicity, and persistence, cannot be easily
determined by gas chromatography alone. Labs 2 and 4 both
found the methylpyrenes to be the most abundant PAH (4 rings
and larger) in the Katalla sediment. Lab 4 identified methyl-
substituted pyrenes and fluoranthenes, and chrysene in the
Katalla sediment by comparison of their mass spectra with

known standards. NBS used HPLC and fluorescence emission
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spectroscopy to identify methylchrysene as the most abundant

PAH in the Katalla sediment.

Conclusions

The results of this study indicate the high variability
of state-of-the-art hydrocarbon analyses on 'real world'
sediment samples. Unlike intercalibration on spiked samples
where a substrate is added to a matrix at a suitable concen-
tration and assumed to be incorporated into and equilibrated
with the matrix, intercalibration on real samples requires
no such assumption. In setting environmental baselines, use of
inaccurate and imprecise consensus values is always a danger;
we feel the intercomparison data for a common (homogeneous)
sediment sample are a necessary addition to such baseline
data. We hope other laboratories will be encouraged to
undertake such interlaboratory comparisons with sediment
samples in the future, especially as new methods are developed
and applied to environmental analyses. Such studies are
needed to determine when different numbers generated by
different laboratories using different methods are environmentally
significant.

If nothing else, the results of this intercomparison
study should serve as a warning against overinterpretation
of currently generated trace-level hydrocarbon determinations.
The results should not be used as an argument against further
intercomparison exercises, but should be used as encourage-
ment for the continued development of the state-of-the-art

of trace organic analysis. Ultimately, the goal of the
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National Bureau of Standards is to produce a Standard Reference
Material with certified trace-level concentrations of envir-
onmentally significant organic compounds in a '"real” matrix.
Unfortunately, methods for preparing and certifying such a
material have not yet been developed. Problems associated

with sample homogeneity, stability, matrix effects, etc.

must also be resolved before any such standard can become
available. The low concentration of hydrocarbons anticipated
in many pollution baseline studies necessitates the development
of sensitive analytical techniques. Finally, some form of
information exchange or intercomparison must exist among
laboratories in order to assess the uncertainty of the data

from these new analytical techniques.

In order to specify procedures adequately, it has been
necessary to identify commercial materials in this report.
In no case does such identification imply recommendation or
endorsement by the National Bureau of Standards, nor does it
imply that the material identified is necesarily the best

available for the purpose.
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Table T -

Methods of Sediment Analysis

Gas Chromatography

Lab Extraction Separation Column Standard
NBS a) Dynamic headspace extraction 100m SE-30 SCOT Aliphatic and aromatic
of 100g sediment in 500 ml 80 °C for 4 min+275° internal standard added
pure Hp0. Volatiles trapped at 4°/min. prior to sample work-up i
on Tenax GC adsorbent. at start of analysis.
b) Diethyl ether and methylene Liquid chromatography on Same as above. Squalene internal stan-
chloride Soxhlet extraction uBondapak NHy to remove dard added at start of
of 100g wet sediment. polar biogenic compounds. analysis.,
2 Diethyl ether extraction Column chromatography on 20-30m SE-30 WCOT Hexamethylbenzene
of 100g wet, acidified activated silica gel. 60 °C for 10 min+250° standard added prior to
@ sediment on ball-mill Aliphatics eluted with at either 2 or 4°/ GC analysis.
tumbler for 18 h. petroleum ether. Aromatics min.,
eluted with methylene chlo-
ride in petroleum ether.
3 300g wet sediment dried by wash- Column chromatography on 6' 47 FFAP on Gas External standard
ing with methanol. alumina:silica gel (1:3). Chrom Z. containing several
Reflux extraction with benzene- Aliphatics eluted with 80 °C+225° at 4°/min. aliphatic, aromatic,
methanol (3:2) for 14 h. Saponi- hexane. or and olefinic
fication with 0.5N KOH in Aromatics eluted with 6' 3% SP 2100 on hydrocarbons.
methanol; extraction into ben- benzene. Supelcoport
zene and taken to dryness. Polar fraction eluted with 100 °C+325° at 4°/min.
Residue taken up in hexane. methanol.
4 250g wet sediment extracted with Organic extract partitioned 3% ov-17. External standard

methanol and benzene: methanol
azeotrope. Reduced volume and
extractd with hexane and
methylene chloride. Reduced
volume.

in Nitromethane: Cyclo-
hexane to give polycyclic
fraction. Column chromatog-
raphy on silica gel; eluted
with hexane.

70 °C+300° at 8°/min.

containing polynuclear
aromatic hydrocarbon.




Table I =~

Methods of Sediment Analysis (cont'd)

Gas Chromatography

Lab Extraction Separation Column Standard

5 150g dried sediment extracted Column chromatography on 20' 57 eutechic Spiked blanks: Cjig,L20»
with heptane on ball-mill alumina:silica gel (1:1) (LiNO3,NaNOy,KNO3) phytane, anthracene,
tumbler for 4 h. aliphatics eluted with on Chromosorb G pyrene.

heptane; aromatics eluted 150 °C+280 °C at
with benzene. 20°/min.

6 Freeze-dried sediment reflux Column chromatography on 5% FFAP on Gas External standard
extracted with toluene:methanol alumina:silica gel (1:2) Chrom Q 70 °+270 °C n-C1¢,C18,C21,C24,
(3:7) for 14 h; Sediment reex- Aliphatics eluted with at 6°/min, Crg,C32, pristane,
tracted with hexane. Combined hexane; aromatics eluted phytane.
extracts saponified with KOH in with benzene.

“  methanol and toluene. Extracted
nonsaponifiables into hexane.

7 80g wet sediment saponified in Column chromatography on 0v-101 Spiked blank and
KOH: methanol under reflux for alumina:silica gel (1:1) 80 °C for 2 min»280° n-alkane external
24 h, Extracted into hexane. aliphatics eluted with at 8°/min. standard.

hexane; aromatics eluted
with benzene.
8 100g freeze-dried sediment reflux Column chromatography on 152m stainless steel External standard

extracted with toluene:methanol
(3:7). Extract saponified in

6N KOH:methanol:water; extraction
into hexane.

alumina:silica gel
aliphatics eluted with
heptane; aromatics eluted
with benzene.

capillary coated with
10% Apiezon L.

155° for 8 min+280° at
2°/min.




Table II - Homogeneity Studies on Intercalibration Materials,

Results of Replicate Analyses

Hinchinbrook Sediment Katalla Sediment

Hydrocarbons in

Bottle GC range (ug/kg) Bottle
437
H-4 318 K-21
290
564
H-23 470 K-36
399
H-39 352 K-1
282
H-30 + H-31 723 K-15
homogenized 394
386
408
Averagea 418 + 124 (30%) Average
(n=12)°

a . . .
Precision expressed as the standard deviation (lo).

n indicates number of analyses.
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Hydrocarbons in
GC range (ug/kg)

709
816
767

1071
728

1226
1093
1175

602

910 + 231 (25%)

(2=9)°




Table III - Analyses of Hinchinbrook and Katalla Sediments?

Total extractable

Percent Water hydrocarbons (ug/g)
Laboratory Hinchinbrook Katalla Hinchinbrook Katalla
NBS 4.4 + 0.1 22.5 + 0.2 0.22 2.5
2 4.7 23.5 4.4 12.8
4.4 22.6 6.2 11.0
3 5.0 23.5 243 65.8
5.8 22.8 7.9 57.6
4 - - - -
5 4.3 22.4 - -
4.3 22.2 - -
6 4.79 26.3 3.12 109
- 21.3 7.92 10.7
7 15.4 £ 5.7 36.5 * 6 2.9 5.4
14,3 £ 2,1 3.3 ¢+ 2.1 0.64 3.9
8 - - - -
Range 4.3 - 15.4 21.3 - 36.5 0.22 - 7.92 2.5 - 109

2 Some laboratories supplied results of duplicate analyses. In such cases
both results are presented in the Table. Where presented, precision is
expressed as the standard deviation (lo)..

b Laboratory 3 reported that this result is probably in error.
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Table IV - Hinchinbrook Sediment®’P

Hydrocarbons in GC range (ug/kg) Most abundant hydrocarbons (ug/kg)

Pristane/Phytane
Laboratory Aliphatic Unsat/Aromatic Total Ratio Aliphatic Aromatic
NBS 420 + 120 0.9 * 0.2 Cig 16 % 12 Me-Naph 2 ¢+ 1
(headspace) Cig 15+ 8 Cp-Naph 1
Ci7 12 ¢ 1 C2~Naph 1
NBS 250 0.8 Cas 7 -
(extraction) Coy 7 -
Ca23 6 -
2 140 4 144 2.59 Cog 40 Crg 30 C3-Naph 1.3 Cg-Naph
93 10 103 - Cog 20 Coy 12 Phen 0.7 Phen
Coy 19 Cap 12 C2-Fluor 0.2 2-Me-Naph
3 54 21 75 2,05 Prist 4 Ci7 5 unk 7 unk 3
57 23 80 2.78 Cig & Cig 5§ unk 3 unk 3
Cig 4 Cig 5 unk 3 unk 3
C27 &
4 - - - - - -
5 9 35 44 - - unk 6 unk 3
26 12 38 - - - unk 2
- - unk 1
6 15.9 - Cig 1.4 Cz1 4.7 unk 1.8 unk 0.
34.1 1.67 Cz9 1.3 Ca2 4.5 unk 1.5 unk O,
Cig 1.1 Czo 3.3 unk 1,2 unk 0.
7 100 t 50 40 = 30 140 - - -
500 t 600 400 + 100 900 - - -
8 - - - 2,71 Ciz 0.39 C;7 2.9 -
3.6 Prist 0.38 Ci13 1.9
Cig 0.32 C;9 1.8
Prist 1.6
Range 9 - 500 4 - 400 15.9 - 900 0.8 - 3.6

8 Some laboratories supplied results of duplicate analyses. In such cases both results are presented in the Table.
Laboratory 7 submitted a summary of multiple analyses on each bottle of sediment. All precision data is expressed
as the standard deviation (1o).

b In the Table, unk 1s used as an abbreviation for unknown; C_ represents n-alkane containing x carbons; Prist is pristane;

Me is methyl; Naph, Phen, and Fluor are naphthalene, phenanthrene, and fluoranthene, respectively.

A dash (-) is used when results were not supplied by a participating laboratory.

s on

2.7
0.7
0.3



Table V - Katalla Sedimenta’b

Hydrocarbons in GC range (ug/kg) Most abundant hydrocarbons (ug/kg)

Pristane/Phytane
Laboratory Aliphatic Unsat/Aromatic Total Ratio Aliphatic Aromatic
NBS 910 + 230 1.9 % 0.02 Cig 32 £ 11 Me-Naph 16 + 5
(headspace) Cip 25+ 7 Cpo-Naph 15 + 3
Cq 23 + 13 Cp-Naph 14 *+ 4
NBS 2700 1.7 Ci; 66 C,-Naph 54
(extraction) Ciy, 66 C,-Naph 27
Prist 58 Me-Naph 24
2 610 120 730 3.27 Crs 42 Co5 98 Phen 9.7 Phen 9.1
880 130 1010 3.27 Cig 24 Cp, 60 C,-Naph 7.1 Cy-Naph 7.4
Prist 23 Cgg 57 2-Me-Naph 5.3 2-Me-Naph 5.7
3 1940 530 2470 3.55 Cy17 180 Prist 110 unk 50 unk 72
1420 710 2130 6.32 Cis 180 C;9 100 unk 50 unk 58
Prist 140 unk 90 unk 40 unk 29
4 - - - - - -
5 3454 401 3855 2.81 Coy 75 Cr3 194 unk 19 unk 14
6625 417 7042 2.69 Cog3 57 Cpy 179 unk 14 unk 13
% C2s 53 Czs5 138 unk 8 unk 5
6 196 14 210 3.71 Cz1 19.9 Cop 4.3 unk 2.9 unk 0.8
49.4 4,2 53.6 2,38 Cyp 18.7 C2; 4.1 unk 2.5 unk 0.7
Cop 13.7 Czg 3.9 unk 2.1 unk 0.7
7 200 + 200 300 + 300 500 - Cy7+Prist 47 -
400 * 200 80 &+ 10 480 - Cig 36 -
Cyg+Phyt 21 -
8 - - - 3.25 Prist 28.8 Prist 19.9 -
3.10 Cig 22.7 Cz7 16.2 -
Czp 22.7 Cy7 15.5 -
Range 49,4 - 6625 4.2 - 710 53.6 - 7042 1.7 - 6.32

8 Some laboratories supplied results of duplicate analyses. In such cases both results are presented in the Table.
Laboratory 7 submitted a summary of multiple analyses on each bottle of sediment. All precision data 1s expressed
as the standard deviation (lo).

b Abbreviations are the same as in Table IV, in addition Phyt 1s phytane.

A dash (~) is used when results were not supplied by a participating laboratory.
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Table VI -~ Polynuclear Aromatic Hydrocarbons in Sedimentsa’b

Hinchinbrook Sediment

Laboratory Total PAH (ug/kg) Most abundant PAH (ug/kg)
4 rings and larger
NBS 5+ 0.5 chrysene 0.3
2 - pyrene 0.08
pyrene 0.1
4 3.8 chrysene 1

Me~pyrenes and
Me~fluoranthenes 1

Average 4.4 % 0.85
(n=2)°

a

Results of duplicate analyses are presented for Laboratory 2.
All precision data is expressed as the standard deviation (lo).

b A dash (~) indicates no results were supplied.

c

n indicates the number of values averaged.

Katalla Sediment

Total PAH (ug/kg) Most abundant PAH (ug/kg)
4 rings and larger

40 = 2 Me-chrysene 3
10 Me-pyrene 3.9
8.6 Me-pyrene 3.2
74 Me-pyrenes and

Me-~fluoranthenes 28

33.2 £+ 31
(n=4)




Research and Evaluation of Trace Element

Mcthodology for the Analysis of Sea Water

Final Report Submitted to

(@]
=
[o 8
o
1921
[ard
4
[
~
-y
o
=3

Nationei Occanic and Atmospheri

ni
Bering Sea - Gulf of Alaska Preoject Office

Resecarch Unit 47

Preparcd by

I. L. Barnes, H. M. Kingston, T. C. Rains and J. R.
Analytical Spectrometry Section

Analytical Chemistry Division

Institute for Materials Research

National Bureau of Standards

Washington, D. C. 20234

38

Meody




Introduction

The literature of marine water analysis reflects the
considerable difficulty in establishiny an accurate and
precise method of analysis for trace metals. Conflicting
reports of the averagec concentrations of metals show that
the complex matrix defies a simplified approach. For example,
specific sampling techniques, container contamination, dif-
ferences in salinity, suspended particulate matter, and
analytical technique have to be considered. In the past
decade analytical instrumentation and techniques have been
developed to vastly improve the precision of the analytical
measurement. However, littlc attention has been paid to the
problem of sampling and storage of the somple prior to
chemice™ analysis. The solving of the analytical analysis
problem is of little usc until a reprecsentative sample can
be taken, free of contamination, and propecrly stored until
analysis.

It is important to remember that trace elements in sca
water have three very closely related interfaces with its
environment: the atmosphere, the lithosphere, and the bio-
sphere [1]. TLach of these areas are actively involved and
each has special properties which can drastically effect the
"metal content of the sea. Thercefore, it is no wonder that
much of the carly analytical data is unreliable [2].

Components of sea water can be conveniently divided
into two groups: major components (present in quantities
greater than 1 mg/l) and minor components (present in quan-
titics less than 1 mg/l). Major components arc present in
the same propovtions throughout the oceans of the world,
whercas minor components vary with locality, depth, etc.
The average composition of sea water has been tabulated by
Goldberg [3] and more recently by Segar and Cantillo [4].

As can be secen from reviewing these and other data in the
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literature of individual elements, considerable variations
have been reported. This is due in part to variations in
different parts of the ocean and at different times; although
some of the variation is due to the differcences in analytical
methods usced to analyze the samples. In general, it 1is
agreed by most workcrs that contamination plays a major role.
This report does not attempt to answer questions regarding
the accuracy of sampling or even of subsequent contamination
of the samples during storage. By the method of sample splits
and cxchange of sawmples between laboratories it should be
possible to demonstrate whether or not the actual analytical
methods being uscd are reliable. For this purpose, the
choice of samples to be analyzcd is not too important. While
attempts have been made to minimize sampling or contawmination
eryorvs, it is recognized that these samples are far {rom
ideal and probably will give only a fair estimate of the true

trace element content in Alaskan waters.,

Scparation

Most of the truocc metals listed as minor components
cannot be determined by conventional analytical methods
(flame atomic absorption spectrometry (AAS), polarography,
or colorimetry) without a scparvation and/or preconcentration
step. The most common concentration techniques are co-
precipitation, electrolysis, solvent extraction and ion-
cxchange resins., Co-precipitation has the disadvontages of
being a lengthy process and of rcquiring the removal of the
precipitation ion. Burrell [5] and Chau ot al. [6] co-
precipitated trace elements in sca water with ferric hydroxide,
followed by chelation and solvent extraction to vemove the
iron. The procedure was tedious and it was necessary to
apply large blank corrections. Sato and Saitoh [7] co-

precipitated chromium {rom a liter of seca water with zirconiunm
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hydroxide. The zirconium lydroxide was removed by filtration
and then dissolved in 2N hydrochloric acid. The analysis

was by AAS using a carbon furnace. Feldman and Rains [8]
used sodium tetraphenylhoron to separate cesium and rubidium
from five liters of sca water and then completed the analysis
by flamo emission spectrometry.

For the analysis of cadmium, lead, and zinc in sea water
the elenents were electrolyzed on a hanging mercury drop
clectrode [9]. The mercury was washed and then transferred
to a graphite beat. The mercury was vaporized at 440 °C,
the metals atomized at 1700 °C and dctermined by AAS. Some
problems encountered were loses of anclyte during clectyrolysis
in which the electrolysis cell had to be coated with silicon.
A disadvantage of the technique is that only certain clements
can be separated and only a fraction of the analytce is
electrolyzed which reduces the sensitivity of the method.

In a variation Lund and Lavscn [10] elcctrodeposited cadmium
on a tungsten filament which was then heated clectrically
and the cadmium determined by AAS.

The chelation of metals with organic ligands and sub-
sequent extraction into various solvents has long been used
as an analytical technique. Tablec 1 lists scveral organic
ligands uscd to preconcentrate tracc clements in sca watcer.
Is is well known thet ammonium pyrrolidine dithiocarbamate
(APDC) is a uscful chelating agent for a number of transi-
tion metals [11-15]. Gilbert and Clay {[16] extracted Cr (VI)
from 800 ml of sca water with APDC-MIBK (methyl isobutyl
ketone) and then determined the chromium by AAS. The chromiun
is oxidized with permanganate in a 50 °C hot water bath, the
sample is acidificd to pH 2, cooled, and then the chromium
APDC complex extracted into MIBK. A major difficulty of
preconcentration with APDC-MIBK is the effect of the aqucous

'Vq)/OTgﬂniC (V,) phase ratio [13]. The degree of extraction
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Kingston [22] found quantitative recovery of Cu, Fe,
Mn, Ni, and Zn from four liters of seca watcr at a flow rate
of 33 ml per minute. The collection of ions was done bctween
pH 5.0 and 5.5 uniformly for all the elements of interest
with hydrochloric acid used as the elutant. The final analysis
was completed by flame AAS.

Davey and Soper [23,24] have constructed a Chclex 100
in situ column sampler and have found, of the ions tested,
657n, 115Meq StMp, $%Cu were retained at >09 percent, while
210pp, ©3Ni, and °°Fe were retained at 92-95 percent. These
results were cbtained however using the natural pH of sea
water (+8.1) which is higher than suggcested by other rescarch-

crs for this scparation.
Experimental

Sampling, Storage, and Contamination Control

There are nearly as many methods of sampling as there
are investigators and virtually all methods contain some
deficiencies. However, it is not the purpose of this project
to resolve sampling problems, but rather tc investigate
analytical differences between sample splits of an arbitrary
group of samples. Although the method and type of sample
taken for this experiment are immaterial, a few comments are
made about the NBS sampler.

The sampler used was that developed by Harrison et al.
[25] and is unique in its design and method of construction.
While there arc, unavoidably, a few metal parts, these are
made entirely of aluminum and have been double coated with a
very tough, thick coating of Teflon FLEP fluorocarbon resin.
The rest of the sampler is constructed from a block of

virgin Teflon TrE. The only remaining parts are nylon
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(nuts, bolts, and washers) and nylon rope to raise, lower,
open and close the sampler. An intecgral attachment machined
from Teflon TrE is designed to permit on site filtering of
the sample threough a 47 mm Nuclepore 0.4 microen membrane
filter. For reference, frriher details are reproduced in
Appendix T,

A common deflficiency of many samplers is the inappropriate
sclection of materials uscd in the sampler which unavoidably
causc contaminetion of the sample. The NBS sampler was
designed specifically for very low contamination levels.
Before transporting to Alaska for taking samples, the NBS
samplers were completely disassembled and clcaned in acid.
These parts werc stored in clean polyethylene bags to be re-
assembled on the sampling site in Alsska. Metal parts whose
Teflon coating was scratched or damnged were replaced with
parts having new or intact coatings.

Another commen causce of contamination 1is in the sclection
Maienthal and

and clcaning of bottles for samplc storage.
01

Becker [26] have reviewed the literature on the handling and

storage of liquid and solid samples. Moody and Lindstirom

[27] have investigated the applicability c¢f commercially

available bottles to the storage of liquid samples. The

least contaminating bottles were found to be bottles construc-

ted of Teflon and polycthylene, respectively. Methods were

also developed to assure adequate clcaning of these bottles.
For the NBS sampling trip to Alaska, 40 one-litecr Tef{lon

FEP bottles were subjected to very rigorous cleaning [28].

Half of these bottles were then filled with the highest purity

distilled water. To the rvemaining 20 clean Te(lon bottles

44 g of ultra high purity IINO; was added for the purposes of

acidifying a onc-liter sea water sample to 0.5N with HNO;.

The acid and water used at these stages represent one of the

¢ remaini wances for contamination of the sampie. Dver
few remaining chances for contaminat { tl mi] Lven




though the acid is of the highest attainable purity, a glance
at the impurity levels will still reveal the need to make a
correction for some clements for contamination duc to the
acid blank. Further details about reagents used are repro-
duced in Appendix TI.

The NOAA ship Surveyor was used to transport men and
equipment from Juncau to the seleccted sample site, Glacier Bay,
Alaska. The original NBS plans were to sample four different
ways. Half of the samples were to have been filtered through
0.4 micron Nuclepore filters and the rest werc to have been
unfiltered. Ilalf of each of thcse samples were to have becen
acidified and half were to have been unacidified. Thus the
sample classification would have been filtered (acidificd
and nor-acidified) and unfiltcred (acidified and non-
acidified).

Unfortunately, once on board, it was learncd that the
sampling time allocated to NBS was far less than was necded
to complete the project. Using the 0.4 p filter and two
samplers, 1t was possible to filter about 500 ml every 15-20
minutes. The total time allocation for inorganic sampling
was less than cne hour, much of which was lost trying to set
up and clean the sampler and filter apparatus. If filtered
samples had been taken, the entire trip would have yielded
exactly 1.5 liters of sea water, a quantity which was insuf-
ficient. Therefore, the decision was made to abandon the
filtering and to gect as many other samples as possible. In
a peried of 1/2 hour, just under 40 liters of sca water was
collected. The following procedures were used.

Prior to the actual sampling, the ship Surveyor was
directed toward and allowed to drift into a current of water.
A platform was lowered off the forward bow from which the
samplings were made. Under these circumstances, the sampler

was always between the ship's hull and the current of water,
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Under the prevailing conditions, contamination {rom the

ship's hull would have been swept away from the sampler.
While these were not ideal conditions they were the best
possible under the circumstances.

After assembly, the sampler was rinsed off with distilled
water from the Teflon bottles. The sampler was immersed in
the sea watcr to a depth of about two meters, opened to col-
lect the sample, closed, and then hauled up to the platform,
The contents of the sampler were then transferred to a
Teflon bottle. Several samplings were required to fill each
bottle. Polyethylenc gloves and bags were used to handle
the equipment during these transfer steps. Additional bags
were used to enshroud the bottle and sampler to help prevent
particulate contamination from the atmosphere.

As soon as each bottle (unfiltered, either acidified or
unacidified) was filled, it was placed in a cooler chest and
surrounded by blocks of dry ice. Twenty liters of unfil-
tered, unacidified water were collected and frozen and
approximately 16 liters of unfiltered and acidified (to 0.5N
with ultra-pure HNO3) werc collected and {rozen. Some
bottles containing HNO; had leaked so tliese bottles were not
used due to the loss of acid and the likelihood of contami-
nation,

All bottles were stored in protective polyethylene bags
with twist-tie closures at all times. The bottles wecre packed
together with large amounts of dry ice in insulated boxes.

On the return trip to Washington, DC, commercial dcep freeze
lockers were used during layovers to extend the lifetime of
the dry ice. Upon arrival at NBS in Gaithersburg, Md., all
samples were solidly {frozen with large amounts of dry ice
remaining. The samples were transferred to a large freezer
maintained at -40 °C and kept there until neceded for analysis,
Sample duplicates were provided to Dr. Burrell, University of

Alaska, directly from this freezer.
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Sample splits were received from the University of
Alaska in a variety of ways. Most had been frozen at omne
time but werec received at NBS (both water and sediment) in a
thawed condition. Thawed samples were not re-frozen. Samples
which were received frozen were stored at -40 °C. Certain
samples were never frozen and were received and kept at room
temperature. Most bottles had some degree of dirt on the
outside since they were not sealed in polyethylenc bags.

This required that the outside of the bottle be cleancd prior
to opening and sampling the contents. Sample splits received
from the University of Alaska were both acidified and
unacidified, filtered and unfiltercd and were sampled from a

variety of sites.

Preconcentration

The frozen sca water samples were thawed at room tempera-
tures for approximately 12 hours. After the samples were
completely thawed but were still below room temperature,
they were inverted 40-50 times to assurc homogeneity. Several
samples exbibited inhomogeneity due to a residue of undis-
solved white crystals. The nature of these crystalline
residues has been investigated and is included in this report.
A 100 ml pycnometer was used to determine the density of a
sca water sample which was found to be 1.018 g/ml.

Triplicate samples were obtained by weighing out
101.840.2 g (100.020.2 ml) from the sample bottle into clean
tared Teflon beakers. These beakers had been previously
cleaned in hot (1+1) HC1 for one day, hot (1+1) HNO; for one
day and then werc thoroughly rinsed in ultra-purc distilled
water [28]. Knewn amounts of analytes were spiked to one
sample from ecach triplicate set of sea water samples for the

purposc of determining the recovery and to permit a check of

the rosults,
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The pll of the samples was dectermined using a Beckman
Model SS-2 expanded scale pH meter equipped with Beckman glass
and reference electrodes. A drop of pH 5 buffer was added to
each sample and the sample pH was adjusted to pH 5.1-5.5 [29]
using ultra-pure HNOj3; or NH,OH manufacturcd from NH; cylinder
gas and ultra-pure water. The eclectrodes were washed with
large volumes of ultra-pure water.

A column of 200-400 mesh Chelex 100 fitived with a 25 ml
rescrvoir was cleaned using ultrya-pure 2.5N HNOs; [28]. The
pll adjusted sample was loaded on the column by adding small
portions of sample dircctly from the samplc beaker to the
column The e{fluent flow rate under these conditions was
50 m1 per hour. The column was washed with pH 5 buffer and
ultra-pure water after all of the sea water sample had becn
passcd through the column. After washing, the column was
stripped of sample ions using ultra-pure 2.5N HNO; and the
sample was collected in clecan, tared 7 ml pclyethylene bot-
tles. The bottles werc capped and re-weiphed to determine
the volume of their conmtents. Analytical blenks were carried

through the same procedure [29].

AAS Apparatus. The instrumental system used in this
study consists of a Perkin-Elmer Model 603 atomic absorption
spectrometer with an HCA-2100 graphite furnace. The samples
were introduced into the furnace with an AS-1 auto sampler.

—y

The instrumental parameters are given in Table 3.

Reagents. All standard stock solutions werc prepared
from high purity metals or salts in ultra high purity acids

[28]. Working solutions were preparved as nceded.

AAS Sample Preparation

Standard working solutions avre prepared in ultra pure

1.25M HHNO; from the standard stock solution. Aliquots of
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these solutions are then transferred to clean and dry sample
cups on the AS-1 auto sampler. Duplicate aliquots of the
unknowns arc transferred to sample cups. To one cup an
equal volume of ultra-pure water is added while to the
second cup an equal volume of the analyte is added. The
cups are then placed on the AS-1 turn-table and the AAS

measurements are made automatically.

Measurement

The AAS instrument is turned on and the hollow cathode
lamp for the analyte is inserted in the instrument and
adjustecd to the proper lamp currcant. The wavelength and
slit widths are adjusted as listed in Table 3. The D, arc
lamp is turncd on and the two lamps arce allowed to warm up
for 15 minutes. Then the two beams are balanccd. The AAS
instrument is set on pecak height and an integration time of
five scconds. The other instrumental parameters are set as
given in Table 3.

A calibration curve is established using thrce to five
standard solutions with the AS-1 auto sampler. The calibra-
tion curve is repeatced until the absorbances are within #2
percent. Then the absorbances of the unknown solutions are
measurced using the bracketing technique. For example, the
absorbance of a lower standard, the unknown, and then a

higher standard is measured. This operation is repeated

until the desired precision is attaincd. The net absorbances

arc obtained and a calibration curve is prepared using a
lcast square {it on a hand calculator. The concentrations
of the unknown are obtained from this calibration curve. If
the recovery of the staundard addition is not 100 percent,

the concentration is corrected by the following equation:
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where x = ng/ml of analyte in the unknown as dctermined
from the calibration curve.
s = amount of standard added, ng/ml in final volume.
y = ng/ml of analyte found in unknown with standard
added as determined from the calibration curve.

¢ = concentration, ng/ml.
Results and Discussion

Interferences

Interferences encountered with the graphite furnace can
be classified as physical, chemical, and interelement in
naturc. Physical interferences are¢ more pronounced with the
graphite furnace than in most flame systems. Light scatter
due to incomplete volatilization of inorganic compounds is of
major importance. To minimize this type of interference, the
time of charring is carefully controlled. However, if it
persicts, background measurements should be made with a
continuum light source or at a nearby nonabsorbing line and
then substracted from the absorbance value obtained for the
analyte.

Three possible mcchanisms account for chemical inter-
ferences. The analyte may be lost by the formation of a
volatile compound, by occlusion in a nonvolatile matrix, and
by the formation of carbides. As an example, 1eqd chloride
which boils at 950 °C has a considerable vapor pressure at
lower temperaturcs and can be lost in the charring step.
Therefore, the nitrate ion is preferred for graphite furnace
AAS. The standards must be preparcd in the same concentration
of anion as the analyte. As an cxample, when the absorbance
of 1 ng of Pb in 0.5 and 10 percent IINO; were comparcd, the
10 percent HNOj; suppressed the lead absorbance by 40 percent.

Another major interference is from the reaction of the furnace
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material to form nonvolatile metal carbides. Although carbide
formation does occur, it can be controlled with the use of a
pyrolytic coating on the inner surface of the graphite rod.

~ The intcrelement effcct is more pronounced in the flame-
less technique than in flamc systems. It occurs when the
analyte reacts with another element which may produce a sup-
pression at certain atomic ratios and an enhancement under
certain other conditions. This type of interference can
somctimes be corrected by the standard addition method;
however, the best technique is to prepare the standards in

a similar matrix as the unknowns.
Matrix Modification

In sea watcer the high salt content makes it difficult
to volatilize effectively the matrix without loss of the
analyte. The major componcnt, sodium chloride, has both a
relatively high volatilization temperature (B.P. 1415 °C)
and heat of formation (Al, 98 kcal/molc). In order to char
such a matrix, the components have tc be volatilized and
then either decomposed or diffused cut of the graphite cell
in a manner which precludes loss of the analyte. Also,
trace metals in sca water arce prescnt mainly as the chlorides
which have a lower volatilization temperature than sodium
chloride.

