Table 1. Cesium-137 body burdens (nanocuries) in various age categories of Anaktuvuk Pass,
Alaska residents during July and August 1965.

July August
Age
Group (yr) No. Body Per kg No. Body Per kg
persons  burden body wt. persons burden body wt.
Adults >21 37 920 = 49* 15.1 =0.8 23 920 =+ 58%* 157+ 1.0
Minors 15-20 8 560 += 58 9.7 9 5 490 += 42 9.5+ 1.0
Children 3-14 36 200 = 18 7.8+ 4 22 170 = 17 6.2 + 0.3
Controls >21 23 870 =88 147+ 9 16 900 =+ 60 16.0 + 1.3

#* Mean == one standard error.

Table 2. Cesium-137 concentrations in cari-
bou flesh obtained from family food caches
and human body burdens at Anaktuvuk Pass,
Alaska during the summers of 1962 to 1965.

Caribou flesh

Adult humans

B1Cs/kg ¥Cs/kg
No. dry wt. No. body wt.
samples (nc) * persons (nc)
Summer 1962
4 43 = 117 38 73 =04
Summer 1963
3 60 =17 42 103 5
Summer 1964
8 200 = 19 41 210+ 1.0
Summer 1965
15 140 =22 38 15.1+ .8
* Standard dry weight. + Mean == one stand-

ard error.

cent lower than the 1964 value. The
maximum value during the summer of
1965 was found in the same man who
usually had had the highest burden.
On 24 July his body contained 1710
nc 137Cs, on 24 August 1740 nc, and
on 1 September 1740 nc. These values
were 30 percent less than during the
summer of 1964.

The occurrence of maximum 37Cs
body burdens in these Eskimos during
the summer months was due to the
custom of stockpiling caribou during
the animal’'s northward migration
through the Anaktuvuk Pass region in
the spring (May), and again during
the southward migration in the fall
(October). Because of the caribou’s
winter diet of lichens, the flesh of
caribou killed in the spring contains
three to six times more 137Cs than
that of caribou killed in the fall. The
seasonal cycle of 137Cs in Alaskan
arctic ecosystems was discussed in
earlier reports (5).

The values obtained in the summer
of 1965 are consistent with the gradual
increase of 37Cs in lichens, caribou,
and people at Anaktuvuk Pass since
the study was begun in 1962. The un-
expectedly high values in caribou flesh,
and consequently in the people who
ate it during the summer of 1964,
were inconsistent with this pattern and
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were probably the result of an unusual
wintering and migration pattern in
caribou during the 1963 to 1964 win-
ter months. At that time, the animals
wintered farther south of Anaktuvuk
Pass than usual, and the spring Kkill
by the Eskimos evidently included ani-
mals that had acquired greater 37Cs
concentrations in flesh than usually as-
sociated with Anaktuvuk Pass caribou
during this period.

Standards applicable to the radiation
exposure of these people have recently
been issued by the Federal Radiation

Council and discussed before the Joint "

Committee on Atomic Energy of the
U.S. Congress. The Federal Radiation
Council Radiation Protection Guide
recommended for this group of peo-
ple corresponds to an annual average
body burden of 3000 nc of 137Cs in
individual adults (6). It is the general
consensus that current amounts of fall-
out radionuclides in the diet and bod-
ies of northern Alaskan natives do not
constitute a radiological health hazard
@.

WAYNE C. HANSON
Biology Department, Battelle Memorial
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Laboratory, Richland, Washington
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Synthetic Detergents: Their
Influence upon Iron-Binding
Complexes of Natural Waters

Abstract. Organic compounds ex-
tracted from Michigan lakes and
streams and added to algal cultures
increase the growth rate of the green

" alga (Chlamydomonas reinhardi) when

iron is present. Two-dimensional paper
chromatography has shown that the
iron is complexed by organic fractions
containing an amine group. When iso-
lated from natural waters containing
a concentration of over 0.3 part per
million alkyl benzene sulfonate, these
compounds do not show an iron-bind-
ing capacity. Separation of this sul-
fonate from the amine complexes re-
stores the iron-binding capability.
These findings suggest that detergents
may influence the mobility of iron by
reducing the number of binding sites,
and in this way may have an impor-
tant secondary effect upon the primary
production of lakes and streams.

