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PRIVACY ACT STATEMENT

Pursuant to 5 U.S.C. 552a(e)(3), enacted into law by section 3 of the Privacy Act of 1974 (Public Law 93-579), the follow-
ing statement is furnished to individuals who supply information to the Nuclear Regulatory Commission an NRC Form
313. This information is maintained in a system of records designated as NRC-3 and described at 40 Federal Register 45334
{October 1, 1975).

1. AUTHORITY: Sections 81 and 161(b) of the Atomic Energy Act of 1954, as amended (42 U.S.C. 2111 and 2201(b)).

2. PRINCIPAL PURPOSE(S): The information is evaluated by the NRC staff pursuant to the criteria set forth in 10 CFR
Parts 30, 32, 33, 34, 36 and 40 to determine whether the application meets the requirements of the Atomic Energy Act of
1954, as amended, and the Commission’s regulations, ior the issuance of a radioactive material license or amendment
thereof.

3. ROUTINE USES: The information may be (a) provided to State heaith departments for their information and use;
and (b) provided to Federal, State, and local heaith officials and other persons in the event of incident or exposure,
for their information, investigation, and protection of the public health and safety. The information may also be dis-
closed to appropriate Federal, State, and local agencies in the event that *he information indicates a violation or potential
violation of law and in the course of an administrativa or judicial proceeding. In addition, this information may be trans-
ferred to an appropriate Federal, State, or local agency to the extent relevant and necessary for an NRC decision or to
an appropriate Federal agency to the extent relevant and necessary for that agency’s decision about you.

4. WHETHER DISCLOSURE IS MANDATORY OR VOLUNTARY AND EFFECT ON INDIVIDUAL OF NOT PROVID-
ING INFORMATION: Disclosure of the requested information is voluntary. If the requested information is not furn-
ished, however, the application for radioactive material license, or amendment thereof, will not be processed. A request
*hat information be held from public inspection must be in accordance with the provisions of 10 CFR 2,790. Withhold-
ing from public inspection shall not affect the right, if any, of persons properly and directly concerned need to inspect
the document,

5. SYSTEM MANAGER(S) AND ADDRESS: U.S Nuclear Regulatory Commission
Director, Division of Fuel Cycle and Materis! Safety
Office of Nuclear Material Safety and Safeguards
Washington, D.C. 20655
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ITEM 5
RADIOACTIVE MATERIAL

Amount in
Element Form Millicuries
Carbon-14 Any 30
Sul fur-35 Any 500
Hydrogen-3 Any 30
Phosphorous-32 Any 10
Phosphorous-33 Any 10

NOTE: Previous license covered in addition to the above Nickel-63 gas

1)

2)

3)

chromatograph detector cells. These are amitted because the
equipment has been transferred to the University of Miani and is
now included under their license. The types and amounts above
are the remining ones from our current license [Appendix III).

ITEM 6
PURPOSES

Carbon-14 will be used in measuring marine primary productivity. Basic
experimental and precautionary protocol is attached (Appendix I). The
amount 1is necessary because individual experiments now require about
1 millicurie, one experiment per day has been the rule, and cruise
durations have been extended to 30 days.

Sulfur-35 and Phosphorous-32 will be used in marine microbiological
uptake experiments just like Carbon-14. One principal difference is
that the dilute aqueous solutions of labeled carbonate will be acidified
and the CO, collected on Ascarite while sulfate will be precipitated and
collected zas the Barium salt. The second major difference is that
considerably higher activities are necessary because sulfur is much less
abundant in individual living cells than is carbon but far more abundant
in seawater. Therefore individual experiments require as much as 15
millicuries. Attached are sections of our research plan (Appendix II).
Safety precautions given in Appendix I are applicable as well to sulfur
as sulfate. As noted in our application all radioactivity is strictly
confined to the mobile laboratory both at sea and at the home
laboratory. Hydrogen-3 uptake experiments are essentially similar as
are requisite safety precautions except that residual activity is
concentrated on activated charcoal. Activities per experiment are 0.5
to 1.0 millicuries.

At sea all the isotopes in the application are used for precisely the
same purposes and in the same form as on shore and with exactly the same
safety and experimental procedures as noted above. The very same mobile
laboratory is used at the home base and aboard N.0O.A.A. or U.N.O.L.S,
research vessels, Cruises are taken both within and without US
territorial waters but we feel the NRC retains jurisdiction because we
are on US flag ships. In foreign waters appropriate clearances are
secured for us by the State Department,



ITEM 7
RESPONSIBILITY

Dr. Ortner will continue to conduct all aspects of our radioactive
substances research, safety and disposal. He has had six years of experience
at the Woods Hole Oceanographic Institute and eight years at the Atlantic
Oceanographic and Meteorologica! Laboratory in the principles and practice of
radiation protection, measurement, monitoring and biological effects. He has
been routinely employing the listed isotopes in uptake experiments at AOML
under NRC 99-15728-02.

ITEM 8
TRAINING

See item 7.