To overcome this difficulty Ediger et al. [30] proposed
the technique of matrix modification for the determination
of a serics of elements in sea water, They added an aliquot
of a 50 percent solution of ammonium nitrate to the sample
in the graphitc furnace which assists in the removal of the
sodium chloride during the charring cycle. The ammonium
nitrate converts the sodium chloride to a more volatile
compound. However, in most preconcentration steps the
calcium and magnesium are also concentrated and the ammonium

nitrate had little or no effect on these elements.
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The cadmium values for all the NBS collected samples
werc less than 0.01 ng/ml which represents our dectection
limit by graphite furnace AAS when the trace metals are pre-
concentrated by a factor of 20. Since the reagent blanks for
cadmium was not a limiting factor, a positive value could be
obtained if a larger sample was pretreated and concentrated.

For lcad the reagent blank was 0.1 ng which determined
the detection limit. If larger samples were prcconcentrated
without the use of additional reagents, the detection limits
for lcad could be lowered. The major difficulty for lead is
contamination as exemplified in sample EGA 11. It is very
likely the 0.08 ng/ml of lead is due to contamination.

The effect of acidification before and after filtration
is clearly shown when comparing manganese values in NBS 500
and 502 with NBS 509 and 518. These results show that
acidification caused the Mn concentration to increcase by at
lcast a factor of two. The rcagent blank for manganese is
less than 0.02 ng which would certainly not be a contributing
factor. 1In one sample, NBS 509, the lead value was several
orders of magnitude higher than the unacidified samples. The
addition of 44 g of HINO; to a liter of sea water as in NBS
samples 509 and 518 was calculated to be insignificant for Cd,
Mn, Ni and Pb [28]}.

The nickel reagent blank (0.2 ng) was the highest of the
analytcs tested. Since the nickel values in sea water were
considerably higher, this high reagent blank was not considered

a serious problem.

Sample Inhomogeneity Caused by Crystalization. Inhomo-
gencity was found in four samples; two samples from the
University of Alaska and two of the NBS samples. These two
NBS samples were not analyzed; other, homogencous samples
were substituted from the same site. The samples upon

thawing had noticable white and clear crystals at the bottom
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of the sample bottle. In cach case the samples were unfiltered
and not strongly acidic (see Table 5). EGA 24 was the only
sample in which the crystals redissolved at room temperature.
In the remaining samples with crystallinc precipitates the
precipitate was stable at room temperature and did not
dissolve.

The crystals were extracted from NBS Bottle Number 3
and dried in a Teflon beaker. Upon addition of nitric acid,

a violent evolution of gas was noted accompanied by instan-
tancous solubility. The solution was ecvaporated to a single
drop in Teflon and subjected to spark source mass spectrometry.
The dominent cation was found to be Ca. Small amounts of

Na, K, and Mg were found, probably resulting from absorption

to the surfaces of the crystals. No amounts of heavy metal

or trace ions were found. This coupled with the evolution

of gas upon acid addition would indicate that the dominent
specics would be a hydrated calcium carbonate (CaCOs-xi1,0).

The crystals were too numerous and of sufficient mass
not to be noticed in the original sampling. It is much nmore
likely then that they were formed in the sample during
storage and handling. No crystals werc noticed in strongly
acid samples which would be expected since the low pH would
preclude their formation.

Why the crystals were found in some samplcs and not
others of similar character is unclear. No other perceptible
difference between the homogencous and inhomogencous samples
was obvious except for the crystals. There were samples
from the University of Alaska and NBS of cqual or higher pH
which did not contain crystals. The fact that only unfiltered
samples were subject to this phenomenon could indicate

nucleation or some other aspect of solid particle influence

aiding the formation of the crystals.




Samples EGA 24 and EGA 15 were analyzed and there is no
evidence to indicate that the inhomogeneity caused by the
crystals caused any significant alteration in the recsults in
relation to samples of the same general arca. Any effect
would, however, have to be one to two orders of magnitude
larger before obvious alterations could be detected with

these unknown samples.

Summary

As a rcsult of work reported here and elscwhere it has
been determined that a number of plastic materials may be
suitable for the collection and storage of samples of sca
watcr [27]. Tt has been demonstrated, for example, that
conventional polyethylene containers if properly cleaned do
not materially contribute to inorganic trace metal contaiina-
tion and if protected from vapor losses are probably suitable
for at least several years storage. Problems of contamination
which might appear upon long term storage have not been
resolved. It would appecar that immecdiate freezing of water
samples and storage of these in the frozen state until anslysis
is to be recommended.

It is shown here that analysis for a varicty of elements
may be done accurately on as little as 100 ml of water even
in the cxtremely clean waters of Alaska using graphite furnace
atomic absorption spectrometry, if extreme care is taken to
prevent contamination during the preconcentration procedure.

A new preconcentration procedure has been developed herc which
should substantially help in thesce analyses in that only
minimal handling of the sample is required, only regents for
which ultra purification procedures are available are required
and the procedure appears adaptable to ficld or shipboard usc.

In addition, the procedurc removes elements (i.e., Na, K, Ca,
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and Mg) that are interfcrences in many analytical methods and
thus makes possible the usc of a variety of techniques such
as atomic absorption ({flame or flameless), neutron activation

and x-ray fluorescence.
Suggcestions for Future Work

Becausc of the very low level of trace elements in sea
water the accurate analyes of thesc 1s a difficult job under
even ideal corditions. The problems in preventing contamina-
tion during the analysis ave severe. Those encountered
during the collection and storage are even more formidable.
It is believed that progress has been made in the area of
storage and may be minimized by the proper cleaning of
containers and by frcezing the samples as soon as passible,

Preventing contuwination during collection, however,
requires much attenticn. If only total clemental concentra-
tions are required, that is, no distinction betwe:n suspended
and dissolved elemcnts is to be made, then acidification
simultancously with collection, followed by freezing, may be
uscd as shown herc. 1f, however, filtratien is to be done
to distinguish between suspended and dissolved elements then
it 1is apparent from this work that the filtrotion must be
done as the sample is collected. Sampler-{filters such as
that of Harrison et al. [25] accomplish this for shallow water
collection effectively but are not applicable (in the present
state) for duplicate water collection and are difficult to
use in a harsh environment. We believe that an effective
technique may be to filter and preconcentrate the samples in
one step as collection proceedures using an adaptation of the

Chelex 100 procedure reported here and are proceeding with

this work.




In order to describe adequately materials and experi-
mental procedures, it was occasionally nccessary to identify
commercial products by manufacturers' name or label. In no
instance does such identification imply endorsement by the
National Bureau of Standards nor does it imply that the
particular products or equipment are neccssarily the best
available for that purpose.
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Table 1. Organic Ligands used to Separate Trace Elements in
Sea Water.

Organic Ligand Solvent Element

APDC [11-16] MIBK Bi, Cd, Co, Cr,
Cu, Fe, Hg, Mn,
Ni, Pb, ZIn

NaT¢B [8] MIBK- Cs, Rb
Cyclohexance
Oxinec [11]} MIBK Mg, Mn, Ni

APDC - Ammonium pyrrolidene dithilocarbamate
NaT¢B - Sodium tetraphenylboron

Oxine - 8-hydroxyquinoline
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Table 2. Solubility of Solvents in Water {[17].

Solveng

ELthyl Acetate
MIBK
Cyclohexane
2-Butyl Alcohol

Methyl 1sobutyl Carbinol
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Solubility, ml/1 at 25 °C

20
<<1
155
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440 ACCURACY IN TRACE ANALYSIS

pling problems are exceedingly more difficult than for most synthetic
materials, which may be homogeneous. In the environment, the system
sampled is generally not homogeneous over the area of interest. The fluid
systems, water and air, are in a state of continuous chemical and physical
change, even during their sampling and storage. Therefore, obtaini«: and
storing representative samples are not considered trivial problenis.

In this work, an attempt was made to develop and evaluate ap ly-
sis scheme for trace elements in water. This includes the si ing
protocol, as well as storage and handling techniques. 1f such a rescuarch
techinigue can be evaluated thoroughly and quantitatively, it should be
useful in studying less expensive and faster protocols which may be
neccessary for environmenteal surveillance work.

The preanalysis design presently used in this labor:tory consists of an
all Teflon, Teflon-coated metal, and nylon sampler to minimize con-
tamination from construction materials. After sampling, immediate filtra-
tion is carried out in the field follow od by fast freezing of the aqueocus por-
tion of the sample in liquid nitrogen. Upon return to the laboratory, sam-
ples arc stored frozen and, prior 1o analysis by neuiron activation, are
preconcentrated by freeze drying,

When designing this scheme of sampling and sample handling it was felt
that the total number of liquid sample transfers must be kept to a
minimum to avoid unnccessary random sources ¢f contamination, This
goal was achieved by keeping the total number of sample transfers o one.

II. Proceduce

The NBS water sampler is illustrated in figure 1. The sampler consists
of a horizontal Teflon cylinder mounted on an “ice clamp action” tyvpe of
frame, with flat Teflon end caps in place of what would be ice hooks. The
frame, though made of metal (2luminuny and stainless steel), has a buked-
on Tefloa coating. The Teflon cylinder has an interior thread on one end
(fig. 2) to provide for attachment of a filiering mechanism, to be described
below. A Teflon-coated rudder may be attached to the bottom of the
cylinder to allow its proper orientation with the current fiow, All parts of
the sampler are assembled with nylon screws, bushings, washers. erc.

One of the unique featurces of the sampler is that it provides an option
for sample filtration during the transfer to the storage container. A Teflen
adaptor is threaded te mate the sampling cylinder with a polycarbonate
filter holder. The components of this filtering mechanism are pictuicd in
figure 3.




Table 2. Solubility of Solvents in Water [17].

Solvent

Ethyl Acetate
MIBK
Cyclohexane
2-Butyl Alcohol

Methyl 1sobutyl Carbinol
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Table 3. Instrumental Parameters.

- - P&E 603 - - - - - - - - HGA-2100 - - - - - -

Element Wavelength SBW Scale Drying Charring Atomization
nm nmn Expansion Temp./Time Temp./Time Temp./Time
Cd 228.8 0.7 1 100/30 200/20 2100/7a
Mn 279.5 0.7 2.0 100/30 300/30 2700/7a
Ni 232.0 0.7 7.0 100/40 1000/30 2700/6a
Pb 283.3 0.7 3.0 100/40 404/30 2200/7b

a
b

Inert gas in the Interrupt mode.
Inert gas in the Normal mode.

Note: Temperatures are in °C; Time in seconds.




Table 4. Analysis of Cadmium, Lead, Manganese, and Nickel in
Sca Water.

Sample - - - o-mg/mlo- .- -
Sample/Location Treatment? Original pH cd Mn Ni Pb
WGA, Station 1:2 F,A,b 1.7 0.14 0.72 0.65 17
0.05 0.68 0.78 11

EGA 24 F,A 3.5 0.11 0.05 0.24 0.02
(410 m) 0.10 0.06 0.32 0.05
WGA 110 F,A 5.1 0.07 0.22 0.36 0.20
(173 m) 0.153 0.28 0.34 0.32
LGA 11 F,A 5.2 0.05 0.03 0.27 0.08
(135 m) 0.06 0.03 0.29 <0.02
WGA 110 UF, A 5.4 0.09 0.18 0.41 <0.02
(173 m) 0.08 0.18 0.45 <0.02
EGA 15 F,A 6.6 0.10 <0.0z2 1.7 <0.02
(15C0 m) 0.14 <0.02 0.8 <0.02
EGA 24 UF,A 3.6 0.12 0.02 0.49 <0.02
(410 m) 0.13 0.02 0.40 <0.02
EGA 11 UF, A 6.5 0.11 <0.02 0.36 <0.02
(1350 m) 0.12 <0.02 0.38 <0.02
EGA 15 UL, A 5.4 0.13 <0.02 0.90 <0.02
(1500 m) 0.12 <0.02 0.78 <0.02
NBS 500 Fc,UA 7.3 <0.01 0.45 1.2 0.18
<0.01 0.37 1.7 0.17
NBS 500 UF, UA 7.2 <0.01 0.59 0.90 <0.02
<0.01 0.67 0.70 <0.02
NBS 502 Fc,UA 8.3 <0.01 0.40 0.49 <0.02
<0.01 0.46 0.53 <0.02
NRS 502 UF,UA 8.2 <0.01 0.71 0.66 <0.02
<0.01 0.64 0.71 <0.02

NBS 509 UF,A 0.4 <0.01 1.3 0.45 4.5
<0.01 1.4 0.59 5.8
NBS 518 U, A 1.3 <0.01 1.4 0.41 <0.02
<0.01 1.3 0.45 <0.02

T AN samples stored frozen cxcept b which was stored at ambient

temperature.  TF-filtered, Tec-filtered after thawing, A«acidifieq,
UF-unfiltered, UA-unacidificed. Less than values are AAS detection
limits based on 100 ml test portion.
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Table 5. Samples Having Crystaline Precipitates.

pH of Samples

after
Sample Sample Preparation Thawing
University of Alaska
EGA 24 unfiltered, acidified, 3.6
frozen
EGA 15 unfiltered, acidified, 6.7
frozen
NBS Samples
Bottle No. 3 unfiltered, unacidified, 8.2
frozcen
Bottle No. 507 ; unfiltered, unacidified, 8.2
frozen
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SAMPLIKG AND SAMPLE HANDLING FOR
ACTIVATION ANALYEIS OF KIVER WATER
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A coumplete preanalysis scheme for determining trace elements in river and
estuarine water by instrumental neutron activation analysis is described, The
design, operation and evaluntion of a new Teflon water sampler s included in
the presentation of the preunalysis scheme. The evaluation of this water sum-
pler consists of replicate sampting experiments and a comparisoi with a com-
mercial sampling bortle (Vaa Dorn). The water sampler described ailows for
filtration of the sumple as it is treasferred from the sampler to a storage con-
tainer. Lyophiiization (freeze drying) is used as the preconcentration
technique for the disselved gpecies, fe., liguid portion of the sumple. Nor-
malization of suspended porticulate duta to the clement scandium is presented
nique for locating man-made heavy metal input sources.

L

as a useful te

Keywords: Filicring water; rives water; satapling waler for trece elements;
suspended puarticulates in water: Teflon water sampler; trace
elements; triuce elements in water; water.

I. Introduciion

The current interest in sanipling and sample handling for trace con-
stituents is eviderzed by the large attendance at this symposium. Previous
speakers have discussed general problems zssociated with trace element
samplinz snd sample handling <o this point will not be belabored.

Samplina for trace element- 1s difficult in any matrix. However, if some
component of the geochemical environment is to be investigated, the sam-
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pling problems are exceedingly more difficult than for most synthetic
materials, which may be homogecneous. In the environment, the system
sampled is generally not homogencous over the area of interest. The fluid
systems, water and ajr, are in a state of continuous chemical and physical
change, cven during their sampling and storage. Therefore, obtainir : and
storing representative samples are not considered trivial problenis,

In this work, an attempt was made to develop and evalvateap.  ly-
sis scheme for trace elements in water. This includes the si ing
protocol, as well as storage and handling techniques. If such a rescuarch
technique can be evaluated thoroughly and quantitatively, it should be
useful in studying less expensive and faster protocols which may be
necessary for environmentzl surveitlance work.

The preanalysis design presently used in this labor:tory consists of an
all Teflon, Teflon-coated metal, and nylon sampler to minimize con-
tamination from construction materials. After sampling, immediate filtra-
tion is carried out in the ficld follow od by fast freezing of the aquecus por-
tion of the sample in liquid nitrog.-o. Upon return to the laboratory, sam-
ples ar¢ stored frozen and, prior (o analysis by neutron activation, are
preconcentiated by freeze drying.

When designing this scheme of sampling and samiple handling it was felt
that the total number of liquid sample transfers must be kept to a
minimum to avoid unnccessary random sources ¢f contamination. This
goal was achieved by keeping the total number of sample transfers (o one.

I1. Proceduce

The NBS water sampler is illustrated in figure 1. The sampler consists
of a horizontal Teflon cylinder mounted on an “ice clamp action™ tyvpe of
frame. with {lat Teflon end caps in place of what would be ice hooks. The
frame, though made of metal (aluminun and stainless steel), has a baked-
on Teflona coating. The Teflon cylinder has an interior thread on one end
(fig. 2) to provide for attachment of a filiering mechanism, to be described
below. A Teflon-coated rudder nay be attached to the bottom of the
cylinder to allow its proper orientation with the current fiow. All parts of
the sampler are assembled with nylon screws, bushings, washers, ezc.

One of the unique features of the sampler is that it provides an option
for sample filtrution during the transfer to the storage container. A Teflon
adaptor is threaded te mate the sampling cylinder with a polycarbonate
filter holder. The components of this filtering mechanism are pictuicd in
figure 3.
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Figure 1. Tetlon water sampler in vertical, closed position.

67




442 ACCURACY IN TRACE ANALYSIS

. . e
¥ ¥ » ;
&~
o
4 :
{
"
.
& -
: ! -
N 1
: :
] B
’ ,‘r
: E
; 4
! - 5
i :
i .
! ) :
! N :
; :
H
M. s
| :
4
é
3
2
]
H
K
b Cinics B T s e e e b R g > '-'

Figure 2. Teflon water sampler in vertical, partially open position, showing intertos threads
for attachment of filtering unit.
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Figure 3. Attuchment of polycarbonate filtering unit to filled water sampler through use of
Tellon adaptor.
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iencrally, the filters used are a 47 mm diameter, (.4 pum pore
Nuclepore filter covered with a 47 mm diameter, 8 um pore Nuclepore
filter as a roughing filter. The filters are sealed between the Teflon adaptor
and the filter support with a silicone O-ring. The recciver flask attached
below the filter holds a polvethylene film bag. This bag scrves as th sam-
ple container throughout the storage, frecze drying and analysis
procedure. A hand pump is used to provide the vacuum for filtration in the
ficld, e.g., from a 14-ft rowboat. The complete samipling system assem-
bled and ready for filiration is shown in figure 4.

One of the ain advantages of the NBS water sampler is its capability
of being lowered below the water surface in a closed configuration, avoid-
ing contumination of the inncr surface of the sampler with possible surface
slicks or microlayers. After lowering the sampler to a depth of about 0.3
meters it may be opened by pulling . second rope.! The sampler is then
lowered to the desired depth and allowed to cquilibrate. The first rope is
pulled to close the end caps and the water sample is brought back to the
surface.

After attaching the filtering unit the sample may be filtered directly
from the Teflon cylinder into the polyethylene storage bag. This is the
only sample transfer in the entire procedure. The liquid sumple contained
in the polycthylene bag is frozen in the field in liquid nitrogen and stored
in a cleaned plastic bag. The filters containing the suspended particulates
are transferred to a cleaned plastic petri dish. Both the frozen liquid and
filter portions of the sample are stored in dry ice until returning to the
laboratory where they are transferred to a freczer.

The frozen hiquid samples are prepared for analysis by proconcentrating
using lyophilization (freeze drying). The technique for freeze drying has
been described in detail elsewhere [1,2], however, a brief description
may be appropriate heve. The basic freeze drying unit, shown in figure S,
consists of a sample chamber, cold trap and source of vacuum. The frozen
sample, still in the polyethylene film bag, is placed in the chamber which
is then opened to the vacuum line. During the ficeze drying process.
water sublimes and a residue of solids accumulates at the bottom of the
bag. After the process is finished the bag is folded up with the residue
sculed inside, to make a small package for neutron irradiation.

Considerable work has been completed to evaluate the retention yields
of trace elements during frecze drying. The results appear satisfactory for
all clements investigated except for mercury and iodin. (fig. 6). Recently,
Filby. Shah and Funk [3] reported quantitative retention of mercury in
atracer study of the lyophilization of watcr.

tThe NBS water sampler must be operated by two ropes, one supports the weight of the sampler while holding the end caps
against the cylinder, the other supports this weight using it to pull the end caps up and away from the cvlinder allowiag for
an uninterfered flow-through sy stem.
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Figure 4. Teflon water sampler with filtering apparatus attached, ready for vacuum filtra-
tion into a clean polycthylene storuge bag inside the filtering unit.
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Figure 6. Retention vields of trace clements during freeze drying using radionctive tracers,
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III. Results and Piscussions

One of the main objectives of this work was to determine varjability of
data dug to samphing. The approach used was to take replicate samples
from a given location over as short a period of time as possible, usually 2
to 4 hours. It should bie pointed out that in a field expeiiment it is difficult
to distinguish betwesn concentration variations due to time or position. In
an estuarine or river system it is almost impossible to sample the same
water misss over a 2- to 4-hour time interval

The first station chosen for this Find of wovk was the Patuxent River at
Laurel, Marylund. At this point the river is just a fresh water stream and
it was necessairy to wade to midcurient to obtam the samples. Of course.
bottom sediment is stirred up when veading but due to a yather swift cur-
rent that day the disturbance creat=! by wading subsided m several
minttfes and a sample could bie taken upstrcam to minimize these cftects.

At this location eight samples were tiken, That is, cight separate
wirdings to midstream vere made with processing of each sample on shere
befare the next one was initisted. Obviously, these rephicate samplag
cout ! not be considered 1o be tuken from exactly the same body of wiior,

The results of instrumentar neutron activation »..0lysis (INAA) of the
Laurel sumples appear in tables 1 and 2. For the dissolved species. the
coefficients of variation for the 13 elements determined in these “replicate
samples™ vary fron « surprisingly low 3.0 rereent for manganese to S0
pereent for cobalt, A few outliers are obvious, cobult in sample L-13 and-
chlorine in sample 1.-9. The high cobadt value in 1.-13 does not corrclate
with high values for scand:um, iron, or thorium, elements which would be
presy it in crustad particulate contamination. The tow value for chlonne in
sanple 1.-9 1y equally unexplinable. A Tow value of a halide in water
might be explained by oxidation to the elemental form and volatilization
during freeze drying. This idea is untenable since the bromide 1on is moie
readily oxidized than chloride ion, and the value obtuined for bromine in
L-9 is just below one standard deviation from the average. Of these cight
samples, originally weighing from 60 to 90 grams cach, nine of the 13 elc-
ments detoimined exhibited coefficients of varation of 20 percent or less,

The results of INAA of the Laurel suspended particulates are shown in
table 2. These samiples were collected, freeze dried, irradiated and
counted on polycarbonate film filters. Onty the first six of the suspendad
particulate samples were amilyzed for some of the elements which have
long rudioactive half-lives on irradiation. Technical difticulti-s prevented
the analysis of the others. The elements nieasured in the suspended par-
ticulates have been normalized to scandivm which is an element which
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TaBLE 1. Concentration of disselved species in Laurel sariples
Elements
Number e e o o
Ca Na Ci Mn Br Mg A4 Sc . Fe Co La Th Sb
(z/8)  (eg/R)  (ug/8)  (ug/p)  (eg/w)  (pe/®)  (ug/Q) (ee/m)  (ug/2)  (ug/R) {(pg/2) (ug/®) (x2/8)
L-8 8.38 3.91 6.65 0.124 0.447 3.60 0.263 0.0251 174 0.907 0.214 0.09%50
L-9 8.94 3.88 0.i01 119 .375 31.60 L3358 L0326 239 1.03 .350 071
L~i0 7.85 4.21 7.59 RS L4838 2.05 L5807 L0415 215 .548 L3G3 .130
L-11 8.08 3.84 7.21 112 .399 2.99 .274 L0272 173 .3i6 . 260 0.0311 L0495
1-12 R.58 4.12 7.08 .16 LG8 3.85 L2145 L0293 171 .393 .305 0421 0703
L-13 8.46 4.31 6.82 123 L4065 4,33 L8299 L0305 212 2.38 .348 L0408 10
L-14 9.45 5.10 7.51 117 L3369 3.85 .6iS .(676 232 .588 .224 .0370 .0879
L-15 8.61 4.28 7.69 .120 .560 4.02 L372 L0689 257 .514 .378 L0851 .0754
Average 8.54 4.21 6.33 .118 .450 3.78 .392 316 209 .834 .298 L0472 .0861
7.21 (Minus L-9)
CocfTicient
of Varia-~
tion, % 5.7 9.7 40 3.9 14 i0 37 42 16 R0 20 20 30
5.5  (Minus L-9)




TaBLE 2. Concentration of suspended particulaies in Laurel samples

Elcments
\, Number
U Al Man v Cl Na Sc Fe Co Th Sb
(ug/g) (ug/g) (ug/g) (us/8) (:2/g) (ue/g) (ug/£) (ug/2) (ug/2) (ue/2)
L-8P 2.34 23.8 3.79 15.9 4.57 0.366 1.36 0.542 0.367 0.014
L-9p 2.20 20.9 2.80 18.3 6.17 .345 1.25 .552 .306
L-1oP 2.50 27.0 3.67 21.12 6.65 L4058 1.38 605 354 .032
L-11P 2.55 23.9 2.76 14.7 10.8 370 1.36 .534 .357 .0l6
L-12p 2.24 21.3 3.20 1.3 5,38 L2159 1.27 .510 L409 .0093
L-13p 25.3 13.9 6.57 . 360 1.25 . 507 392 .012
L-14P 2.30 24.6 3.53 14.7 7.95
L-15P 2.66 25.0 3.64 30.2 8.61
Average  2.40 24.0 3.34 17.5 7.09 .368 1.31 .542 .364 .017
CVs, 7 7.2 8.5 13 34 28 5.5 4.7 6.6 9.8 52
CV/[Sc]P,
% 4.4 6.2 13 19 32 3.4 4.8 11 47

*» Coeflicient of variation.
" CocfTicient of variation when the average elemental corc2ntration is raticed to the scandium concentration.
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may be indicative of contributions due to clay particles and crustal
weathering from natural sovrces, This is a procedure which has been used
in transport studies of heavy metals in sediment [4]. The coefficient of
variation is improved for nearly all elements when values are normalized
to scandium, with only slight increases for the exceptions, thorium and
sodium.

The fost moving fresh water stream at Laurel appears to be a well-
mixed system and 2 single 50 to 100 gram sample under these conditions
generally gives a relative standard deviation of 20 percent or less at con-
centrations down to the subnanogram/gram level for the elements
analyzed.

A set of samples similar to those taken at Laurel were taken from the
side of a4 boat anchorc t at the mouthi of the Susquehanna River in the
Chesuapeake oy (Turkey Point). In figure 7 are iHustrated the results of
the suspended particulntes taken from this estuarine locaon  Again, for
suspended particulates. the cocfficient of varration for cach cloment is sig-
nificantly dimizéshed (with the exception of manganese) whicn the data is
normalized to scandiim.

The importance of normalizing data obtained from suspended particu-
lates using an element indicative of purely crustal weathering or natural
sources is ilustrated in figures 8,9, and 10. In figure 8 is presented results
for chromitn in the suspended particulates of the Back River, just east of
Baltimose, Muaryland. A very large sewage treatment plant is located on
the Back River Station 1is at the mouth of the river, which flows into the
Chesapeake Bay. Stition 6 is directly in the plume of the miistrean ef-
fluent outfall of the sewngs treatment plant. When the chromium concen-
tration is plotted wiih respect fo distance (as approximated by station
nurnber) from the effluent outfali a slight risc is observed as station 615 ap-
proached. (Plotting the chromium data with respect to salinity instead of
distance from effluent outfall gives an almost identical curve.) However,
if the data is normalized 1o scandium o much more striking increise is
seen as one approaches the plant efflucat outfall, This indicated that there
is an anthropogenic source of chromiun tn the particulate material coming
from the seway: ircatment plant or another upstream location.

Ironin the Buck River exhibits a similar behavior and is shown in figure
9., However, in the case of iron no concentrtion gradient is observed in
proceeding upstream from the mouth of the river. On the other hand. nor-
malization against scandium shows a pronounced upstream gradient
which apparently indicates a source of noncrustal iron vpstream.

When the concentration of thorium and of thorium relative to scandium

are plotted for the Back River suspeuded particulates (fig. 10), only a
smoothing out of the duta is obtained by normalizing to scandium, indicat-
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ing no significant input of thorium from an anthropogenic source. It is felt
that the added information obtained by this normulization technique
should be useful in detecting sources of man-made heavy metal input.

In the Susquehanna River experiment, replicate samples taken with the
NBS sampler were compared to samples taken with a Van Dorn commer-
cial sampler. This particular Van Dorn sampler was part of the routine
equipment on the research vessel used {or this experiment and it is likcly
that the sarapler has been used at feast 3 days a week and up to 10 times
a day for the past several ycars. The sampler was therefore expected to
contaminate the samples. The results are found in table 3 in the
chronological order in which they were taken. It has already been men-
tioned that it is very difficult to get a body of water to stay still during a
replicate sampling experi:ent. This difficulty is demonstrated by noting
the values for sodium i table 3. The sanpling had begun at low tide, but
the tide soon started ceming in, leading to increasing salinity during the
sampling poriod end possibly stirring up some of the bottem sediments.

The comparison of data for Van Dora samples (VID1, VD2, VD3) to
those for our Teflon sampler (NBST, NBS2, NBS3, NBS4, NIBSS) seems
to indicete that the comineicial sampler is contributing Litile if any con-
tamination to the sample «t the concentratiosn levels found here. This may
be e¢xplained in two ways: The sample from the Van Dorn was transferred
immediately (<3 min) to the Teflon cylinder for filtration, leaving very lit-
tle time for contziner-sampls interactions. Alternatively, this particular
Van Dorr samnler, which is made of PVC, rubber uand surgical tubing,
could have been used so often that all or miost of th: leachable con-
taminnt.s had since been removed and it had reached an equilivrium with
Chesapouake Bay water,

Other interesting features of the duta in table 3 are the inconsistently
high valucs for cobalt, iron and scandium in samples VD3 and NBS4.
This could be suspended particulate contamination dvs to improper filtra-
tion or cxternal contamination. These high values could also be real and
caused Ly the disturbance of the sediments with the changing tide. In ad-
dition, the variability in samples from fresh water streanis seems less than
for samyples from estuarine water, over a short timespan,

It is felt that the evaluation of the sampling of natural water using this
system has just begun. Further work in evaluating the sampling. of river
and estuarine water is planned as well as initiating sampling studies in
coastal cocan water.,
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TaBLE 3. Trace element concentretions in replicaie samples of estuarize water

(Disscived Species Only)

Sample Zn Sr Co Fe Se Ag Sc Na
(u2/8) (ug/2) (us/2) (ng/g) (ue’g) (ug/e) (ug/2) (ng/2)
NBS#1 2.6 34 0.22 28 0.18 .07 0.011 4.5
VD¥1 8.9 108 .2 35 L4 .85 .008 6.6
NBES2 4.0 117 .27 44 .15 .29 017 34
VD2 - 6.3 101 .24 28 13 .27 .00 43
NBS3 3.9 13 .27 46 .22 12 024 44
vD3 7.1 121 .44 122 .14 .42 034 45
NBS4 12 115 67 266 15 2 48
NBS5 11 92 .26 44 s 024 36

* NBS
b VD

National Bureau of Standards samjizs.
Van Dorn samples.
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Production and Analysis of Spe
Acids Purified by Sub-Beiling D
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APPENDIX TII
cial High-Purity
tillation

Edwin C. Kuckner, Robert Alvarce, Paul J. Paulsen, and Thomas J. Murphy
Analytical Chemistry Dicision, Institiae for Materials Research, National Burean of Standurds, Washington, D.C. 20234

Sub-boiling distillation from pure quartz or Teflon
(Du Pont) stills has been investigated for the production
of high-purity inorganic acids and water. Nitric, hy-
drochloric, hydrofluovic, perchloric, and sulfuric acids
produced by this method coutained significantly lower
cationic impurities than high-purity acius fran com-
mercial sources. A complete system, including tha
Cluss 100 environment, preduction, and storage of
thoue high-purily reagents is described. A method
bosed on spark source mass spectrogranhic isotope
dilittion analysis has keen developed for the sinwl-
taneous detarmination of 17 elements in these mate-
vials. Rezulls of the analyses of both the acids prri-
fied by sub-hailing d slion and the ACS rea
yrade acids used as stuiving materials are rep
The suia of the commeon impurity etements deler
in the purified acids ranged from 2.3 ppb in nitrre 2cid
to 27 ppb in sulturic acid. No clement in any of the
purifid acitr c.ceeded 10 ppb and most were well
below the L-publevel.

