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ABSTRACT 

This report presents current information from the HASL environ­
mental programs, the Australian Radiation Laboratory, the Air Resources 
Laboratories of NOAA, the Air Monitoring Section of the Bhabha Atomic 
Research Centre in Bombay, India and the National Radiation Laboratory 
in New Zealand. The initial section consists of interpretive reports 
and notes on background corrections for ®°Sr in ion-exchange resin 
used in the Australian fallout network, corrections to previously 
reported Ng0 concentrations in the stratosphere, trace metal concen­
trations in a marine sediment as measured by five laboratories, an 
estimate of maximum credible atmospheric radioactivity concentrations 
from nuclear tests, strontium-90 concentrations in human bone in 
New York City and San Francisco through 1976, and worldwide deposi­
tion of ®°Sr through 1976. Subsequent sections include tabulations 
of radionuclide and stable lead concentrations in surface air; 
stronti\im-90 in deposition, milk, diet and tapwater; fallout and 
atmospheric radioactivity measurements in India and environmental 
radioactivity measurements in New Zealand. A bibliography of recent 
publications related to environmental studies is also presented. 

Preceding reports in this series: 

Year HASL Reports Nos• 
1958 42, 51 
1959 65 
1960 77, 84, 88, 95 
1961 105, 111, 113, 115 
1962 117, 122, 127, 131 
1963 132, 135, 138, 140 
1964 142, 144, 146, 149 
1965 155, 158, 161, 164 
1966 165, 171, 172, 173 
1967 174, 181, 182, 183 
1968 184, 193, 197, 200 
1969 204, 207, 210, 214 
1970 217, 224, 227, 237 
1971 239, 242, 243, 245 
1972 246, 249, 257, 259 
1973 268, 273, 274, 276 ' 
1974 278, 281, 284, 286 
1975 288, 291, 294, 297 
1976 298, 302, 306, 308 
1977 315, 318, 321 
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INTRODUCTION 

Every three months, the Health and Safety Laboratory issues a 
report summarizing current environmental data obtained at HASL. 
This report, the latest in the series, contains information that 
became available during the period from June 1, 1977 to September 
1, 1977. The next report is scheduled for publication January 1, 
1978. Preceding reports in the series, starting, with HASL-42, 
"Environmental Contamination from Weapons Tests", and continuing 
with HASL-328 (this report), may be purchased from the National 
Technical Information Service, U. S. Department of Commerce, 5285 
Port Royal Road, Springfield, Virginia 22161. A complete listing 
of these quarterly reports is given on the abstract page of this 
report. 

To give a more complete picture of the current fallout situa­
tion and to provide a medium for rapid publication of radionuclide 
and non-nuclear pollutant data, these quarterly reports often 
contain information from other laboratories and programs, some of 
which are not part of the general ERDA program. To assist in 
developing, as rapidly as possible, provisional interpretations of 
the data special interpretive reports and notes prepared by 
scientists working in the environmental field are also included 
from time to time. Many of these scientists are associated in some 
way with the general ERDA program. Information developed outside 
HASL is identified as such and is gratefully acknowledged by the 
Laboratory. In this report, data from the Australian Radiation 
Laboratory, the Air Resources Laboratories of NOAA, the Air 
Monitoring Section of the Bhabha Atomic Research Centre in India 
and the National Radiation Laboratory in New Zealand, are presented. 

A portion of the analyses either have been or are being 
carried out by commercial laboratories under contract to the HASL 
Environmental Studies Division. The results of these analyses are 
reported as part of HASL's regular environmental program. The 
contractor analytical laboratories which provided data are Nuclear 
Science and Engineering Corp., Pittsburgh, PA, Isotopes, Inc., 
Westwood, NJ; Radiochemistry, Inc., Louisville, KY; LFE Environ­
mental Analysis Labs., Richmond, CA; Controls for Radiation, Inc., 
Cambridge, MA; Hazleton-Nuclear Science Corp., Palo Alto, CA (now 
Teledyne Isotopes Palo Alto Labs.); Food Chemical & Research Labs., 
Inc., Seattle, WA; Custom Nuclear Co., Mountainview, CA; Ledoux 
and Co., Teaneck, NJ; and U. S. Testing Co., Richland, WA. 

This report is divided into four main parts: 

1. Interpretive Reports and Notes 
2. HASL Environmental Program Data 
3. Data from Sources Other than HASL 
4. Recent Publications Related to Environmental Studies 
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PART I 

INTERPRETIVE REPORTS AND NOTES 





STRONTIUM-90 IN ION-EXCHANGE RESIN USED IN THE 
AUSTRALIAN FIEFS NETWORK 

A statistical analysis of strontium-90 data from measurements reported by HASL 
on unexposed ion-exchange resin from Australian fallout stations and on HASL 
quality control blanks. 

K. N. Wise 
Environmental Radiation Section 
Australian Radiation Laboratory 

1, Estimation of the Strontium-90 Activity in Ion-Exchange 
Resin before Exposure to Fallout 

In order to determine monthly strontium-90 fallout deposited at the eight Australian 

FIEFS* stations, accoimt must be taken of the level of strontium-90 contamination of the 

ion-exchange resin as prepared for use in the FIEFS. This procedure has always been 

important in monitoring strontium-90 fallout deposit in Australia because the level of 

strontium-90 contamination of ion-exchange resin, supplied by manufacturers in the North-

em Hemisphere, has remained of the same order of magnitude as the monthly fallout 

deposit in the Southern Hemisphere. 

Each shipment of ion-exchange resin received from the manufacturer** is treated to 

reduce ionic contamination, mixed thoroughly and then divided into separate lots for use 

month-by-month over the ensuing years. The separate monthly lots are protected against 

introduction of strontium-90 contamination before use. Estimates of the strontium-90 

activity of the ion-exchange resin, as prepared for use in the FIEFS, are obtained by 

- analysis of samples from the resin bulk, extracted before separation into 
monthly lots, to gain a measure of the level of strontium-90 activity before 
the shipment is introduced into service and 

- analysis by HASL of one or more samples of unused resin taken from each 
monthly lot in turn, as this is brought into use with the FIEFS, and submitted 
as blinds to HASL with the monthly set of eight fallout samples. 

*FIEFS is an acronym for the Fuimel Ion-Exchange Fallout Sampler employed in the 
Australian fallout monitoring network (Devlin et al, 1971). 

**Permutit cation exchange resin, Zerolit 225 (H) commercial grade; 100 kg of resin, 
as a narrow column, was washed with 500 kg of 3N HCl and 400 1^ of demineralized 
water. 
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Surveillance of the analjrtical procedures is exercised by HASL by the addition of quality 

control materials, including blanks, with the monthly sets of fallout samples. 

Throughout use of ion-exchange resin from a shipment, a single value is adopted as 

the currently available best estimate of the strontium-90 activity of the vmexposed resin. 

At the outset, this value derives from the measurements made before the resin was brought 

into service; after that, the value is regularly reviewed in the light of the accumulating 

data from the analyses by HASL. Revision of the value leads to recalculation of all previous 

results on monthly fallout deposits obtained using resin from that particular shipment. The 

procedure is continued until the entire shipment of resin is exhausted. A final review is 

then made of all data on the unexposed resin and final results are calculated, and reported, 

for all of the monthly fallout deposits determined using the resin. 

The present paper records the statistical analysis of accumulated data on strontium-90 

activities reported by HASL 

- for vmexposed ion-exchange resins measured with the monthly sets of FIEFS 
samples for the period March 1973 to October 1976, all derived from the one 
shipment of resin, and 

- for HASL quality control blanks, measured with the same monthly sets of FIEFS 
samples. 

The measurement results are summarized in Table 1 and their frequency distribu­

tions are depicted in Figure 1. These results include the activity of chemical reagents 

used in the analyses (Harley, 1977). 

2, Statistical Tests 

Standard statistical tests - the one-way analysis of variance to test the equality of 

group means and Bartlett 's test for the equality of group variances - were applied to the 

data for unexposed ion-exchange resin, discussed in section 3, and to the results for 

HASL quality control blanks, discussed in section 4. 

Statistical arguments were applied to the frequency distributions of the measurement 

resxilts for the tmexposed ion-exchange resin, and for the HASL quality control blanks, 

to show that the lower tails of both distributions are anomalous; this is discussed in 

section 5. Correlation between the two sets of measurement results is discussed in 

section 6. 

All statistical tests were made at the 5% significance level. 
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3. Unexposed Ion-Exchange Resin from the Australian FIEFS Network 

Inspection of the measurement results on the unexposed ion-exchange resin indicates 

that 

- all results are reported as positive and 

- results for the six-monthly period January to June, 1974, are systematically 
lower than for any other six-monthly period. 

For convenience in the analysis, the data were divided, as far as possible into six-

monthly groups as follows 

Group Number of Results 

March to June, 1973 4 
July to December, 1973 6 

January to June, 1974 6 
July to December, 1974 6 

January to June, 1975 6 
July to December, 1975 6 

January to June, 1976 6 

July to October, 1976 4 

One-way analysis of variance and Bartlett 's test establish that both the group mean 

and variance for the period January to June, 1974, are different from those for the other 

periods. 

Excluding the measurement results for January to Jime, 1974, the mean strontium-90 

activity is 0.55 ± 0.06 dpm; the uncertainty term is the standard deviation Of the mean Of 

the 38 results. A t-test shows that the mean activity is non-zero and positive. 

4. HASL Quality Control Blanks 

Inspection of the measurement results for the HASL quality control blanks Indicates 

that 

- All results are reported as positive. 

- results for the six-monthly period January to June, 1974* are systematically lower 
than for any other six-monthly period and 

- for nine monthly sets, a separate result for the HASL quality control blank was not 
available. 
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In order to compose data sets of sufficient size for statistical analysis, and because 

of the gaps in the monthly results, the data were divided into six groups as follows 

Group Number of Results 

March to December, 1973 7 

January to Jime, 1974 5 

July, 1974 to June, 1975 6 

July to December, 1975 6 

January to June, 1976 6 

July to October, 1976 4 

One-way analysis of variance and Bartlett 's test establish that both the group mean and 

variance for the period January to June, 1974, are different from those for the other periodso 

Excluding the measurement results for January to Jime, 1974 the mean strontium-90 

activity for the 29 measurements, and its uncertainty, are 0.37 ± 0. 05 dpm; by t-test, the 

mean activity is non-zero and positive. 