ITEM 9
FACILITIES AND BEQUIPMENT

Our laboratories are located on the second floor of the AOML laboratories
on Virginia Key, Miami, rloxridr‘ ‘n;g Ocean C?enistry Division Labs have fume
hoods as well as sinks. C, S and "H work is conducted in a mobile
laboratory equipped with a fume hood and sink. Stock solutions are prepared
and kept in this facility which is located at the Virginia Key address when not
aboard ship. All filtration is conducted in the mobile laboratory.

ITEM 10
SAFETY

Our radiation protection program involves the use of film badges as well
as spot checks of lab backround activity by filter wipes of benches and
occasional urine sample checks. The activity of the last two is then measured
by liquid scintillation counting. For phospherous experiments Guardway Film
badges are obtained from Landauer, Inc. through the University of Miami and are
collected monthly. Standard laboratory rediotracer procedures are followed for
uptake experiments and all radiocactivity is strictly confined to the mobile
laboratory with the exception of biological incubations: e.g., sugers or amino
acids. The scintillation counter is also located in a mobile laboratory.

ITEM 11
WASTE

Dilute aqueous solutions of bicarbonate, sulfate and phosphate and of
labelled organic constitute the bulk of our waste. Bicarbonate solutions are

acidified and the CO, collected on Ascarite. Sulfate is precipitated and
organics are ncnvmé by activated charcoal. These concentrated wastes,
particulates collected on filters, and contaminated disposable plastic and
paperwares are transferred (o our collaborator, Dr. Russell Cuhel, for
disposal tnrough the University of Miami Radiation Control.
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PRACTICAL HANDBOOK O AWATER ANALYSIS
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A PRACTICAL HANDBOOK OF SEAWATER ANALYSIS

thickness by the best line, which sh. :ld be approximately linear at thicknesses below

about 1 mg/cm®. The count at zero thickness (about 10 times the count for the
same amount of radioactivity in a precipitate of 20 mg/cm? thickness) is called
unity and is used to fix the curve plotted in the high-weight experiment (b above),
showing the self-absorption effect of samples having thicknesses between 10 and
30 mg/cm®.




APPENDIX I1

-9

ating bacterial and algal protein synthesis in mixed populations. The plant

sulfolipid is an integral component of the chloroplast thylakoid membrane,

and its absence results in seriously decreased ability to perform the Hill
reaction of photosynthesis (Sinensky, 1977). Because it is an essential
constituent of the chloroplast, sulfolipid may be synthesized at a rate
strictly related to the growth rate of the chloroplast itself. The growth
rate of the chloroplast, in turn, should be relatively tightly coupled to
the cellular growth rate, owing to its central importance in the biosyn-
thesis and energy metabolism of the cell.

Although the role of the sulfolipid in chloroplast development and
function is not yet clear, certain key points eéncourage the investigation
of relationships between sulfolipid synthesis and growth. Sulfolipid is
covalently bound to protein in the chloroplast membrane, but is unrelated
to the chlorophyll-protein complex (Gregory Schmidt, personal communication).
This suggests a relationship between sulfolipid and components of the photo-
synthetic electron transport chain. The abs. nc» of a physical interaction
between sulfolipid and the light harvestineg pigments is a positive feature.
Sulfolipid is less likely to be subject to the fluctuating levels of chloro~
Phyll often encountered a@s a result of light stress (c.f. Beardall and

Morris, 1976) and hence may be a more conservative measure of growth,

PROPOSED RESEARCH

A. Specific Objectives:

The proposed research is designed to determine the relationships among
Protein synthesis, sulfur and carbon metabolism, and growth of marine phyto=-
plankton with respect to possible application to natural population rate
measurements. Initially, pure culture studies with representative phyto-
Plankton species will be conducted to provide the following background data:

(1) ratios of carbon to sulfur in whole cells and principal biochemical

components (i.e. protein, sulfolipid, soluble materials, etc.) duw ing
balanced, eéxponential growth,
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(2) ratios of central metabolic processes (e.g. protein synthesis,
chlorophyll a synthesis, photosynthetic carbon fixation, sulfo-
lipid synthesis, sulfur incorporation into protein, etc.) during
balanced growth,

(3) relative rates of central metabolic processes during growth under
a light/dark regime to determine which processes are most stronyly
affected by daily rhythms and at what time during the cycle a given
measurement is most meaningful, and

(4) variations in the ratios of elements and rates as functions of
representative applied stresses.

When the relationships between sulfur metabolism, protein synthesis, and
growth are sufficiently well understood, mixed pure cultures of algae and

bacteria will be used to attempt the quantitative separation of the rates

of protein synthesis attributable to each.
Finally, rates of carbon and sulfur incorporation will be measured with
natural populations. Local populations will be used to optimizeAincubatlon

and sample processing conditions, after which natural rates will be measured

in locally available areas of varying productivity (e.g. inshore waters off
Florida, within and outside of the Gulf Stream, and in deep chlorophyll
maxima) in order to determine the limit of sensitivity of the proposed

method.