Tie ANaLyiical Chiaistry Division at the National
Burcau of Stundards has become increasingly involved with
the analysis of samples and Standard Reference Materials
(SKAM™) requiring the deiermination of clements at the low
parts per miliion (ppm, 10°¢ gg) to the paits per billion
(pph, 100 g4 concentration range. Thic s dliestrated by
recent analyses which anclude dead at 334 ppm s lunar
samples (1 uraniun ot 72,1 ppb in Trace BElenents in Glass
(SRM G1o) (2), nicke! at 1.3 ppmin Orchard 1 eaves (SRM
1571} (2), and strontium at 0.14 ppm in Bovine Liver (SRR
1577) (2). The low level of these clements puts stringent
requirenients on the purity of reagenmts used in the analytical
procedure,

Inorganic acid purity is of particular inportance because of
the relatively lorge amount of these acids requiied for sample
dissolution and other chemical operations. Those procedures
can require quantitios of weids inoexcess of wn times the
sample weight.  To take full advantage of the sensitivity and
accuracy of an analytical technigue, the reagent blank should
be held to no more than a few per cent of the amount being
determined. Therefore, the accurate determiiviation of an
clement near the T-ppm fevel will depend on the availability of
acids containing no mare then 1 ppb of the clement.

High-purity morganic acids have been avaitable for some
time from commercial sources. Although these acids are
satisfactory for many race clement Jdeterminations, they are
not always adequate for tow level trace work either through i
lack of purity or high upper hmit spevifications.  [Enission

(L L. Bames, B, S, Carpenter, L Garner, W, Grambich,
. Co Kuehner, 1, ALY van, ELJ0 Muaicnthal, Jo RO Moody,
L. & Noore, U0 NMuarphy, PUJ0 Pauben, KoM Sappentichd,
and W, R Shickd., “lsatopie Abaadance Ratos and Concen-
trations of Selectest Plements i Apolto HESamples”” Proc, Apollo
1 Lanar Sois Confl, Geoclime, Cosma i, Aera Swppd. 302,
MIT Pross, Cambridye, Masy L in press,

€2 Ottice of Standard Reference Materials, N8BS Spee, Pobl. 260
(1970,

Reprinted from ANALY TICAL COEMISTRY, Vol. 44, Page !

Copyright 1972 by the Ainerican Chemical Society and reprinted by pernis
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spectrography (3), the technique wsually applied to the
analyses of high-purity acids, Jacks sensitivity causing upper
Hinits to be set at 1 ppbor higher.]  The determination of the
sotopic compasition and concentration of lead in lunar
snples G be cited as a recent example. A reapent blank
of 330 ng Pb was caleulated from the producer's values for
tead 1n commercial high-purity acids and the volume of these
acids required to dissobve one gram of lunar rock and separate
the fead from other constituents.  Since the expected Ph coen-
centration was only a fow ppm, the iatrodoction of this
quantity of external lewd (of & ditferent isotopi compo.ition)
vould have prectuded i reliable determimation of the Pb
present cither as to amount of isotopic compo-ttion. Uising
acids purified by sub-boiling distillation, the total blank wirs
determimed 1o be § ng for the actual analysis.  Conscquenily,
hecatise of this experience and other problems associzted with
the determinations of trace metals in 2 varicty of materials,
the Anclytical Chemistry Division at NB5 recenty set up
facilitics for the “in-house™ purification, analyses, and dis-
tribution of inorganic acids.

Sub-bailing distillation was selected as the method of
purification for the inorganic acids. No single purification
procedure is capable of removing all classes of impar
from these acids, Since the trace element program ai NES i
mainly concerned with teace metals, the technigue which ap-
peared to be most cflicient in removing mictadlic or cationi
imparities, sub-boiling distiftanon, was studied, In sub
boiling distillation, infrared radiutors vanorize the suifuce
without Boiling the lignid in the vaporizer compartment.
The vapor s condensed on a tapered cold finger and the
distillate is collected in a suitable container. Sub-boiling
distiflation was selected over conventional or boiting dis-
tilation since studivs have shown that in the latter micthed
sipnificant contamination of the distilate occurs freny ereeping
of the unredctified liquid and entrainment of particulates in
the sapor stremn formed during bubble rupture (). Seb-
boiling distilladion completely  eliminates the entrainiient
problem since no bubbles are formed.  Creeping of un-
rectificd liquid from the vaporizer is mininuzed by the positian
of the cold finaer type condenser. 1t shoukd be pointed oat
that while this i an extremely eflicient stl for the separation
of impurities of fow vipor pressure such as netal ions, it oflers
fittle purification from impurities of high vapor pressure such

as orpanic matter or many of the anions.

Commerdial quattz sub-boiling stills which were desizoed
for the production of high-purity water have bieen used for the
production of high-purity niineral acids of Tow-level lead
content at the Carnegic Institution of Washington ().
Similar sub-boiling quartz stills (Quartz Products Corp.,
intield, NLJ ) were installed at NBS tor the production of
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hydrochloric, nitric, perchloric, and sulfuric acids as well as
water.  An all Teflon (Du Pont) sube-boiling still was designed
and constructed at NBS for the production of high-purity
hydrofluoric acid.

Efticient purdication by the still only partially solves the
problem of producing and distributing pure acids,  Airborne
particulale contamination and container contamination must
also be minimized (o ensure a high quality product.  Air-
borne particulate contamination can be virtually eliminated by
enclosing the still and distillate containers in a Class 100
clean air chamber. Teflon FEP bottles which have been
vigorously cleaned with nitric and hydrochloric acids are used
as costainers for the purified acids and high-purity guartz is
uscd for water.

To cvaluate the purity of the acids and water produced by
this process, an analytical method based on isotope dilution
spark source mass sprectrometry (SSMS) was developed.  This
method ha« limits of detection as low as 0.01 ppb for common
impurity  clements. Seventeen  cloments were  determined
simubiancousty in each of the high-purity acids and water pro-
duced by sub-boiling distiflation and the ACS grade acids used

as starting matenials,

APPARATUS FOR THE SUB-BOILING DISTIC ATION
OF THGH-PURTTY ACHIS AND WATIER

Quartz Sub-Boiling Stilt, - The commicicially available sub-
botling still shown in Fizure bis made of quarts. This type
still 18 waed for the production of HCL HNO, HCIO | H.S0O),,
and 11,0, Hoating of the Hquid being distifted is done by a
pair of infrarcd radiators positioned on both sides of the con-
denser. These elements, indde quartz tubes, heat the sur-
face of the ligquid and evaporate it without Causing it to boil.
This peationing : .o serves 1o heat the walls above the Hquid
tending to keep then dry swhich miimmizes aeep of ligud
oniy the walls between the Hguid reservorr and the condensing
cold tinger. The condenser is tlted downsward toward the
distillite outlet to altow the condemed und to flow to the
tip above the outlet. The stiil s fed by a 6 ¥ pound bottie
of ACY reagent grade sad through o liguid level contro!
which maintains the Hquid to just bolow the oveiflow height,
Approvimately H) to 500 ml of hignid are thos maintained
inside the SUH at all tines, A threesway stopeock on the
liquid tevel control is used to drain the still after the consump-
tion of cach boulde of ACS reagent grade feed acid. Al paris
of the iquid feed systemare made of Teflon.

Tefion Sub-Boiling Stith, An all-Tcetlon (Du Pont) sub-
boiling stilt having all the essential features of the guartz stifl
wits disigned and constructed for the production of hydro-
Ruoric acid. Fhis still, shown an Pigure 2, was fabricated
starting with a commiercial 2-liter Teflon bottle.  The heat-
ers, condenser, acid inlet, 2id the overflow were insetted into
what was originally the bottom of the bottle and the distillate
outlet wis inserted at the bottle cap. For the heaters, Teflon
rods are machined 1o form 19-nun o.d. closed end tubes.
Heating coils mside glass tebes are then inserted into the
heater tubes, The nunimum operating tempeiature of the
stilfis Hmitod by the softening point of the Teflon around the

heater. The glass tubing serves (o sepport the heating tube. -

The cold finger condenser is simikuily machined into a 25
mim o.d tebe from solid red. Both the condenser and heater
tuhes are threaded at the open ends to it into conversion
trtings which sre i turn threaded into tapped holes in the
bottonr of the bettle. The tapped hole in the condenser
fiting v machined at an angle such that the condenser is
tiltcd downward toward the distiltate outlet. Because THEF
and other Tiquids do not adhere readily to Teflon, the dis-
tiate diips o instead of fowing down wlong the condenser.
Therefere, o trengh is secured under the condenser 1o cateh
the HE and direct it to the distiliate outlet. A piece of tubing
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inserted through the hotile cap using commerciaf Teflon
fittings serves as o collector for the distillate. The tube i
provided with an umbrella at the end to protect the collection
bottle from possibie fall-out contamination.  The acid feed
and overflow tubes are attached with Tefion Littings threadoed
into the bottle bottom.  Tellon tape is used when necessary
on the threads of the fittings to ensure a Iiaid tght seal.

Clean Air Chamber.  Each sub-boiling still is howsed in &
clean air chamber (I'nvironmental Air Control, Inc., Annan-
dale, Va ) to protect the distillation process from external par-
ticulate contamination.  All parts on the clean air side of the
chamber including the HEPA filter frame and diffuser are
constracted of aluminum or plastic. The chambers mect
Class 100 specifications  that is, they remove 99.974; of all
particulate matter Larger than 0.3 gm. The air flow through
the chamber s adjusted to mateh the exhaust rate through a
plenum assembly at the back-bottom of the unit. By this
means, the acid purification operation is protected from room
contaminates and at the same time, acid Tumes are minimized
in the room.

Containers for Reagent Storage.  Acid distitlates are col-
lected and stored in Teflon-FER bottles. These bottles are
cleaned by souking for 24 hours first in hot 8Af HNQO; and
thenin hot 6M HCI for 24 hours. They are then rinsed with
sul-boiling distilled water and finally with the acid being
stored, The containers are rewsed for the same acid after
first being rinsed with distilled water and thenrinsed with the
acid.  Water fiom the sab-boiling still is stored in quartz con-
tuners which are cleaned in the same manner oy the Teflon
bottles,
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Figure 3.  Clean cavironment evaporator «ud trausfer system

APPARATUS AND REAGENTS POUR ANALYSIS OF
ACEDS AND WATER

Engiched Isotope Spike Solutions. The indwidual otopic
spikes for the clements being determined were on hand as
mg/mi solutions.  Compatible spiking clements were con-
bined to give 50 pg'ml concenitations of cach clenment in o
pair of mantrr spiking rolutions. One solution conteined
the HCsoluble elements, the other solution the HNQO, soluble
clemeats. ’

Clean Air Exhiust Hoodo  In the anudysiy of the acids,
evaporations were perfoinacd on a hot plate ina Class 100
exhausted fume hoodt,  The basic unit s sindlar @ the dean
chamber except thit the air is exhausted down taagh a prill
of Teflon that s ives s a “Bows™ for the hood srd then out
throush a standard acid fuie exhaust system. Teflon i used
extensively throvzhont those parts of the hood expoesed 1o
o fumies,

Fyaporator and Ligidd T <fer Systeri. The apparatus,
shownin Figure 3, provides a clean enmvitonment for evaporat
ing a spiked sample and transferring the resideal volume onto
high-purity gold wires.  Niwogen flowing through a 0.1-pm
celtuloce filter provides a clean atmosphere, sweeps oul evap-
orating acid, wnd prevents entry of particutate cintaminztion.,
A pure quattz pipet inseried off center ina Teflon stopper
af the top s used o transfer the fast ea drops ob eveporatiing
acid onto pure gold wires positioned from the side joint,

PROCEDUREFOR ANALYSIS OF ACIDS AND WATER
BY ISOTOPE DILUTIG! ME

The isotope dilution analyses were performed en the acids
and water produced by sub-boiting distillation and on the ACS
reagent prade acids used as startiog nrteri In adilinion,

we i e also included results obtained in presicus caalyses of

commercial bigh-pueity acids. This varicty in the type and
source of acids analbyzed his resubted i some cha
procedures used.

Hy drofluoric Acid.  Due to its reactivity with quartz and
ghsswice, HE was handled exclusively in Teflon-FEP con-
tainers, othervise it was treated the same as the other ackds
from a simibar souree.

Water from the Sub-Boiling Still. - Because the purity of the
sub-boiting distilled water was higher than that of the acids,
the water was preconcentrated before spking. Pwo hiters
of water were evaporaicd o approvinutely 100 mloin the
original storage container before being removed and spiked.
The water wats not spiked in the storage containe because of
our reluctance o contaminate the container with the enriched
spike Bsotepes. The spiked 100-mb water sample was then
handicd in the same manner as the acids puriticd by sub-
boiling distitiznion

Sumple Spiking, Al samples were spiked using 1T oug il
solutions freshly dilited from the 30 g md masier spike solo-
tions. Avids poniticd by sub-boiting distiiiztion were all
spiked for a nominal concentration o ppby vitricand s dro-

chloric acids were also spiked for 0.1 ppb. Tnie nominal
1-ppb spike contained 100 ng of each spike element in 100
grams of acid (J ng/g); the 0.1 ppb spike had 30 ng/300
grams of acid. The 1 ng/g spike gives an altered i<otopic
ratio of approximately one at a concentiation of 1 ppls {or
most of the impurity elementa,  Concentrations up 10 ten
times higher and more than ten times Jower than the spiked
for value can be deterniined from the measured ratios, but
with greater uncertainty.

The ACS reagent grade acids used as starting materiale
for the sub-boiling distilation were spiked at 1 pphy, 10 ppb,
and 100 ppboin order to cover the expected concentration
range for the difcient impuiity clements. An element was
only measured for the samiple where the spike came closess
to the actual concentration. One half of the spiked sample
wis used for each analysis.

The commercial high-purity acids analyzed previously were
spiked for many but not all of the elaments sunveyed i the
ACS reagent grade and sub-boiling still acids. One hendred-
prunt sumyites were spiked for concentritions in the 1 to 160-
ppb range. Because of the higher level of imparitics ondy 20
girams of the 1d-grem sample were required for the analyses.

Samj:!- lvaporation and Transfer to Pure Gold Wives,
The clean environment evaporater shawn in Figure 3 was
used 1o vaporize commercial high-purity seids ina <lendard
labo y fume hood pricr to our obtainig a Cluss 100
clean air fume hood. A single samyj<- at a Ui
orated 1o a fow tenths of a milliliter and then tanaterred
with the pure quartz pipet (o the tp of “six nines grade” gold
wires and dricd.

The ACS reagent grade wcids and the acids purifies by sub-
boiting di-tilintion were evaporated in the Class 100 fume
hood in open quartz and.or Teflon beakers on a hot plate.
The clean ensirompent evaporation dish was used hoveever to
transfor the Tast fow drops of the spiked semple wo the gold
wires for drying.  The pold wires were then heated to 425
“C for 15 nifnates to diive off hydrocarbons and oceluded
acid. At this peint partial toss due to incomplete G fer or
loss on hicating can be ignored instisuch as the quantitative
analytical data are a function of the altered isotopic ratio
and the only reguirement is that cnough of cach clenwent be
retained foran adeguatle measurensnt

Spark Seuree Mass Spectrogeaphic Il mination of Ab
Isotopic Ratios,  The pair of pold wires was mounted m
spark source such that several millimeters of the wire ends,
which were coated with the spiked sample residue, would be
overlapping and parallel to each other. When a source
vaceum of 1 3% 1077 Forr was reached, a graded series of
exposures was made, The electrodes were moved relaive
to cuch other doring sparkmg in erder (o spark noew spiked
sample residue on cach exposure. One half of the suifice
of cach clectrode was sampled during this first pruded series
of exposutes. A second identical series of graded ayposu
was then muade on the repuinder of the sample. A singic
photograph . plute wias ised for cach sample,

The photographic plates were processed using the Bleach
and interoal image developer for redicing plate fog developed
by Cavard (0).

The photoplites were examined visually 1o selectexpostites
which would give optimam sensttivity for cach clement deter-
mined and for evidenee of inteferences at the ssmie nomina!
mass stch as enreselhved doabber o abnormaliy wide hines, or
isotopiv ratia- which vatied from one exposute to the next,
If an intetforence was indieated for the 41 fines of an cle-

CONAS V-

nent. the fess sensitive =8 2 or ¢ 3 lines were comiored for
Fhe selected exposures for cach clemieni were

micastirement
then densitometered mcastrme both the spike and nateral
otopes on cadh exposure. Frome four 1o sin exposires
were ansored for cach elementif available.

) A, Cavard e U Advanees m Sss Spoctromety.” o kendeck,
Pl Ve Bastitnte of Pettalean bondaon, 1965, pe 389 2,
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Calenlstion of Impureity Concenfrations.  The amounts of
impurities presentin each acid were computed from the sansple
weight, the weight of cach spike added, and the measured
altered isatopic ratins using the wsual formula for isotopi
dilution apalysis as deseribed in cactier papers (7, 8).  Lin-
purity concentrations were cateulated for cach isotopic ratio
measured for an clement. These values were then averuped.
This system gives ¢ more tealistic eveluation of the vicertainty
in the results than using an aveiceed ratio to cateulate one
concentration value. This s cspn“*mllv critical when the
mcaaurcd (altcred) isotopic ratio is close to that of either
the spile or natural element.

When only the spike isotope for an element was detecied,
an upper Himit of conceitration was coimputed by substituting
twice the noive level of the photegiaphic plate at the pesition
of the natural sotope for the intensity of the netarat sotope
The concentration of monocnuclidiv sodivum was estimated by
dssumln\' it bay the same sensi mt\ as potasuen and mea-
suring intenaity -urcas of the **IWu compared to that of cither
lhc B or e YK asotope of the saime exposure.

The results of these analyses of the aoids and waicer arce
presented ina biter section deseribing the operating procedure
used for the production of each of the acids by sub-boiling
distillation.

DISCUSSION OF ANALYSIS PROCEDUR L

The acids purificd in the sub botling sti!l arsd the ACS
reagent grade starting materisls vorcanalyzed for 17 cements
simaliancously by the spurl\ couree,
represeat cletnente fouvnd as impuritics in rearents, elements

The clenments measurd
commoily determiingd in neiny types of anslytical saniples,
and elem a ditferent grou . of the periodic table, Tt
was folt s thie selection of element, would give a represenia-

tive view of i overall reogent purity.

The analysis techinigus itsell 1 subject to blank prohleny,
which carnot Ge properly evaluated. Care was tahen during
the analyss 0 provent contaminzuon of the samples from
containers nad the edternat envirenment.  Basved upon the
lowest valoes found in repeated ansdysis of the acids produced
by sub-boiling distillation, estimates can be made of the
probable blesk  contributions. Tn gencral any  clennt
reported neas the 0.0-ppb level or below may have a con-
siderable blunk contribuiion and the value should therefore
be considered as an upper limit. Concentrations signi!
cantly above this Jevel represcnt actual reagent impunities
with unoeros duag from 2 100 30 depending on the
value of the (¢

Interfering Nncs l»"m 12 the same nominal mass as eithoer the
spike or natural abundance r»nin;w of an clement bioing
determined were somatines encownlared during these analbyses.
These interferences are noraially most prevalent for the lower
mass clements and for the more impare acids. The three
major sources of these lines are hydrocarbons, anions, and
anion {ragmients, and varions moleculir combinaiions of (i
major impunln\ vith themselves and the acid anion. Heat-
ing of the sanple (o 425 °C before spurking and the heating
that occurs auring sparking greatly reduced interference from
the hydrocr bonand amen Hies,

Ixdinples of gaoion fragment intecferences are ¥C1YO-
with the 33" spike and 3#C1OF with the 70 spike in
perchiorte wold cnalysis, and ST with natural ©'Z2nt in

The perehoric acid inteiferenees can be evalui-

sullovic acud.
ted By monitoring the line Trom the other chlerine =oiepe.

() R Alaces, UL Pautsenand DU b Kellcher, ANar, Cres,,
41,4955 (16,
(8y in L Pavt o I Albvarces and DT Rolioher, Spectrochin, Acta,

2403, 838 {0,

S bt e Rt B SRS

(S

tion of high- pucity acids

ACS reagent grde HOWO with high levels of Nua dnd K
showed linc. for: NuGr, Nabl' ) Nty Kot Na ey KO
N O1OY, KOO N CHOL, etes Some of  thiese fines
represented potential interferences; this type uf
interference was naot significant for the sonds puvitied by o
Loiling distiltation siece theiv v donic iaparitios were alway
ata very low fevel,

Mcasurement of the isotopis ratio of on elenwen
or 3 charge state will ehinnncte all three types of nterfering
tines cinee these emoleculir species frapment rather thun forim
multiply-charged don. When such interforences existed, Ag,
Cu, and K isotcpe ralins were meastired on | 2 jons und Zn,
Ni, Cr, and Cu isotoye ratios were measurad on o 3ious.,

howeves,

tal

the

PRODUCTION AND ANALYSIS OF THGILPURTTY
ACIDS AND WATIR

Figure 4 shows the laboratory setep for the production of
high-purtty coids. Fach quarttz sub-boiling stil and dis-
tillate container is housed in @ separate Class 100 clean air
unit to prevent partictlate contamination duving distillation.
Any extrancous soid vapor produced is exhaested through the
balanced plenum assembly which serves foar clean alr units
The Tefion st boiling still is housed in a separate clean air
chamber and estrancous acid vapors are exhausted by a
standard laborstory hood. The ACS reagent grade 2ot to be
purified is ¢ cach still frora a contamer just outside the
clean air chvsher through a liquid level control which nain-
tains the proeset Bquid level  In this menner, acid 1s con-
stantly fod o the still as distiflate i removed. Since im-
purities are cor entrated in the pot lignid, the sull s droined
after the corsmpiion of cach 0- to §-pound foed boitic,

After distittcion, each ackt was slowed 1o staind in i
Teflon 1LY contaner for at least (wo weeks Betor i
to allow Yo wny lapurities in or o the contaier w

react with the aoid,

.
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Table 1. Hydrechlosic Acid
Impurity concentratiors pph by wt (ng'g)

Acid from

sub-boiling ACS reagent Commgercial

still grade high purity
Pb 0.07 0.5 <1
Tl 0.0 0.1
Bua 0.04 2
Te 0.01 0.1 oo
Sn 0.05 0.07 <6
In 0.0 S ..
Cd 0.02 0.0} 0.5
Ag 0.03 0.05 0.2
Sr 0.0} 003
YAY 0.2 2 4
Cu 0.1 4 1
Ni 0.2 6 3
le 3 20 7
Cr 0.3 2 0.3
Ca 0.06 70 24
K 0.5 200 10
Mg 0.6 10 20
Nu | S0 L.
¥ 6.2 ppb T 820 ppb 2 70 ppb
Table I, Nitiie Acid
Empurity concentrations ppb by wi (me )
Acid from
sub-boiliog ACS reapent Cominercial
stifl gride acid high purity
Ph 0.02 0.2 0.3
ia Ce. 0.2
Ba 0.01 X
e 0.0 (1
Sn + 04 0.1 |
In (VR L e
Cd [ER1]] 0.1 0.2
Ay (U] 0.0} 0.1
St 0.0] 2
Se 0.09 0.2 N
7n 0.01 4 8
Cu 0.04 20 o
Ni 0.08 20 3
te 0.3 24 55
Cr 0.05 6 130
Ca 0.2 10 30
K 0.2 10 11
My 0.1 13 .
Na t 80 e
X 23 ppb T 220 ppb 2290 ppb

The puriticd acids were then analyzed by the isotope
difution mass spectrometric method deseribed  previously.
These analyses characterize the aaid as delivercd o the vser
rather than as produced, since this is what is of interest to the
analyst.

The Teflon-FEP bottles will be used repeatedty over again
to contain the same high-purity actd. It is reasoned that the
container should Lecone eleaner with tse and cause less con-
tanination to future fots of acids.  Any acid not used within
a few months will be replaced with frestly distilied reapent.

Hydrochloric Acid,  Hydrochloric actd and water torm o
constant boiling minture ot 6N bydrochloric acud. Imtad
experiments were wiih siarting acid of this concentration.
Further experiments showed that the starting concentriation
coukd be increased to 10N HCE without causing bubble for-
mation and that the distilled product wis alo TOND How-
ever, concentraicd 128 actd could not be used because of

bubble formation on heating.  Apparentiy, acid of highe

Table L. Perchloric Acid
Impurity concentrations ppb by wt (ng/g)

Acid from

sub-boiling ACS reagent Commurcial
still prade acid pure acid

I'b 0.2 2 16
Tl 0.1 0.1
Ba 0.1 > 1000 10
Te .05 0.05 RS
Sn 0.3 0.3 <1
Cd 0.05 0.1 4
Ag 0.1 0.1 0.5
Sr .02 14 e
Zn G.1 7 17
Cu 0.1 11 3
Ni 0.5 8 0.5
Ye ? 330 10
Cr 9 10 18
Ca 0.2 760 7
K 0.6 200 9
Mg 0.2 500 4
Na 6

2 S
16 pph L >3400 pph 2100 ppb

concentration than constant boihng ON can be produced be-
cause the wzeotropic mixture that condenses on the cold finger
absorbs HCY frome the HCH-ich vapor to reach the concen-
tration of the acid in the pot.

ACS reagent grade hydrochloric acid diluted to 10N or
31 weight per cent with higheparity water was used as the feed
acid. The sl heaters were adjusted to 225 W ol power.
About 2 fiters of TON high-punity hydrochloric acid were pro-
duced per day under these conditions.

Table I hows the analysis of the high purity acid prodoced
by sub-boiling distiflation, the starting ACS reagent giade
acid, and a lot of commerciel high-purity acid. A summation
of these impurity clements shows that the sub-boiling dis-
tilled scid contained 6.2 pph, the ACS reagent grade coniamed
£20 ppb, and commercial high-purity 70 ppb. The only
element found in the sub-boiling distilled acid at levels
higher than T ppb was iron at 3 ppb. The other clements
were at the sub-ppb level, gencrally Tower than 0.1 ppon.

Nitric Acid.  The sub-boiling distillation of concentrated
0% ACS reagent grade nitric actd reguired @ low heater
temperature 1o provent the HNO, vapor in the proximaty of
the heater frony disproportionating to form nitrogen dioxide
with resulting discoloration of the distillate. Experiments
showed thut at a heater power setting of 107 W, htte o1 no
discoloration of the distiliate took place.  As a result, only
about 500 m! per day of nitric acid was produced.  Titration
showed the distilate to be 709 HNQy, the same concentra-
tion as the sterting acid.

Tahle H shows the resulis of the analysis of the sub-boiling
distilled acid, ACS grade starting acid, and a lot of commerein
high-putity acid.  The totals of the impurity clements deter-
mined were 2.3 ppb for the sub-boihing distilled acid, 220 pph
for the ACS starting acid, and 240 ppb for the commercial
high-purity acid. The sub-botling distitled nitric acid was the
purest of the acids pradoced. No element was found «t o
conventration preater than tppb and enly sodiom was
detected at that level, and this accounts for almost half ol the
ios found.  Most elanents were in the Q.05 10

(otal impuri
0.01-ppbo .
Perehlatic Avid. Initial experiments on the sub-boiling

distillaiion o concentrated 7070 porchbonic (HCI - TH O
showed that ligh beater temperatores caused the perchlonic
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Table IV. Sulfuric Acid
Impurity concentrations ppb by wt (ng'g)

Acid from ACS reagent
sul-boiling still grade acid

| &) 0.6
7 0
Ba [
Te 0
Sn 0
Cd 0.
Agp [
Sr 0
Zn 0
Cu (
Ni

BANIN= -

DO B W W B e e

w

N
L]

0
7
Cr 0
Ca 2
4
2
9

cloaconvcooocoos

&

Mg
Na 50

X 200 ppb

Table V. Hydroltuoric Acid
Impurlty concentration ppb Ly wt (ny:/g)

Acid from ACS reagent
sub-boiling sl grade acid

Pb 0.05 0.8
Tl 0.1 0.2
Ba 0.1 0.5
Te 0.05 0.1
Sn 0.05 11
Cd 0.03 2
Ag 0.05 0.1
Sr 0.1 0.5
Zn 0.2 4
Cu 0.2 3
Ni 0.3 12
Fe 0.6 110
Cr 5 20
Ca 5 14
K 1 28
Mg 2 10
Na 2 100
X7 pph 2 220 ppb

acid in the still to tn bright yellow, probably because of the
formation of chlorine dioxide. At lower power settings, litde
or na color was noted and the distillate wus colorless. Anrother
problum with this distilation was that in the carlier work,
crystals would ovcasionstly build up on the cold finger con-
denser. This misterial was probably perchiloric acid mono-
bydiate (HCIO; 11.0) which has a niclting point of 50 "C.
Crystal formation could be contialled by changing cither ihe
flow rate of the condeiser water or the heater terpor e,
However, this problan was noted only in the cailier work,
For the last six months, no erystal formation on the cold
foper has been noted even when the still is operasted con-
tirimously for wecks. The power setting used Toi the pro-
duction of purilicd parchloric acid was 240 W, and the pro-
duction rate was about 600 ml of perchloric acid per day.
Titation has shown that the distiBlate is 70 wt 92 of HCIO,,
the same as the starting ACS grade acid.

Table MI shows the results of the analyses of the sub-
boiling distilled acid, the starting ACS grade acid, and a lot
of commercia! high-purity acid.  The total of the impurity
clements found was 16 ppb for the sub-boiling distilled acid,
3200 ppb for the starting acid, and 100 ppb for the commercial
high-purity acid. These analyses demonstrate the efficiency
of sub-boiting di-tillation when the concentration of jmpurity
clements i the puriticd product is compared o the starting
acid. The concentration of barium which was greater thun
1000 ppb wies reduced to 0.1 ppb, a purification factor of
gicater than 10,000, Another example is calcium which was
rediicad o 0.2 ppbin tie puriticd acid from 760 ppb in the
starting acid, a factor of 3,800, Tt should also be noted
that chromimm which wax present at 10 pplin the starting
acid was not significantly chiznped in the purified acid.  This
is probably due 1o the fuct that chromium can be volatilized.
from hot perchloric acid solutions as chromy! chloride,
CrOCh, so fitte, i any, puriication can be expected by sub-
boiling distillationr.  Chrontum accouits for over half of the
total impuritios found in the puritied acid.

Sutturic Acid, Tninal experiments with the sub-boihng
distitlation of sulfin e acid showed thet, because of the density
of 1180 the acid that condensed on the cold Boger teaded
o drop off before reachmg the collection tebe, Another
problen was thist even at the highest poser sctting, the dis-
tliation rate was extrensehy stow. Moduication of the still

Table VI. Water
Impurity concentrations pph by wi (n2-g)
Water from sub-toiting it

b 0.008
T 0.01
Ba 0.01
Te 0.004
Sn 0.02
Cd 0.005
Ag 0.002
Sr 0.002
7n 0.04
Cu 0.01
Ni .02
be 0.05
Cr 0.02
Ca 0.08
K 0.09
Mg .09
Na 0.06

X 05 ppb

by increasing the angle of incline of the cold finger condenser
solved the condensate problem, and the rate of distiliation
was increased by using a platinum foil reflector around the
shill. AU the maximum power setting of 427 W, the rate of
distillation is now about 300 m! per day. Titration has
shown that the purified acid is 96 wt 97 H,S0,, the same as
the starting ACS grade acid,

Fable 1V shows the results of the analyses of the sub-
boiling distiticd acid and the starting sulfuric acid. The total
of the impurities found in the starting acid was 200 pph, the
lowest of any of the ACS grade acids, and the purified acid
contained 27 ppb, the highest of the puriticd acids.  Sodium
wirs the principal contaminant in the high-purity acid at 9 pph
with iron right behind it at 7 ppb. These two clements
account for over half the total impuritics found in the purified
sulfuricacid.