5. Examination of the Frequency Distributions 

It is expected that the reported strontium-90 activities for the tinexposed ion-exchange 

resin, and for the HASL quality control blanks, would each be distributed normally, with 

mean zero, or near-zero and positive; whereas, the frequency distributions of the two 

sets of measurement results, shown in Figure 1, indicate that 

- the results for the unexposed resins are in two distinct groups; namely, a widely 
dispersed set of activities centered about 0.5-0.6 dpm and a much narrower group 
below 0.10 dpm, 

- the results for the HASL quality control blanks are in two groups; namely, a 
broad distribution centered about 0.4-0.5 dpm and a narrow group below 0.15 dpm. 

Neither set of measurement results, as reported, would appear to be normally distributed 

in the region of lowest activity. This can be demonstrated by comparing the confidence 

limits for the frequency of reported results with the frequency that would be expected. 

Using the normal approximation of the binomial distribution for a series of n repetitions 

of an event, with probability p of the event occurring with relative frequency h, the con­

fidence limits for p are given by 
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I =: hn + K 2 / 2 ± K (h (1-h) n + K 2 / 4 ) ^ ^ ^ 

n + K2 

where 100 (1 - a)% are the confidence limits and K is defined by 

1 r K / f2 \ 
. ^ exp (_L_ dt = 1 - a 

^iJW -J'^ ^ 2 ^ 

For 95% confidence limits, K is 1. 96. 

The confidence limits for the frequencies of reported results are given in Table 2 and 

compared with the expected frequencies assuming that the reported activities are normally 

distributed. It is evident from Table 2 that far more results are reported in the regions 

of lowest activity than would be expected; that is , unless it is accepted that the low 

activity results represent the entire lower tail of the distribution, including negative values. 
Correlation between Pairs of Results Reported for Unexposed Ion-Exchange 
Resins and HASL Quality Control Blanks 

The pairs of measurement results are plotted as a scatter diagram in Fi gui* 2. 

The plot reveals that for the lower activities of HASL quality control blanks, the r e ­

sults on imexposed ion-exchange resin range from near zero up to 1. 0 dpm; whereas, 

at the lower values of activity of unexposed resin, the reported dpm of the HASL blanks 

range from zero only up to 0.1 dpm. This is inconsistent with the e}q)ectation that both 

sets of results would have a similar spread. 

Therefore, before testing the pairs of measurement results for correlation, a pair 

was deleted if the vmexposed resin activity was below 0.10 dpm or the HASL blank was 

below 0.15 dpm. The correlation coefficient for the remaining 22 pairs of observations 

is 0.44; this is non-zero and positive at the 5% significance level and would appear to be 

due to the retention, in all reported results, of the activity of the chemical reagents used 

in the analyses. 

Re-estimation of Mean and Standard Deviation 

From the foregoing analysis, it is evident that the reported measurement results 

are anomalous in the lower activity region. Therefore, in order to re-estimate pop­

ulation mean and standard deviation for the strontium-90 activities of the imexposed 
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resin, the lower tail of the distribution of reported results, including this region, is to 

be truncated. 

For a normal distribution truncated at x^, the proportion of observations above x- is 

/ x i - X \ 

and the mean of observations above, and including, Xj is given by 

T. / ^ l ~^\ 1 r^l / (X - x)^ 1 ^ 
where F ( - ^ ) = -^-j^ J_^ exp j - \ ^ i ' j dx 

X is the mean of the normally distributed sample that should have been 
observed 

a is the standard deviation 

X and a are obtained from these expressions by use of tables of the area under the stand­

ard normal distribution. 

For the unexposed ion-exchange resin, the re-estimated mean of the measurement 

results is 0.5 dpm and the standard deviation is 0.4 dpm. The values for the results on 

HASL quality control blanks are 0.3 dpm and 0.4 dpm, respectively. The t-test indicates 

that both mean values are non-zero and positive. 

Lower Limit of Detection of Strontium-90 Fallout Deposit 

Contamination of imexposed ion-exchange resin with strontium-90 imposes a lower 

limit on detectability of strontium-90 fallout deposit when the resin is employed in fall­

out monitoring with the eight Australian FIEFS stations. A lower limit of detection 

(LLD) for strontium-90 fallout deposit in the monthly fallout samples, measured by HASL 

can be established by applying the reasoning of section D-08 of the HASL Procedures 

Manual (Harley, 1972) and assuming that the measurement standard deviation for un­

exposed resin, s, also applies to exposed resin at near-zero activities of strontium-90 

fallout deposit. Then, LLD = 4.65s at a confidence level of 95% for detecting 
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strontium-90 fallout deposit and at a 5% risk of falsely concluding that strontium-90 

fallout activity is present, when it is not. 

As s is estimated to be 0.4 dpm for the unexposed ion-exchange resin being 

employed with the Australian FIEFS station, the LLD for strontium-90 activity in the 

fallout samples for these stations is 1.9 dpm; this corresponds to a strontium-90 

fallout deposit of 0.012 mCi/km^. 

Conclusions 

From the statistical analysis of the monthly measurement results reported by HASL 

for the unexposed ion-exchai^e resin used in the Australian FIEFS network from March 

1973 to October 1976, and for HASL quality control blanks analyzed with the unexposed 

resin, it is concluded that 

(i) The means of both sets of measurement results, for unexposed resin and for 
quality control blank, are non-zero and positive. 

(ii) The measurement results for the period January to June, 1974, are different 
to those reported for other periods. The reason for this difference is not 
known (Harley, 1977). 

(iii) The lower tails of the frequency distributions of both sets of measurement r e ­
sults are anomalous; however, the anomalies are consistent with negative 
results being reported as positive, near-zero activities. 

(iv) If (iii) is accepted, then re-estimation of the mean and standard deviation of the 
results on the vmexposed resin gives 0.5 dpm and 0.4 dpm, respectively; the 
corresponding values for the results on the HASL blank are 0.3 dpm and 
0.4 dpm, respectively. 

(v) The two sets of reported measurement results are correlated with each other 
evidently due to the retention, in all reported results, of the activity of the 
chemical reagents used in the analyses. 

(vi) The lower limit of detection for strontium-90 fallout deposit, at the eight 
Australian FIEFS stations employing the ion-exchange resin, is 0. 012 mCi/km*. 
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Table 1 

Summary of Monthly Measurement Results Reported by HASL for Australian 
Unexposed Ion-Exchange Resins and for HASL Quality Control Blanks (̂ ) 

Monthly 
Set 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

1 1973 
Unexposed 
res in 
dpm 

1.13 ] 

0.06 j 

0.64(1) 

0.80 1 
> 

0.75 ) 

0.39 

0.67 

0.72 

0.16 

0.10 

1 HASL 
blank 
dpm 

0.11 

^0.16(2) 

0.61 

0.52 

0.20 

1.01 

0.11 

0.11 

1974 
Unexposed 
res in 
dpm 

0.07 

0.02 

0.02 

0.02 

0.06 ^ 

0.02 

0.82 \ 
> 

0.02 J 

0.65 ) 

0.27 

0.37 ^ 
; 

1 HASL 
blank 
dpm 

0.07 

0.02 

0.01 

0.02 

0.02 

0.02 

0.37 

t 

0.29 • 

1975 
Unexposed 
res in 
dpm 

0.06 

0.37 

0.46 

0.50 \ 

0.05 1 

0.32 

0.52 

0.11 

0.74 

1.43 

0.50 

0.10 

HASL 
blank 
dpm 

0.09 

0.27 

0.06 

0.44 

0.32 

0.08 

0.13 

0.70 

0.48 

0.10 

1976 
Unexposed 
res in 
dpm 

0.50 

0.64 

1.04 

0.85 

0.63 

0.95 

0.73 

0.56 

1.18 

0.70 

1 HASL 
blank 
dpm 

0.47 

0.23 

0.09 

0.76 

0.37 

0.56 

0.66 

0.88 

0.75 

0.24 

(1) Used only in analysis of variance 

(2) Not used in any statistical analysis 

(3) All results include the activity of chemical reagents used in the analyses. 
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Table 2 

Comparison of Frequencies in the Lower Activity Range 

* Estimated from Table 1; see sections 2 & 3 of the text 

Unexposed ion-exchange resin 

Reported measurement results 

total number of measurement 
results 

number of measurement results 
in the range 

frequency of measurement 
results in the range 

95% confidence limits on 
frequency 

HASL quality control blank ac- 
tivity range: 0 
Jan-June 1974 

included 

34 

15 

0.44 

0.29, 0.61 

0.32 dpm 

0.28 dpm 

0.15 

0.27 

to 0.15 dprn 
Jan-June 1974 

excluded 

2 9 

10 

0.35 

0.20, 0.53 

0.38 dpm 

0.28 dpm 

0.12 

0.21 

activity range: 
Jan-June 1974 

included 

44 

12 

0.27 

0.16, 0.42 

0 to 0.10 dprn 
Jan-June 1974 

excluded 

38 

6 

0.16 

0.07, 0.30 

0.55 dpm 

0.35 dpm 

0.04 

0.10 

i 

Expectation for normally distributed activities 

mean activity* 

unbiased standard deviation* 

expected frequency in the 
activity range 

expected frequency for the 
entire lower tail of the dis- 
t ribution below the upper 
limit of the activity range 

0.48 dpm 

0.36 dpm 

0.05 

0.15 
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FIGURE 2: Scatter diagram of the pairs of measurement results, from 

March 1975 to October 1976, reported by HASL for Australian unexposed 

ion-exchange resin and HASL quality control blanks. The pairs of 

results for the period January to June, 1974* are distinguished as o. 
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CORRECTION OF: Ng0 CONCENTRATIONS IN THE STRATOSPHERE IN 1975 

P. W. Krey, HASL 
R. J. Lagomarsino, HASL 
M. Schonberg, HASL 

ABSTRACT 

Due to an error in data reduction, stratospheric 
concentrations of N2O which were published earlier 
are retracted and the correct concentrations are re­
ported. The distribution of the stratospheric 
concentrations of Ns0 is similar to those of CCI3F 
and SFg, although N2O is more stable. The inventory 
of N3 0 in the stratosphere of the Northern Hemisphere 
in July 1975 is 136 Tg against which future 
observations can be compared. 