The binding of iron by organic com-
pounds has been shown to have an
important influence upon cycling of
iron in lake ecosystems (/) and second-
arily upon the utilization of iron in
photosynthesis (2). Amines isolated
from lake waters increase the growth
rate of algae (3) by forming iron com-
plexes (2). We now report upon the
influence of synthetic detergents on the
iron-binding capability of naturally oc-
curring amines and amino acids.

A large series of samples of natural-
ly occurring organic compounds was
collected from Michigan lakes and
streams during the past 3 years by
filtering 3000 to 3800 liters of water
through a portable underwater filtering
system using activated coconut char-
coal (6—14 mesh) as an absorbent. We
eluted organic compounds from the
charcoal with a modified Soxhlet ap-
paratus and by employing the solubil-
ity differentials of petroleum ether,
methanol, and chloroform. Solvents
were concentrated by rotary vacuum
evaporation and a Kuderna-Danish
evaporative concentrator. We com-
bined the residues and extracted with
ether. We extracted the ether solution
with dilute HCl (5 percent) and made
the HCl extract strongly basic with
NaOH. This basic solution was then
extracted with ether to remove amines.
We removed water-soluble amino acids
from the basic solution by acidifying

~with HCl to a pH of 1.5 and ex-

tracting with n-butanol.
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We identified amines by paper chro-
matography, with a ninhydrin spray
with a solvent system of n-butanol,
glacial  acetic acid, and water
(4:1:4). To test for iron binding we
subjected amine residues to two-dimen-
sional chromatography. The solvent
system described and ninhydrin were
used for the first phase. For the sec-
ond phase a solvent system consisting
of t-amyl alcohol, water, formic acid,
and ethyl acetate (30:20:30:20)
was used. An iron fraction separated
from the amine fraction during the
second phase of chromatography. Iron
was identified by spraying with a solu-
tion of 10 mg of diphenylthiocarba-
zone in 50 cm3 of chloroform.

Identification of organic compounds
was achieved by the use of infrared
and combustion analysis. For infrared
analysis we used a Perkin-Elmer model
237B double-beam spectrophotometer
employing both a NaCl cell with
Nujol and a compressed potassium
bromide crystal. Bands between 1700
and 1600 cm—! were interpreted as in-
dicating NH deformation, and carbox-
ylate ion was indicated by bands be-
tween 1600 and 1500 cm—1!. Most sig-
. nificant, however, was absorption be-
tween 2800 and 2300 cm—1!, which is
indicative of an acid or protonated
amine (4). Combustion analysis was
undertaken with a F& M model 180
carbon, hydrogen, nitrogen (CHN)
analyzer. A column temperature of

137°C and furnace -temperature of
760°C were used. Helium was used
as a carrier gas at a flow rate of
9 cm?/sec.

We prepared extracts of amines
from 14 Michigan lakes and streams
in the manner described. All extracts
except those from marl lakes have ex-
hibited iron-binding capability and
have brought about a significant in-
crease in growth rate of Chlamydo-
monas reinhardi when added to labo-
ratory cultures of this species. Four
ninhydrin-positive areas have consis-
tently appeared in paper chromatogra-
phy of these extracts. Mobility data
have indicated histidine, tyrosine, and
aspartic and glutamic acids. We con-
firmed the identity of the latter two
* compounds, which were most abun-
dant in these extracts, by infrared and
combustion analysis.