Hydrofluoric Acid.  Hydrofluoric acid was purified in the
albTeflon sub-boiling stll shown in Figure 2 which was
designed and built at NRS, Hydrotluoric acid and water
formya constant baoiling mixture at 36%, HL-. . Because of the
previous evperience with hydrochloric acid, the sob-boiling
distilation of concentrated 389, HE was uttempted. Tira-
tion showed that the distilled product was also 4895 HE, Ap-
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Table VI, Sumeary of Experinicital Conditions for
Producing High-Pusity Acids and Water by
Sub-Bailiug Distilintian
. Concen-
teation of
still feed
acid, %

Concen-
tration of  Production

Still heater distiblate, rate,

Reagent by wi power, W %0 by wi mi/24 hy
1l kI 225 i 2,000
HNO; 0 107 70 500
4iCiO, 70 240 70 KXy
H.SO: 96 427 96 300
HE 48 104 48 3%
H.O N 200 L 4,000

parently, as in the case of hydrochloric acid. the azeotropic
mistere thit condenses on the cold finger atnorbs HE from
the HE ol vapor to reach the same concentration as the acid
in the still.

Since the beaters of the Teilon stll for the puritication of
hydroffuoric acid are enclesed in Teflon tabes, the tempaiature

of the heater had to be kept below the soltening point of

Teflor,  As a resolt the musimum sower setting for this stilt
wirs 163 W owhich produced a distillation rate of 300 mi per
23 hour day.

Fable ¥V shows the reselts of the anadyses of the starting
ACS prade HIE and the panfied predoct. The total of the
impuritios in the perilivd send s 17 ppbcompaied 1o 320 ppb
in the stioting ACS prade acid The two principal inparities
in the ited actd e Caoand Cr, both at & ppb,and they
account for over hadb the total impurity found. The only
other elements fonnd ata concentration of greater than 1 pph

are Koavbppbo Meca 2 ppboand Naat 2 pph.

Water, Wit has boon inehaded anc b stady beeause it s
the niost comnonty wned Chonieat taagent ansd Because sub-
Doiking diillazion Fas been wsed to produce Bigh-parity water
Poth hete at NBS aned ehewheres Feinadis o water of higdier
purity tuin the distilled water from the faboratory distribu-

tion system was obtained by re-distillation in 2 commercial,
continuous-feed stitl.  This «till had a tin-coated evaporater
and buflle and was equipped with a quariz condenser. This
unit was designed te disengage CO, and other gases fronrthe
distiflate and vent them off. Water produced by this still
was used as the feed water to the sub-boiling still.  The en-
tire assembly of feed apparatus, quartz sub-boiling still, and
guartz collector was cortained in a Class 100 clean air chem-
ber.  The distilation rate at a power setting of 200 W was 4
hiters por day.

The analysis of the sub-boiting purified water is given in
Table VI, This water contained a maximum of (.5 ppb total
of the 17 elements determined. No eloment was detected at a
concentration of greater than 0.1 ppb. Since no correction
for an analysis blank could be made, the values must be
regarded sy upper limits for the purity of the water. The
water may in faet be more pure than the analysis indicates.

The optimum condittons for the production of cach high-
parity avid and water by sab-boiling distiation desciibed
above are summarized in Table VL

The impurity clements determined in the acids and waler
(Tables 1 V1) are tabulated in order of decreasing misss,
This reveals that the major impurities for the acids puriticd
by <ub-boiting distifation are all fow mass clements. None
of the NBS purificd acb! . have an impurity level as hig
1 ppb for elements above iron in mass. Blements fron: iren
on down sometimes exceed 1 pph but none exceeded 10 pph.

A nuw ber of the major impurities found in the ACS reapeit
grade and commerciat high parity acids sve clements conmion
to their gliss storage containers. 10 vonld wp,or that the

SREPRY

means of storing the acids are as responsible for the acid

purity as the purification method, 1 shoudd be roted the
of all the acids anabhy zed, only the ACS grade perchloric 2oid
showed an clement (Ba) that exceeded the T-ppiilesel.

Ricinvin for review March 270 19720 Accepted May 24,
1972 Certmn comnwrdial mtromsents or chemicals are
imply reconunend:iion

mientioned in this papers this does s
ot endorsemient by the National Bureau of Standards.
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I.  Summary
A. The Southeastern Bering Shelf

The distribution of suspended matter at the surface in the southeastern Bering
Shelf is controlled by the discharge of sedimentary material from the coastal riv-
ers and the semipermanent counterclockwise currents which dominate the water circu-
lation in Bristol Bay. A large plume of suspended matter extends to the southwest
from Cape Newenham. Suspended matter originating from the Kvichak and Nushagak
Rivers is carried to the west until it reaches Cape Newenham where it combines with
a portion of the material discharged from the Kuskikwim River and is deflected to
the southwest. Chemical analysis of suspended matter from the plume indicates that
it is essentially of terrestrial origin.

A second plume extends to the southwest from Kuskokwim Bay. High concentra-
tions of suspended matter extend as far west as Nunivak Island. This material is
derived from the Kuskokwim River.

Along the Alaska Peninsula surface suspended matter concentrations decrease
rapidly away from the coast. As the Pacific Ocean water passes through Unimak Pass
and is deflected to the northeast along the coast of the Alaska Peninsula, sus-
pended matter of marine origin is carried into Bristol Bay. When this water mixes
with the highly turbid Shelf water, it is rapidly diluted producing the sharp gra-
dients in the suspended matter distributions near the coast.

In the region north of Unimak Pass, large suspended matter plumes appear to be
the result of increased productivity during the summer months.

Below the surface, the particulate matter distributions follow the same distri-
bution pattern as at the surface. However, suspended matter concentrations increase
sharply near the bottom indicating that resuspension of bottom sediments is occurring.

Studies of the major and trace element composition of the suspended matter show
significant spatial variations which are directly related to the supply of terres-
trially derived suspended matter from coastal rivers and local variations in primary

productivity.
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B. Gulf of Alaska

The distribution of suspended matter in the northeastern Gulf of Alaska is
affected by a number of parameters which combine to form a unique distribution
pattern. East of Kayak Island the surface particulate matter distributions are
dominated by the discharge of sedimentary material from the coastal streams which
drain the Bering, Guyot and Malaspina Glaciers. As this material is discharged
into the Gulf, the westward flowing currents quickly deflect it to the west along
the coast until it reaches Kayak Island where it is deflected to the southwest
and is trapped by a clockwise gyre.

The major source of sedimentary material to the Gulf of Alaska is the Copper
River. Once discharged into the Gulf, the suspended material from the Copper
River is carried to the northwest along the coast until it reaches Hinchinbook
Island where a portion of the material passes into Prince William Sound and the
remaining material is carried to the southwest along the coast of Montague Island.

In gereral, concentrations of suspended matter in the Gulf are high at the
surface with an average concentration of approximate]y 1.0 mg/2. Beneath the sur-
face, concentrations generally decrease with depth until the sea floor is approached.
Close to the sea floor suspended matter concentrations increase sharply and the
highest concentrations are found within 5 meters of the seawater-sediment interface.
Studies of the temporal variability of suspended matter near the bottom show evi-
dence for resuspension and redistribution of bottom sediments. These processes
have occurred as a result of interactions between tidal and storm-induced bottom
currents and the surficial sediments.

Studies of the chemical composition of the suspended matter show significant
spatial and seasonal variations which have been correlated with seasonal variations
in primary productivity, variations in the supply and transpcrt of terrestrially

derived suspended matter from the coastal rivers, and resuspension of bottom sediments.
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II. Introduction

Suspended particles in marine coastal waters play an important role in
regulating the chemical form, distribution, and ultimate deposition of many
pollutants. Some toxic elements in particulate form are transported to the
oceans, via river runoff, where they are desorbed at the freshwater-seawater
interface (Turekian, 1971; and Martin et al., 1971). Other contaminants, such
as certain trace elements and petroleum hydrocarbons, are adsorbed onto the
surfaces of suspended particles and are subsequently removed to the sediments
as the particles settle (Kharkar et al., 1968; Kolpack, 1971; and Sholkovitz,
1966).

In areas where the bottom environment is especially dynamic, near bottom
processes such as resuspension and redistribution of bottom sediments might
affect the ultimate deposition of pollutants. An understanding of the pro-
cesses controlling the distribution, composition, and transport of suspended
particulate matter is essential to the assessment of the fate of toxic pollu-
tants in the coastal waters of Alaska.

The major objective of the particulate matter program in the Gulf of
Alaska, Lower Cook Inlet and Shelikof Strait, and the southeastern Bering Shelf
is to determine the seasonal variations in the distribution, composition, and
transport of suspended matter. Other objectives include: (1) the high fre-
quency (hourly) variability in the distribution of suspended matter; (2) an
investigation of the processes controlling resuspension and redistribution of
bottom sediments; and (3) an investigation of the adsorptive characteristics

of suspended matter from Cook Inlet for crude oil.
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ITII. Current State of Knowledge

A. Southeastern Bering Shelf

There is very 1ittle published information about the distribution and
composition of suspended particulate matter in the southeastern Bering Shelf.

Sharma et al. (1974) compared some particulate matter distributions taken
during June-July 1973 in the southern Bering Sea and Bristol Bay region with
ERTS multispectral scanner images of the same area which were obtained on
October 2, 1972. The surface contours of suspended load distributions indicate
several regions of relatively turbid water which originate from a variety of
sources. These turbid regions include:

(1) A region of turbid water which is north of the Aleutian Islands.

This is probably due to the high level of primary productivity that

is the result of the mixing of nutrient-rich deep water with the

Alaskan Stream which flows into the Bering Sea from the south.

(2) A region of turbid water which extends south from Kuskokwim

Bay and west from northern Bristol Bay. This plume probably repre-

sents suspended sediments derived from the Kuskokwim River from the

north and the Kvichak and Nushagak Rivers from the east.

(3) A region of slightly turbid water extending to the southwest

from Bristol Bay whichmay represent suspended matter derived

from the Kvichak and Nushagak Rivers.
The ERTS imagery indicates that the Nushagak River is a major source for particu-
late matter in the Bristol Bay area. The suspended particles from the Kvichak
and Nushagak Rivers are carried to the west by the prevailing counterclockwise
current. Sharma et al. (op. cit) state that although the river plumes remain

close to shore, offshore transport of material in suspension is probably brought

about by tidal currents.
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There is only a small amount of information about the chemical composition
of the suspended matter in the southeastern Bering Shelf. Loder (1971) studied
Lhe distribution of particulate organic carbon (POC) north of Unimak Pass and
found high POC concentrations (221-811 ugC/2) in the thermally stabilized up-
welled water north of Unalaska Island. Lower POC concentrations were found
north of Unimak Island and west Akutan Pass which presumably were due to cur-
rent mixing.

Tsunogai et al. (1974) studied the distribution and composition of parti-
culate matter from six stations in the south central and southeastern Bering Sea
and northern North Pacific Ocean. They found the highest concentrations of par-
ticulate matter occurred at a depth of 20 meters which appeared to be due to
the high productivity and the slow decomposition of organic matter just below
the surface. The organic portion of the suspended matter was about 67 percent
for the samples from the Bering Sea and 80 percent for the samples south of the
Aleutian Islands in the northern North Pacific.

B. Northeastern Gulf of Alaska

Reimnitz (1966) studied the sedimentation history and 1ithology of sedi-
ments from the Copper River Delta. He estimated the particulate matter supply
of the Copper River to be 107 x 10° tons/yr which mostly consists of fine grain
sands and silts.

Sharma et al. (1974) compared some surface particulate matter distributions
taken during February 24-28, 1973 between Kenai Peninsula and Kayak Island with
ERTS multispectral scanner images of the same region which were obtained on
October 12, 1972 and August 14, 1973. The ERTS images show that the Copper
River and Bering Glacier provide most of the sediment load to this region. The

westward flowing current deflects a portion of the Copper River plume to the
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west. The suspended matter moves along the coast, with some material entering
Prince William Sound through the passages on either side of Hinchinbrook Island
and the remaining material is carried along the southeast shore of Montague
Island.

Carlson et al. (1975) used ERTS imagery to study the transport of suspended
material in nearshore surface waters of the Gulf of Alaska. During the late sum-
mer and early fall months large quantities of fine-grain silt and clay-sized
material from the Bering, Guyot and Malaspina Glaciers are discharged into the
Gulf between Kayak Island and Yakutat Bay. This material is carried to the west
by the Alaska Current until it reaches Kayak Island where it is deflected to the
south.

E1 Wardani (1960) studied the distribution of organic phosphorus in the
Bering Sea, Aleutian trench and the Gulf of Alaska. He demonstrated that parti-
culate organic phosphorus in the upper 200 meters of the water column bears an
inverse relationship to inorganic phosphorus. Below 200 meters no detectable
particulate organic phosphorus was found.

C. Lower Cook Inlet

There is little published information about the distribution and composi-
tion of suspended particulate matter in Lower Cook in]et,

Sharma et al. (1974) studied the distribution of suspended matter in
Lower Cook Inlet during several cruises in 1972 and 1973. Suspended matter
concentrations ranged from 100 mg/%2 near the Forelands to 1-2 mg/% near the
entrance to the Inlet. Large temporal variations were observed which were re-
. lated to tidal variations in water circulation and seasonal variations in river
runoff.

Suspended matter from Lower Cook Inlet consists largely of mechanically

abraded rock debris transported by glacial streams. The clay fraction of the
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suspended matter cunsists primarily of illite (Sharma and Burrell, 1970).

IV.  The Study Area

A. Southeastern Bering Shelf

The southeastern Bering Shelf (Fig. 1) is a relatively shallow embayment
which is bounded by the Kilbuk Mountains to the north and east, and the Alaska
Peninsula to the south. Except for some small depressions near the Alaska
Peninsula, the shelf floor is extremely smooth with an average slope of about
0.0003 (Sharma, 1974).

The region receives sedimentary material from the Kuskokwim, Kvichak,
and Nushagak Rivers. The largest river, the Kuskokwim, discharges approxi-
mately 4.0 x 106 tons of sediments annually (Nelson, 1974). Figure 2 shows
the range and mean values of the monthly mean diséharge of the Kuskokwim for
the period of record (Water Supply Papers, U.S. Geological Survey). The maxi-
mum discharge occurs during the months of May through September.

A counterclockwise movement generally dominates the water motion in the
Bristol Bay region. Pacific Ocean water enters the Bering Sea through the
Aleutian Island passes and flows to the northeast along the coast of the Alaska
Peninsula. The water moves along the northern coastline by tidal and wind-
driven currents until it reaches Nunivak Island where it is turned to the north.

The permanent currents in the southeastern Bering Shelf appear to be some-
what sluggish. Current velocities ranging from 2.0 to 5.0 cm/sec have been
observed north of the Alaska Peninsula (Hebard, 1959). However, tidal currents
are dominant in northeastern Bristol Bay where tidal velocities of up to

125 cm/sec have been observed in Mushagak Bay (U.S. National Ocean Survey, 1973).
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B. The Northeastern Gulf of Alaska

The northeastern Gulf of Alaska (Fig. 3) is bordered by a mountainous
coastline containing numerous glaciers which deliver large quantities of
suspended material to the Gulf during the summer months when maximum discharge
occurs. The major sediment discharge is from the Copper River. Reimnitz (1966)
estimates that approximately 107 x 10® tons of-fine-grain material are delivered
annually to the Gulf by way of the Copper River system. Figure 5 shows the
range and mean values of the monthly mean discharge of the Copper River for
the period of record (Water Supply Papers, U.S. Geological Survey). The maxi-
mum discharge of the Copper River occurs during the months of June through
September.

Additional inputs into the Gulf occur along the coastline east of Kayak
Island where coastal streams containing high sediment concentrations drain the
Bering, Guyot and Malaspina Glaciers. Since there are no permanent gauging
stations on these streams, there is no information about the quantities of
materials that are discharged into the Gulf from these sources.

The current systems in the Gulf are dominated by the large counterclock-
wise gyre of the Alaskan Stream. It is usually characterized by a core of
relatively warm (5.5°-6.2°C) water at about 130 meters (Galt and Royer, 1976).
The Alaskan Stream comes in contact with fhe shelf just east of Icy Bay where
it is turned to the west and appears to follow the 150 meter isobath.

West of Cape St. Elias the Alaskan Stream is deflected to the southwest,
leaving the large shelf area between Middleton Island and the Copper River
Delta relatively free of its influence. In this region the circulation is
affected by seasonal wind patterns. In the summer, the winds are predominantly
from the southwest. This produces an Ekman drift of surface waters offshore.
During the winter, the winds are from the southeast which results in an Ekman

drift onshore and downwelling in subsurface waters.
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C. Lower Cook Inlet

Cook Inlet is a large tidal estuary in south central Alaska. It lies on
a northeast-southwest axis andlis about 150 nautical miles long and 50 nautical
miles wide at the mouth. Physiographically, the Inlet is divided into three
sections. At the head of the Inlet, it separates into Knik and Turnagain Arms.
which are 45 and 43 nautical miles long, respectively. Near the middle, Upper
Cook Inlet is separated from Lower Cook Inlet by two geographic constrictions,
the East and West Forelands. The Inlet receives freshwater from three major
rivers: the Matanuska River at the head of Knik Arm and the Susitna and Beluga
Rivers to the northwest. In addition, there are numerous streams containing
large concentrations of glacial flour which drain into the Inlet from both
sides.

Water circulation in Lower Cook Inlet is characterized by a net inward
movement of oceanic water up the eastern shore and a net outward movement of
runoff water along the western shore. In the vicinity of the Forelands, the
water masses are vertically mixed due to the turbulent action of tidal currents.
However, lateral separation of the water masses is apparent, resulting in a
shear zone between the incoming saline water on the eastside and the outgoing
less saline waters on the west.

The sediments of Lower Cook Inlet are primarily comprised of medium to
fine grain sands; however, occasional silt and clay~-sized sediments have

been observed.

V. Sources, Methods, and Rationale of Data Collection

In order to obtain information about the seasonal variations of the dis-

tribution and composition of suspended matter, we have completed three cruises

in the Gulf of Alaska and two cruises in the Bering Sea during the present
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fiscal year. The field program has been integrated with the physical, geological,
and biological programs so that concomitant information about water mass trans-
port, primary productivity, and recent sedimentation has been obtained.

In addition to the seasonal distributions, we have conducted a number of
high frequency (hourly) time series studies at selected locations. This has pro-
vided valuable information about the variability in the distribution of suspended
matter that may be due to waves, tides, and the "patchiness" of primary produc-
tivity in surface waters and resuspension of sediments in near bottom waters.

A second aspect of the suspended matter program has been concerned with
the processes of sediment resuspension and redeposition. Observations of light
scattering profiles from the Gulf of Alaska have indicated evidence of near bot-
tom turbidity layers which may be due to resuspension of bottom sediments. The
erosion and transport of bottom sediments are expected to be related to the
action of near bottom currents. These currents are presumably influenced mainly
by the actions of waves, tides, and storms.

To determine how these processes affect the near bottom distribution of
particulate matter a small mooring was deployed in the eastern Gulf at approxi-
mately 200 meters (Station 62, Figure 3). The mooring contained an Aanderaa
current meter and a nephelometer located within 3 meters of the bottom. The
mooring was maintained for approximately two months.

A. Sampling Methods

Sample collection has occurred concurrently with STD-nephelometer hydro-
casts so that the particulate matter distributions can be related to the
hydrography. Water samples were collected in 10-1iter PVC Model 1070 Drop-top
Niskiéﬁ)bott1es and filtered through preweighed 0.40 um Nuc]eporég)fi]ters.
The filters were washed with three 10-ml aliquots of deionized filtered water,

dried in a desiccator, stored in plastic petri dishes, and returned to the
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laboratory. At the laboratory, the filters were reweighed on a seven-place
CahéE)Mode1 4700 Electrobalance. Additional water samples were filtered through
appropriate filters for the determination of organic carbon and nitrogen.

B. Analytical Methods

The major (Mg, Al, Si, K, Ca, Ti, and Fe) and trace (Cr, Mn, Ni, Cu, Zn,
and Pb) element chemistry of the particulate matter is being determined by x-ray
secondary emission (fluorescence) spectrometry utilizing a Keve§R)Mode1 0810A-
5100 x-ray energy spectrometer and the thin film technique (Baker and Piper,
1976; and Massoth et al., in preparation). The inherent broad band of radiation
from a Ag x-ray tube is used to obtain a series of characteristic emission lines
from a single element secondary target which then more efficiently excites the
thin film sample. Se and Zr secondary targets are used to analyze the samples
for both major and trace elements. Standards are prepared by passing suspensions
of finely ground USGS standard rocks (W-1, G-2, GSP-1, AGV-1, BCR-1, PCC-1) and
NBS trace element standards through a 37 um mesh polyethylene screen followed by
collection of the size fractionated suspensates on Nuc]eporég)fi1ters identical
to those used for sample acquisition. The coefficient of variation for ten
replicate analyses of a largely inorganic sample of approximately mean mass was
lTess than 3 percent for the major constituents and as high as 5 percent for the
trace elements. However, when sampling precision is considered, the coefficients
of variation increase, averaging 12 and 24 percent for major and trace elements,
respectively.

Analysis of total particulate carbon and nitrogen is carried out with a
Hewlett Packard model 185B C-H-N analyzer. 1In this procedure, particulate car-
bon and nitrogen compounds are combusted to CO2 and N2 (micro Dumas method),
chromatographed on PoropaﬁQ(L and detected sequentially with a thermal conduc-

tivity detector. NBS acetanilide is used for standardization. Analyses of
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replicate surface samples yield coefficients of variation ranging from 2 to 10
percent for carbon and 7 to 14 percent for nitrogen.

C. Nephelometry

The vertical distribution of suspended particulate matter was determined
using a continuously recording integrating nephelometer (Sternberg et al., 1974).
The nephelometer consists of a flashing 1ight source, a scattered 1ight detection
system, a data transmission system, and Ni-Cd batteries mounted in a self-
contained, easily portable, deep sea housing.

The instrument has been interfaced into the Plessey CTD system using the
sound velocity channel (14-16 kHz) such that real time measurements of forward
light scattering can be obtained. Since the 1ight scattering measurements are
relative, the instrument must be calibrated against discrete samples for a given
area. Figure 8 shows the relationship between total suspended matter and light
scattering (reported as a frequency) for 55 near bottom samples from the Gulf of
Alaskal using the PMEL nephelometer under uniform operating conditions. The
figure indicates that the re]ationship between 1ight scattering and total sus-
pended matter is linear to some degree. This suggests that the 1ight scattering

profiles may be used to estimate suspended matter concentrations near the bottom.

VI. Results and Discussion

To date we have completed all five cruises in the Gulf of Alaska and south-
eastern Bering Shelf scheduled for FY 76. The first cruise was conducted in the
southeastern Bering Shelf during the fall of 1975 (12 Septehber—S October). The

second cruise was conducted in the northeastern Gulf of Alaska during late fall

1Since the nephelometer is adversely affected by ambient light in the
near surface waters, the light scattering data will only be used to provide
information about near bottom processes where ambient Tight levels are well
below the 1 percent level.
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of the same year (21 October-10 November). The third cruise, also in the

northeastern Gulf, was conducted in early spring of 1976 (13-30 April). The
fourth cruise was conducted in the southeastern Bering Shelf in early summer
of 1976 (24 June-9 July). The last cruise was conducted in the northeastern
Gulf of Alaska during the summer of 1976 (19-31 July). The station locations
for the two cruises in the Bering Sea are shown in Figure 1. Figures 3 and 4
show the locations of the suspended matter stations in the northeastern Guif.

In addition to the five cruises, two field expeditions, designed to collect
suspended matter samples from the major rivers discharging into the southeastern
Bering Shelf and the northeastern Gulf of Alaska, have been completed. Figures 6
and 7, respectively, show the lTocations of the suspended matter stations for the
river sampling expeditions in the southeastern Bering Shelf and northeastern‘
Gulf of Alaska.

At this point, approximately 1500 samples have been collected and weighed
for suspended load determinations. Also, approximately 600 samples have been

collected for elemental analysis of the particulate material.

Southeastern Bering Shelf

A. Particulate Matter Distributions

Figures 9 through 12 show the distribution of suspended matter at the
surface and 5 meters above the bottom for the fall and summer cruises in the
southeastern Bering Shelf (RP-4-Di-76B-111, 12 September-5 October 1975 and
RP-4-MW-76B-VIII, 24 June-9 July 1976). As shown in Figures 9 and 11, the
surface particulate matter distributions are dominated by the discharge of sus-
pended material from the northern rivers. Large plumes of suspended matter
extend to the southwest from Kuskokwim Bay and the region east of Cape Newen-

ham. Similar suspended matter distributions were found by Sharma et al. (1974)
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from samples collected during June-July 1973. The authors suggested that
suspended material originating from the Kvichak and Nushagak Rivers moves gen-
erally to the west until it reaches Cape Newenham where it combines with a por-
tion of the material discharged from the Kuskokwim River and is deflected to the
southwest. Chemical analysis of the particulate matter suggests that the mate-
rial is essentially of terrestrial origin (> 76% inorganic?).

Along the Alaska Peninsula surface suspended matter concentrations decrease
rapidly away from the coast. This is due to rapid mixing of the highly turbid
Shelf water with the relatively clear Pacific Ocean water which originates from
the passes west of the Alaska Peninsula and is deflected to the northeast along
the coast of the Alaska Peninsula.

At the time of the summer cruise, plumes of turbid water were observed
north of Unimak Island and in the region west of the northern end of the Alaska
Peninsula which were not observed during the fall cruise (Figure 9). These
plumes might be attributed to the large seasonal variations in primary produc-
tivity which are characteristic of this region. Sharma et al. (1974) observed
turbid plumes in the region northwest of Unimak Pass which they attributed to
similar processes.

Near the bottom, suspended matter concentrations are high (> 1.0 mg/%)
throughout most of the study region, indicating possible resuspension of bottom
sediments. Figures 13 and 14 show vertical cross-sections of the distribution
of particulate matter from Kuskokwim Bay to Unimak Island for both cruises.

The figures show increasing suspended matter gradients near the bottom which

2For the purpose of this report, the inorganic particulate matter is de-
fined as the percentage of the total particulate matter that is due to terri-
geneous and skeletal debris. This value is determined by calculating the sum
(in mg/2) of the major inorganic elements expressed as oxides and presenting
the data as a percentage of total suspended matter.
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are attributed to resuspension and redistribution of bottom sediments. Since
Bristol Bay is a relatively shallow embayment, it is entirely possible that
waves and tides play a major role in the redistribution of sediments. The sus-
pended matter concentrations near the bottom were 2-3 times higher in the fall.
This may be due to the increased effect of storms which occur more regularly
during the fall months.

B. Elemental Chemistry of the Particulate Matter

Tables I and II, respectively, summarize the data on the elemental composi-
tion of the particulate matter from the major rivers discharging into Bristol Bay
and from 42 stations on the Shelf. For convenience, the surface data in Table II
have been arranged into three groups. Group I contains all the northern stations
in which the sum of the major inorganic element concentrations (expressed as
oxides) is greater than 60 percent of the total weight of material on the filter.
Group II contains all the southern stations in which the sum of the major inor-
ganic element concentrations is also greater than 60 percent of the total weight.
Group III contains all the stations in between in which the sum is less than
60 percent of the total suspended load. Figure 15 shows the percentage of the
total suspended matter that is due to the sum of the major inorganic elements
for each station.

As shown in Table II, Groups I and II are very similar and appear to be
dominated by the supply of terrigeneous material from the Kuskokwim, Nushagak,
and Kvichak Rivers to the north (for Group I) and the coastal streams and
lagoons to the south (for Group II). Several authors have suggested that since
Mg, Al, K, and Ti are almost exclusively associated with aluminosilicate minerals,
the presence of these elements in particulate matter is indicative of terrestrial

input (Spencer and Sachs, 1970; Price and Calvert, 1973; and Feely, 1975). The
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TABLE 1

Summary of the elemental composition of particulate matter from. the major rivers that discharge into the southeastern
Bering Shelf. (St):rface samples were obtained with a precleaned 4-2 polyethylene bottle extended from a helicopter,
12-21 Sept. 1976.

- Sample No. of C N Mg Al Si K Ca Ti Cr Mn Fe Ni Cu In Pb

g Location Samples wt. 2 wt. % wt. 2 wt. % wt. % wt. % wt. % wt. % ppm ppm  wt. % ppm ppm ppm ppm w
Kuskokwim 9 2.96 0.38 2.13 7.77  32.13 1.68 1.59 0.56 105.3 1498 6.57 69.8 77.6 281.4 73.6
River +2.63 +0.42 +0.39 +0.98 +2.86 :0.16 +0.07 +0.04 <+14.9 105 +0.45 +4.8 +7.3 +34.2 +4.9
Kvichak 6 2.66 0.23 1.24 4.26 26.78 0.81 0.48 0.41 62.2 941 4.36 36.3 63.3 232.1 54.5
River +0.15 +0.15 +0.44 +1.07 =+10.30 0.16 +0.13 +0.11 $18.3 +53  +£1.32 +10.9 +8.7 +108.8 +15




TABLE 11

Summary of the elemental composition of the particulate matter samples from the southeastern
Bering Shelf (Cruise RP-4-Di-75B-II1, 12 Sept.-6 Oct. 1975)

Sample No. of C N Mg Al Si K Ca Ti cr Mn Fe Ni Cu In Pb

Description Samplies wt. 2 wt. % wt. X% wt. % wt. ¥ wt. ¥ wt. ¥ wt. ¥ pom ppm  wt. % ppm pom ppm ppm
= Surface 24 17.7 2.1 0.86 3.52 25.85 0.51 1.32 0.24 41.2 893 2.68 24.1 41.9 210.7 43.5 w
ﬁ {Group 1) £10.3  21.3  +0.14 $2.22 5.28 £0.17 20.28 +0.06 119.3 285 +£0.63 +]13.9 188.0 122.6 —

Surface 4 22.9 1.75 6.11 31.74 0.37 2.66 0.28 1377 3.15 42.4 353.0 42.0

(Group 11} +0.08 :1.32 +6.40 +0.14 :0.89 $0.07 519  +0.35 £21.8 +127.0 $16.0

Surface 11 35.3 4.8 10.89 0.26 1.14 0.18 60.4 3s5 1.92 $6.5 64.0 256.0

(Group II1) +19.3 +2.7 $6.73  +0.20 +0.50 £0.07 $32.2 2233 $0.66 +11.7 £31.4 +215.0

5 m above 2 12.2 1.8 1.45 3.92 29.45 0.53 1.64 0.28 0.0 581 3.16 3.7 54,2 219.6 59.9

the bottom :7.6  tl.1 $0.66 £1.27 $6.12 +0.17 20.65 £0.07 :20.9 +304 0.82 117.9 +47.7 +107.6 22.0
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high concentrations of these elements in the samples from Groups I and II indi-
cate that aluminosilicate minerals are the most dominant solid phase in the
particulate matter. The data from Table I show that for Groups I and II approxi-
mately 35-60 percent of the particulate matter is aluminosilicate material of
terrestrial origin. In contrast, the particulate matter samples from Group III
only contain about 20 percent aluminosilicate material.

The Group III samples are significantly depleted in particulate Mg, Al, Si,
K, Ca, Ti, Mn, and Fe and are enriched in Ni, Cu, and Zn. The trace element
enrichments are 134, 53, and 21 percent, respectively, for Ni, Cu, and Zn.
However, considering the large sample variability associated with the low sample
loadings, these enrichments may not be significant.

Since the early work of Menzel and Vaccaro (1964), many investigators have
used particulate carbon as a tracer of particulate organic matter in the oceans.
Riley (1970) suggested that a factor of 2.0 be used to estimate concentrations
of particulate organic matter from particulate carbon. Recent investigators
have used the carbon to nitrogen ratios in particulate matter to distinguish
between terrestrial and marine sources of organic matter (Loder and Hood, 1972).
The authors found that riverborne organic matter has C:N ratios which range
between 15-22. In contrast, ratios for marine organic matter range between 5-15.

The distribution of particulate carbon and nitrogen at the surface in the
southeastern Bering Shelf are presented in Figures 16 and 17. Generally speaking,
the surface distributions follow the same pattern as total suspended matter. High
concentrations of particulate carbon and nitrogen are found along the coast with
concentration gradients decreasing slowly in a seaward direction from the north-
ern coast and rapidly from the coast of the Alaska Peninsula. A plume of turbid

water containing high concentrations of particu]ate carbon and nitrogen extends
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to the southwest from Kuskokwim Bay. Apparently, the semipermanent counterclock-
wise currents which appear to be controlling the distribqtions of total particulate
matter at the surface also control the distribution of particulate carbon and
nitrogen.