In an earlier HASL report^^^, we presented the concentrations 

of NaO in the stratosphere in July 1975. Because of a miscalcula­

tion in the reduction of the analytical data, a systematic error 

was introduced in the results. We retract the earlier results 

and present the corrected data in Table 1 and Figure 1 of this 

report. 

The collection of the samples by the WB-57F aircraft, the 

Ns 0- separation by gas chromatography and the Ng 0 assay by electron 

capture detection have been described in X.he earlier report^ ̂ . 

Each Scunple is analyzed at least in duplicate, and the mean and 

its standard deviation are reported. The electron capture 
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detector has been calibrated with dilutions of Ng0 standards avail­

able from Matheson Gas Products, East Rutherford, NJ. Four of the 

stratospheric samples (see Table 1) were shared with the Brookhaven 

National Laboratory (BNL) and Washington State University (WSU). 

On the average, HASL's results were 10% below WSU's results and 

10% above BNL's. 

These four interlaboratory samples were analyzed first, and 

the data reduced separately. The remaining 18 samples were 

subsequently analyzed, and their data reduced as a group. In 

this second group of calculations instead of dividing by a 

corrective factor of 0.86, we multiplied by 0.86 and incurred a 

constant error factor of 1.35. 

DISCUSSION 

We estimate from Figure 1 and HASL's standard method of 

planimetering ^̂  that the stratospheric inventory of Ng0 in the 

Northern Hemisphere in July 1975 is 136 Tg. 

Schmeltekopf et al.^^^ collected air samples from a high 

altitude balloon launch over Laramie, Wyoming (41°N) in June 1975, 

and their NgO concentrations are included in Figure 1. At 18 km, 

Schmeltekopf et al.'s Ns0 concentration is in good agreement with 
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our results. The decrease in their NgO concentrations above the 

maximum altitude of the aircraft is similar to the decrease we 

assumed in order to calculate the stratospheric inventory. 

According to our planimetry method, 19% of the NgO in the 

stratosphere of the Northern Hemisphere resides above the 240 

ni/jJ contour. If this estimate of the relative decrease in con­

centration above the 240 nH/H contour were incorrect by as much 

as 50%, then our stratospheric inventory would be in error by 

about 10%. The precision of inventorying a trace material in the 

stratosphere of the Northern Hemisphere in terms of one standard 

deviation about the mean has been shown to be ± 9% from 17 

individual Airstream missions from which the equilibrium inven­

tories of cosmogenically produced Be-7 were measured (M. Schonberg, 

unpublished data, 1976). Therefore, excluding the problem of 

calibration of the electron capture detectors and propagating the 

above two sources of error, the precision of our estimates of the 

stratospheric inventory of NgO is less than ±13%. Future 

stratospheric inventories of NgO will be evaluated in the light 

of this precision to determine what changes may be taking place. 

The overall distribution of the N2O concentrations in Figure 

1 is compatible with a gas emanating from the earth's surface 

whose conversion to higher oxidation states increases with 
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altitude in the stratosphere. The Ng0 diffuses upward in the 

equatorial stratosphere where formation of NO and NO2 is more 

rapid. The lower concentrations of Ns0 then mix and are trans­

ported poleward along sloping surfaces parallel to the tropopause 

This pattern is very similar to the behavior of CCI3F and SFg 

measured in these same samples \ 

The ratios of N20 to CCI3F and to SFg in the July 1975 

mission are also given in Table 1 and are illustrated in Figures 

2 and 3. These figures indicate that N20 is much more stable 

in the stratosphere than CCI3F and only slightly more stable 

than SFg. Although the gradients in the N2 O/SFs ratio in 

Figure 3 are shallow^ both figures show an increase in the 

ratios with altitude and with latitude lending support to the 

transport pattern described above. 
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TABLE 1 

N3O CONCENTRATIONS AND RATIOS TO CCI3F AND SFs IN THE STRATOSPHERE 
IN JULY 1975 

HASL No. 

G-99t 
G-lOOt 
G-101 
G-103 
G-104 
G-105 
G-106 
G-107 
G-108t 
G-109t 
G-110 
G-111 
G-112 
G-113 
G-114 
G-116 
G-117 
G-118 
G-119 
G-120 
G-121 
G-122 

Collection 
Date 

7/17/75 
7/17/75 
7/15/75 
7/16/75 
7/25/7 5 
8/1/75 
7/25/75 
7/19/75 
7/18/75 
7/18/75 
7/19/75 
7/19/75 
7/20/7 5 
7/20/7 5 
7/20/75 
8/6/75 
8/2/75 
8/2/75 
8/6/75 
7/19/75 
7/23/75 
7/23/75 

Alt. 
(km) 

12.2 
15.2 
16.8 
13.7 
15.2 
16.8 
18.3 
19.2 
18.3 
16.8 
16.8 
19.2 
15.2 
15.2 
13.7 
16.8 
15.2 
18.3 
19.2 
16.8 
19.2 
15.2 

Latitude 

71-75N 
75-7IN 
36-39N 
59-61N 
27-24N 
5-lN 

15-12N 
58-6IN 
75-7IN 
71-75N 
61-58N 
48-52N 
61-58N 
52-48N 
39-36N 
27-24N 
12-15N 
24-27N 
24-27N 
52-48N 
39-36N 
36-39N 

Longitude 

149-148W 
148-148W 
100-lOOW 
146-150W 
92-90W 
80-80W 
83-81W 
139-147W 
148-149W 
148-149W 
150-139W 
134-134N 
150-142W 
132-122W 
102-lOOW 
95-95W 
81-83W 
90-93W 
95-95W 
134-134W 
94-95W 
95-94W 

NsO 
{nJi/i±G)* 

295±1 
280±4 
300±10 
305±1 
315±10 
310±4 
290±8 
230±1 
220±1 
240±3 
260±4 
235±2 
290±4 
295±2 
305±3 
305±7 
320±4 
280±12 
285±9 
275±3 
255±6 
305±4 

NgO 

CCI3F 
(103)** 

3.7 
4.0 
4.2 
4.0 
3.4 
3.6 
4.1 
7.7 
6.1 
5.3 
5.5 
6.5 
4.1 
4.0 
3.2 
3.9 
3.4 
4.1 
4.8 
4.3 
4.7 
3.4 

NgO 

SFs 
(10^)** 

9.8 
10 
11 
11 
12 
11 
11 
13 
12 
11 
12 
13 
14 
13 
10 
12 
11 
12 
12 
13 
12 
11 

*ni/Ji represents nanoliters per liter or 10"^/V. a is the standard 
deviation of the concentrations. 

**Numbers should be read as 3.7x10^, 9.8x10^, etc. 
tShared with WSU and BNL for intercomparison analyses (see text). 
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Fig, 1. N2O concentrations, ni/Z m July 1975. Short 
line segments reflect the altitude and latitude intervals 
of each sample, and the corresponding N20 concentrations 
are given directly above or below this symbol. The x 
symbols locate Schmeltekopf et al.'s^^^ N20 measurements 
from balloon flights in June 197 5. The solid lines are 
contours of equal concentration drawn from the aircraft 
data. 
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NORTH 

LATITUDE 

Fig, 2. N2O/CCI3F ratios x 10"^. The short line segments 
are the same as in Fig. 1. The solid lines are contours 
of equal ratio. Each value has been multiplied by 10"^, 
so that a value of 3 actually represents a ratio of 
3 X 10^. 
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20 10 

F i g . 3. NgO/SFs r a t i o s X 10 -s The short line segments 
are the same as in Fig. 1. The solid lines are contours 
of equal ratio. Each value has been multiplied by 10"^, 
so that a value of 8 actually represents a ratio of 
8 X 10^. 
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AN INTERLABORATORY COMPARISON OF TRACE ELEMENT ANALYSES OF 
A NEAR SHORE MARINE SEDIMENT 

by Merrill Heit, HASL 

ABSTRACT 

An interlaboratory comparison was made of the 
measurements by five laboratories of the concentra­
tions of eighteen trace elements in an air dried, 
homogenized, near-shore marine sediment sample. 

Average sediment concentrations in |i.g/g dry 
weight were measured for As, 7 .4±13 .3 ; Be, 1.5±0.9; 
Cd, 1.1±0.3; Cr, 38±15; Cu, 24±2; F, 50±41; Hg, 
0.15±0.9; Ni, 22±3; Pb, 37±10; V, 42±33 ? and Zn, 
76±8. None of the laboratories detected Sn or Te 
in the sediment sample. The values reported for Ag, 
Ga, Sb, Se and Tl differed among laboratories by an 
order of magnitude so that realistic averages for 
these elements could not be calculated. A comparison 
of the concentrations of 10 of the elements in the 
sample is made with data reported on the trace element 
content of other coastal marine sediments. 

INTRODUCTION 

As a preliminary study to our investigations of the input 

of trace pollutants associated with the combustion of fuels into 

aquatic systems , the Health and Safety Laboratory has per­

formed an interlaboratory comparison of eighteen trace elements 

present in a near-shore marine sediment. The aims of this study 

were: a) to determine the levels of detectability of these 

trace elements in a sediment matrix and b) to evaluate the 
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present "state of art" of trace element analyses in sediments based 

upon the performances of five recommended laboratories. Included 

in the group of laboratories were a university laboratory, a small 

laboratory associated with an oceanographic institute, two com­

mercial laboratories, and a laboratory operated by a major 

corporation for a government agency. 