B. Analytical Methods:
Pure culture studies will be carried out in a sulfur-free artificial

seawater modified from the formulation of Lyman and Fleming (1940) or in

natural seawater. Nutrient and vitamin additions will be made as necessary.
Cultures will be grown at constant temperature both with or without a
light/dark cycle. Bulk analyses (direct counts, chlorophyll a, protein,
carbohydrate, particulate organic carbon and nitrogen, ATP, etc.) will be
performed by commonly accepted techniques.

Data on Lthe distribution of radioisotopes (358 and IAC) will be ob-
tained by the same procedure as described in NSF Grant OCE77-12172. The
method is the serial extraction procedure of Roberts et al. (1963) in

which the cells are chemically fractionated as follows:

- - e wrm
7 ———— ——— o — W e ma— .
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(1) extraction with cold 5% trichloroacetic acid (TCA); 5000xg
supernatant containing low molecular weight organic compounds;

(2) residue extraction with warm 807 EtOH and EtOH-ether; super-
natant containing lipids and alcohol-soluble protein (phases
separated with water and lipids extracted with ether);

(3) residue extraction with boiling 5% TCA; supernatant containing
hydrolyzed nucleic acids and polysaccharides;

(4) residue containing protein.
In some cases, RNA and DNA will be separated by warm KOH hydrolysis of RNA
after the alcohol-ether steps (Neidhardt and Magasanik, 1960).
Investigators using whole cell sulfate uptake as a potential measure

of microbial growth have experienced some difficulty with the sensitivity

and interpretation of uptake data (Jordan and Peterson, 1978; Jordan et al.

1978; Monheimer, 1978). Large and variable radioisotope blanks were en-
countered as a result of the high activity of 355 which must be added to
detect uptake by natural populations of microorganisms, even in freshwater
environments. This problem is even more pronounced in marine systems where
the sulfate concentration is 25mM. A filter-excision technique was adopted
by Jordan et al. (1978) which alleviated this problem substantially. None-
theless, Monheimer (1978) felt that sulfate uptake would not be a useful
technique because there appeared to be no predictable relationship between
sulfate uptake and microbial carbon assimilation. Our results substantiate

this finding: the last line of Table 1 demonstrates that the carbon to

sulfur ratio in whole cells of a single microorganism in pure culture spans

the entire range of reportedly constant C:S ratios of 50:1 (Jassby, 1975)
to 500:1 (Stuiver, 1967) when measured under a variety of nutritional
states. However, both of these problems have been largely resolved by the

use of the fractionation procedure described above in conjunction with a

specially constructed punch funnel serving the function described by Jordan

et al. (1978). In addition to providing a predictable relationship between
sulfur assimilation and growth (Figure 2), the initial extractions in cold

TCA effectively wash out contaminating sulfate. Reproducible blanks of
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under 1000 DPM are obtained after passage of a 100ml sample containing
souci 3%s0;/ml (1.1 x 1010 ppM). If tw .e the blank value is required to
be sure of incorporatiom, the sensitivity of the measurement is slightly
greater than Sug C assimilated per liter during the incubation period.
Production rates of this magnitude frequently occur in one hour for inshore
waters. The method will not be sensitive enough to detect growth in highly
oligotrophic areas such as the Sargasso Sea in late summer, but under

these conditions even carbon dioxide fixation is difficult to detect.

When purchased in bulk, the cost of processing a sample under these

4
constraints is about $7, similar to that of ! (- J8

C. Experimental Protocol:

Initial pure culture studies with representative axenic phytoplankton
species will be carried out in one-liter syringes made from chromatography
columns. The concentrations of bulk parameters (e.g. protein, chlorophyll a,
cell counts, etc.) and the distribution of 1[‘C and 355 will be determined
from parallel incubations. During the mid-exponential phase of growth,
aliquots will be removed to smaller syringes and the desired perturbations
applied. Similar incubation methods will be used in both pure culture and
natural population studies; subsampling from a single sample to minimize
heterogeneity.

A regular sampling schedule using laboratory simulated in situ incuba-
tions can bz carried out in the nearby Gulf Stream. Details of specific
activity of radioisotopes, incubation time, sample volume, etc. can be
optimized easily in this fashion. In addition, the site provides the benefits
of nearby mesotrophic and oligotrophic water masses as well as a deep
chlorophyll maximum. This allows the sampling of a "trophy gradient" for
comparing metabolic features of populations under widely differing physical
and nutrient regimes. Field experiments will be directed towards the measire-

ment of total microbial protein synthesis, its relationship to heterotropiic
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and autotrophic carbon metabolism, and delineation of the relative contri-

bution of phytoplankton and bacteria to total biomass production.

SIGNIFICANCE OF THE PROPOSED RESEARCH

Development of a quantitative measurement of the rate of microbial
protein synthesis will be useful in determination of the nutritional state
of natural populations. Comparison of phytoplankton protein synthesis and
total carbon metabolism can reveal regions of nutrient limitation and
physico-chemical stress which may affect the interpretation of routine CO2
fixation studies. The estimation of de novo protein synthesis will be a
valuable contribution to trophodynamic studies, and may elucidate the

currently unknown state of bacterial growth in natural aquatic environments.