The carbon to nitrogen ratios in the particulate matter at the surface indi-
cate that the organic matter is of marine origin. Ratios range from 0.7 to 29.4
with a mean 7.2. Although the ratios increase slightly from south to north,
studies of the variability of C:N ratios in marine phytoplankton indicate that
these small differences are probably not significant (Banse, 1974).

Near the bottom, particulate carbon and nitrogen distributions tend to be
more localized and appear to follow the bathymetry. Figure 18 shows a vertical
profile of total suspended matter and total particulate carbon for station 40
in central Bristol Bay. Concentrations of total particulate carbon are high at
the surface (450 ugC/2). Beneath the surface, concentrations of particu]ate
carbon decrease rapidly until a constant level of about 150 ugC/% is reached
below 40 meters. In contrast, total suspended matter concentrations are rela-
tively low and constant in the top 40 meters. Below 40 meters, concentrations
of total particulate matter increase sharply near the bottom indicating possible
resuspension of bottom sediments. Apparently, resuspension of bottom sediments
has 1ittle effect on the distribution of particulate organic matter near the

bottom.

Northeastern Gulf of Alaska

A. Sedimentary Discharge from Coastal Rivers and Streams

Since there are no gauging stations near the mouths of the major rivers
discharging into the northeast Gulf of Alaska, there is very little information

about the quantities of sedimentary materials that are discharged into the Gulf
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of Alaska from these important sources. From careful analysis of discharge data
for the Copper River near Chitina, Reimnitz (1966) estimated that approximately
1.07 x 101* g yr~1 of fine grain material are delivered annually to the Gulf by
way of the Copper River system.

In order to obtain an order of magnitude verification of the estimates made
by Reimnitz, river samples were collected near the mouths of the major rivers
discharging into the northeast Gulf (see Figure 7). River samples were obtained
with a precleaned 4-liter polyethylene bottle lowered from a Bell 206B helicopter
hovering within 2 meters of the water surface, 22-27 June 1976. Figure 19 shows
the results of those measurements. Near the mouth of the Copper Rivér, suspended
matter concentrations average 0.525 + .09 g/2. Using this value and the approxi-
mation of the annual water discharge at the mouth of the Copper River (estimated
by Reimnitz to be approximately 8.0 x 1013 & yr-1), the estimated annual mean
discharge of approximately 0.42 x 101%* g yr-1 is calculated. This estimate is
approximately 2.5 times lower than the estimate of Reimnitz. However, consider-
ing the large variations that may result from annual and seasonal fluctuations in
discharge rates and sediment concentrations, the small difference between these
estimates may not be significant. More accurate determinations of annual sedi-
ment fluxes are not possible without permanent gauging stations.

East of Kayak Island the coastal rivers which drain the Bering, Guyot and
Malaspina Glaciers have widely varying suspended matter concentrations. Surface
concentrations at the river mouths range from 11 mg/% for the Tsivat River to
1496 mg/e for the Ducktoth River. These variations are probably related to the
water and suspended matter discharge patterns of the nearby glaciers. At this
time no estimates of water discharge from these rivers are available, and conse-

quently, no estimates of sediment fluxes can be made.
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B. Particulate Matter Distributions

Figures 20 through 25 show the distribution of suspended matter at the
surface and 5 meters above the bottom for the fall, spring, and summer cruises.
The surface distributions show significant variations which can be related to
variations in sediment flux from the coastal rivers, formation of wind-generated
eddies, and local variations in current patterns and transport processes.

East of Kayak Island the surface particulate matter distributions are domi-
nated by the discharge of sedimentary material from the coastal streams which
drain the Bering, Guyot and Malaspina Glaciers. As this material is discharged
into the Gulf, the westward flowing currents quickly deflect it to the west along
the coast. Comprehensive analyses of ERTS imagery for this region (Sharma et al.,
1974; Burbank, 1974; and Carlson et al., 1975) have indicated that most of the
material that is discharged from the rivers east of Kayak Island remains rela-
tively close to the coast (within 40 km) until it reaches Kayak Island where it
is deflected to the southwest. The surface suspended matter distributions for
the October-November cruise and the April cruise follow this same general pat-
tern. Along the transects southeast of Icy Bay (Stations 10-13), particulate
matter concentrations decreased from > 1.0 mg/2 near the coast to < 0.5 mg/%
approximately 40 km off the coast for both cruises. During the summer cruise,
on the other hand, a plume of turbid water was observed extending outward from
the coast. This plume was not observed during either of the previous two
cruises and may be the result of increased sediment flux from the coastal rivers
during the summer. However, from careful analysis of ERTS imagery for this re-
gion Burbank (1974) observed that occasionally wind-generated counterclockwise
eddies were formed which transported significant quantities of terrestrial mate-

rial seaward. It is probable that both factors, high sediment flux and the
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formation of wind-generated eddies, contribute to offshore transport of suspended
matter in this region. Although such ephemeral processes are difficult to docu-
ment without extensive supportive physical oceanographic data, there is a strong
possibility that these eddies play a major role in the offshore transport of sus-
pended matter.

During the fall and spring cruises significant quantities of terrestrial
suspended matter were transported to the southwest from Kayak Island by a Tlarge
clockwise eddy. During the summer cruiéé terrestrially derived suspended matter
remained relatively close to the coastline on either side of Kayak Island
(Figure 24). Observations of ERTS imagery taken on 14 June 1976 (Figure 26)
show very similar suspended matter distribution patterns. Apparently, the large
clockwise eddy which is characteristic of this region moved offshore far enough
to allow terrestrial suspended matter to be transported around the southern tip
of Kayak Island.

In the vicinity of the Copper River, a plume of highly turbid water extends
offshore as far as 40 km. Suspended matter concentrations within thg plume are
high, averaging 6.7 mg/%, which reflects the increased sediment discharge during
the month of July. As with the previous two cruises, the sedimentary material
from the Copper River is carried to the west along the coast until it reaches
Hinchinbrook Island, where a portion of the material passes to the southwest
along the southeastern coast of Montague Island.

Although the surface suspended matter distribution patterns are somewhat
similar for the three seasonal cruises in the northeastern Gulf, the vertical
distribution patterns are not. Figures 27, 28, and 29 show vertical cross sec-
tions of the distribution of total suspended matter for Stations 27 through 31
and Station 5 for the fall, spring, and summer cruises, respectively. The ver-

tical cross sections were determined from discrete samples (the locations of the
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Figure 26. ERTS-1 image of the region between Montague Island and Kayak Island
showing evidence for suspended matter transport along the coast.
The image was obtained on 14 June 1976.
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Figure 27. Vertical cross section of the distribution of total suspended
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Figure 28. Vertical cross section of the distribution of total suspended
matter for stations 27 thru 31 and station 5 in the northeastern

Gulf of Alaska (Cruise RP-4-Di-76A-III, 13 - 30 April 1976).
The insert shows the o1 surfaces.
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Figure 29. Vertical cross section of the distribution of total suspended
matter for stations 27 thru 31 and station 5 in the northeastern
Gulf of Alaska (Cruise RP-4-Di-76B-I, 19 - 31 July 1976).
The insert shows the or surfaces.
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samples are represented in the figures as dots) and light scattering measure-
ments. During the summer and fall cruises the water column was vertically
stratfied, as shown in the figures by the insert of the vertical distribution
of the or surfaces. These cruises are characterized by large vertical suspended
matter gradients. In contrast, the spring cruise, which shows very 1ittle
stratification of the water column, is characterized by weak vertical gradients
of suspended matter. Drake (1971) demonstrated that in Santa Barbara Channel
vertical gradients in suspended matter distributions were strongly influenced
by temperature-induced density gradients. Our data appear to support these
findings. For example, at the time of the fall cruise the water column was
thermally stratified. The temperature gradient at Station 28 was approximately
-0.05°C/M from 50 to 100 meters. In contrast, the temperature gradient at the
same station during the spring cruise was only about -0.003°C/M. Thus, it is
apparent that the water column stability, which on the continental shelf of the
northeast Gulf is primarily controlled by témperature—induced density gradients,
strongly influences the vertical transport and subsequent residence times of
particles in suspension

C. Replicate Studies

In order to evaluate the reproducibility of the measurements for total
suspended matter, a number of replicate experiments were conducted during the
fall cruise in the Gulf. Surface samples were collected in 10-1iter Top Drop
NiskiéE>bott]es and simultaneously filtered through 47 mm diameter 0.4 um
Nuc]eporég)fi1ters. The results are presented in Table III. The average
relative standard deviation for the replicate studies is 7.8 percent. Since
the precision of our weighing techniques (based on replicate studies of stand-
ard reference filters) is less than 1 percent, most of the variability in the

data appears to be due to the inhomogeneity of particulate matter in the water
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sample. This suggests that one must be extremely careful when comparing small
differences in the suspended matter distribufions. For the Gulf of Alaska,
only differences greater than +0.13 mg/% are considered to be significant at the
95 percent confidence level.

In order to obtain some information about the high frequency (hourly) time
variations in the distribution of suspended matter, two 36-hour time series
experiments were conducted at Stations 4€ and 62< Water samples were collected
every 4 hours from the surface and 5 meters above the bottom. The results of
these experiments are also given in Table III. The relative standard deviations
of the data from the two time-series stations are significantly higher than the
relative standard deviations from the replicate studies. This suggests that
high frequency time variations, which may be due to the action of waves, tides,
and local variations in productivity, are highly significant and must be care-
fully considered if seasonal particulate matter distribution maps are to have
any significance. Using a mean value of 1.02 mg/%2 for total suspended matter at
the surface and the maximum relative standard deviation of 47.6 percent from the
time series at Station 62 a value of +0.77 mg/% is significant at the 95 percent
confidence level for seasonal variations. For these reasons, the contour inter-
vals on the suspended matter distribution maps have been limited to +1.0 mg/%.

D. Temporal Variability of Suspended Matter
Near the Seabed

In order to obtain some information about the proceéses that control resus-
pension and redistribution of bottom sediments along the shelf, a digital record-
ing nephelometer was placed onto a current meter array at approximately 1.5 meters
above the bottom (Station 62, 59°34'N and 142°10'W), which is located southeast
of Icy Bay and has been used as the site for extensive measurements of bottom

currents by the physical oceanographers at PMEL. It is situated near the shelf
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TABLE III

Comparison of replicate samples collected in 10-1iter Top-Drop
Niskiﬁg)bottles and filtered through 47 mm diameter, 0.4 um

Nuc1epor&® filters with samples collected every 4 hours during
a 36-hour time series experiment

Number of TSM
Station Depth Replicates Mean (mg/2) Std. Dev. Rel. Std. Dev.

PMEL 1 sfc 4 0.510 0.029 0.057
PMEL 5 sfc 4 0.495 0.089 0.179
PMEL 9 sfc 3 1.241 0.099 0.079
PMEL 10 sfc 4 2.728 0.162 0.059
PMEL 16 sfc 3 0.635 0.023 0.036
PMEL 17 sfc 4 2.211 0.044 0.020
PMEL 39 sfc 4 3.482 0.123 0.035
PMEL 51 sfc 4 0.465 0.075 0.161
Time-Series Stations

PMEL 46 sfc 9 0.333 0.066 0.199
PMEL 62 sfc 9 0.238 0.113 0.476
PMEL 46 60 m 9 0.512 0.119 0.232
PMEL 62 184 m 9 0.504 0.181 0.359

150




55

break at a depth of 184 meters. The nephelometer was deployed on 4 March 1976
and recovered on 16 May 1976. Figure 30 shows the record of the 1light scatter-
ing measurements for the period from 6 March through 31 March 1976 for which
useful data were recovered. Figure 30 also shows the unfiltered (resolved with
respect to the net drift axis and represented by dots) and the 35-hour low pass
filtered (represented by vectors) current meter records from the current meter
at 100 meters for the same time period. This current meter was chosen for this
comparison as an alternative choice because the current meter that was deployed
1 meter above the nephelometer failed and no usable data were recovered. Con-
sidering the distance between the nephelometer and the current meter (= 80
meters), a comparison of this nature would seem to be marginal at best. However,
we have examined current meter records from 1975 using linear regression and
rotary coherence techniques and have found that a positive correlation (r = 0.62)
exists between the currents measured at 100 meters and the currents measured
near the bottom for the winter months between September and March (J. D.
Schumacher, personal communication, 1976).

The 1ight scattering record has two salient features. First, associated
with almost every maxima in the unfiltered current meter record above a
threshold velocity of approximately 17 cm/sec are corresponding peaks in the
light scattering record. Spectral diagrams for both the current meter and
nephelometer records, which are presented in Figures 31 and 32, respectively,
show that the major peaks have frequencies of 0.3, 1.0, 1.7, and 1.9 cycles per
day. These peaks are attributed to storm, diurnal, inertial, and semidiurnal
events (Charnell et al., 1976) respectively, and appear to have a significant
effect on the concentration of susﬁended matter near the bottom. The diurnal
and semidiurnal events can be attributed to tidal activity which causes sus-

pended matter fluctuations on the order of + 0.4 mg/% (previous calibration of
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the nephelometer indicates that a light scattering intensity of 2.0 corresponds
to a suspended matter concentration of approximately 0.5 mg/% and a 1ight scat-
tering intensity of 4.0 corresponds to a suspended matter concentration of

2.0 mg/e). These findings suggest that tidal currents near the bottom are of
sufficient velocity to resuspend bottom sediments at Station 62.

The second feature of the nephelometer record is the presence of a large
gradual increase in light scattering which begins on 16 March 1976 and continues
through 26 March. There is a significant correlation between this feature and
a similar event in the 35-hour filtered current meter record which shows the
development of a strong onshore current having a net velocity of approximately
25 cm/sec at 310°TN. This event is characteristic of storm-induced bottom cur-
rents (Hayes and Schumacher, 1976) and represents a net water transport of
approximately 230 km. The light scattering record indicates a corresponding
increase in the near bottom suspended matter concentrations from about
0.5 mg/s to about 3.0 mg/2. Thus, the near bottom nephelometer and current
meter records at Station 62 clearly show that significant amounts of bottom
sediments are being resuspended and transported by storm-induced bottom currents.

E. Elemental Chemistry of the Particulate Material

Tables IV and V compare summaries of the data on the elemental composition
of suspended matter from the Copper and Bering Rivers with summaries of the
surface and near-bottom data from the Gulf of Alaska (Cruise RP-4-Di-75C-1I,

21 Oct.-10 Nov. 1975). The data for the Gulf surface samples have been arranged
into two groups. Group I contains all the samples in which the sum of the major
inorganic element concentrations (expressed as oxides) is greater than 60 per-
cent of the total suspended load; all samples of lesser inorganic sum comprise

Group II. Group 1 samples are primarily composed of clay-sized terrestrial
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particles from the coastal rivers. The samples in Group II consist primarily of
organic detritus and biogenic tests. Figure 33 shows the percentage of the total
suspended matter that is due to the inorganic elemental sum for each surface
station. The 60 percent isopleth divides the stations into their respective
groups.

As shown in Table V, the elemental composition of the suspended matter 1is
remarkably different for Groups I and II. Within the statistical limits of the
measurements the samples from Group I have very nearly the same major element
composition as the samples from the Copper and Bering Rivers. This is especially
true for Al, K, and Ti which have been shown to be almost exclusively associated
with aluminosilicate minerals of terrestrial origin (Sackett and Arrhenius, 1962;
Spencer and Sachs, 1970; Price and Calvert, 1973; and Feely, 1975).

The Group I data indicate that aluminosilicate minerals are the most
abundant solid phases in the particulate matter. As much as 90 percent of the
particulate matter from Group I is aluminosilicate material of terrestrial ori-
gin. In contrast, the particulate matter samples from Group II only contain
about 20 percent aluminosilicate material.

In contrast to the Group I data, the Group II samples are significantly
depleted in particulate Mg, Al, Si, K, Ti, Cr, Mn, and Fe, and are enriched in
particulate Ni, Cu, and Zn (77, 58, and 11 percent, respectively). However, con-
sidering the large variability associated with the low sample loadings and the
somewhat arbitrary method by which the data groups are selected, only tne enrich-
ments for Ni and Cu are significant at the 95 percent confidence level.

Table V also summarizes the elemental composition of 37 samples taken
5 meters above the bottom. In general, the major element concentrations of
the near-bottom samples are similar to the Group I and river samples. However,

the trace elements Ni and Cu are depleted in the samples from this region.
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TABLE IV

Summary of the elemental composition of suspended matter from the major rivers that discharge
into the northeastern Gulf of Alaska. (Surface samples were obtained with a precleaned 4-2
polyethylene bottle extended from a Bell 206B helicopter, 22-27 June 1976.)

’..A
Eg Sample No. of C N Mg Al Si K Ca Ti Cr Mn Fe Ni Cu Zn Pb
Description Samples wt. % wt. % wt. %2 wt. % wt. & wt. % wt. % wt. %2 oppm ppm  wt. % ppm ppm ppm ppm o
™N
Copper River 15 1.04 0.09 6,10 10.31 27.31 1.62 3.93 0.55 103.9 1085 6.16 88.1 105.8 209.6 48.7
+0.51 #0.06 1.26 £1.10 £2.85 #0.19 +0.99 +0.05 =+19.8 399  +0.71 +12.5 :20.8 £37.3 9.9

Bering River 1 1.56 0.62 6.65 13.16 25.87 1.88 5.02 0.50 129.8 1012 6.02 87.9 99.7 246.5 67.2




TABLE V

Summary of the elemental composition of the particulate matter samples from the northeastern
Gulf of Alaska (Cruise RP-4-Di-75C-I, 21 Oct.-10 Nov. 1975)

Sample No. of C N Mg Al Si K Ca Ti Cr Mn Fe Ni Cu In Pb*
Description Samples wt. % wt. % wt. %2 wt. % wt. % wt. % wt. %  wt. % ppm ppm wt. % ppm ppm ppm ppm

t; Surface 35 18.69 2.69 4.81 9.10 26.51 1.26 2.69 0.55 87.1 1007 3.76 82.9 103.9 187.2 53.1 EE
o (Group I) +11.81  £1.78 +1.22 $2.21 +5.45 +0.45 +0.90 :0.13 +18.6 +281 #1.30 38,0 #37.0 =38.0 +10.3

Surface 13 40.20 6.56 1.75 1.92  12.29 0.43 2.49 0.27 61.8 579 1.66 147.0 165.0 209.0 47.0

(Group I1) £17.59  22.06 +1.17 +1.66 +3.67 +0.17 +0.56 +0.09 +28.0 +262 +0.90 +137.0 $90.0 +63.0 +15.6

5 m above 37 11.56 1.52 5.16 8.78 26.68 1.35 2.22 0.48 93.7 1104 5.36 46.6 69.2 176.0 55.0

the bottom 9,12 £1.18 £1.62 £2.74 +5.93 +0.36 +1.24 :0.14 +19.8 +324 +1.60 +14.3 +27.3 +58.8 +14.3

*Only 14 surface samples had sufficient loadings for the analysis of lead.
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Table VI shows the average elemental concentration ratios to aluminum for
the samples from the various groups. The Si/Al and Ca/Al ratios from Group II
are considerably elevated over the ratios for the river samples. This is due
to the presence of diatom frustules and coccolith tests in the suspended matter.
Price and Calvert (1973) and Feely (1975) demonstrated that the amount of bio-
genic silica and carbonates can be estimated by assuming a constant Si/Al and
Ca/Al ratio due to suspended aluminosilicates. Any excess Si and Ca is assumed
to be of biogenic origin. Using the Si/Al and Ca/Al ratios of the aluminosili-
cate material from the Copper River, values of approximately 16 and 4 percent
by weight of the Group II samples are estimated to be composed of biogenic silica
and carbonate, respectively. In contrast, it is estimated that on the average
the Group 1 samples only contain about 5 percent by weight of biogenic silica
and no biogenic carbonate.

The surface distributions of particulate Al, Cr, Fe, and Cu are presented
in Figures 34a and 34b. As shown in Figures 34a and 34b, the distributions of
particulate Al, Cr, and Fe show significant decreases in concentration in a
seaward direction. The data from Table V corroborate these findings. The con-
centrations of these e]éments are significantly Tower in the Group II samples
(offshore stations) relative to the samples from Group I (nearshore stations).
Apparently, the concentrat{ons of Al, Cr, and Fe are highest in the fine-grain
terrestrial material that is discharged from the coastal rivers. Particles of
marine origin (diatoms, coccoliths, etc.) tend to dilute the samples relative
to the above elements. Similar distribution patterns are observed for particu-
late Mg, K, Ti, and Mn.

The particulate Cu distributions, on the other hand, show significant
concentration increases for the offshore stations (Figure 34d). Similar in-

creases also exist for particulate Ni, Zn, and Pb (Table V). These elements

160




191

50 - lag* - 146* . 140 - 142¢ 1407 . 38 ‘50'/;‘ jagt a8 s
- 5 OSTRIBUTON X "JTAL ot ~
_7 R‘r CHUGACH MTS HRTICULATE "L MR N(: £ CHUGACH MTS
: AT THE SURFACE W™ %!
J ,_..VALDEZ 26T NV @ N - VALDEZ
L2 3 A2 w -~ ~-Depth in fathoms 1 61~ b{wy - = --Depth in fathoms -
PRINCE WILL/AM_,«,} 0 20 40 60 80 100 N PRINCE WILL)AM% © 20 40 60 80 100
s, &, Tt 4‘ <ILOME TERS ; SOUND w83 “ RoMETERs
u\ﬂ 74 g » /.r' <A™
- P "V ; , / RING 227 26UYOT -
5 41 a:“ az% ¢ 4)'\1-\1 16 5
. )
SEU‘WECT’& (’ & asd 7," o - ECTION /éf/ . N o !o! 1
PP A 1, It Y \ P ,xr . Pyl « /
o o . 48 s L
1ot adr o ‘o” ‘3‘ 4.9‘?\ IS x'oa ‘:2 .
MIDOLETON | 7% MIDDLETON 147 %
o by ‘ i .
2 g - . ? - .
e e [T S N X 28 BA T o LA
599 . . 59 .
" *\ T
. . .
2o D s -
od I IS
o 2.n 100 :: ay 100
R ¥ .
" 5
20 00 e
s pe- - oe e
o IS C [ T T4 * Cod Ter ™ T g E-y Lrui i e
500 148° 46 e 142° 140° 138 1ag* 146 144 420 a0 1380
- — - - - . .
= ASTEBLTON OF “TTA
‘,/// CWG‘CH MTS gAthTET)JLT;% O‘;»«;gf.bu E CHUGACH MTS SARTICULATE SOPPER
[~ VALDEZ AT THE SURFACE | VALDEZ AT ThE SURFACE :PPM,
S 21 OCT - 10 NOV., 197% 4 210CT T NGy, 378
- W*’ ~---Depth tn fathoms b i — — ~Depth in tathoms e
/
PRINCE WILL/A% Cofoer 0 20 40 60 80 100 *PRINCE WILLIAM 2.; Coﬁpfr o 20 40 60 6C ‘00
2 R LOME ~ ER5 r“;/fy . OWE-ERS
~ *s' 0”“«(%‘/ SNgRL = ;‘»“-\,gﬁ“/ﬂ‘; NG D SGuvoT
= d e e T CIER, oy O ST
1 q{ J:;{\‘Yg_/ o 43’\1::., 73. L. Gl 5\MAL PINA
N & * ;™ ' ] _ i
NG UWE"T/GN ¢ : = . 7 B, - ! |
’“\c Vo ;v(’ a A oo & 32 ’y 13’7,; po
\ W o ‘YAxurAr & YAKUTAT
' 4 s < - 87 PR N4 , : L BaY
o - - Y *»
. MIDDLETON ! - <Ya:i\ AT, MIDDLETON | 2% % > ¢ YaKuTar,
. 5 ; e ;ﬁf . N g
k] N R ) ? . N . 4
7 ) A o ~ o8 . ) PR S S, ~og,
4 . .. B "’w o e
59 - - . T &
P - 24
. : .
v : b2 .
) 00 s 00
- . - el L] -
- T, K Ty
56? 1e0 - sel 0 e
1o = e T T o 1 o Y e T > r—— Y
C.

Figure 34.

(wt. percent); c.

D.

Distribution of: a. particulate aluminum (wt.
particulate chromium (parts

percent);

per million);

b. particulate iron

and d. particulate

copper (parts per million) in the total particulate matter at the surface (Cruise
i 10 Nov. 1975).

RP-4-Di-75C-1, 21 Oct.

q9




TABLE VI

Elemental ratios to aluminum for the particulate matter samples from the northeastern Gulf
of Alaska (Cruise RP-4-75C-I, 21 Oct. - 10 Nov., 1975) and the Copper and Bering Rivers

Sample No. of
Description Samples Mg/Al  Si/Al K/A1  Ca/Al  Ti/A1 Cr/A1 Mn/A1  Fe/A1  Ni/Al Cu/Al In/Al Pb/Al

99

Surface '
" (Group 1) 35 0.53 2.91 0.14 0.30 0.06 0.0009 0.011 0.41 0.0009 0.0011 0.0021 0.0008
5
Surface '
(Group 11) 13 0.91 6.40 0.23 1.92 0.14 0.0032 0.030 0.86 0.0076 0.0086 0.0109 0.0068
5 m above
the bottom 37 0.59 3.03 0.15 0.25 0.05 0.0011 0.012 0.61 0.0005 0.0008 0.0020 0.0007
Copper River 15 0.59 2.65 0.16 0.38 0.05 0.0010 0.011 0.60 0.0008 0.0010 0.0020 0.0005

Bering River 1 0.51 1.96 0.14 0.38 0.04 0.0011 0.008 0.46 0.0007 0.0008 0.0019 0.0005
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have been shown to be highly correlated to biological activity and significant
uptake during primary prodUction may be occurring (Knauer and Martin, 1973).

In order to develop an understanding'of the processes controlling the vari-
ability of trace elements in marine particulate matter and sediments many authors
have examined interelement scatter plots (Spencer and Sachs, 1970; Price and
Calvert, 1973). Usually one of the elements is a structural component of one
or more solid phases in the particulate matter. In this way, the concentration
variability of a particular element can be directly related to the variability
of a particular solid phase.

Figures 35a and 35b show iron and chromium concentrations plotted as a
function of the aluminum concentration for all samples. The strong correlation
of iron and chromium with aluminum suggests that these elements are associated
with the structural components of the terrestrial rock debris that is discharged
from the coastal rivers and/or the resuspended sediments. Scatter plots for
Mg, K, Ti, and Mn show similar results.

If it is accepted that a linear correlation between a particular element
and aluminum is a direct result of the element:aluminum ratio in the weathered
rock debris, then it follows that a nonlinear or poorly correlated relationship
is indicative of a distinctly different source for the element in question.
Figure 35c shows a scatter plot between copper and aluminum for all the samples.
The plot shows that for the surface samples little, if any, correlation between
copper and aluminum exists. However, wheh copper is plotted against particulate
carbon, a fairly good correlation results (Figure 35d). This suggests that the
distribution of copper in the surface samples is primarily controlled by the
amount of particulate organic matter that is present.

The distributions and scatter plots for nickel and zinc are similar to

copper although not quite as well-defined. It is possible that two distinct
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phases, terrigenous material and particulate organic matter, may both be impor-
tant in controlling the overall concentrations of Ni and Zn in the particulate
matter.

Tables VITI and VIII show data summaries of the elemental composition of
the surface and near-bottom suspended matter for the spring and summer cruises
in the northeastern Gulf (Cruises RP-4-Di-76A-11I, 13-30 April and
RP-4-Di-76B-1, 19-31 July 1976). The data for these cruises have been arranged
into data groupings in exactly the same manner as the data for the fall cruise
(Table V). Except for Ca, there does not appear to be any significant difference
in the major inorganic element concentrations of the suspended matter for the
three cruises. However, the Group II surface samples from the spring and sum-
mer cruises show significant particulate Ca depletions relative to correspond-
ing samples from the fall cruise. This difference might be related to seasonal
variations in the production of Ca-bearing Coccoliths which are common to this
region.

The particulate carbon and nitrogen data show significant seasonal varia-
tions (Tables V, VII and VIII). The lowest surface concentrations of particulate
carbon and nitrogen (averaging 60 ng/% and 11 ug/%, respectively) were observed
at the time of the spring cruise when primary productivity was near minimum
values (Larrance and Tennant, 1977). During the summer cruise, surface concen-
trations of particulate carbon and nitrogen increased by factors of 2.3 and 2.6,
respectively. Observations of primary productivity rates at Station 4 of the
study region show corresponding increases (17 mg C/M2/hr for April vs 100 mg
C/M%2/hr for July). Gordon (1977) observed similar increases in particulate
carbon concentrations for a line of stations between Halifax and Bermuda which

the author attributed to seasonal variations of primary productivity.
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TABLE VII

Summary of the elemental composition of the particulate matter samples from the northeastern
Gulf of Alaska {Cruise RP-4-Di-76A-1V, 12-30 April 1976)

Sample No. of C N Mg Al Si X Ca Ti Cr Mn Fe Ni Cu In Pb
Description Samples wt. % wt. % wt. 2 wt. I wt. ¥ wt. X wt. % wt. % ppm ppm wt. % ppm ppm ppm ppm
. § I
Surface 29 9.62 1.93 5.19 8.85 28.06 1.25 2.24 0.47 9.5 1022 5.40 73.4 50.6 212.5 59.4 -
(6roup 1) +7.71  +1.81 +1.57 +2.2%5 +6.14 +0.31 +1.34 +0.14 124.7 1228 +1.40 £20.9 198 55.6 122.4 o
Surface 9 24.30 4.57 1.51 1.85 12.43 0.26 0.73 0.12 49.8 490 1.92 49.4 26.1 203.9 50.8
(Group I1) +3.50 +1.16 +0.B7 +1.34 +4.16 £0.20 +£0.25 0.07 27.7 1317 :1.03 +20.0 +5.6 +B3.0 :]6.5
5 m above 38 4.86 0.78 5.12 9.26 27.39 1.40 2.81 0.54 104.5 1123 - 6.22 76.2 55.0 223.6 61.6
the bottom $2.39  +0.45 +1.89 22,91 +7.25 +0.34 +0.98 +0.11 $22.1 +260 11.57 +14.1 +11.6 +48.2 :19.7
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TABLE VIII

Summary of the elemental composition of the particulate matter samples from the northeastern
Gulf of Alaska {Cruise RP-4-Di-76B-1, 19-31 July 1976)

Sample No. of C N Mg Al Si K Ca Ti Cr Mn Fe Ni Cu In Pb
Description Samples wt. & wt. T wt. ¥ wt. 2 wt. % wt. I wt. I wt. % ppm ppm  wt. ¥ ppm ppm ppm ppm
Surface 17 14.85 3.19 4.25% 7.41  25.29 1.05 2.05 0.37 82.2 942 4.40 62.3 98.1 205.2 47.8
(Group I) +8.13  $£1.92 +1.54 2,01 $6.03 £0.45 +]1.15 +0.14 24,1 271  £1.70 £16.0 $15.8 +24.3 +8.3
Surface 16 28.20 5.02 1.55 1.47 11.57 0.45 0.50 0.08 47.6 294 1.33 40.3 1)14.5 204.5 32.5
(Group I1) #12.01  £2.17  £1.,19 $1.11 +4.22 +0.61 +0.26 10.05 +21.4 +201 :0.82 112.5 +£21.5 +39.3 +3.8
5 m above 38 6.85 0.92 5.32 8.99 27.63 1.38 2.46 0.50 97.6 1203 5.91 69.6 84.1 217.8 48.5
the bottom £6.55 +0.85 21.34 :2.06 +4.58 +0.34 10.64 20.10 +20.2 $283 +£1.22 +¢14.7 +£10.6 +38.8 +13.9

[ ¥4
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The seasonal variations of primary productivity and the resulting changes
in the carbon content of the suspended material directly affect the ratio of
organic matter to inorganic matter in the total particulate matter. This ratio
is also affected by the supply of inorganic material that is discharyed from
the coastal rivers and streams. Thus, the organic to inorganic ratio of the
particulate matter represents the result of a number of independent processes
acting concurrently. It would be expected, therefore, that any element that is
primarily associated with particulate organic matter or particulate inorganic
matter would show concentration variations that vary directly with the organic/
inorganic ratio of the particulate material. This appears to be the case for all
of the trace elements. Particulate Cr, Mn, and Fe, which are primarily associated
with the inorganic matter, are significantly depleted in samples with high organic
to inorganic ratios (Tables V, VII and VIII). Particulate Cu, which is primarily
associated with particulate organic matter, shows the greatest amount of enrich-
ment when the organic to inorganic ratio is highest, i.e., the fall cruise
(Table V). Particulate Zn, on the other hand, which is nearly equally distributed
between organic and inorganic phases shows little, if any, variability in space
or time.