The eighteen elements chosen for analysis are all present in 

fossil fuels and are expected to be released to the environment 

through combustion or related processes^^^. Seventeen of these 

elements are known to be hazardous, or are potentially hazardous 

to man or various ecosystems. These elements are Ag, As, Be, Cd, 

Cr, Cu, F, Ga, Hg, Ni, Pb, Se, Sb, Sn, Te, Tl, and Zn^^\ Vanadium 

was included as an eighteenth element because it may serve as a 

tracer for pollutants released to the environment by the 

combustion of fossil fuels \ 

MATERIALS 

The marine sediment used in the study was collected by John 

C. Burke of Woods Hole Oceanographic Institution using a steel 

Van Veen grab from Great Harbor, Woods Hole, MA, during September 

1976 and shipped to HASL in a polyethylene container. The 

sediment was then air dried, passed through a U.S.G.S. No. 20 

sieve and mixed by rotating for seven days. One hundred gram 
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aliquots of this air dried homogenized sediment was sent in poly­

ethylene bottles, which had been washed with 4N HNO3, to each of 

the five laboratories for analysis. 

The specific sample preparations and analysis performed by 

each of the five laboratories were as follows: 

Laboratory A - The sediment samples were digested in HF and 

HNO3, The liquid fraction, after filtering, was analyzed for all 

of the elements. All of the elements except F, Hg, As and Sb were 

analyzed by graphite furnace or flame atomic absorption (A.A..).. 

Arsenic and Sb were measured by DC arc emission spectroscopy, 

while Hg was analyzed by Cold Vapor A. A. Fluorine was measured 

by an ion specific electrode. 

Laboratory B - The sediment was dissolved by two methods -

by digestion in concentrated HNO3, and by fusion with NagCOs. The 

fusion method was abandoned after it was found to raise the limits 

of detection for Ag, Be, Cd, Ni, Pb, Sn, Te, Tl, and V. Several 

techniques were used by laboratory B for measurement of the 

elements and often more than one technique was used for an element. 

Induction coupled plasma emission was used for Be, Cd, Cr, Cu, Ni, 

Pb, V, and Zn. Graphite furnace A. A. was used for Ag, Cd, Pb, 

Sb, Se, Sn, Te, and Tl. Flame A. A. was used for Ag, Cd, Cu, Ni, 
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Pb, and Zn. Neutron activation analysis was used for As, Sb, Se, 

and Te. Nitrous oxide flame emission was used for Cr and V, while 

cold vapor A. A. was used for Hg. Finally, F was prepared by a 

separate dissolution, and measured by an ion specific electrode. 

Laboratory C - The sediment was digested in concentrated 

HNO3 . Hg was analyzed by cold vapor A. A., while As and Se were 

measured using a carbon rod atomizer technique. Fluorine was 

analyzed with an ion specific electrode. The remaining elements 

Ag, Be, Cd, Cr, Cu, Ga, Ni, Pb, Sb, Sn, Te, Tl, and Zn were 

analyzed by either graphite furnace or flame A. A. 

Laboratory D - For those trace elements analyzed by A. A., 

Be, Cd, Cu, Ni, Pb, and Tl, the sediment was first dried to con­

stant weight in a dessicator over silica gel. Two different 

sample destruction procedures were then used, low temperature 

ashing with an oxygen plasma and HNO3 digestion in a Teflon bomb 

at 90°C. The samples analyzed for Ag, As, Co, Cr, Ga, Hg, Sb, 

Se, Sn, Te, and V underwent minimal preparation, and were 

analyzed by instrumental neutron activation analysis. Fluorine 

was not measured. 

1-28 



Laboratory S - The sediment was prepared by HNO3 digestion. 

Analysis was by flame A. A. for all of the elements except F 

which was measured by an ion specific electrode. 

RESULTS AND DISCUSSION 

Because information was not available on the amounts of 

sample required to detect many of these elements as well as the 

expected concentrations of the elements in this near—shore marine 

sediment, a single relatively large sample, to be analyzed in 

triplicate, was sent to each of the laboratories rather than 

"spiked" samples which may have been prepared at unrealistic 

levels. Unfortunately, while the precision of the laboratories 

may be determined by this technique their accuracy can not. 

The averages and range of concentrations found by the five 

laboratories for the eighteen trace elements are given in Table 1 

Less-than values were not included in the calculations of the 

means in the last colxjmn. 

Because of large variability in some of the data reported by 

the laboratories, a statistical test, Chauvenets criterion^^, 

was applied to reject some of the individual laboratory results 

which may have been caused by calibration problems. These values 

1 - 2 9 



are indicated by brackets in Table 1 and include 52. 7 |j,g/g Cd 

reported by Laboratory E, 58 |ig/g Cu reported by Laboratory D, and 

120 [xg/g Zn reported by Laboratory A. The averages shown in 

Table 1 for these 3 elements were calculated without these data. 

The concentrations of Ag, Ga, Sb, Se, and Tl reported by the 

five laboratories often differed from each other by an order of 

magnitude. When averaged, the standard deviations for these 

elements were greater than their means. Thus, the averages 

reported in Table 1 for these elements remain questionable. In 

addition, no values could be given to Sn and Te as they were not 

detectable in the sediment. 

Table 2 shows the precision of the measurements based upon 

triplicate analysis for all of the laboratories except E, which 

is based upon seven replicates. For many of these elements (Cd, 

Cr, Cu, Ni, Pb, V, and Zn), the precision of the values reported 

by at least three of the five laboratories was good (̂  10% 

standard deviation). It was fair (> 10 - < 20% standard deviation) 

for As, Be, and Hg and poor (> 20% standard deviation) for Se and 

Sb. Only two of the laboratories had acceptable precision for 

Ag, F, and Tl, while only one laboratory had acceptable precision 

for Ga. None of the laboratories could detect Sn or Te in the 

sediment. Thus, although a number of laboratories showed good 
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precision for an element, there may still be large variations 

among the values reported by the laboratories for that element. 

It would appear that at present there is less difficulty with 

the analysis for As, Be, Cd, Cr, Cu, F, Hg, Ni, Pb, V, and Zn at 

their ambient levels in this marine sediment matrix than for Ag, 

Ga, Sb, Se, and Tl. Since Sn and Te could not be detected by any 

of these laboratories, it remains uncertain whether they occur in 

this sediment at presently unmeasurable concentrations or whether 

there are unresolved problems with their analysis. 

Table 3 is a comparison of the average concentrations ([xg/g 

dry weight) of 10 of the elements in the Woods Hole sample with 

marine sediment samples from other locations reported to have low, 

moderate and high levels of pollution. 

From these data it would appear that the levels of Cu, Ni, 

Pb, and Zn in the Woods Hole sediment sample are similar to those 

reported for Galveston Bay, Texas, while the As and Cr levels 

appear similar to values reported for the Pamlico Estuary, North 

Carolina. Cadmixrai and V concentrations in the test sample appear 

similar to levels reported for the Santa Barbara Basin, California 

The Hg concentration appears similar to that reported in surface 

sediment from Long Island Sound. In addition, the level of Be in 
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the experimental sample was within the range of values reported 

for the Seward Peninsula of Alaska, an area naturally high in Be. 

No comparative information was available for F. 

All of these near shore marine environments with the exception 

of the Seward Peninsula. Alaska are areas which receive moderate 

amounts of anthropogenic pollution. Thus, it is not unreasonable 

for the levels of the trace elements in the Woods Hole sediment to 

be comparable to those found in sediment from other near shore 

locations of the United States in proximity to population centers 

or industrialized areas. 
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TABLE 1. AVERAGE CONCENTRATIONS OF TRACE ELEMENTS IN THE SAMPLE REPORTED 
BY THE 5 LABORATORIES ([xg/g dry weight) 

Element 

Ag 
As 
Be 
Cd 
Cr 
Cu 
F 
Ga 

Hg 
Ni 
Pb 
Sb 
Se 
Sn 
Te 
Tl 
V 
Zn 

A 

21,0±3.4 
5.5±0.1 
l.liO.l 
0.8±0.2 
54.Oil.0 
24.7±3.2 

>10 
0.5±0.2 

0.13±0,01 
20.0±7.0 
34.7±4.7 
0.7±0.7 

79.0±18.2 
<1 

<0.2 
l.Oil.O 

94.7±3.5 
Cl20.0±17.3J 

B 

0.7±3.4 
11.7±1.5 
0.7±0.1 
1.1±0.2 
32.0±2.0 
25.3±1.5 
96.7±5.9 

<1 
O.lOiO.Ol 
13.0±0 
38.7±3.2 

0.5 
<0.5 
<30 

<0.5 
<1 

5.4±0.2 
87.Oil.0 

Laboratories 
C 

<1 
S.Oil.O 

<4 
l.liO.l 

40.7il.2 
23.7i0.6 
19.7i5.9 

20.0 
0.19i0.01 
14.3i0.6 
35.3il.5 

<20 
2,7i0.6 

<60 
<20 

lO.OiO 
40i0 

74.3i2.5 

D 

<0.2 
<1.2 
1.7i0.6 
l.SiO.S 

46,0i6.2 
[58.0i3.0]^ 

-

<1 
<0.02 

26.0i6.0 
23.0i5.0 
8.7il.0 
1.3i0.2 
<20 
<130 
<0.5 

42i5.0 
75.0il0.0 

E 

<100 
<200 
2.8i0.4 

[52.7i3.8] 
15.9i2.6 
21.2i2.6 
33.0i3,0 
<500 

0.19i0.02 

38.4i3.0 
51.2i3.5 
48.4i5.6 
237.0i56 

<0.5 
<500 
<0.1 

29.5i6.4 
66.8i6.6 

Average 

llil4 
7.4i3.3 
1.5i0.9 
l.liO.3 
38il5 
24i2 
50i41 
10il4 

0.15i0.05 

22i3 
37il0 
15i23 
80i56 

_ 
— 

6i6 
42i33 
76i8 

a. All laboratories remain anonymous. 