Samples collected from the Huron
River, Washtenaw County, Michigan,
on 19 April 1965, failed to show the
iron-binding and growth-response char-
acteristics, although we noted these
properties in samples collected earlier
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Table 1. The effect of the alkyl benzene sulfonate (ABS) concentration of Huron River
water upon the iron-binding capability of amino acids extracted from river water and added
to (i) algal culture media, and (ii) culture media containing Chlamydomonas reinhardi. Data
given are means and their 95-percent confidence intervals. Numbers in parentheses indicate
number of flasks read for percent transmittance values. Percent transmittance of media with-
out algae was set at 100 percent. Percent transmittance of cultures without iron or amino

acid was 91.1 = 3.6 percent.

(i) Culture media with iron

(ii) Media and Chlamydomonas with iron:

Percent transmittance of culture
after 10 days’ incubation

ABS

concen- . . . .

tratlon Iron stain A raiming amin acid amin acid

Intensity™ intensity{ extracts extracts
0.08 73.6 2.6 (3) 82.2 = 3.6 (3) Not tested Not tested
0.16 714 =176 (3) 78.6 = 1.8 (3) 65.6 = 7.8 (6) 79.3 =22 (6)
0.31 21.6 =5.0 (3) 342 +42 (3) (Not tested) (Not tested)
0.41 0.0 3) 294 =48 (3) 81.3 1.2 (6) 82.6 = 3.1 (6)
After ABS removal
(0.31) 37.0 = 3.8 (3) 51.1 6.5 (3) Not tested Not tested
(0.41) 352 +6.1 (3) 433 £53 (3) 71.1 = 3.1 (6) 813 =19 (6)

* Percentage of light absorbed by photometer scan after two-dimensional chromatography and staining

with diphenylthiocarbazone.

+ Percentage of light absorbed by photometer scan after one-dimen-

sional chromatography and staining with ninhydrin spray.

from this location. Analyses of river
water on 19 April indicated that an-
ionic detergents were present at a con-
centration of 0.54 mg/liter (5). Since
binding of anionic surfactants to pro-
tein molecules has been noted previ-
ously (6), we then investigated the
possibility that detergents were bound
to these amino acids.

We analyzed fractions that failed
to complex iron, by infrared spectro-
photometry. These analyses indicated
that alkyl benzene sulfonates were
bound to the amino acids (7). We
separated the alkyl benzene sulfonate
(ABS) group from the amino acids by
chloroform extraction. A binding capa-
bility was established when we reintro-
duced these amino acids into media
containing iron (Table 1).

Further analysis of Huron River
water indicated that detergent concen-
tration varied considerably and that
iron binding did not occur either in
culture media containing algae or the
media alone when the detergent con-
centration was greater than 0.31 part
per million (Table 1). Although re-
moval of the ABS group from the
amino acids restored the ability to
complex iron, this removal did not
restore the amino acid and iron stain
intensity to the level found in waters
with low concentrations of ABS
(Table 1). This may have been owing
to incomplete recovery of amino acids
or incomplete ABS removal. Slight al-
teration of the amino acid by the ABS
may also have been possible. Evidence
that iron binding decreases at ABS
levels above 0.3 mg/liter but is not

affected in a concentration below 0.1
mg/liter suggests that ABS competes
with iron for binding sites. '

The addition of various levels of
ABS to laboratory cultures containing
amino acids from the Huron River
confirmed the finding that 0.3 mg/liter
is a critical concentration as regards
iron binding. Iron staining intensity
dropped from 69 percent at ABS con-
centrations of 0.2 mg/liter to 12.3 per-
cent at 0.3 mg/liter. We could not de-
tect iron binding at 0.4 mg/liter of
ABS.

Alkyl benzene sulfonate concentra-
tions frequently exceed 0.3 mg/liter in
lakes and streams receiving domestic
drainage and sewage effluents. Our find-
ings suggest that primary production
of these waters may be reduced by the
interference, of detergents, with trans-
port of iron and other metals required
in photosynthesis.

Frep KENT
FraNk F. HOOPER
Institute for Fisheries Research,
University Museums Annex,
Ann Arbor, Michigan 48104
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