It should be pointed out here that the above discussion is limited to open
shelf surface waters where near-shore processes and/or near-bottom processes are
insignificant. The data from Tables V, VI, and VII indicate no significant
seasonal variations in the chemical composition of suspended matter near the
bottom. If it is assumed that the near-bottom suspended matter is primarily
resuspended sediments, then season variations in the chemical composition of
suspended matter would not be expected unless the bottom currents were of suffi-

cient energy to cause differential erosion of bottom sediments.
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F. Sampling and Analytical Precision

In order to compare the reproducibility of the analytical techniques for
determining the chemical composition of the suspended matter with the variability
of the samples, a number of replicate experiments were conducted during the fall
cruise in the Gulif. A surface sample from Station 9 was collected in a 10-liter
NiskiAE>bott]e and simultaneously filtered through ten 0.4 um pore size
Nuc]eporéE>filters. A1l ten filters were analyzed for major and trace inorganic
elements and the results are shown in Table IX. In addition, a single rock
standard was prepared in exactly the same manner as the samples and analyzed
once a day during 53 sequential days of analysis and the results are shown in
Table X. Table IX shows the variability of the samples and Table X shows the
precision of the x-ray fluorescence technique. As shown in Table X, the analyti-
cal precision ranges from 1.2 to 3.1 percent for the major elements and 2.2 to
8.9 percent for the trace elements. In contrast, the sampling precision ranges
from 9.6 to 17.9 percent for the major elements and 9.4 to 52.3 percent for
trace elements. These results clearly illustrate that with respect to the quan-
tities of material analyzed the sample-to-sample variability is significantly

greater than the analytical variability for all the elements that were studied.

Lower Cook Inlet

The suspended matter studies in Lower Cook Inlet will be conducted on two
cruises. The first cruise will be conducted in April of this year on the NOAA
ship DISCOVERER (Cruise RP-4-Di-77A-IV). The second cruise will be conducted
in June-July 1977 aboard the R/V ACONA. Suspended matter samples will be col-
lected from 59 stations for determination of particulate matter distributions
and elemental compositions. In addition, at selected locations large volume

water samples will be collected and the indigenous suspended matter will be
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TABLE IX

Replicate study of ten individually filtered water samples from a single Niskﬂgbbottle taken from the .
surface at Station 9 in the northeastern Gulf of Alaska (RP-4-75C-1, 21 Oct.-10 Mov. 1975).

Replicate# Mg(wt.%) Al(wt.%) Si{wt.%) K(wt.%) Ca(wt.%) Ti(wt.%) Cr(ppm) Mn(ppm) Fe(wt.%) Ni(ppm) Cu(ppm) Zn(ppm) Pb(ppm)

1 6.94 9.04 23.95 1.37 4.48 0.42 84.2 956 5.70 42.1 52.2 159.8 71.5

2 7.82 11.77 31.02 1.74 5.50 0.55 150.6 1227 7.45 - 61.0 74.9 212.5 84.4

3 7.72 11.17 30.11 1.65 5.91 0.53 117.8 12&2 7.21 147.7 64.6 191.9 77.7

4 6.88 10.71 29.67 1.68 5.94 0.54 117.3 1188 7.30 49.6 60.5 175.7 74.5

5 7.41 11.20 31.02 1.71 5.86 0.56 119.5 1247 7.51 53.5 63.0 201.8 72.6

Ei 6 6.54 10.04 27.44 1.53 5.08 0.49 101.9 1098 6.61 49.6 71.3  198.0 103.2 N

7 7.69 11.47 30.15 1.64 5.78 0.53 114.3 1189 7.16 52.8 77.1  232.1 99.1

8 7.52 11.42 32.87 1.80 6.28 0.59 131.1 1348 8.14 57.2 ' 79.1 225.9 97.0

.9 5.92 9.01  25.86 1.42 5.17 0.48 96.0 1053 6.37 40.7 54.6 203.9 73.0

10 6.22 11.83 32.25 " 1.94 3.05 0.54 138.2 1220 6.55 46.2 50.6 179.7 84.8

Mean 7.40 10.76 29.44 1.65 5.30 0.52 117.0 1173 6.99 60.1 64.8 198.1 83.8

STD. DEV. 1.22 1.06 2.84 0.17 0.94 0.05 19.8 110 0.69 31.4 10.5 22.4 12.0
Coeff. of
variation

(%) 16.4 9.8 9.6 10.3 17.9 9.3 16.9 9.4 9.9 52.3 16.1 11.3 14.3




TABLE X

Ten replicate analyses of a single USGS W-1 standard. The rock standard was prepared by passing a
suspension of the rock material through a 37 um polyethylene mesh followed by collection of the suspensate
on a Nucleoor&@fﬁ]ter (0.4 um nominal pore size, 2.5 cm® active collection area). Replicates were
randomly chosen from 53 seguential days of analysis.

Replicate Seg. Mg Al Si K Ca Ti Cr Mn Fe Ni Cu In
# # (wte %) {wt. Z) (wt. %) (wt. %) (wt. %) (wt. %) (ppm) (ppm) (wt. %) (ppm) (ppm) (ppm)
1 2 3.99 7.57 24,72 0.53 7.82 0.62 105 1,266 7.70 86 104 90
2 16 4,23 8.27 25.42 0.57 7.95 0.65 106 1,308 7.83 86 125 94
3 17 4.19 8.30 25.75 0.57 8.08 0.66 115 1,315 7.93 30 123 88
4 23 4.18 8.08 25.70 0.57 7.99 0.67 116 1,338 7.89 87 130 93
. 5 26 4.00 8.18 25.24 0.57 7.95 0.65 112 1,299 7.85 91 126 93
= 6 31 4,17 8.27 25.42 0.56 7.93 0.65 108 1,287 7.80 87 130 .93 &
7 34 4.20 8.34 25.87 0.57 8.05 0.66 111 1,314 7.87 86 136 93
8 38 4.05 7.80 24.67 0.55 7.80 0.64 107 1,264 7.67 85 132 91
9 39 3.96 8.27 25.34 0.56 7.85 0.65 107 1,303 7.72 90 136 83
10 49 4.03 7.95 25.13 0.56 7.84 0.64 106 1,291 7.72 89 149 93
Mean 4.10 8.10 25.33 0.56 7.93 0.65 109 1,299 7.80 88 129 92
Std. Dev. 0.10 0.25 0.41 0.02 0.10 0.01 4 23 0.09 2 12 2
Coef. of
Variation

(%) 2.5 3.1 1.6 2.3 1.2 2.1 3.6 1.7 1.2 2.4 8.9 2.2
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extracted by centrifugation. The extracted particulate samples will be used
for subsequent hydrocarbon adsorption experiments. The results of these studies

will be presented in a future report.

VIII. Conclusions

A. Southeastern Bering Shelf

The most significant conclusions of the suspended matter program in the
southeastern Bering Shelf are Tisted below.

1. The surface suspended matter distributions appear to follow the
general pattern of circulation in Bristol Bay. Terrestrial sus-
pended matter from the northern rivers is generally carried to
the west and southwest by the counterclockwise currents.

2. large plumes of suspended matter can be seen extending to the
southwest from Cape Newenham and to the west from Kuskokwim
Bay. Apparently these plumes represent sedimentary material
derived from the Kvichak, Nushagak, and Kuskokwim Rivers.

3. Suspended material of marine origin is carried into Bristol Bay
along the northern coast of the Alaska Peninsula. In the region
north of Unimak Pass large suspended matter plumes have been
observed in the early summer. These plumes appear to be the
result of increased productivity during the summer months.

4. Shafp increases in suspended matter concentrations near the bot-

tom indicate that resuspension of bottom sediments is occurring.

B. Gulf of Alaska

The most significant conclusions of the particulate matter studies in the

northeastern Gulf of Alaska are Tlisted below.
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The distribution of suspended matter at the surface appear to
follow the general pattern of water circulation in the Gulf.
East of Kayak Island sedimentary material, which is discharged
along the coast, is quickly deflected to the west by the west-
ward flowing currents. This material is carried to the west
along the coast until it reaches Kayak Island where it is de-
flected to the southwest and is trapped by a clockwise gyre.
Sedimentary material from the Copper River is carried to the
northwest along the coast until it reaches Hinchinbrook Island
where a portion of the material passes into Prince William Sound
and the remaining material is carried to the southwest along the
southeastern coast of Montague Island.

Comparisons of surface suspended matter distribution maps for
the three cruises in the Gulf show significant variations which
can be related to seasonal variations in the discharge of terres-
trially derived suspended matter, seasonal variations in primary
productivity, and occasional offshore transport of suspended mat-
ter by wind-generated eddies.

A bottom nepheloid layer is present throughout most of the Gulf.
The height of the nepheloid layer appears to be dependent upon
the bottom topography and the currents. Studies of the temporal
variability of suspended matter near the bottom show evidence
for resuspension and redistribution of bottom sediments. These
processes have occurred as a result of interactions between tidal
and storm-induced bottom currents and the surficial sediments.
Studies of the chemical composition of the suspended matter show

significant spatial and seasonal variations. These variations
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have been correlated with: (1) seasonal variations in primary
production; (2) seasonal variations in the supply and transport
of terrestrially derived suspended matter from coastal rivers;

and (3) resuspension of bottom sediments.

IX. Needs for Further Study

The recommendations for future studies with respect to the suspended mat-

ter program are presented below.

1.

There is very little information about the adsorptive capacity of
suspended matter for petroleum hydrocarbons. Some preliminary
studies have shown that mechanically weathered riverborne sus-
pended matter has very little capacity to adsorb certain dissolved
aliphatic and aromatic hydrocarbons. However, not all terrestri-
ally derived suspended matter from Alaskan rivers can be described
as mechanically weathered rock debris; and therefore, we need to
study the adsorptive characteristics of suspended matter from
several other lease areas. We are presently initiating hydrocar-
bon and adsorption experiments on suspended matter from Lower
Cook Inlet. Future studies should include studies on chemically
weathered rock debris and studies on suspended particles having
varying amounts of organic coatings.

The region west of Kayak Island is especially interesting for
several reasons. This area is highly active biologically, includ-
ing large concentrations of commercial fishes, crabs, seabirds,
and marine mammals. Physical oceanographic studies of the area

have indicated evidence for two gyres which rotate in opposite

directions. Drogue studies have indicated that the waters within
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the gyres may have residence times which are considerably longer
than water from areas outside the gyres. It is highly possible
that anthropogenic contaminants originating east of Kayak Island
will probably be contained within the gyres for some time.

Future suspended matter studies in this region should in-
clude the use of sediment traps to determine particle fluxes and
residence times. These measurements will provide valuable infor-
mation about the mechanisms and time scales of contaminant trans-

port through the water column.

X. Summary of Second Quarter Operations

A. Task Objectives

The primary objectives of the particu]ate matter program during the second
quarter have been to complete the chemical analysis of the samples collected dur-
ing the spring and summer cruises and to deploy the WIST array.

B. Field Activities from 1 January-1 April 1977

1. Ship Schedule
a. DISCOVERER Cruise (RP-4-Di-77A-I111, 13-22 March 1977)
2. Participants from PMEL
a. Dr. Richard A. Feely, Oceanographer
b. Ms. Jane S. Fisher, Oceanographer
3. Methods
a. Particulate Matter - Water samples were collected in 10-liter
Niskiég)bott]es and filtered under vacuum through preweighed
0.4 um Nuc]epore® and Se]as®s1’1ver filters. The filters
were removed from the filtration apparatus, placed into indi-

vidually marked petri dishes, dried in a desiccator for 24

hours and stored for shipment to the laboratory.
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b. Nephelometry - The vertical distribution of suspended matter
was determined with a continuously recording integrating
nephelometer. The instrument was interfaced into the Plessey
CTD system using the sound velocity channel (14-16 KHz) such
that real time measurements of forward light scattering were
obtained at each station.

C. Laboratory Activities from 1 January-1 April 1977

During the second quarter most of our laboratory work has been concerned
with the analysis of the samples from the summer cruises. We have completed
all of the weight determinations and analytical work. Data reduction is pres-
ently underway and the completed data will be compiled according to the format
designed by EDS and will be submitted to the project office by the end of the
next quarter.

D. Laboratory Procedures

The laboratory methods are described in Section V of this report.

E. Sampling Protocol

The sampling methods are described in Section V of this report.

F. Data Analysis

The data from the summer cruises are being reduced and compiled according
to the format designed by EDS. These data will be submitted to the project
office by the end of the next quarter.

6. Results

The results of our field activities during the second quarter will be re-

ported in a future report.
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1. GENERAL SUMMARY

1.1 Objectives

The Tow molecular weight hydrocarbon program was initiated in the 0OCS of
Alaska in response to the environmental guidelines set forth in the Environmental
Study Plan for the Gulf of Alaska, Southeastern Bering Sea and the Beaufort Seas
(January 1975). Briefly, the purpose was to establish the spatial and temporal
variations (seasonal and djurnal) in the dissolved hydrocarbon fraction composed
of methane, ethane, ethylene, propane, propylene, jsobutane and n-butane.
These data are being collected in order to establish baseline levels of naturally
occurring hydrocarbons in the lease areas prior to exploration, development, and
production of fossil fuel reserves as these components have proven to be valuable
indicators of petroleum input arising from drilling, production, and transporta-
tion of crude 0il and refined products. In addition to the ease with which these
components may be monitored, they also provide a practical procedure by which the
accumulation of petroleum hydrocarbons may be studied.

In support of the basic objectives, attention is being given to natural
hydrocarbon sources, namely gas and oil seeps, production of hydrocarbons from

near-surface sediments, and biogenic sources within the euphotic zone.

1.2 Implications to 0il1 and Gas Development
These studies were enacted as a part of the baseline characterization of
dissolved natural hydrocarbons on the 0CS of Alaska. The hope was to establish
concentration levels, temporal and spatial variability of hydrocarbon components
common to petroleum or natural gas resources prior to actual production. These
measurements were felt to be an invaluable precursor to future monitoring efforts.
A cursory examination of our present findings indicates that the LMWH will

be excellent tracers of petroleum input in the Bering Sea because of their
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naturally low ambient concentrations. Surface methane concentrations in the
northeast Gulf of Alaska are higher and more variable than those observed in the
Bering Sea, which will reduce its effectiveness as a tracer of petroleum. On
the other hand, the concentrations of the CZ—CQ fractions are extremely low,
providing a monitoring team with excellent tag of petroleum or natural gas con-
taining these components. Our studies have also shown that normal production of
methane from shelf sediments can be traced for distances greater than 100 km
from known sources. Based on these preliminary observations, it is concluded
that surface exchange and in situ consumption of low molecular weight hydrocarbons
may be sufficiently slow so as to allow them to be used as tracers of the soluble
fractions of crude oil. Of course, the value of these components as tracers will
depend critically on the magnitude of the input, whether it is at depth or at the
surface, and the prevailing hydrographic and meteorological conditions at the
point of input. The extent to which microbial metabolism of the volatile hydro-
carbon fractions is important is not clear at this time.

The distribution of methane may also serve as a qualitative or semiquantita-
tive measure of local circulation. If benthic fluxes can be estimated, together
with in situ consumption rates of methane, subtle near-bottom circulation pro-
cesses may be characterized that are not resolved readily by routine velocity
field observations. A case in point is the near-bottom methane plume observed

near Tarr Bank and the Copper River Delta.
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2. INTRODUCTION

2.1 General Nature of Study

The development of petroleum resources in the Gulf of Alaska may result in
the release of toxic hydrocarbons to the marine environment with possible dele-
terious effects on the pelagic, benthic, and intertidal biota. Increases in the
natural levels of petroleum-derived hydrocarbons are 1ikely to occur from the
normal activities associated with exploration, production and transportation of
crude and refined products within the region. Thus, it is of environmental sig-
nificance that baseline levels of both naturally occurring and petroleum-derived
hydrocarbons be established prior to the development of fossil fuel resources in
the area.

Petroleum contains three broad classes of compounds: alkanes, cycloalkanes,
and aromatics, but not olefinic hydrocarbons. The proportions of each varies in
petroleum, depending on the geologic and geographic sources, but on the average
paraffins represent about 30 percent of the total (Wilson, 1975). By way of
analogy, the analysis of the reservoir fluid of the Sadlerochit 0il pool, Prudhoe
Bay, shows a C]—Cq mole fraction of 54 percent (Anonymous, 1971). 1In contrast,
many of the gas wells in upper Cook Inlet are producing methane in excess of 98
mole percent (Kelly, 1968), the remainder being small quantities of ethane and
propane.

It is presently believed that the most toxic fractions of cruide oil are
the low boiling point aliphatics and aromatics as well as the polynuclear aro-
matics (Blumer, 1971). Also associated with these complex fractions are the
LMWH, in varying amounts. While these compounds are of lower toxicity than the

aforementioned fractions (Sackett and Brooks, 1974), they are more soluble and,

hence, are likely to be dispersed by normal mixing processes. Although the




evaporation rates of the low molecular weight hydrocarbons appear to be quite
rapid from a surface oil slick (McAuliffe, 1966), this does not preclude their
incorporation in the water column from subsurface injection (e.g., ruptured
pipeline) or from severe wave-induced turbulence.

The occurrence of 1ight hydrocarbons in the water column may arise from
both petroleum production activities and natural marine sources. Gaseous hydro-
carbons may exchange across the sea surface in response to a concentration gra-
dient (Broecker and Peng, 1974), diffuse from underlying sediments (Frank et al.,
1970), escape in the form of bubbles from natural occurring gas and oil seeps
(Link, 1952; Geyer and Sweet, 1973), or be produced by in situ biological pro-
cesses (Lamontagne et al., 1973b).

Methane (CHq) is a significant component of natural gas and is also pro-
duced in anoxic sediments by bacterial CO, reduction and fermentation reactions
(Claypool, 1974). Thus, the presence of excess methane in the water column
overlying organic-rich sediments is not an unequivocal indicator of a petroleum
source, unless viewed jointly with the distribution of the heavier fractions,
C,-C, (Brooks and Sackett, 1973).

Above saturation values of methane, ethylene, and propylene also have been
observed in the surface layers of open ocean and are believed to be related to
biological activity or photochemical reactions involving organic matter

(Swinnerton and Lamontagne, 1974; Lamontagne et al., 1973b).

2.2 Objectives

In conjunction with and in support of the OCSEAP program, the LMWH studies
were carried out in the northeast Gulf of Alaska and the southeastern Bering Sea.
The objectives of the program are to determine the distributions and natural

sources of methane, ethane, ethylene, propane, propylene, isobutane and n-butane
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prior to drilling activity. Observational activities include areal and seasonal
coverage to denote biological processes, benthic sources, as well as short-term
time series to elucidate diurnal changes.

As a secondary objective, known offshore seeps are being investigated to
ascertain the composition of natural gas seeps and to evaluate the merits of
naturally injected LMWH as tracers of petroleum input. The successful implemen-
tation of this subprogram depends critically on seep composition and activity,
depth of water and unconsolidated sediment cover, mean current fields, and topo-

L4

graphic structures (Fischer and Stevenson, 1973).

2.3 Relevance to OCSEAP

The principal concern surrounding the distributions, sources, and sinks of
LMWH is not their direct impact on biota, but rather their role as tracers of
more toxic hydrocarbon fractions commonly found in crude oils. Of particular
value is the use of LMWH to identify probable trajectories of the toxic dissolved
fractions (e.g., PAH) during a spill, well blowout, or pipeline rupture. Because
some of the hydrocarbons common to petroleum are also manufactured by marine
organisms, it becomes necessary to evaluate the normal background levels of hydro-
carbons before an accurate assessment of anthropogenic input can be made.

Accidental introduction of crude o0il onto the surface of the ocean can be
readily traced by a variety of visual techniques (e.g., remote sensing). How-
ever, the dispersion of soluble hydrocarbon fractions cannot be so easily traced,
except with the expenditure of considerable time in sampling and laboratory
analysis. In all likelihood, the results would not be available for days, or
possibly weeks. The LMWH becomes valuable short-term tracers of dissolved hydro-

carbon fractions because of the sensitivity of the method (i.e., parts per tril-

1ion), ease of the analysis, and real time data access. Utilizing a pumping




system, sample processing, extraction and analysis can be readily accomplished

in Tess than 30 minutes, or nearly in real time. This provides the monitoring
team with the capability of ascertaining the time and space scales of the subsur-
face dispersion plume and to outline probable lateral boundaries for more de-
tailed hydrocarbon sampling.

The success of the method depends on the nature of the accident, hydrographic
and meteorological conditions, input concentration of hydrocarbons, and the nat-
ural ambient levels against which increases can be measured. Observations con-
ducted in the Gulf of Mexico show that propane and butane are enriched by factors
of 103 to 10" over ambient background levels in areas of known petroleum input
(Brooks and Sackett, 1973).

The overall objective is to provide the criteria for an early warning detec-
tion of petroleum-derived hydrocarbons and to establish the feasibility of using
light hydrocarbons as dispersion tracers, particularly in reference to near-
bottom mixing and resuspension processes. In the event of a spill, it is likely
that the C,-C, fraction may be useful in guiding a sampling protocol for the rela-

tively soluble toxic fractions of crude oil (e.g., Norton Sound gas seep).
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3. CURRENT KNOWLEDGE

Prior to these investigations, no observations had been made on the ambient
concentrations of LMWH in the Gulf of Alaska or the Bering Sea (Rosenberg, 1972).
In contrast, a few analyses are available from Cook Inlet (Kinney et al., 1970).
In this particular investigation, elevated concentrations of methane were observed
in the vicinity of the Forelands, north of Kalgin Island, but no definitive con-
clusions could be drawn as to the probable source. Gas seeps were cited as a
possible source, but biological methane production could not be ruled out. Unfor-
tunately, the analysis of the Cz'cu fraction was not reliable; hence, confirming
data on the possible source of the methane were not available.

Recent studies carried out by us in the northeast Gulf of Alaska and the
southeastern Bering Sea have determined characteristic LMdH distributions for
the spring, summer, and fall seasons. Local hydrocarbon sources have been iden-
tified and some measure of the diurnal variability documented. Both vertical
and horizontal distributions are available from our observations. Details of

our findings to date will be presented in sections 6 and 7 of this report.
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4. STUDY AREAS

4.1 Bering Sea

Observations for LMWH were conducted acéording to the station grid shown in
Figure 4-1. The PMEL survey grid was developed primarily for the suspended par-
ticulate matter program, but because of its uniform coverage it was adopted as an
operational grid for hydrocarbons as well. The PMEL grid was supplemented by
observations from the Institute of Marine Science (IMS) cruise track, which in-
creased the areal coverage toward the west. During the fall of 1975, a total of
80 stations were occupied, 69 of which (51 PMEL and 18 EBBS stations) were sam-
pled in vertical profile. Because of the shallow depths encountered in Bristol
Bay, 3-4 nominal depths were selected at each station. The remaining 18 PMEL
stations were invoked to investigate the surface transport of LMWH from Izembeck
Lagoon. Only surface samples were acquired at these stations. The survey grid
shown in Figure 4-1 was also occupied in June-July of 1976, during which time
early summer conditions were established. A total of 55 stations were occupied
at that time. Cruise logistics and sampling protocol are shown in Table 4-1 for

all observation periods in southeastern Bristol Bay.

4.2 Northeast Gulf of Alaska

Observations for LMWH were conducted at the stations shown in Figure 4-2.
The grid shown in Figure 4-2 was developed primarily to investigate the distni-
butions of suspended particulate matter, but because of its uniform coverage it
was adopted as an operational sampling grid for hydrocarbons as well. The
northeast Gulf of Alaska, including a preliminary effort in lower Cook Inlet,
was sampled during late fall in 1975, then again in spring and summer of 1976.
Approximately 50 stations were occupied in vertical profile during each visit,

with 5-6 discrete depths being sampled at each station. Surface and near-bottom
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Table 4-1 Summary of the sampling protocol and cruise logistics for all
field expeditions except Lower Cook Inlet

Activities

Southeastern Bering Shelf

Northeast Gulf of Alaska

Norton Sound
Chukchi Sea

RP-4-MW-76B-8
6/25/76-1/8/76

RP-4-DI-75B-3
9/14/75-10/1/75

RP-4-DI-75C-1
10/21/75-11/9/

RP-4-DI-76A-4
75  4/13/76-4/30/76

RP-4-DI-76B-1

7/19/76-7/31/76

RP-4-DI-768-4
9/8/76-9/24/76

Stations Occupied
Miles of Trackline
Sampies Analyzed
Standards Analyzed
Reproducibility Studies

Number of Analyses
Time Series

Obs. Freq./Duration

Number of Analyses

72¢ 55

1740 2827°
316 319°

. 64 68
3 4

9 11

2 0

4 hr/36 hr -
73 -

51
1075
274
80
3
9
2
4 hr/36 hr
84

a7
3100
355

94

2

9

1

2 hr/64 hr

107

79
2440
339
125

8

32

2

2 hr/24 hr

78

Ihis figure includes approximately 600 miles of surface profiling in the western Gulf between Kodiak and Unimak Pass.

b
the Pribilof Islands.

€0f this total, 29 surface stations were occupied near Izembeck Lagoon,

This total includes 86 analyses performed during surface transects in the western Gulf and western Bristol Bay near




samples (bottom -5 m) were taken uniformly at each station. Cruise logistics
and sampling protocol are shown for all NEGOA cruises in Table 4-1.

An attempt was made to identify gas seeps or gas-charged sediments along
the southeast site of Kayak Island. However, the probable locations were in
shaliow, uncharted depths and it was not possible to sample the proposed sites
without endangering the vessel (RP-4-DI-75C-1, October 21, 1975 thru Movember 9,
1975).

4.3 Lower Cook Inlet

Observations by LMWH were conducted at the stations shown in Figure 4-3.
This field exercise was hastily assembled and piggybacked on a PMEL biological
cruise (RP-4-DI-76A-3, April 5-12, 1976). Only 9 stations were occupied in ver-
tical profile at that time with 38 samples analyzed. Intensive areal coverage

is contemplated for spring and summer of 1977.

4.4 Norton Sound and Southeastern Chukchi Sea

Observations for LLMWH were conducted in Norton Sound and the southeastern
Chukchi Sea in September of 1976. The station locations are shown in Figures 4-4
and 4-5 and represent a standard 30 nm sampling grid. During the survey of
Norton Sound, a detailed grid (i.e., 5 nm grid) was implemented in the region
directly south of Nome to delineate the extent and source of LMWH observed there.
This sampling grid is shown in Figure 4-6.

Because of the shallow water depths over most of the survey region, verti-

cal sampling was conducted at 3 to 4 discrete depths.




( 150° 148° 146° 144° 142° 140° 138°
' T o T i T T T T T T 7 T :

CHUGACH MTS

0 20 40 60 80 I00O
| — : : 3 J
KILOMETERS

& LGiaciER
[ ool |
® N =) L

@2 s e

66T

0?8 o 20 19 ®

59° % 5Q°

58° 58°

.l L H 1 ! ! ] | |
150° 148° 146° 144° laz° 140° 138°

Figure 4-2 Station locations in the northeastern Gulf of Alaska.
Investigations of gas-charged sediments near Kayak
Island were conducted near station 22.




61°

60°

59°

I ES ‘*" | 55 ES [ \ﬁV

COOK
INLE T

STATION GRID
APRIL,1976

.....
........

i)
.....

s,

s ®e
TR

NEEAT N

—KAMISHAK =)

4
BAY &8s

6l°

60°

59°

! ' : ’

154° 153°W 152° 1510

Figure 4-3 Sample locations in Lower Cook Inlet during April 1976.

200




. 170° 168° 166° W 164° 162° 160°
T I 1 . ]
o ~
' -
~ | 28 %29 Q
|
|
|
{ c24 *c25
I
]
i
I
I %z *c22
]
|
: STATION GRID
~
w0
f: 19 2o SEPT. 1976
oi
=z =!
o 21
ol =1 lop)
w g1 ¢Gi1e 1@
3! °
ol =z
<}
g, .
z| ci2
vl
2|
l L ]
] cos (]
!
|
|
: to02
|
o F |
{19 [ eC O} 4 T do
“L ' 1 o L 1%
I70° 168° 166° W 164° 162° 160°

Figure 4-4 Station locations in southeastern Chukchi Sea and Lotzebue Sound.

201




09I

0021

29

L9

No¥9

0G9

9461 "Ld3S
G149 NOILVYLS

4]

C9

%9

Not9

G9

«99

091

b9l

Figure 4-5 Station locations in Norton Sound and northern Bering Sea.

202




9! 591 #9091 491 «09]

2IN
2t bIN, £IN, . N, o
= I8INe z
r8IN, * e VZIN
uN_ZQ
98IN,
ABING
®
a8IN mN_ZQ
IN veIN. 8INgI8I
&I, 38IN, b 8INeO8IY
mm_zo ON_ZQ uN‘Zo
S
O2IN ~N
m ¢ ozqo_n_ ONZO ONZQ lm

39011S

V3¢ZN
.

9461 'Ld3S
gi1y¥9 NOILlVLS

Figure 4-6 Station locations in the vicinity of the gas seep.

+91 « 69l M +90I o L] «091




5. METHODOLOGY

5.1 Sample Concentration

LMWH are stripped from 1 & volume of seawater using the procedure recom-
mended by Swinnerton and Linnenbom (1967). A diagram of the gas phase equili-
brator is shown in Figure 5-1. Although the system actually used in these
studies is somewhat simpler in detail than that shown in Figure 5-1, the
principle remains the same.

Hydrocarbons are removed in a stream of ultra-pure He (120-140 ml/min) and
condensed on a single activated alumina trap maintained at -196°C. Approximately
10 minutes of stripping are required to quantitatively remove the hydrocarbons
(> 98%) from solution, after which time the trap is warmed to 90-100°C and the

absorbed gases are allowed to pass into the gas chromatograph (GC).

5.2 Gas Chromatography

The alkanes are chromatographed on a 60/80 mesh Poropak dg)column (3/16" x
4', stainless steel) at a flow rate of 60 ml/min and detected sequentially as
they emerge from the columns. In order to obtain optimum peak resolution between
the alkanes and alkenes, the Poropak 6E)co1umn was connected in serijes with a
short column (3/16" x 2", stainless steel) of activated alumina impregnated with
1 percent silver nitrate by weight. This modification, coupled with temperature
programming from 110-150°C, has resulted in sharper peaks, better separation and

reduced retention times for all components (Figure 5-2). The GC utilized was a

Hewlett Packaréﬁ)mode1 5711, equipped with dual FID's.
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5.3 Data Quality Control

5.31 Accuracy

The LMWH analysis was referenced to specially prepared hydrocarbon mixtures
supplied and certified by Matheson Gas Products. The concentrations of the indi-
vidual components were adjusted to meet the naturally occurring hydrocarbon
Tevels expected in the OCS study areas, although concentrations less than 1 ppmv
could not be reliably prepared. To confirm the analysis, one of the tank stand-
ards was sent to NBS for LMWH analysis, the results of which are given in Table 5-1.
The NBS analyzed standard was then used to calibrate the remaining hydrocarbon
standards. With the possible exception of ethane and propane, hydrocarbon compo-
nents were within the stated accuracy of + 5 percent quoted by Matheson. Thus,
the uncertainty given by NBS in their analyses represents a measure of the accu-
racy.