B. 
Data in brackets is rejected by Chauvenets Criteria. 
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TABLE 2 . ANALYTICAL PRECISION 

E l e m e n t s 

Laboratory Ag As Be Cd Cr Cu F Ga Hg 

A 16 2 9 25 2 13 - 2B B 

B <1 13 9 14 6 6 3 N.D. 11 

C N.D. 20 N.D. 6 3 2 30 <1 5 

D N.D. N.D. 35 7 13 5 - N.D. N.D. 

E* N.D. N.D. 14 7 16 12 9 N.D. 11 

Ni Pb Sb Se Sn Te Tl V Zn 

A 35 14 23 23 N.D. N.D. 9 4 14 

B <1 8 <1 N.D. N.D. N.D. N.D. 4 1 

C 4 4 N.D. 22 N.D. N.D. <1 <1 3 

D 23 22 35 15 N.D. N.D. N.D. 12 13 

E* 8 7 12 24 N.D. N.D. N.D. 22 10 

N.D. = Non detectable 
= A triplicate analysis was not made 

* = The precision of laboratory E is based upon 7 replicates per element. 



TABLE 3. COMPARISON OP TRACE ELEMENTS IN THE SAMPLE 
AND MARINE SEDIMENTS FROM OTHER AREAS 

Element 

AS 

Be 

Cd 

Cr 

Cu 

Hg 

Ni 

Pb 

v 

Zn 

Average 
Sample 

Concentration 

(M-g/g dry wt.) 

7.4±3.3 

1.5±0.9 

1.1±0.3 

37.7±14.6 

23.7±1.8 

0.15±0.05 

22.3±10.4 

36.6±10.1 

42.3±32,7 

75.8±8.4 

Average of 
Other Marine 

Sediments 
(|j,g/g dry wt,) 

1.85 
3.5 
6.86^ 
0.023 

0.037-2.7 
0.7 
1.4 
1.2^ 
6.8 
3.7 
31.3 
4.0 
19.0 
46.0 
0.07 
0.24^ 
2.23 
9.9 

22.1 
34 
9.5 

24 
113 
lef 
32^ 
42^ 
8.7 
51 

240 

Relative 
Level of. 
Pollution 

1 
1 
2 
1 
1 
1 
2 
2 
1 
1 
2 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
2 
1 
2 
3 

Location of Other 
Sediments 

Trinity Bay, New Foundland 
Hawke Channel, Labrador 
Pamlico Estuary, NC 
Deep Pacific Ooze 
Seward Peninsula, Alaska 
Haifa Bay, Israel 
Georgia,. SC,Estuary 
Santa Barbara, Calif. 
Saldanha Bay, S. Africa 
Urr Estuary, England 
Pamlico Estuary, NC 
San Antonio Bay, Texas 
Galveston Bay, Texas 
Houston Ship Channel, Texas 
Urr Estuary, England 
Long Island Sound 
Mersey Estuary, England 
San Antonio Bay Texas 
Galveston Bay, Texas 
Houston Ship Channel, Texas 
San Antonio Bay, Texas 
Galveston Bay, Texas 
Houston Ship Channel, Texas 
Santa Pedro, California 
Santa Monica, California 
Santa Barbara, California 
San Antonio Bay, Texas 
Galveston Bay, Texas 
Houston Ship Channel, Texas 

Reference 

9 
10 
15 
6 
6 
12 
16 
11 
7 
8 
15 
13 

il 
8 
14 
17 
13 
13 
13 
13 
13 
13 
11 
11 
11 
13 
13 
13 

1 = relatively little pollution 
2 = relatively moderate level of pollution 
3 = relatively high level of pollution 

a. Calculation from data. 
B. 
Reducible fraction only. 

Top 2 cm of core. 
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An Estimate of Maximum Credible Atmospheric Radioactivity 
Concentrations from Nuclear Tests 

by 

Kosta Telegadas 
Air Resources Laboratories 

National Oceanic and Atmospheric Administration 
8060 13th Street 

Silver Spring, MD 20910 

ABSTRACT 

Based on aircraft radioactivity samples following each atmospheric 

Chinese nuclear test from 1964 to 1976, an estimate is made of maximum 

credible air concentrations from nuclear detonations. The calculated 

maximum credible air concentration is a function of the estimated total 

yield and fission yield, and estimates of the initial vertical radio­

activity distribution and the rate of horizontal spread of the debris 

with time. A simple expression for horizontal diffusion appears to give 

good results for many days following a nuclear test in temperate latitudes. 
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1. Introduction 

The injection of radioactive debris into the atmosphere by a 

nuclear explosion could result in exposure of aircraft to relatively 

high radioactivity concentrations. Air concentrations depend on the 

amount of radioactivity produced, its initial vertical distribution, 

and such meteorological factors as wind speed and the rate of dispersion 

of the debris as it travels. This paper presents a simple technique for 

estimating the maximum credible concentrations as a function of the 

energy yield of a nuclear device detonated well above the ground and 

time after detonation, based on past observations. For nuclear devices 

detonated at or near the ground, the radioactivity in the cloud would 

be depleted due to local fallout. 

2. Air Concentration Data 

Radioactivity concentration measurements in the atmosphere following 

the Chinese nuclear tests from 1964 to 1976 are given in Table 1. The 

approximate total yield (equivalent TNT energy) of each detonation is 

given with a reference to the data source. For detonations having a total 

yield of 1 megaton or less it was assumed that the fission yield was 

equal to the total yield. For the five high yield tests, each over 2 

megatons, conducted prior to November 1976, the fission yield was esti­

mated by Telegadas (1974, 1976). For the latest test, November 17, 1976, 

the fission yield is assumed to be one half the total yield since no 

data are yet available to provide a better estimate. 

The altitude of sampling is shown for the highest concentrations 

found following each test. The gross beta radioactivity concentrations 
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at sampling t imes, determined by counting rad ioac t i v i t y col lected on 

f i l t e r papers, are i n uni ts of picocuries per standard cubic meter of 

a i r (pCi/SCM; a SCM is computed at 76 cm Hg and 15°C or 1 SCM = 1.225 x 

lO^g a i r ) . The concentration in the l as t column has been adjusted to 

i t s expected value one day (D+1) a f te r the detonation. This adjustment 

takes in to account the decay of mixed f i s s i on products using the Way-Wigner 

law: R̂  = R,t~ where R is the rad ioac t i v i t y i n a sample and t i s 

t ime; the R] refers to the rad ioac t i v i t y a t un i t time ( e . g . , 1 hour or 

1 day). A d i l u t i o n fac to r is also included in the adjustment and w i l l be 

discussed l a t e r . 

3. A Simple Method fo r Calculat ing Radioact iv i ty Concentrations 

The determination of rad ioac t i v i t y concentrations produced by the 

detonation of an atmospheric nuclear explosion depends on the to ta l 

r ad ioac t i v i t y produced, i t s i n i t i a l ve r t i ca l d i s t r i b u t i o n and the rate 

o f dispersion of the debris as i t t rave ls . 

A simple expression containing these parameters can be given, such 

that 

Y . (1.45x10^^ f i ss ions) . 3 f ' f h •/^0»45 pCi ] 
X". \ k i l o ton / V dpm / (1) 

11 9 It 

TT (2aH)2 

where J^ ^ is the average gross 3 concentration, (pCi/m-^), at altitude 
' (h) and time (t) after the detonation. 

Y is the fission yield of the device, (kilotons, KT). 

3t is the gross beta radioactivity per fission at time (t), 
(dpm/fission). 

f^ is the fraction of radioactivity per meter at altitude (h). 
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oĵ  is the horizontal standard deviation of the cloud radio­
activity distribution (m). 

2a[\ is the assumed horizontal radius (r) of the debris cloud 
at time (t); therefore, T\{2O\^)^ is the area of the debris 
cloud over which the concentration is calculated. 

Conversion factors used in Equation (1) are: 

a) 1 KT fission produces 1.45x10^3 fissions, and 

b) 0.45 picocuries (pCi) are equivalent to 1 disintegration 
per minute (dpm). 

Fission yield. 

Estimates of fission yields for the five high yield Chinese tests 

prior to November 1976 are given in Table 1, while the November 17, 1976 

high yield test is assumed to have a fission yield of 2000 KT. For all 

the other lower yield detonations the fission yield is assumed to be 

equivalent to the total yield. 

Gross beta radioactivity. 

The total quantity of gross beta remaining after decay of the initial 

amount from 10^ fissions is shown in Figure 1. Harley et al. (1965) give 

the total beta radioactivity remaining at 10 days and later while Healy 

and Baker (1968) provide the decay starting several hours after the 

nuclear explosion. We have used the Healy-Baker curve for the period 

from 1 to 10 days and the Harley et al. curve after 10 days. 

Initial vertical radioactivity distribution. 

Telegadas (1974, 1976) estimated the initial vertical distributions 

of radioactivity for the first five high yield Chinese tests as given 

in Appendix A, Table A-1. Although these vertical distributions were 

based on radioactivity measurements made several weeks or months after 
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each event, they represent the best information available to assess the 

original distribution. 

Stratospheric horizontal dispersion. 

An expression for the horizontal standard deviation, an, has been 

obtained by Heffter et al. (1975) from a compilation of many lateral 

dispersion measurements in the troposphere (Heffter, 1965). Heffter 

et al. (1975) give 

o^ (meters) = 0.5t (sec) 

as a resonable approximation for the growth of a cloud during several 

days travel time in the troposphere. 

Mery few measurements have been made of lateral dispersion in the 

lower stratosphere. Virtually no measurements after several days travel 

time have been reported. Equation (1) was used to calculate a^ from the 

stratospheric concentration measurements for the six high yield tests 

given in Table 1. Calculated values of a^ ranged from 0.25t to l.lt for 

travel times from 1.5 to 17 days. This agrees well with the range of 

aĵ  given by Bauer (1974) for these travel times in the lower stratosphere. 

Since we are concerned with estimating the maximum credible concen­

trations, we will minimize the cloud growth, using 

o[\ (meters) = 0.25t (sec) 

for travel times of several days in the lower stratosphere. 

Since vertical dispersion is very slow in the stratosphere, it will 

be neglected, and the vertical distribution given in Appendix A will be 

used for the first few weeks after detonation. The effects of wind shear 

are also neglected. 
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4. Calculated Versus Observed Concentrations for the High Yield 

Chinese Tests. 

Equation (1) was used to calculate an expected air concentration 

at the altitude and time of the observed maximum concentration for each 

of the Chinese high yield nuclear tests. To illustrate the procedure, 

on the June 17, 1967 test the observed gross beta concentration 15 days 

after the detonation at 20.1 km was 0.65x10^ pCi/SCM (Table 1). 

Procedure: 

a) Fission yield (Y) = 1600 KT (Table 1). 

b) From Figure 1, at 15 days 3t is 7.7 dpm/10 fissions or 

7.7x10"^ dpm/fission. Multiplying this number by the 

fission yield and assuming 1.45x10^^ fissions per KT yields 

20 20 
a value of 18x10 dpm or 8x10 pCi of gross beta remaining 

in the atmosphere after 15 days. 

c) Layer 19.1 to 20.6 km (62.5-67.5 kft) contains 28% of the 

total activity (see Appendix A, Table A-1), hence fy^ is 

0.28 s 0.19/Km s 1.9x10"%. 
1.5 Km 

d) Assuming 0|̂  (meters) = 0.25t (sec), at 15 days 0^ = 3.24xl0^m. 

The average concentration at an al t i tude of 20.1 km would therefore 

be: 

X M8X1020 PCi) (1.9X10-V1) ,^,,,_^^,,,,y^^, 

= 1.15x10^ pCi/m"̂  (ambient) 

Finally, to convert ambient cubic meters of air at 20.1 km to standard 

cubic meters of air we multiply the volume by p/p^ = 7.1x10"^ at 20.1 km. 
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This results in a calculated concentration of 1.6x10 pCi/SCM compared 

to the observed concentration of 0.65x10 pCi/SCM. 

In this instance the observed concentration is overestimated by 

about a factor of 2. This is encouraging considering all the uncertain­

ties in the calculation. We must also bear in mind that the peak con­

centration at this altitude may not have been sampled. 

The comparisons between observed and calculated concentrations for 

the six high yield tests are given in Table 2 and shown graphically in 

Figure 2. For the November 17, 1976 event no fission yield information 

was available and a fission yield of 2000 KT was assumed. Since no 

estimate has been made yet of the initial vertical activity distribution, 

as has been done for the previous five high yield events, it was assumed 

that 38% of the total activity was contained in a 1500 meter layer (5000 

feet thick) centered at 20.4 km, altitude of the observed concentration. 

This method of determining air concentrations overcalculates in 

all six cases. For five cases the overcalculation of the observed con­

centration was a factor of 5 or less. The October 1970 case was over-

calculated by about a factor of 20. We note that this sample was collected 

well below the altitude of maximum concentration and th? vertical distri­

bution was estimated from very limited data. 

Considering all the uncertainties, this simple technique appears to 

give acceptable results. The tendency to overestimate the measured con­

centration is not considered to be a serious drawback since the technique 

will be used to estimate a maximum credible concentration. 

5. Maximum Credible Air Concentrations. 

The prediction of maximum credible air concentrations is based on 

the above procedure except that a mean vertical radioactivity distribution 
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is used and the altitude of the radioactivity maximum is estimated from 

the total yield of the explosion. 

The assumption is made for air bursts detonated at a relatively 

low altitude, below about 3 km, with a total yield of 500 KT or less, 

the total radioactivity produced will remain initially in the troposphere. 

For larger yields (>500 KT) all the radioactivity is assumed to be injected 

into the stratosphere. 

The cloud thickness as a function of yield is shown in Figure 3. 

Diagrams such as this have appeared previously (e.g., Quenneville and 

Nagler, 1959; Ferber, 1965; and Peterson, 1970). Figure 3 represents a 

composite of previous cloud height determinations and is intended to 

represent the vertical extent of nuclear clouds in temperate latitudes. 

Different atmospheric conditions produce variability in the height of 

nuclear clouds of the same yield. The variability about the cloud top 

curve in Figure 3 is about +2 km as estimated by Quenneville and Nagler 

(1959) and Ferber (1965). 

Also shown in the inset of Figure 3 is an assumed initial vertical 

distribution of radioactivity in the nuclear cloud. This parameter is 

less well documented by actual data than the visual cloud characteristics. 

Ferber (1965) was able to determine from measurements that, for an airburst, 

the stem portion of the nuclear cloud contained less than 1% of the total 

radioactivity. Early time measurements in the mushroom cap of a nuclear 

cloud are few, particularly for air bursts. Ferber (1965) and Peterson 

(1970) have estimated the initial vertical activity distribution based on 

very limited data. 
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Telegadas (1974) presented an initial mean vertical activity distri­

bution for a 3 MT nuclear detonation in temperate latitudes. This esti­

mate was based on the calculated vertical activity distributions for the 

first four high yield Chinese tests conducted between 1967 and 1970 (see 

Appendix A). The calculated initial vertical distribution estimated by 

Telegadas (1976) for the June 27, 1973 high yield test had a similar dis­

tribution as the composite for the first four events. For lack of better 

data, it is assumed that the initial mean vertical distribution as given 

by Telegadas (1974) is valid for all air bursts. This distribution, 

shown in the inset diagram of Figure 3, is divided into seven layers of 

equal thickness and is similar to the distribution proposed by Ferber 

(1965) and Peterson (1970). The altitude of the maximum concentration 

is assumed to be mid-way between the cloud top and base. Figure 3. This 

altitude is assumed to be the midpoint of a layer containing 38% of the 

total activity (inset of Figure 3). 

We assume that the horizontal dispersion expression given by Heffter 

et al. (1975) (Equation (2)) is valid for tropospheric injections (500 KT 

or less) and that Equation (3) is valid for stratopsheric injections 

(>500 KT). Unless there is information to the contrary, detonations <500 

KT are assumed to be 100% fission, all those >500 KT are assumed to be 

50% fission. Vertical dispersion is neglected. 

With the above assumptions, a maximum credible concentration at one 

day after detonation has been estimated from Equation (1) for nuclear 

yields from 1 KT to 10 MT. This is shown by the curve in Figure 4. 

Since the horizontal standard deviation, o^, is assumed to increase 

linearly with time, the volume of a nuclear cloud layer (assuming no 
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vertical dispersion) increases as t^. The gross beta radioactivity 

decreases according to t"^*^ decay. By combining these two factors, 

dispersion and decay, one can arrive at a reduction factor, shown gra­

phically in Figure 5, which gives the decrease in air concentration with 

time after 1 day. As an example, if one had an observed concentration 

on D+1 and wished to estimate the concentration at D+4 one need only to 

multiply the observed concentration by the ratio of the reduction factor 

on day 4 (10"2) to the reduction factor on day 1 (1). The concentration 

would, therefore, be a factor of 100 lower after four days than after 

one day following a nuclear explosion. 

The reduction factors in Figure 5 were applied to the observed con­

centration data in Table 1 to adjust all the data to D+1. The highest 

adjusted concentration for each detonation in Table 1 was plotted in 

Figure 4. All but one of the data points fall below the curve which 

represents the maximum credible concentration. The June 27, 1973 nuclear 

test, which had a reported total yield between 2000-3000 KT (see Table 1 ) , 

lies above the maximum credible curve. Note that this concentration 

measurement (1x10° pCi/SCM) at 20 km was made 17 days after June 27, 1973 

and then adjusted to a concentration of 11,000x10 pCi/SCM at D+1, The 

adjusted concentration is about a factor of 2 higher than the estimated 

maximum credible concentration. 

The highest adjusted concentrations for the nuclear tests greater 

than 2 MT were for the 3 events sampled at the highest altitude, about 

20 km. These concentrations were within a factor of 2 of the predicted 

maximum credible concentration. For the other 3 high yield events, which 

were sampled at lower altitudes, the adjusted concentrations were a factor 
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of about 20 to 400 below the predicted maximum credible concentration. -

There are four events with an estimated yield of 20 KT that were 

sampled at altitudes ranging from 6.4 to 10.7 km (see Table 1) from one 

to two and a half days after detonation. The concentrations were between 

0.8x10^ and 6.9x10^ pCi/SCM at D+1. This indicates the variability in 

the maximum concentration encountered for any given yield. 

The point denoted by an asterisk in Figure 4 represents radioactive 

debris encountered over the mid-western U.S. 4.3 days after a U.S. nuclear 

test over Christmas Island (List et al., 1964). The detonation occurred 

on May 4, 1962 and was reported to have a total yield in the intermediate 

range (200 KT - 1 MT). The highest concentration was measured at 15,2 km 

on May 8, 1962, and had a value of about 10^ pCi/SCM at collection time. 

This observed concentration was adjusted to D+1 and plotted in Figure 4 

as another valid data point. 

The maximum credible concentration as a function of yield as depicted 

in Figure 4 seems to be a reasonable estimate. It is felt that the 

stratospheric horizonal disperion ( O H ) , although an oversimplification 

of the real atmospheric dispersion, is a reasonable approximation of cloud 

radius growth up to about 5 days, possibly up to 10 days. One can use 

the reduction factor in Figure 5 to estimate a maximum credible concentra­

tion curve for any time up to 10 days. 

6. Visual Observation of a Nuclear Cloud. 

The atmospheric nuclear test of November 17, 1976 conducted at Lop Nor, 

China (400N, 900E) at 0600 GMT was reported to have a total yield of about 

4 megatons. Aircraft sampling 4.4 days after this event at 20.4 km obtained 
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a maximum gross beta air concentration of 65x10° pCi/SCM. This concentra­

t ion was one of the highest measured for any Chinese test. 

Approximately one-half hour before the a i rcraf t sample was taken the 

p i lo t reported a visual description of a rust colored cloud at 20.4 km. 

The cloud was described as e l l i p t i ca l in shape with a major axis in a 

west-east direction approximately 330 km long; the minor axis about 110 

km long. This cloud was estimated to have a vertical extent of 230 meters. 