Table 5-1 Analysis of Matheson certified hydrocarbon standard
by National Bureau of Standards

Matheson NBS
Component Nominal Concentration ppmv
Methane 23 = 1 21.8 + 0.8
Ethane 1+0.1 1.3 + 0.1
Propane 2 + 0.2 1.25 + 0.02
n-Butane 1+0.1 1.1 + 0.02
5.32 Precision
Precision of analysis was accomplished in two ways. First, precision

errors associated with standard injection and GC response were determined by

replicate injection of the standard gases. Injection of gas standard was

207




accomplished with the aid of a Car]éB)samp]ing valve fitted with a calibrated

1 cm sample loop. The results of this experiment are depicted in Table 5-2,
together with estimates of the relative error. It is readily seen that indivi-
dual component precisions (1 o) are better than 1 percent in most cases.

The overall error in precision, which includes water sampling, sample
stripping, and GC response characteristics, was estimated from replicate analy-
sis of seawater from various depths. Water samples were taken in a 10 ¢ NiskirgB
sampler and subdivided for replicate analyses. The replicate study was repeated
several times in each survey region in order that precision errors could be
established at various concentration levels. Representative examples of this
study are shown in Table 5-3 in terms of the mean concentration (X) and the
relative error. Ignoring the results obtained for the butanes, since their
concentration was everywhere at or below the detection limit (- 0.03 n2/2), the
relative precision error was generally less than 5 percent. In the case of the
replicate study from the surface waters of Norton Sound, the relatively poor
precision observed in ethane and propane is due to the low concentrations. Pre-
cise measurement of low concentrations of iso- and n-butanes presented a problem,
primarily because of inherent difficulties in obtaining quantitative stripping of
the C, fraction.

The detection 1imit for each component was estimated from the nominal back-
ground noise. Interpreted peak areas less than 200 counts were considered insig-
nificant, placing a defined lower limit on the detectability. The values are,
based on the data shown in Table 5-4, methane - 0.12 nt/%, ethane - 0.006 n2/%,

ethylene - 0.07 n&/%, propane - 0.04 n&/%, propylene - 0.04 ns/2, isobutane -

0.03 ne/2, and n-butane - 0.03 n2/2.




Table 5-2 Precision error associated with standard replicate injections. Two cases are shown with_4 replicates
in each set. The relative error is the quotient of the standard deviation and the mean (X). Concentration

of cach component is given in column 2 as ppmv. Sample loop volume was nominally 1 cm3 at 0°C and 1 atm.
total pressure.

Concentration | _ _

Component ppmv 1 2 3 4 X RE 1 2 3 4 X RE

Methane 102.7 159,913 161,696 159,559 159,348 160,129  0.007 173,043 175,398 172,700 173,414 173,639 0.007

Ethane 5.0 13,688 13,842 13,718 13,688 13,734 0.005 15,893 16,097 15,912 15,831 15,933  0.007

Ethene 1.9 4,937 4,978 4,984 5,008 4,977 0.006 5,976 6,061 6,219 6,029 6,071  0.017
S Propane 5.0 20,379 20,401 20,363 20,321 20,366  0.002 23,371 23,986 24,081 23,472 23,728 0.015
© Propene 2.0 7,645 7,747 7,688 7,664 7,686 0.006 9,365 9,417 9,351 9,120 9,313 0.014

n-Butane 2.0 11,403 11,307 11,185 11,478 11,343 0.010 30,853 31,493 31,587 31,264 31,299 0.010

iso-Butane 5.1 27,097 27,076 26,945 27,086 27,051  0.003 12,868 12,977 13,054 12,844 12,936 0.0C8




[3S]
=
o

Table 5-3 Total sampling and analysis error.
The relative error (R.E.) is the quotient of the standard deviation and the mean (X).

analyzed.

Three cases were selected in which either 3 or 4 replicates were
The

designation "T" represents a trace amount of thc component {i.e., concentration < 0.03 nz/¢).

Southeastern Bering Sea

Station PM022

Northeast Gulf of Alaska
Station PMO27

Norton Sound, Alaska
Station N20

Depth 22 m Depth 67 m Depth O m
Component 1 2 3 4 X R.E. 1 2 3 X R.E. 1 2 3 X R.E.
Methane 83.5 83.8 87.2 82.9 85.6 0.03 | 719.3 716.1 723.4 719.6 0.01 | 111.0 111.7 111.5 111.4 0.00
Ethane 0.60 0.57 0.61 0.60 0.60 0.03 0.34 0.33 0.34 0.34 0.02 0.18 0.25 0.25 0.23 0.19
Ethene 2.81 3.03 2.77 2.82 2.86 0.04 1.10 1.12 1.12 1.11  0.01 0.78 0.76 0.76 0.77 0.02
Propane 0.31 0.30 0.30 0.30 0.30 0.02 0.22 0.22 0.23 0.22 0.02 0.08 0.09 0.10 0.09 0.11
Propene 0.88 0.86 0.86 0.91 0.88 0.03 0.34 0.31 0.35 0.33 0.06 0.33 T 0.36 0.34 0.06
n-Butane 0.11 0.06 0.06 0.12 0.09 0.36 T T T - - 0.00 0.00 0.00 - -
iso-Butane 0.00 T T T - T T T - - T T T - -




Table 5-4 Analytical precision of the LMWH analysis determined
from replicate injection of standards

Concentration A oA N
Component ppmv Unit Areas % Error No. Samples
Methane 102.7 173793 1160 0.7 8
Ethane 5.0 15804 102 0.6 8
Ethylene 1.9 5254 77 1.5 8
Propane 5.0 25085 229 0.9 8
Propylene 2.0 9980 186 1.8 8
Isobutane 5.1 30584 454 1.5 8
n-Butane 2.0 11970 270 2.2 8

5.4 Data Collection Rationale

The original scope of the baseline study was to determine horizontal, ver-
tical, and seasonal variations of LMWH in the study areas as a precursor to
petroleum development. Stress was placed on the distributions of ethane, pro-
pane, and butanes as their presence in elevated amounts is much stronger evi-
dence for petroleum hydrocarbon input. The investigation of seeps was only
tangentially approached as our sampling grid was not "tight" enough to unequivo-
cally locate seeps. We did, however, attempt to locate seeps along the 10-fathom
fault line southeast of Kayak Island with a dedicated 12-hour study (Carlson et al.,
1975).

In addition to the baseline survey, two 36-hour time series stations were
planned in each area, although time restriction prohibited us, in some instances,

from effecting this aspect of the program. The purpose of these investigations
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was to ascertain the short-term temporal changes in hydrocarbons, and thereby
establish normal ambient variability against which future observations might be
compared.

Ethylene and propylene, while not characteristic components of natural gas
or petroleum, were determined routinely in conjunction with the normal aliphatic
components. Chromatographic separation of the olefins from the parent aliphatics
results in a more accurate assessment of the concentrations of the latter, since
the alkenes are usually found in greater amounts. It will be shown Tater in the
discussion that the C2:0/C2:1 and C3:0/C3:1 ratios are reliable indicators of
petroleum hydrocarbons because of the absence of the unsaturates in petroleum.

In addition to the investigations carried out on the distribution of LMWH,
considerable effort was mounted to elucidate natural hydrocarbon sources. To
accomplish this, surface- and near-bottom samples were taken. In the Gulf of
Alaska, sampling of the surface layers was carried out in conjunction with the
productivity observations to ascertain possible hydrocarbon input due to photo-
synthetic or related biological processes. Near-bottom samples were taken to
characterize hydrocarbon sources in sediments. The origin of natural hydrocar-
bons, together with their variability, must be understood before effective moni-

toring measures can be effectively mounted.
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6. RESULTS

6.1 NEGOA, Southeastern Bering Sea,

Lower Cook Inlet, Norton Sound,

and Chukchi Sea

The last general field survey was completed in Norton Sound and the Chukchi
Sea in September 1976. The results of these field activities have been reported
sequentially in previous quarterly and annual reports and will not be repeated
here. In lieu of that procedure, the discussion section which follows will dwell
on the important features of the LWMH distributions observed seasonally in some
of these areas and will attempt to present a summary of our findings relevant to
environmental problems associated with petroleum development. ‘In the development

of the discussion section, to be treated geographically by area, we will rely

largely on the previously presented illustrations.
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7. DISCUSSION

7.1 Southeastern Bering Sea (Bristol Bay)

Observations for LMWH were conducted in September-October 1975 and again
in June-July of 1976. These measurements represent conditions as they existed
during the fall and summer seasons. Sampling protocol and sample analysis were
similar on both occasions.

7.11 Methane

The areal distribution of methane at the surface and near the bottom is
shown in Figures 7-1 thru 7-4. Surface methane concentrations in the fall of
1975 were generally low, near saturation values with respect to the atmosphere,
and generally reflected the quiescent biological condition existing at that
time (Figure 7-1). Surface equilibrijum values should fall in the range of
50-70 ne/% {(Lamontagne et al., 1973a). Only near Herendeen Bay were the concen-
trations considerably above saturation values, presumably from biogenic sources
within the embayment.

In contrast, methane concentrations in the surface layers during the follow-
ing summer were considerably above saturation, particularly near Herendeen Bay
(Figure 7-2). With the exception of outer central Bristol Bay, concentrations
of methane were consistently above 100 ng/%2, the highest value being nearly
1600 n2/% near Herendeen Bay. The distribution of methane during July 1976 is
similar to the temperature distribution suggesting that the local production
of methane is modified by the intrusion of methane-depleted waters from the
west (Cline and Feely, 1976a).

Near-bottom conditions for the two seasons are shown in Figures 7-3 and
7-4. The strong source of methane that was observed in the area of the Golden
Triangle in the fall of 1975 was not observed in the summer of 1976. This would

imply that circulation was less vigorous in the fall compared to conditions
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existing in summer of the following year. It might also be the result of a
diminished bottom source during summer, although this is difficult to envision.
With the aforementioned exception, the concentrations of methane near the bottom
were systematically higher than those observed in the fall of 1975 (Figure 7-4),
in concert with conditions prevailing in the surface layers. In all 1ikelihood,
a portion of the surface increase is due to vertical flux from below although we
cannot rule out the possibility of significant production of methane in the sur-
face layers during periods of high primary productivity.

In the most general sense, both temporally and spatially, methane in the
near-bottom waters varied between 100-400 n2/%, excluding the prominent seasonal
source in the Golden Triangle region north of Unimak Pass. We assume that this
methane is predominantly of biogenic origin, since it is not supported by higher
concentrations of ethane and propane, and may arise from the biochemical reduc-
tion of organic matter or carbon dioxide in the sediment column (Claypool, 1974;
Reeburgh and Heggie, 1977). This does not preclude the fact that methane produc-
tion might proceed at the sediment-water interface and be susceptible to seasonal
fluxes of organic carbon originating from the surface layers.

7.12 Ethane

Seasonal distributions of ethane in both the surface layers and near the
bottom are shown in Figures 7-5 thru 7-8. Surface concentrations of ethane
showed 1ittle spatial variability for the two seasons, although significant in-
creases were observed during the summer season (Figures 7-5 and 7-6). Concentra-
tions averaged about 0.5 n%/t& during the fall of 1975, and between 0.3 and
2.9 n2/% during the summer. The large increase observed in the eastern portion
of Bristol Bay is related to high levels of primary productivity (Cline and

Feely, 1976; Figure 7-6). It appears that ethene, arising from biochemical
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processes associated with primary production, is reduced to ethane in the surface
layers (Figure 7-9; J. Brooks, Texas A&M, personal communication). Thus, we feel
that the high surface signature of ethane does not imply a petroleum source, when
accompanied by similarly elevated concentrations of ethene.

Based on these limited observations, we would expect surface concentrations
of ethane to vary seasonally from approximately 0.3 to 3 nge/2. As we shall see
later, the crucial factor is the (:2:0/C2:1 ratio, not the absolute concentration
of ethane.

In the fall of 1975, the near-bottom concentration of ethane varied from
0.5 n%/% to approximately 1 ng/& (Figure 7-7). A similar pattern was observed
during the following summer, except the near-shore areas of the Alaskan Penin-
sula showed marked increases, which correlate reasonably well with near-bottom
methane concentrations. The region near Izenbeck Lagoon was particularly
unusual, because methane concentrations in this region did not appear to be
excessively high. However, the near-bottom concentration of ethene was high
and the (22:0/C2:1 was less than 1. In fact, the elevated concentration of
ethene near the bottom was strikingly high all along the perimeter of Bristol
Bay (Figure 7-10). We assume that not unlike that observed in the surface lay-
ers, the ethane has arisen from the biochemical reduction of ethene to ethane.

Our observations would suggest that the ethane concentration would range
seasonally from 0.5 na/2 to a high of nearly 3 ng2/%2; the higher values being
indicative of general increased levels of primary production and the attendant
production of organic carbon.

7.13 Propane and Propene

The seasonal distributions of propane in both the surface and near-bottom
layers are shown in Figures 7-11 thru 7-14. Surface concentrations were exceed-

ingly low during both seasons, although slightly higher in the summer months
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(Figures 7-11 and 7-12). No significant spatial variation was observed on either
occasion, although the concentration of propane was significantly higher near the
shore in July of 1976 (Figure 7-12). The highest value observed was 1.8 n&/2
near the Kuskokwim River with average values for both seasons between 0.2 and 0.8
ne/%. No evidence was found of petroleum introduction based on the propane
abundance or distribution.

Surface propene concentration in July 1976 was significantly higher than
that observed in the preceding fall (Cline and Feely, 1976a, Figure 17). Concen-
trations in excess of 7 n&/% were observed near the Kuskokwim River delta with
values in excess of 1 ng/% over most of the shallow near-shore regions. As was
the case for ethene, propene appears to be produced in conjunction with elevated
levels of primary production.

Near-bottom levels of propane were only slightly higher in July compared to
October with no significant spatial variation (Figures 7-13 and 7-14).

The average value is near 0.5 ng/2 with a range from 0.2 to 0.9 ng/2.

These values would presumably hold for other seasons as well.

7.14 TIsobutane and n-Butane

Concentrations of iso- and n-butane were everywhere below 0.1 ng/2. Because
of inherent low-level contamination of water samples, the uncertainty in the con-
centration of butanes below 0.1 ng/% is very large. In most cases, the concen-
tration of the Cl+ aliphatics, after correction for blanks, was below the detection
Timit of 0.03 ng/%. These concentration levels are extremely low and presumably
reflect normal background production or equilibration levels with respect to the
overlying atmosphere. In contrast with these studies, analogous measurements
taken over the Texas shelf indicate concentrations of iso- and n-butane approxi-

mately 100 times the levels reported here (Brooks and Sackett, 1973).
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based on complete chromatographic analysis at selected stations.
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7.2 Norton Sound, Chukchi Sea, and Lower Cook Inlet

In each of these survey regions, only single season observations are avail-
able. Hydrocarbon abundances and distributions are discussed in the Quarterly
Report covering the period 1 October-31 December 1976 (Cline, 1976), and addi-
tional elaboration is not possible at this time. However, the discovery of a
gas seep in Norton Sound has been amplified in a report to be submitted to
Setence and will be presented as an appendix to this report.

A survey of LMWH in Lower Cook Inlet was made in April 1976 and is covered
completely in the appropriate quarterly report (Cline and Feely, 1976b). Only
nine stations were occupied at that time, but two intensive surveys are planned

for this spring and summer.

7.3 Northeast Guif of Alaska

Observations of LMWH were taken in QOctober-November 1975, April 1976, and
again in late July 1976. These measurements represent early winter, spring,
and summer conditions as they existed at the time of sampling. Sampling proto-
col and analyses were uniform for all three cruises. NEGOA is the only OCS area
in which one-year seasonal studies are available.

7.31 Methane

The surface distribution of methane is shown for the three seasons in
Figures 7-15 thru 7-17. The surface shelf waters uniformly contain more than
100 ne/2 of methane during all seasons, representing a minimum supersaturation
level of approximately 150 percent. Locally, surface concentrations may exceed
300 ne/2, typically southwest of Kayak Island, and may be related to the anticy-
clonic gyre (Galt and Royer, 1977) observed in that region (Figures 7-15, 7-16,

and 7-17). In July of 1976, high concentrations of methane (600 nt/2) were

observed in the Icy Bay vicinity and may have related to sustained high
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productivity Tevels that were observed at the same time. In this instance, the
surface concentrations of methane exceeded the concentrations near the bottom
(Figure 7-20), implying that high levels of productivity had resulted in in situ
methane production in the water column. The highest concentration of methane
was 1683 ne¢/e observed at the entrance to Yakutat. This value represents a
supersaturation concentration with respect to the overlying atmosphere of 25.
As we shall see later, the high concentrations of methane were supported by
unusually high concentrations of ethane and propane. Whether these elevated
concentrations are related to primary productivity or represent the surface
entrainment of petroleum-related hydrocarbons arising from the interior Yakutat
Bay, it cannot be ascertained with certainty at this time.

With the exception of localized accumulations of methane in the surface
layers, the concentration of methane over the shelf varies from 100-300 nt/%,
with offshore values less than 100 ng/2. Offshore concentrations presumably
reflect near saturation with the overlying atmosphere. Elevated surface con-
centrations found over the shelf are largely the result of microbial production
in organic-rich sediments.

The near-bottom distributions of methane are shown in Figures 7-18 thru
7-20. In general, the concentrations are much higher near the bottom than in
the surface layers, reflecting the proximity of these waters to the bottom
source. Unusually high Tevels are observed in the region surrounding Tarr
Bank where fine-grained organic-rich sediments are prevalent. In October-
November 1975 the major source of methane was the Hinchinbrook Sea Valley
near Montague Island with a characteristic near-bottom drift of the waters
toward the east. In July 1976 (Figure 7-20), the major source appeared to be
north of Tarr Bank with little indication of advective drift. Concentrations

of methane in April 1976 were substantially lower than those observed in
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October-November 1975 and July 1976. Again there appeared to be little preferred
advection as was noted in October-November 1975 with the concentration of methane
largely reflecting the distribution of fine-grained sediments. Note the pool of
relatively Tow methane water over Tarr Bank (Figure 7-19).

In general, the concentration of dissolved methane near the bottom is highly
variable, suggesting temporal sources and/or highly variable circulation patterns.
Our observations would suggest that seasonally methane concentrations range from
a low of 100 ne/2 to approximately 1500 ng/2. More typically, the region south
of Prince William Sound between Montague Island and Kayak Island is characterized
by variable concentrations of methane, usually above 400 ng/%. At the present
time there is no reason to believe that these concentrations are not the result
of biogenic methane production. Later in the discussion, it will become apparent
that methane accumulation is largely unsupported by similar advances in the con-
centrations of ethane and propane,

7.32 Ethane and Ethene

The concentration of ethane in the surface layers was rather uniform through-
out the seasonal studies just concluded. From observations conducted in October-
November 1975 and again in April 1976, the concentration of ethane varied little,
averaging 0.2 to 0.5 ng/% (Cline and Feely, 1976a; Cline and Feely, 1976b).

There were no apparent localized sources for ethane and we conclude that these
minimal concentrations probably reflect ambient equilibrium conditions with re-
spect to the atmosphere. In July 1976, however, the average concentration in the
Tarr Bank area rose to approximately 0.5 ne/2 with a strong source evident near
Yakutat Bay (Figure 7-21). The highest concentration of ethane observed was

11.4 ng2/2 and was associated with similarly high concentrations of methane and

propane. The Tocal region near Yakutat Bay appeared to be undergoing a strong
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plankton blume at the time of the measurements (Jerry Larrance, personal
communication) and these elevated LMWH levels may have been associated with that
phenomenon. However, ethene concentrations in the same region were not unusually
high for this season (Figure 7-22), suggesting that the source may have been a
gas and/or oil seep. To find the highest concentrations of ethane and propane at
the surface rather than the bottom suggests that the source was within Yakutat Bay
and was advected seaward in accord with normal estuarine circulation. Unfortu-
nately, ship time was not available to investigate the source of the hydrocarbons.

Seasonal variations of ethane concentrations within 5 m of the bottom were
uniform, ranging from 0.2 to 1.3 ng/2 (Cline and Feely, 1976a,b). The average,
however, is near 0.4 n&/% ; the high value noted above was observed at a single
station over Tarr Bank, and may have been spurious.

7.33 Propane and Propene

Surface concentrations of propane, not unlike ethane, showed little areal
or seasonal variations (Cline and Feely, 1976a,b). 1In the region south of
Prince William Sound, the concentration of ethane was approximately 0.4 ng/%,
decreasing 0.2 ng/2 toward the east. As noted earlier, a relatively high con-
centration of propane was observed at the entrance to Yakutat Bay during the
July 1976 cruise (Figure 7-23), but was not accompanied by similar increases
in propene (Figure 7-24). The source of the propene is not known, but may be
related to gas seepage in Yakutat Bay or possibly, a bioloagical phenomenon (see
section 7.32).

Near-bottom concentrations of propane are spatially and temporally invari-
ant (Cline and Feely, 1976a,b). Concentrations were near 0.2 n2/%, except in
July near Hinchinbrook Island and Tarr Bank, where concentrations approached
0.6 ne/e. These values are within the normal variability observed over the

sTope and do not suggest the presence of either gas or 0il seeps.
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7.34 Isobutane and n-Butane
Similar to the situation observed in Bristol Bay, the seasonal concentrations
of the butanes were everywhere at or below the detection Timit of 0.03 ng/2. This

was true in both the surface waters as well as at depth.

7.4 Diagnostic Indicators of Petroleum Introduction

Observations conducted to date in the OCS shelf waters of Alaska suggest
that 1ittle or no petroleum is entering the marine environment, with the possible
exception of the gas seep noted in Norton Sound. The Alaskan shelf waters appear
to be pristine with respect to petroleum hydrocarbons, at least in the areas we
have investigated. However, the gas seep in Norton Sound affords a unique oppor-
tunity to test various diagnostic parameters for the characterization of gas or
liquid petroleum.

In exhaustive LMWH studies conducted in the shelf and offshore waters of
the Gulf of Mexico, Brooks and coworkers at Texas A&M have utilized alkane ratio,
€,/C,*C, and 6C13 compositions for the distinction of biogenic hydrocarbons from
those produced by thermal processes (Frank et al., 1970; Bernard et al., 1976).
Relying on the fact that little or no olefinic compounds are found in crude oil
or natural gas, we have explored the test ratio C2:O/C2:1 as a reliable indicator
of petroleum introduction. Before evaluating this parameter, it became necessary
to establish background ratios of ethane to ethene. Some examples are shown in
Figures 7-25 thru 7-29 for near-bottom samples only, as seeping gas or o0il will
leave the strongest signature at the point df entry.

Figures 7-25 and 7-26 show a plot of ethane versus ethene in late fall of
1975 and again for early summer in Bristol Bay. Although the statistics are
poor, the late fall season is characterized by low, variable levels of both

ethane and ethene. The equation of the line is C2 0° 0.54 C2

. 1 + 0.38; the
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Figure 7-25 Relationship between ethane and ethene concentrations found
in the lower 5 m of the water column during Sept.-Oct. 1975.
Observations were made in southeastern Bering Sea.
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standard error in the slope is 0.12. In early summer, higher levels of primary
production obtained increasing dramatically the levels of ethene in the upper
water column. Some of this was vertically mixed down gradient to increase the
bottom water concentration as well as being supplemented by what appears to be
near-bottom production of the C2 alkene. Because of the shallow depths, it is
difficult to distinguish between the two sources. The relationship between
ethane and ethene for July 1976 is shown in Figure 7-26 and reveals a shallower
slope. The equation of this line is CZ:O = 0.08 (22:1 + 0.97 with an uncertainty
in the slope of 0.05. The ethane concentration has remained nearly constant with
substantial increases in the concentration of ethene, presumably due to biologi-
cal activity.

The points indicated by the triangles were taken off the mouths of lagoons
and do not represent samples typical of open shelf waters.

A similar relationship between ethane and ethene was observed_in the north-
east Gulf of Alaska, although less scatter was apparent. In Figures 7-27 and
and C ratios for late fall 1975 and summer 1976. In

2:0 2:1
the first instance, the slope of the line (includes all observations) is 0.45;

7-28 are shown the C

in the latter it is near 0.3. Thus, in both areas studied we conclude that the
normal C2:0/C2:1 ratio is less than 0.5 statistically. Moreover, the ratio was
never greater than 1 except as noted in the bottom waters of Norton Sound and
in the surface waters off Yakutat Bay.

For comparison, we show the C2:O/C2:1 ratio for near-bottom observations
in Norton Sound taken in September of 1976 (Figure 7-29). The slope of this
line is near 0.3, not unlike that found in the northeast Gulf of Alaska. The
dashed 1line indicates the (32:0/C2:1 ratio equals 1. The waters near the seep
(see Appendix I) show a preponderance of alkanes relative to the alkenes and

would plot on Figure 7-29 well above the dashed line. We conclude from all
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Figure 7-27 The relationship between ethane and ethene concentrations
for all observations in the northeast Gulf of Alaska.
The slope of the 1ine is 0.45 = 0.03 (r = 0.66).
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our measurements taken to date in OCS waters of Alaska that rarely does the
C2:0/C2:1 ratio exceed 0.5, except when natural gas or petroleum is present.

Other parametric ratios have been used to trace petroleum hydrocarbon
introduction into the marine environment. One such parameter is the alkane
ratio C1/C2 + C3 popularized by Frank et al. (1970), and has been used exten-
sively in delineating hydrocarbon seeps in the Gulf Coast area. Because bacter-
ial methane production in surficial marine sediments is usually accompanied by
only trace quantities of the higher homologs, the aforementioned ratio has been
useful in documenting natural gas and oil seeps.

In Figures 7-30 and 7-31 are shown the Cl/C2 + C3 ratio for southeastern
Bering Sea and Norton Sound. The range of values in Bristol Bay was from a
low of 13 near Nunivak Island (probably spurious) to a high of 357 northeast of
Unimak Island. Frank et al. (1970) suggest that a value of 50 is the transition
point between compositions arising from biogenic and petrogenic processes.
Hydrocarbons arising by petrogenic processes tend to be rich in the higher homo-
logs of methane. In contrast, the minimum value observed in Norton Sound was
50 in an area characterized by a known gas seep (Figure 7-31). We suspect from
our measurements that the absolute value of the Cl/C2 + C3 alkane ratio is not
as important as its relative value. Moreover, because methane, ethane, and pro-
pane are known to be produced biologically and to be important components of both
natural gas and petroleum, itiseems that a more definitive parameter is required.
OQur measurements would suggest the (12:0/(32:1 and C3:0/C3:1 ratios are more appro-
priate in Alaskan Shelf waters, and possibly elsewhere, primarily because of the
absence of the olefinic compounds in petroleum. A more in-depth treatise of this

problem will be made in the final report.
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8. CONCLUSIONS

Baseline surveys have been completed in the northeast Gulf of Alaska,
southeastern Bering Sea, Norton Sound, and southeastern Chukchi Sea. Some
measurements have been made in Lower Cook Inlet and in the western Gulf, but
these are too sparse to be of any value in establishing baseline or benchmark
conditions in these areas. Field expeditions planned for April and July of
this year should provide much additional information relevant to hydrocarbon
distributions and sources in these regions.

Not all the areas were visited seasonally, but the data obtained to date
is probably sufficient to delineate the background levels of the low molecular

weight aliphatic hydrocarbons to be expected in a future monitoring activity.

8.1 Southeastern Bering Sea (Bristol Bay)

A total of two field programs were conducted in Bristol Bay; the first in
September-0October of 1975, the second in July of 1976. The results of these
field exercises documented the ambient levels of hydrocarbons, their distribu-
tions, and their probable sources. No sources of petroleum-related hydrocarbons
were definitively identified. In the event of future petroleum development
activities in the southeastern Bering Sea, the benchmark data shown in Table 8-1
should provide the necessary background information vital to the documentation
of petroleum or natural gas introduction into this environment.

The natural levels of the Cl—C“ hydrocarbons in the southeastern Bering Sea
were relatively Tow and generally reflect minimal biological input or petroleum
pollution. Significant seasonal effects were seen only in the abundances and
distributions of the olefinic components ethene and propene and presumably were
due to elevated levels of primary production noted in summer. Methane concen-

trations were highly variable in both time and space, but no more so than
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Table 8-1 Typical seasonal range of hydrocarbon concentrations observed
in the near-bottom waters of the 0OCS areas investigated.
Unusually high concentrations occurring singly have not been
included in the ranges. Number of observational periods 1in
each survey area is given in parentheses.

Region NEGOA LCI! Bristol Bay Norton Sound!»2 Chukchi Seal
(3) (1) (2) (1) (1)
Component ne/s (STP) o B
Methane 100-1500 100-1400 60-600 200-20003 200-30003
Ethane 0.2-1 0.3-0.9 0.5-2 0.3-1.3 0.3-3
Ethene 0.5-3 0.0-1 0.5-5 0.3-4 1-4
Propane 0.2-0.6 0.1-0.3 0.2-0.7 0.2-0.5 0.2-1.3
Propene 0.2-0.6 0.0-0.6 0.2-2 0.2-0.9 0.3-0.8
jsobutane < 0.05 < 0.05 < 0.05 < 0.05 < 0.05
n-butane < 0.05 < 0.05 < 0.05 < 0.05 < 0.05
CZ:O/CZ:I < 0.5 - <1 < 0.5 <1

1Given ranges represent a single observational period.
?Values do not include observations from region of gas seecp.

3These unusually high concentrations of methane are the result of strong
thermal stratification that existed at the time of the measurements.
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observed in other OCS areas of Alaska. The rivers emptying into Bristol Bay
are low in methane; waters derived from the lagoon systems on the Alaskan
Peninsula are rich in methane. We assume that these enriched waters were de-
rived from bacterial methane production associated with the interior eel gross
communities. The concentrations of ethane and propane were everywhere near or
below 1 ng/%, the higher values being observed near the bottom. Surface concen-
trations of these hydrocarbons are largely controlled by air-sea exchange rate
and the benthic production rate. Some of the ethane and propane found in the
surface layers also may have arisen from the chemical or biochemical reduction
of ethene and propene. However, no information is available on the merits of

this mechanism at the present time.

8.2 Northeast Gulf of Alaska

Three field programs have been initijated and completed in the northeast
Gulf of Alaska during late 1975, spring and summer of 1976. Results obtained
from these field studies have served to document the seasonal ambient levels of
the LMWH, their distributions and probable sources. No large or significant
submarine sources were identified as the result of these measurements, even
though an intensive study was made of the Kayak Island fault system. Ranges
of expected hydrocarbon concentrations to be expected in NEGOA are shown in
Table 8-1.

The waters of the northeast Gulf of Alaska are characterized by highly
variable levels of the C, and C, components, depending on seasonal and geo-
graphical parameters. The bottom sediments in the vicinity of Tarr Bank are
silty-muds, and thus appear to be vigorous producers of methane gas. Methane

found in the bottom waters of this region was not supported by the higher homo-

logs, thus biogenic rather than thermogenic processes are believed operative.
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Although the geological setting would suggest the probability of submarine seeps
in the Katalla-Kayak Island region, we observed none as the result of this pro-
gram. Studies to be conducted this spring on benthic sources of LMWH should
provide additional insight into the sources of the LMWH and their primary origin.

The single anomalous feature in the northeast Gulf that has been observed
to date is the unusually high concentrations of ethane and propane observed at
the entrance to Yakutat Bay. Maximum ethane and propane concentrations observed
were 11.4 ne/2 and 4.6 ne/g%, respectively. These are the highest coﬁcentrations
observed to date in the 0CS of Alaska. The high surface concentrations were not
observed at depth where one might expect the greatest concentration to occur if
they were associated with petroleum seepage (Cline and Holmes, 1977). However,
if the seep was located within Yakutat Bay, normal estuarine circulation would
have suppressed the bottom signature. There still exists the likelihood that

the alkanes arose via biological mechanisms.

8.3 Lower Cook Inlet

During April of 1976, a minimal observational program was initiated in
Lower Cook Inlet in cooperation with biological productivity studies. The few
data that were collected have been discussed in the fifth quarterly report
(1 April-30 June 1976, Cline and Feely, 1976¢c) and are not of sufficient den-
sity to represent baseline conditions. Ranges of hydrocarbon concentrations
observed in April are included in Table 8-1 for completeness. Intensive
studies clarify localized sources of hydrocarbons, including those likely to
be present in the area north of Kalgin Island where active production is cur-
rently taking place.