I t is believed that the rust color was due to the oxides of nitirogen formed 

by the nuclear explosion. Since the a i rcraf t obtained the high gross beta 

concentration while sampling in and around the vis ible cloud, i t is assumed 

that the dimensions of the visible cloud are also representative of the 

radioactive cloud. I f this assumption is va l id , a portion of the original 

nuclear cloud hung together for four or f ive days after detonation, under­

going rather slow horizontal dispersion. 

I f we assume that the rust colored cloud which covered an area of 
in 2 2.9x10 m,was circular rather than e l l i p t i ca l in shape, then i t s radius 

would have been about 9.5x10^ meters. I f we further assume that the 

radius (r) is equal to 2a^ then at 4.4 days the time of visual sighting, 

o^ = 4.8x10^ meters = 0.12t (sec) (4) 

which indicates a dispersion rate about half of that assumed for the 

lower l im i t in Equation (3). 

I t can be shown that i f we used Equation (4) in the determination 

of an a i r concentration, we would have calculated a concentration a 

factor of 4 greater than when we used Equation (3). I t was shown in 

Table 2, that for the six high yield Chinese events which injected the 
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bulk of its radioactive debris into the lower stratosphere, the calculated 

concentrations, using Equation (3) overcalculated the observed concentra­

tions from a factor of 1.1 to 19.6. Using Equation (4), which is based 

on only one measurement, we would overcalculate the observed concentra­

tions from a factor of 4.4 to 78. We, therefore, used Equation (3) as 

a reasonable estimate of horizontal dispersion in the lower stratosphere. 

7. Conclusion. 

Many of the parameters used to determine the maximum credible con­

centration as a function of yield and time after detonation, such as initial 

vertical extent of the cloud, initial radioactivity distribution with al­

titude, and assumed fission-fusion ratio are based on limited data. The 

use of the simple linear growth of the cloud radius with time (Eqs. (2) and 

(3)) oversimplifies real atmospheric dispersion. It must be stressed that 

the altitude of the stabilized nuclear cloud will vary with meteorological 

conditions. Figure 3 should, therefore, be used with caution. 

In spite of the uncertainties involved, the calculated curve of 

maximum credible concentration is consistent with the limited data on 

maximum concentrations measured in nuclear clouds from 1 to 17 days after 

detonation. 
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Table I.—Concentrations of Radioactive Debris From Ctiinese 
Atmospheric Nuclear Tests, 1964 — 1976. 

Year 

1964 
1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1976 

Date 

Oct. 16 
May 14 
May 9 

Oct. 28 

Dec. 28 

Jun. 17 

Dec. 24 

Dec. 28 

Sep. 29 

Oct. 14 

Nov. 18 
Jan. 7 

Mar. 18 

Jun. 27 

Jun. 17 

Jan. 23 
Sep. 26 

Nov. 17 

Approximote 
Y ie ld 

(K i lo tons ) 

1 Total 1 Fission 

2 0 * ' 
40< ' 

3 0 0 « " 

2 0 < " 

3 0 0 ( " 

3 0 0 0 * " 

2 0 0 

3 0 0 0 " ' 

3 0 0 0 * " 

(2) 
3000 

20(3) 

<20 ' ' » ' 

2 0 - 2 0 0 ' ^ ' 

'°?§6o'^' 
200-100*6 

<20<^' 
20 -200 ' ^ ' 

4 0 0 0 ' ^ 

2 0 
4 0 

300 

20 

3 0 0 

1600'^ ' 

20 

1900 '^ ' 

1800 '^ ' 

(2) 
1500 

2 0 
< 2 0 

20 - 200 

1400*^* 

200-1000 

< 2 0 

2 0 - 2 0 0 

2 0 0 0 ' ^ 

1 Sample 
Collection 

Altitude 

(Km) 

9.0 
L 12.2 

11.6 

8.8 

9.8 

12.2 
20.1 

10.7 
15.2 

9.5 

16.2 
9.1 

11.6 
14.9 
6.4 

7.6 

13.7 

20.0 

11.5 
16.5 

2.7 

10.4 1 
10.7 

20.4 1 

Concentration 
Gross Beta 

( i O ^ p C i / S C M ) 
At CollectJ 

Time At D+1 

1 1.8 
1.0 
1.4 

0.48 

4.3 

0.02 
0.65 

0.55 
130 

1.7 

35 
0.04 

1.5 
4.7 
0.06 
0.08 

2.9 

1.0 
Q07 
0.10 

5 X lO'H 
1.0 
1.6 

65 1 

1.8 

2.5 
6.1 

6.9 

10.7 

0.05 
4300 

0.8 
370 

1.4 

125 
0.2 

4.3 
16.8 
1.2 
2.3 

8.3 

11000 
0.2 

10.6 

0.003 

2.9 
4.0 

7600 1 

( I ) Hardy,t970 ;(2)Telegodos,1974; (3) USAEC News Releose.O-213; 
(4) USAEC News Release, P-6 ; (5) USAEC News Release, P-77; (6) 
Information received from Office of Public Affairs ,USERDA;(7)Tele-
g a d a s , 1976;(8)Assumed for computation purposes. 
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Table 2. Comparison of the Observed and Calculated Gross Beta Concentrations 
at Day of Collection. 

Date 

June 17, 1967 

Dec. 28, 1968 

Sept. 29, 1969 

Oct. 14, 1970 

June 27, 1973 

Nov. 17, 1976 

Observed 
(10^ pCi/SCM) 

0.65 

130 

35 

4.7 

1.0 

65 

Calculated 
(10^ pCi/SCM) 

1.6 

650 

84 

92 

1.1 

140 

Calc,/Observed 

2.5 

5.0 

2.4 

19.6 

1.1 

2.2 
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Figure 1. Total beta disintegrations per minute per 10® fissions 
remaining after a nuclear detonation. 
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Appendix A 

Estimate of Initial Vertical Activity Distribution for the High 

Yield Chinese Tests of June 1967; December 1968; September 1969; October 

1970; and June 1973. 

1-A. Introduction 

The initial vertical distribution of radioactivity within a nuclear 

cloud as a function of yield has been estimated by Ferber (1965). Although 

the total amount of radioactivity produced by high yield tests may be 

known, its distribution in the vertical is based on very limited data 

observed in the equatorial Pacific. The estimated initial vertical dis­

tribution for a 3 MT air burst in temperate latitudes is given in Table 

A-1 (last column). This is based on Ferber's (1965) and Peterson's (1970) 

estimates. The bulk of activity is between 13 and 21 km (43 to 68 Kft) 

with the maximum at about 17 km (55 Kft). 

An estimate of the initial vertical distribution of debris from the 

five Chinese 3 MT tests can be made from the measured distribution of 

radioactivity obtained within several weeks or months after each detona­

tion. Latitudinal cross-sections of the distribution of Zr-95 (65 day 

half-life) at early times (from 2 to 16 weeks) following the Chinese 

high yield nuclear tests were used by Telegadas (1974, 1976) to estimate 

the initial vertical radioactivity distribution. 

Certain cautions must be noted. First, it is assumed that the dis­

tribution observed along the 90OW to 150°W meridians (western portion of 

North America) from 2 weeks to 16 weeks after injection are representa­

tive of the average concentration in the nuclear cloud; that is, they are 

zonally well mixed. This assumption is somewhat doubtful, especially at 

early times. Second, it is assumed that within these time periods vertical 
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transport of debris is insignificant and the particle size of the 

debris is small enough for gravitational settling in the lower strato­

sphere (up to about 25 km) to be negligible. 

(The reader is referred to the original papers by Telegadas (1974, 

1976) for the detailed study. This appendix is a condensation of those 

papers.) 

2-A. Estimate of Initial Vertical Distributions 

a) June 17, 1967 test. 

The first series of aircraft and balloon sampling data were collected 

about 1 1/2 months after the June 17, 1967 test. As mentioned by Telegadas 

(1974), only about 15% of the estimated total Zr-95 produced by this test 

was intercepted along the sampling corridor at this time. It was not 

until 4 months after input that samples were again collected (early 

November 1967) and the Chinese debris encompassed virtually the whole 

northern hemisphere lower stratosphere. Even though four months had 

elapsed, significant fallout of this debris did not occur until January 

1968 (Hardy, 1970) and therefore an integration of the concentration 

distribution for early November 1967 should represent the bulk of the 

Chinese 1967 input. The distribution pattern reveals that about 39,000 

kilocuries (kCi) of Zr-95, equivalent to a fission yield of 1.6 MT, was 

contained in the stratosphere. The vertical distribution of this pattern 

shown in Figure A-1 with the breakdown of the distribution in 5,000 foot 

(1.5 km) increments given in Table A-1. The bulk of the activity for the 

June 17, 1967 test is seen to be between 14 and 22 km with the maximum 

at about 19 km. 
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b) December 27, 1968 test. 

An estimate of the i n i t i a l distr ibut ion of the Chinese December 27, 

1968 event can be made from the radioactivity distr ibut ion about 1 1/2 

months after input as given by Telegadas (1974). An integration of the 

early February 1969 pattern reveals that about 39,000 kCi of Zr-95 is 

contained in the stratosphere at this time. Significant fa l lout started 

by January 1969, that i s , about a month before samples were collected 

along the sampling corridor. Between the time of the start of signif icant 

fa l lout and a i rcraf t sampling the stratosphere lost about 15% of i t s 

Zr-95 burden. I t is estimated that the December 27, 1968 event injected 

about 46,000 kCi of Zr-95 into the stratosphere, equivalent to a f ission 

yield of about 1.9 MT. 

The vert ical distr ibut ion estimated for this event, is shown in 

Figure A-1 and also in Table A-1. The bulk of the act iv i ty is between 

14 and 22 km with the maximum at about 17 km, about 2 km lower than the 

estimate for the June 17, 1967 test . The difference in the level of 

maximum debris is probably due to the i n i t i a l meteorological conditions. 