The anomalous hydrocarbon distributions were observed near Kalgin Island,
where high concentrations of methane (~1500 n%/%) were accompanied by signifi-

cant amounts of ethane and propane (1 and 0.5 n&/%, respectively), but no ethene
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or propene. Little vertical water column structure was evident at the time
of the observations, thus the source of the hydrocarbons could not be unequivo-
cally identified. Because the region just north of Kalgin Island is actively
producing both gas and petroleum, it would not be unexpected to observe trace
quantities of petroleum-derived hydrocarbons or components of natural gas in

the water column.

8.4 Norton Sound

A survey for LMWH was conducted in Norton Sound in September of 1976. The
most significant discovery was the presence of a gas seep in a highly localized
region south of Nome, Alaska. Analyses of these data have been amplified and
form the basis of the attached report (Appendix I), which shall not be repeated
here for the sake of brevity. Remarks will be confined to the general hydrocar-
bon distributions not influenced by seep activity.

At the time of the observations, strong sources of methane were observed
at the eastern extremity of the basin and from the lagoon system to the east of
Cape Nome (Cline, 1976). The former is the result of benthic microbial metabo-
Tism releasing large quantities of methane to the lower water column, whereas
the latter appears to be associated with the surface waters presumably originat-
ing from the lagoon system. Distributions are the result of prevailing circula-
tion during the observational period. Methane concentrations exceeded 2000 ng/%
at the eastern extremity of the embayment because of the high degree of thermal
stratification in the region. In general, concentrations of methane decrease
from east to west in the basin, both in the surface layers and at depth.

Concentrations of the higher homologs of methane are generally less than
1 ne/% over all of Norton Sound, except the seep area. The olefinic 62 and C3

components are generally greater than 1 ng2/¢ with concentrations decreasing
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west to east in co. trast to that observed for methane. These components are
reflective of biological activity not associated with methanogenesis and would
suggest that the outer region is more productive than the inner portion of the
basin.
A plot of ethane versus ethene for all nonseep samples indicates a ratio

lTess than 0.5 in agreement with other areas investigated.

8.5 Chukchi Sea

The distribution and abundance of LMWH in the southeastern Chukchi Sea
was surveyed in September 1976, during the second half of the Norton Sound
cruise. A complete description of our findings can be obtained from the rele-
vant Quarterly Report (Cline, 1976).

As was the case in other OCS areas, the abundance and distribution of
methane reflected sources, circulation, and degree of vertical mixing.
Kotzebue Sound, although very shallow (< 20 m), was highly stratified and
large concentrations of methane accumulated below the thermocline (Table 8-1).
Maximum concentrations of methane were in excess of 3000 ni/% near the town of
Katzebue, but were not supported by elevated levels of the higher homologs.
Ethane and propane were uniformly less than 1 n¢/%; however, somewhat higher
concentrations of ethene were observed within the inner Sound (2.5 na/i).

Evident in the near-bottom waters west of Point Hope was a strong plume
of methane, apparently originating to the west over the Siberian Shelf. In
this case the occurrence of methane was supported by similarly high concentra-
tions of ethane (3 nz/%) and propane (1.3 ni/¢), but ethene concentrations were
also significantly high (> 3.4 n2/g8). It has been suggested that this water
mass, characterized primarily by its low temperature, arose to the west along

the northern Siberian Shelf where the concentration of oxygen quite often falls
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to very low levels in late summer, allowing near-anoxic conditions to prevail
in the near-bottom waters (Aagaard, University of Washington, personal communi-
cation). If this is so, unusual ratios of ethane and ethene also might prevail
as was the case with this water mass. Whereas ethene is more oxidized than
ethane, a preponderance of ethane might occur normally in waters of low oxygen
content. It is also possible that the high concentration of ethane was due to
seep activity along the Siberian Shelf; but without confirMing observations in
the territorial waters of Russia, this proposal remains pure speculation at
this point.

In other localized areas of the Chukchi Sea, hydrocarbon abundances were

quite normal as compared to other OCS areas studied (Table 8-1).
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9. FUTURE RESEARCH ENDEAVORS

The present research activity centers largely on the seasonal and spatial
variations in low molecular weight hydrocarbons with some attention being given
to significant source regions. Our present field scheduling in the Bering Sea,
Norton Sound, Chukchi Sea and the northeast Gulf of Alaska will, for the most
part, satisfy our commitment to the establishment of baseline levels of LMWH in
these areas. Since some of the geographical areas will be visited three times,
others only once, seasonal information will be limited in scope in some areas,
altogether absent in others. It would be desirable from a scientific point of
view to continue our studies on the distributions, sources and ultimate fate of
natural marine hydrocarbons, but we recognize that all of these goals may not be
in the best interest or within the capabilities and jurisdiction of the 0CS pro-
gram. For these reasons, we feel that future research activities concerning
LMWH should be redirected toward local source areas.

Future research activities should concentrate on known hydrocarbon inputs,
whether they be natural or man-made. Included in these categories .would be:

a) anomalous hydrocarbon sources, b) natural gas and oil seeps, and c¢) existing
petroleum platforms and producing wells. The aim of these studies would be to
ascertain the sources and composition of the hydrocarbons, their input rates,
and their usefulness as tracers of soluble and emulsified hydrocarbons. Where
inputs are jdentified, plume trajectories and space scales should be elucidated
in conjunction with current velocities and directions.

Detailed measurements of anomalous hydrocarbon sources, such as.those re-
vealed near Hinchinbrook Entrance and Norton Sound, should be undertaken.
Emphasis should be placed on near-bottom gradients and trajectories of the

hydrocarbon plume. These efforts should be supported with detailed examination
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of the hydrocarbon content of the underlying sediments, particularly on surficial
gradients from which flux calculations can be carried out. Attention should be
given to the composition of the gases with particular regard for the CQ—C7 frac-
tion, including aromatics. If the concentration of methane is sufficiently high,
it should be extracted and analyzed isotopically for §!3C composition. The iso-
topic composition of the methane should reveal its primary source, whether it be
principally biogenic in origin or the result of the percolation of natural gas
from underlying reservoir rocks.

As the result of our observations made Tast September in Norton Sound, a
major gas seep was identified, which may include associated petroleum. If this
is so, then a field effort should be mounted to elucidate its composition, plume
dimension, and possible influence on the indigenous biological community. Low
molecular weight hydrocarbon (aliphatics and aromatics) should be sampled in the
water and sediment columns, supplemented with observations of the heavier frac-
tions in sediments (suspended and bottom), organisms, and water. The seep in
Norton Sound is located in shallow water (approx. 20 m) and would be accessible
for sampling via SCUBA. Planning is currently underway to implement a major
survey of the seep area in summer 1978.

Similar detailed studies of natural gas and petroleum seep elsewhere would
also be indicated. Here, the Geological Survey should be consulted as to the
seep location, input activity, and possible hydrocarbon composition. We are
continuing our dialogue with the Conservation Division and the Gas and 0il
Branch of the USGS as to the location of promising seep areas in the OCS.

Lastly, we feel that the current production of petroleum in Upper Cook
Inlet should be examined in terms of LMWH. The results of Kinney et al. (1970)
indicated elevated levels near the Forelands, which they ascribed to possible

gas seeps. Observations will be conducted this spring and summer in Lower Cook
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Intet and special attention will be given to the Forelands area. Based on these
results, as well as geological data on the occurrence of seeps and sub-bottom
geological structures, a study should be conducted into the sources of the hydro-
carbons (i.e., platforms or natural seeps).

OQur findings in the Gulf of Alaska and the Bering Sea have shown interest-
ing, but yet unexplained, relationships between ethane and ethene. If the latter
two components arise from the sediment, as we believe the bulk of the methane
does, what are the processes that result in the formation of ethane and ethene?
Conceptually, we envision a biochemical origin for these gases, but the purely
inorganic cracking of more complex organic molecules also may contribute signifi-
cantly to their production. In the broadest context of the environmental assess-
ment program, it seems that a knowledgeable understanding of the sources of
natural hydrocarbons, the rates of input, and the ultimate fates are of para-
mount importance. Traditionally, it is the investigation of natural contaminants
under natural environmental conditions that results in more reliable predictions
concerning capacities, stress tolerances, and rates of recovery of a given sys-
tem.

The production and escape of LMWH from sediments ought to be studied in the
context of environmental and geochemical factors. Relationships between hydro-
carbons and environmental characteristics, such as sediment type, size frequency,
organic carbon content and origin, redox potential, sedimentation rates, pore
water chemistry, and microbial populations, should be emphasized. Because the
LMWH fraction is volatile, special coring apparatus must be constructed to elimi-
nate exchange of gases with the atmosphere during sampling. As a first step,
surficial hydrocarbon gradients and the loci of hydrocarbon production should
be investigated in the upper 2 m of the sediment column. Depending on the out-

come of these observations in promising localized areas, additional experiments

should be developed to elucidate mechanisms and environmental control parameters.
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10.  FOURTH QUARTER FIELD ACTIVITIES

10.1 Summary

No field operations were conducted during the fourth quarter, although
staging and equipment development is going forward for the major cruise to LCI
in April of this year. Equipment design and development includes the sediment
gas harpoon and associated gas extraction apparatus.

Data synthesis has continued with all the LMWH data taken to date with
emphasis placed on the Norton Sound gas seep. Attached to this report is a
preprint of the manuscript being submitted to Science.

10.2 Estimate of Funds Expended
through 1 April 1976

Allocated Expended to Date Balance

Salaries and overhead $41,238 $19,916 $21,322
Major equipment 8,400 4,600 3,800
Expendable supplies 4,500 2,084 2,416
Travel and per diem 4,740 2,100 2,640
Shipping 1,000 250 750
Publications 1,000 300 700

$60,878* $29,250 $31,628

*Not shown in this figure is approximately 4K in FY 76 funds,
which were not carried forward.
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Abstract. During a 1976 survey of petroleum hydrocarbon distributions in the
waters of Norton Sound, relatively 1a5§e concentrations of dissolved C,-C,
alkanes were observed in a localized area approximately 40 km south of Nome,
Alaska. The hydrocarbons, apparently originating from a point source in the
sea floor, could be identified in the near-bottom waters down-current for more
than 100 km. Concentrations of ethane, propane, iso- and n-butanes near the
locus of the seep were above ambient levels by a factor of 10 or more. Prelimi-
nary estimates of the composition of the initial gas phase composition predict
methane:ethane and ethane:propane ratios of 24 and 1.7, respectively, assuming
the hydrocarbons were introduced via bubbles. Taken at face value, the low
C?_:C3 ratio is indicative of gas from a liquid petroleum source rather than
from nonassociated or biogenic natural gas.

Preliminary data on the structural geology of Norton Basin support this
interpretation based on the observed chemical and physical characteristics of
the plume. Strata truncated by an unconformity dip basinward from the seep
locus; velocity pulldowns, and numerous steeply dipping faults in the immediate
vicinity of the seep provide corroborating evidence for gas or petroleum-charged
sediments and strata with favorable avenues for migration of mobile hydrocarbons
to the sea floor. These factors, taken in concert with the sedimentalogical
regime, recent revision (increase) of basin depth estimates, and the highly

localized origin of the hydrocarbons, strongly suggest a thermogenic rather than

a recent biogenic origin for these gases.




Introduction

Environmental studies currently being conducted in the waters of the outer
continental shelf (0CS) of Alaska include measurements of the distribution and
abundance of the low molecular weight aliphatic hydrocarbons (1) to evaluate
their efficacy as potential indicators of petroleum hydrocarbons arising from
both human activities and natural sources. Because the saturated LMWH (Cl—Ck)
are present in significant amounts in most natural gases and crude oils (2) and
because they are relatively soluble in natural waters (3), these components
have been used extensively to monitor and document the introduction of petroleum-
related hydrocarbons entering the marine environment from production, shipping,
and transfer operations (4-7). In addition, the ease with which these particular
hydrocarbons can be surveyed has led to their use as an adjunct exploration tool
for the detection of submarine gas and/or oil seeps (8).

Although many submarine petroleum seeps have been reported (9) few have
been well documented, partially because of observational problems associated with
the marine environment and partially because offshore exploration has thus far
yielded few data that have entered the public domain (9). Of the relatively few
marine seep regions that have been identified and reported, very few have been
studied in detail, the major exception being the large volume seep swarm observed
near Coal 0il Point in the Santa Barbara Channel of the southern California Bight
area (10). Numerous gas seeps have been identified in the northern Gulf of
Mexico and some have been studied chemically. A review of these studies can be
found in the work by Bernard et al. (7) and the references contained therein.

In this report, we discuss the occurrence of relatively high concentrations

of C2—Ch alkanes in Norton Sound, a large shallow bay south of Seward Peninsula.
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Based on both chemical and geological evidence, we believe that these hydrocar-
bons may originate as petroleum-associated gases and may therefore indicate the
occurrence of petroleum in the rocks beneath Norton Sound.

The hydrocarbons were analyzed by He extraction and gas chromatography
according to a suitably modified procedure originally developed by Swinnerton
and Linnenbom {11). Briefly the procedure is as follows: Individual water
samples were taken from predetermined depths in 10 2 Niskin samplers attached
to a rosette sampler. The volatile hydrocarbons were removed from 1 2 aliquots
of seawater in a stream of ultra pure helium and concentrated on a column of
activated alumina maintained at -196°C. After warming the cold trap to 100°C,
the volatilized components were chromatographed on a polymer bead (Poropa@g(n
and detected sequentially with a flame ionization detector as they emerged from
the column. Samples were collected aboard the NOAA research vessel DISCOVERER

in September 1976.

Historic Petroleum Seeps and Shows

Onshore 01l shows and marine seeps have been reported at several places
along the shores of Norton Sound (Fig. 1). Prospecting for oil was carried out
at Hastings Creek near Cape Nome in 1906 (12). Two wells were drilled; one
showed a trace of 0il and the other encountered flammable gas at 37 m in non-
marine coal-bearing rocks (12, 13). The gas was at sufficient pressure to blow
a 550 kg stem 23 m up the hole. Cathcart et al. (12) also mention oil-like
films on the 1agodns near Nome and Cape Nome, and a beach foam resembling paraf-
fin which was brought in by the onshore (southerly) winds.

Other 0il seeps have been reported at the mouth of the Inglutalik River on
Norton Bay (13, 14), and 32 km northwest of Nome in the Sinuk Valley which may

be underlain by infolded, unmetamorphosed Cretaceous or Tertiary sediments (13).
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An outcrop of middle Cretaceous 0il shale has also been reported on Besboro

Island in Norton Sound 40 km northwest of Unalakleet (13).

Geologic Setting

The geology of Norton Basin, the sedimentary prism beneath Norton Sound,
has been discussed by Scholl and Hopkins (15), Grim and McManus (16), Nelson
et al. (17), Walton et al. (18), Tagg and Greene (19), Moore (10), and others.
Reconnaissance seismic reflection survey data suggest that the basin area is
about 130,000 km? (15). Maximum basin depth has recently been estimated as
approximately 5.5 km (21); the 100,000-km3 volume calculated by Scholl and
Hopkins (15) may therefore need to be increased by as much as 50-80 percent.

Seismic reflection profiles show the basin fill to consist of two major
stratified units comprising the Main Layered Sequence (15) covered by a thin
mantle of Quaternary deposits (17, 19). The major units are separated by an
unconformity which lies at a depth of approximately 500-700 m near the basin
axis. Greene and Perry (22) suggest that this unconformity represents a
change in the rate of subsidence during middle or late Pliocene time, and
Hopkins (23) notes that the Bering Land Bridge had been reestablished through
most of the Pliocene. Norton Basin is underlain by an acoustic basement
formed by strata which are probably analogous to the diverse older Paleozoic
and Mesozoic rocks that occur on land around the basin margins (24, 25, 26).

Although Quaternary deposits everywhere cover the older Cenozoic and
Mesozoic basin fill, some onshore outcrops and drill-hole data give clues to
the nature of these deposits. Nonmarine coal-bearing strata of late 0ligocene
age are exposed on northwestern St. Lawrence Island (22), and several offshore
holes drilled by the U.S. Bureau of Mines near Nome encountered marine sands

and clayey silts of early Pliocene age at a subbottom depth of approximately
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18 m (15, 17). Late Miocene or early Pliocene marine limestone was recovered
from a dredge haul 30 km south of St. Lawrence Island, just outside the basin.
Considering these facts and regional stratigraphic patterns, the basin fill
probably consists of late Cretaceous and lower to middle Tertiary sedimentary
rock in the lower major unit and upper Tertiary and Plio-Pleistocene sedimentary
rocks and sediments in the upper major unit. A1l direct evidence suggests that
the lower unit is nonmarine, but the size of the basin is such that unseen tran-
sitions to marine facies could occur within this unit.

Strata of the lower major unit form a broad synclinorium whose principal
axis trends generally east-west. The beds of the upper unit are more nearly
flat-1ying above the angular unconformity. Normal faults occur in many places
around the basin periphery (15, 16, 22). Some faults form scarps on the sea
floor (16), and some offsets at the acoustic basement surface can be correlated
with fault traces (15).

Single channel reflection profiling operations were carried out in Norton
Sound on a joint USGS-University of Washington cruise in 1967 (16) and by the
University of Washington and NOAA (then ESSA) during the summer of 1969 (18).
Three tracklines passed near the seep location and are shown in Figure 1. The
reflection records are reproduced in Figure 2 and show: 1) the southward dip
toward the basin axis of the lower unit of the Main Layered Sequence (15), and
2) the angular unconformity separating the major basin units. The southward
dipping unconformity rises to within 60-70 m of the sea floor in the vicinity
of the seep; 10 km north of the seep it is covered by only 10-15 m of Quater-
nary sediment where it passes over an anticlinal crest and dips to the north.
The basin fill is more than 1.2 km thick beneath the seep site, although the

acoustic basement signature is difficult to discern.
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Several steeply dipping normal faults are shown by the reflection records
in the vicinity of the seep. Some of these faults displace only the strata of
the lower unit and may be growth faults associated with basin subsidence. More
recent USGS geophysical work also indicates the existence of a northwest trend-
ing near-surface fault near the seep (Hans Nelson, personal communication).
The record along line TT18-C20 (Fig. 2) shows some sea floor depressions in the
vicinity of the seep, with reliefs ranging from 2 to 8 m. Tagg and Greene (19)
noted many discontinuous surface and buried channels trending generally west and
southwest off que, and the well-developed depression at 0630 appears to be a
channel created by fluvial processes. The poor quality of the record does not
permit definite cdnc]usions regarding the origin of the other irregularities;
some may be expressions of near-surface faulting in the basin sediments.

Acoustic responses which may be ve]ogity "pull-downs" appear on two of the
records. These suggest the presence of low velocity gas-charged sediment within
100-200 m of the sea floor. The many faults, the basinward dipping strata trun-
cated by an unconformity, and the velocity "pull-downs" all indicate that the
geology in the area of the seep is compatible with a model for hydrocarbon fluids

seeping toward the surface from deep sources.
Results

Relatively high concentrations of C,-C, alkanes were observed approximately
40 km south of Nome in water 20 m deep. Shown in Figure 1 is the near-bottom
distribution of ethane (n%2/% STP); the plume structure being rather similar to
those observed for propane, iso- and n-butanes. Concentrations of ethane
reached 9.6 n¢/% near the locus of the seep, or a factor of about 20 above the
background levels observed just south and east of the seep location. Similar

enrichments in the concentrations of propane, iso- and n-butanes also were
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observed. Maximum concentration of propane was 3.3 n%/%, whereas the levels of
iso- and n-butanes reached 0.5 nt/2. These concentrations also are at least a
factor of 10 above ambient levels (Table 1).

The plume of ethane-rich waters appears to emanate from a point source in
the sea floor and drift (advect) north toward the coast. Several weeks after
these observations were made, current measurements near the locus of the seep
showed a weak north-setting current of less than 10 cm sec~! (27). 1In accord
with the general cyclonic circulation that was observed in outer Norton Sound
during this season (27), the ethane-bearing waters were advected to the west
past Sledge Island to at least 168°W longitude, the western terminus of our
survey grid.

This is a distance of nearly 140 km from the suspected seep source. The
“puff" structure of the plume shown in Figure 1 may be due to several factors.
Suggested causes include multiple sources, episodic seep activity, and possible
meso-scale fluctuations of the mean circulation. The second of these seems
most probable (9), but we can't rule out short-term meteorologically induced
fluctuation in the mean circulation.

No gas bubbles or surface slicks were noted by visual observations from
the deck of the ship. However, much of the sampling was conducted during hours
of darkness. Similarly, no evidence of gas bubbles was detected on the ship's

precision depth recorder.
Discussion

A summary of the observed dissolved hydrocarbon composition near the locus
of the seep (sta. N18F) is compared to similar data from a typical station
15 km to the south in Table 1. The relatively high concentrations of ethane,

propane, and butanes are unusual features of this gas seep, along with the

276




8
preponderance. of alkanes versus alkenes, and the apparent relative deficiency
in methane.

Natural gases originate in a variety of ways and show a wide range of
chemical compositions. Methane of microbial origin (marsh gas) is widespread,
of shallow origin, isotopically light, and is initially accompanied by no more
than trace quantities of the heavier homologs of methane. Methane from "dry
gas" accumulations not associated with liquid petroleum may be of deeper origin,
a product of thermochemical coalification of deeply buried sedimentary organic
matter containing less than 6 weight percent hydrogen (28-30). Methane from
thermogenic "dry gas" accumulations tends to be isotopically heavier than bac-
terial methane and can be accompanied by variable amounts of the higher molecu-
lar weight alkanes, ranging from trace amounts upward to about 1-2 percent.

With increasing contents of higher homo]qgs and other more complex hydrocarbon
compounds, natural gases from "dry gas" deposits grade into "wet gases," gas-
condensate systems, and the gases associated with crude oil accumulations,
either in gas phase "gas caps" or in natural solution with the oil.

The relatively deficient methane content of the gases exsolved from Norton
Sound waters is of special interest because it affords a diagnostic approach
toward understanding the genesis of these gases. The conspicuous deficiency
of methane may be the result of several factors operating separately or in con-
cert: (1) seep gases are naturally deficient in methane relative to the more
complex hydrocarbons; (2) the composition has been fractionated during migration
from the deep source beds; (3) selective microbial oxidation, either in the sedi-
ments or in the water column, has resulted in the observed ratios, or (4) the
components of the seep gases have been physically fractionated during the solu-
tion process. In the first case, nitrogen or carbon dioxide would presumably

make up the bulk of the seep gas, although such compositions are relatively
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uncommon (31). Selective fractionation of the hydrocarbons during migration
through the sediment column is possible, but we're not able to assess the sig-
nificance of this process at this time. A

Similarly, preferred microbial oxidation of methane is possible, either in
the surficial layers of the sediments or in the overlying water; however, if
the flux of the seep gases is sufficiently high, this fractionation mechanism
would be minimized. The last process affords a possible explanation for the
hydrocarbon ratios observed. If the hydrocarbons are injected into the water
via bubbles, Schink et al. (32) have shown, using a simple stagnant film boun-
dary layer model, that gaseous hydrocarbons would be fractionated between the
gas and the aqueous phases according to their partial pressures, solubilities,
and molecular diffusivities. Other factors such as hydrostatic pressure,
bubble surface area, and buoyancy velocity affect the absolute transfer rate
of gas, but presumably would not selectively fractionate the gases. Although
we have na information at present on the hydrocarbon flux, bubble size fre-
quencies, or even the appropriateness of the stagnant film model in this in-
stance, a few qualitative statements are possible. If the depth of water is
shallow and the bubbles consequently large, only a small amount of gas actually
dissolves before the bubble escapes to the atmosphere. For example, the model
profiles presented by Schink et al. (32) show that for large bubbles (r0 >
0.14 cm; mass > 30 ug) and shallow depths (Z < 30 m), less than 0.5 percent of
the mass is lost for each meter of water column traversed. If we confine our
arguments to the lower 10 m of the water column, less than 5 percent of each
component would be transferred to the dissolved state, and probably much less,
depending on the actual dimension of the bubbles. The time required to achieve
equilibrium between the water and the gas bubbles also depends on the current

field strength over the seep. Current measurements taken in early October in
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the vicinity of se¢,) would suggest near-bottom velocities of 0-20 cm sec~! (27),
although they could be locally higher during periods of storms or freshwater
runoff.

By way of analogy, the waters of Norton Sound are grossly undersaturated
in the CI-C“ hydrocarbons with respect to the pure component at hydrostatic
pressures encountered (33). If gas bubbles being released were pure methane,
the equilibrium concentration would be approximately 1 x 108 ng2/%, or a factor
of 2 x 10° above the observed levels. From this we conclude that either the
partial pressure of methane in the gas phase was exceedingly low or that only
modicum quantities of methane and other hydrocarbons have actually dissolved in
the water column as the result of seep activity. High microbial oxidation rates
also may be operative, but our extensive measurements in the 0CS areas of Alaska
shows dissolved methane to be quasi-conservative, at least over meso-space scales.

Although we have little information on the physical and chemical character-
istics of the seep, some tentative assignment can be made as to the probable
methane:ethane:propane ratios in the seep gas. Using the equations presented by
Schink et al. (32), the incremental increase in the concentration ratio for

methane and ethane may be estimated (34).

aC,/aC, = (a,/a,)(D /D, )(p /p,). (1)

To solve for the hydrocarbon partial pressure ratio in the gas phase, we adopted
the solubility coefficients presented by McAuliffe (3) and the molecular diffu-
sivities of methane, ethane, and propane at 4°C given by Witherspoon and Bonoli
(35). Measurements made'by these authors showed that the ratios of the molecular
diffusivities (i.e., D,/D, and DZ/D3) did not differ significantly from 1.24 in

the temperature range 4°C to 20°C. In both instances, no corrections were made
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for the ionic strength of the water. We assumed that specific interactions due
to the ionic nature of seawater would nearly cancel in the calculation of respec-
tive ratios, at least to the level of significance desired here.

The incremental increase of methane, ethane, and propane concentrations
(aCi) was estimated by comparing concentration levels at the locus of the seep
with stations to the south and east. The incremental increases in concentrations
of methane, ethane, and propane were approximately 200 n2/2, 9 n&/%, and 3 n&/%,
respectively. Estimation of incremental increases in methane concentrations was
hampered because of high temporal and spatial variability. However, 200 n%/%
would represent an upper limit for ACCHH’ although Table 1 suggests a value
closer to 300 ng/2. Substitution of these values into equation (1) yielded the
following partial pressure ratios in the source gas: PCHH/PCZHG = 24, and
PC2H6/PC3H8 = 1.7. The dissolved ethane:propane ratio in the near and far field
of the dispersion plume was calculated by means of two-way linear regression
analysis. The relationship between ethane and propane was found to be
C

(ne/2) = 2.9 C + .07 (n =14, r = 0.983). Accepting this ratio as

CoHg C4Hg
indicative of the seep gas, the partial pressure ratio of ethane to propane
would be 1.7, the same as calculated above. Interestingly, the analysis of the
reservoir fluid from the Sadlerochit oil pool, Prudhoe Bay, also yields a mol
percent ethane:propane ratio of 1.7 (36).

Nikonov (37), in a detailed study of the compositions of over 3500 gas and
0il deposits in the U.S.S.R. and the U.S., has characterized various petroleum
and gas provinces on the basis of their C2/C3 ratio. Briefly, Nikonov observed
that the C2/C3 ratio decreased systematically from 5 for natural "dry" gas to
approximately 2 for gases of o0il deposits. Ignoring any compositional fraction-

ation that may have occurred during migration from the original source strata to

the sea floor, Nikonov's interpretation suggests that the low C2/C3 ratio
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calculated here (1.7) is indicative of gases associated with 0il deposits
(C2/C3 = 2) rather than a natural gas (CZ/C3 = 5).

Although the concentrations of the Cl—C,+ fraction in the vicinity of the
seep are relatively high compared to levels observed immediately upstream, the
concentrations remain well below expected saturation values. We believe this
to be the result of kinetic rather than compositional factors. We suggest that
solution equilibrium between a gas phase and the bottom waters of Norton Sound
is not even closely approached. Low abundances of the low molecular weight
hydrocarbons are probably due to small or episodic seep activity, persistent
horizontal currents over the seep, and the injection of relatively large bubbles
< 3 atm).

total —
Other diagnostic chemical characteristics of the seep hydrocarbons (sta.

as the result of shallow water depths (P

N18F) are compared with those from a nearby station (sta. N13) in Table 1. The
most striking feature is the ethane:ethene ratio and the methane to ethane plus
propane ratio. Because of the low biogenic production of higher homologs of
methane and the near absence of olefins in petroleum, both these ratios are use-
ful indicators of petroleum-derived hydrocarbons. The Cl/C2+C3 ratio has been
used by Bernard and co-workers (7) and others in the Gulf of Mexico to distin-
guish biogenic and thermogenic hydrocarbon sources or mixtures of same. In
general, ratios less than 50 are considered to be indicative of thermogenic
sources; higher ratios imply significant biogenic input (7). As can be seen
in Table 1, the minimum ratio observed in Norton Sound as approximately 40 near
the locus of the seep, compared to background levels of 400 or greater outside
the seep. Thus regional variations may be more diagnostfc than the absolute
value of the CI/C2+C3 ratio.

Similarly, the high ethane:ethene ratios in the area of the seep are indica-

tive of the near-zero input of the C, unsaturated hydrocarbon. Comparison of
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the concentrations of ethene and propene at stations N13 and N18F reveals a
difference of only 0.3 n2 and 0.0 n&/%, respectively; these not being signifi-
cantly different when sampling and analytical uncertainties are considered.
Analyses of many samples from the near-bottom shelf waters of Alaska, including
Norton Sound, have shown that the normal ethane:ethene ratio rarely exceeds 0.5.

In summary, the observed distributions of ethane, propane, and butanes,
taken together with geological inferences on sediment accumulations, source
material, and probable migration pathways for petroleum-derived hydrocarbons,
suggest a possible thermochemical origin for the seep gas. Estimations of the
probable C2/C3 mol ratio in the seep gas suggests that the hydrocarbon deposit
from which the gas is leaking contains liquid petroleum in addition to natural
gas, although the evidence at this point is circumstantial and equivocal.
Future studies are planned in which a broader range of hydrocarbon classes
(heavy aliphatics, aromatics) will be investigated in both the water column
and the bottom sediments. It is hoped that these investigations will lead to
a clearer understanding of the compositional complexity of the seep hydrocar-
bons, their probable source, their impact on the local marine biological com-
munity, and their possible implications regarding the prospectiveness of Norton

Basin as a source for commercially exploitable petroleum.
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A At,

where A is the bubble surface area, P+ is the total gas pressure in the
bubble (hydrostatic + surface tension), a is the bunsen coefficient, M is
the molecular weight of the component, D is the molecular diffusivities
of the component in water, R is the gas constant, T is the absolute tem-
perature, and Ah is the boundary film thickness. Since am/M is equal to
the concentration increase (AC;) per unit time, the concentration ratio
of two components is simply proportional to the respective partial pres-
sures, solubilities (bunsen coefficients), and molecular diffusivities.

aC,/aC, = (a,/a,)(D,/D,)(P,/P,).

284




35.

36.
37.
38.

16

P. A. Witherspoon, and L. Bonoli. Correlation of diffusion coefficients
for paraffin, aromatic, and cycloparaffin hydrocarbons in water, Ind.
Eng. Chem., 8, 589 (1969).

Anonymous, The 0il and Gas Jour. May, 57 (1971).
V. F. Nikonov, Doklady Akad. Nauk. SSSR, 206, 234 (1972).

This investigation was funded by the Bureau of Land Management and admin-
istered by NOAA under the guidelines of the Alaskan Outer Continental
Shelf Environmental Assessment Program. We wish to take this opportunity
to express our gratitude to Drs. T. H. McCulloh, K. Kvendvolden, and

G. Claypool of the Geological Survey for their critical review and helpful
suggestions in the preparation of this manuscript. We are also indepted
to Capt. C. Upham and the officers of the NOAA research vessel DISCOVERER
for their diligence and support during the detailed investigations of the
seep and to Mr. Charles Katz and Ms. Marilyn Pizzello for sample analyses
and data reduction.

285




Figure 1.

Figure 2.

Figure Ca