The June 17, 1967 and December 27, 1968 events both had about the same 

total y ie ld and injected their debris into a very stable stratosphere. 

The December 1968 test was conducted in a more stable upper troposphere 

with a lower reported tropopause height than the June 1967 event. Both 

of these factors would inh ib i t cloud growth. 

c) September 29, 1969 test. 

Stratospheric samples were collected along the a i rcra f t sampling 

corridor in mid-October 1969, about 2 weeks after the September 29, 1969 
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test. An integration of the latitudinal distribution of radioactivity 

during this period indicated the stratospheric burden to be about 45,000 

kCi of Zr-95, equivalent to a fission yield of 1.8 MT. Integration of 

the radioactivity pattern for the January 1970 sampling indicated the 

burden remains about 45,000 kCi, suggesting little or no debris had left 

the stratosphere, although there has been a significant redistribution of 

the radioactivity pattern. 

The bulk of the activity for the September 29, 1969 event is seen 

to be between 16 and 22 km with the maximum at about 18 km (Table A-1 

and Figure A-1). 

d) October 14, 1970 test. 

The first North American samples collected along the sampling corridor 

after the October 14, 1970 event occurred in nearly November 1970. The 

general circulation of the northern hemisphere lower stratosphere was 

such that virtually no debris from this event was encountered at this 

time except along the northerly legs of the sampling corridor. Strato­

spheric sampling was again conducted in late February 1971, at about four 

months after the October 1970 test. Significant stratospheric fallout 

began in February 1971, about the time that stratospheric sampling was 

being undertaken. An integration of the February 1971 radioactivity 

pattern indicated the stratospheric burden to be about 38,000 kCi of 

Zr-95, equivalent to a fission yield of about 1.5 MT. The vertical dis­

tribution at this time is shown in Figure A-1 and given in Table A-1. 

The bulk of the activity was between 11 and 21 km with the maximum at 

about 14 km. This vertical distribution is quite dissimilar to the 

estimates for the first three high yield events. It would appear that 
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between the time of injection of this fall test and the sampling period 

four months later the atmosphere had redistributed the debris sufficiently 

that the debris maximum moved from about 18 km to 14 km. 

Radioactivity samples were collected in the stratosphere in the 

vicinity of Japan at very early times after this test (Leies, 1973). 

Based on very limited gross beta data, 2 to 9 days after the event, between 

15 and 19 km, an estimate of the vertical distribution was made (Figure 

A-1) and is given in Table A-1. This vertical distribution is very similar 

to the estimate of the September 29, 1969 test. It must be emphasized 

that this estimate for the vertical distribution of the October 1970 

event is based on the assumption that the main nuclear cloud was encountered 

at a very early time and the limited samples collected were indicative of 

the average concentrations in that cloud. 

e) June 27, 1973 test. 

The September 1973 stratospheric radioactivity distribution, about 

three months after input, was used to estimate the initial vertical dis­

tribution of radioactivity of the June 27, 1973 high yield event. An 

integration of the September 1973 pattern (Telegadas, 1976) indicated the 

stratospheric burden to be about 35,000 kCi of Zr-95, equivalent to a 

fission yield of 1.4 MT. The bulk of the activity for this event is seen 

to be between 15 and 22 km with the maximum at about 19 km (Figure A-1 

and Table A-1). As can be seen in Figure A-1, this detonation had a 

vertical radioactivity distribution similar to that for the June 17, 1967 

test. 

In this paper, the assumed initial distribution as shown in the insert 

to Figure 3 was based on a composite of the first four high yield Chinese 
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nuclear tests. Including the distr ibut ion for the f i f t h test (June 

27, 1973) in this average distr ibut ion would not al ter i t s igni f icant ly. 
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Table A-1. Observed Vertical Activity Distribution for the 3 MT Total 
Yield Chinese Nuclear Tests. 

Alt. Test ,̂ , 6/17/67 12/27/67 9/29/69/ 10/14/70 10/14/70^^^ 6/27/73 ASSUMED^^^ 
(Kft) Weeks (3) ^ B ) T6l ^Xr Vm TIT 

Percent of Total Act iv i ty 

my 

85.1 

82.5 

77.5 

72.5 

67.5 

62.5 

57.5 

52.5 

47.5 

42.5 

37.5 

85 

80 

75 

70 

65 

60 

55 

50 

45 

40 

35 
35.0 

TOTAL: 

0.1 

0.6 

3,5 

14.5 

28.1 

27.4 

15.1 

6.9 

3.0 

0.6 

0.2 

100 

0,1 

1.3 

6.0 

16.6 

28.6 

32.6 

11.4 

2.8 

0.6 

100 

0.1 

3.0 

7.4 

17.0 

39.3 

31.2 

1.8 

0.2 

100 

1.2 

6,5 

11.4 

18.0 

22.5 

24,7 

13,7 

2,0 

100 

0.3 

18.9 

55.1 

23,4 

2.2 

0.1 

100 

0.8 

7,0 

33,7 

39.2 

14.9 

3.1 

1.0 

0.3 

0.1 

00 

2 

10 

22 

32 

22 

10 

2 

100 

ESTIMATED STRATOSPHERIC BURDEN OF ZR-95 ON TEST DATE 

Test Date 

June 16, 1967 

Dec. 27, 1967 

Sept. 29, 1969 

Oct. 14, 1970 

June 27, 1973 

Kilocuries 

39,000 

46,000 

45,000 

38,000 

35,000 

Estimated Fission. . 
Yield (Megatons) v4) 

1.6 

1.9 

1,8 

1,5 

1.4 

(1) Estimated from limited data collected several days after the event. 
(2) Assumed distribution after Ferber, 1965 and Peterson, 1970. 
(3) Weeks after test. 
(4) Based on 24,600 kilocuries of Zr-95 per megaton of fission. 
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STRONTIUM-90 IN HUMAN BONE 
- 1976 Results for New York City and San Francisco ~ 

by B. G. Bennett (HASL) 

ABSTRACT 

Results are presented of determinations of Sr~90 content 
Of 95 specimens of vertebrae obtained during 1976 in New 
York City and San J'rancisco. The average Sr-90 to Ca 
ratios for adult vertebrae are 1,06 pCi/g Ca in New York 
and .73 pCi/g Ca in San Francisco, little changed from 
the average values of the previous year- Average Sr-90 
concentrations in children's bone are now little different 
from the adult values. A two compartment bone model, which 
accounts for both short and long term retention of Sr-90 
lii hdne. Is u«ed to describe the variations of Sr-90 con­
tent of bone and provide correlation with dietary Sr~90 
intake. Regression analysis of the 16 years of survey 
data provides valued of the relative retention of dietary 
Sr-§lO and the effective bone turnover rates. The bone 
model gives satisfactory description of observed Sr-90 
levelM and allows reliable assessment of the long-term 
bebavior of Sr~90 in man. 

Human vertebrae specimens obtained in New York City and San Fran­

cisco have been analyzed by HASt for Sr~90 content since 1961. 

The sampling during this 16 year period of varying Sr-90 fallout 

deposition at these locations provides valuable records of varia­

tions in Sr-90 content of bones of children as well as adults. A 

food !Sdmplin# ptogrkm to determine the intake of Sr-90 in the diet 

of residents of the two cities has also been conducted by HASL 

during this same time period, so that correlations between Sr-90 

intake and bOne concentrations can be determined. More accurate 

description of the long-term behavior of Sr~90 in bone is achieved 

as the sampling programs continue. 
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Results for 1976 

During 1976, 95 specimens of h\aman vertebrae were analyzed, in­

cluding 3 from children and 9 from adults obtained in New York City 

and 50 from children and 33 from adults obtained in San Francisco. 

Fewer samples than usual were available during the year in New York 

City. A summary of the results of Sr-90 determinations is given in 

Table 1. The individual analyses are listed in Table 2 and are 

plotted in Figures 1 and 2. 

The Sr-90 to Ca ratios for adults are relatively constant, as has 

previously been observed. The variations about the mean are typical 

of such survey measurements. The average values and standard devia­

tions for adult vertebrae in 1976 were 1.06±.26 pCi/g Ca in New York 

and .73±.26 pCi/g Ca in San Francisco, 

There has been some :j.ndication of slightly higher values for young 

adults in New York during the last several years. These individuals 

were children during the period of greatest Sr-90 deposition. Adult 

metabolism for the entire fallout period is represented by those 

individuals sage 20 in 1954, corresponding to sage 42 in 1976, 

The Sr-90 to Ca ratios for children's bone show some age dependence 

with slightly higher values for children than adults in New York. 

In San Francisco the Sr-90 to Ca ratios for children are little 

different from the adult values. The approximate average values of 

Sr-90 concentration have been indicated in Figures 1 and 2. 
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figure 1. Strontium-90 in New York Vertebrae - 1976 

figure 2. gtt«rttiuih-90 in San Francisco Vertebrae ^ 
1976. 

The higher Sr-90 concehttation values in New York bone compared to 

San Francisco bone correspond to greater dietary Sr-90 intal̂ e. The 

Sr-90 to Ca ratios in total diet in New York and San Francisco during 

1976 were 8.3 pCi/^ Ca ahd 3.1 pCi/g da, respectively(^^). These 

ratios in diet have decreased an average of 7 to 9% per year since 

1966. 
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The usual practice in correlating the Sr-90 levels in bone and diet is to refer the 

skeletal levels during the year n to the dietary Sr-90 intake from midyear of the 

year n-1 to midyear of the year n. Deaths in the early part of the year are then not 

compared with diet levels not yet e3q)erienced. Table 3 lists the diet results based on 

consumption estimates specific to the particular urban regions. 

Bone Model 

An improved bone model was formulated to correlate the Sr-90 concentrations in diet 

and bone^ ' . The model as it applies to adult vertebrae is described by the equation 

Bn = cDn + g / ] Dn-m® "̂ ^ 
m=o 

where 

Bjj = Sr-90 ccmcentration in vertebrae in the year n (pCi) 

Dn = Sr-90 concentration in diet from midyear in the year n-1 to midyear in the 

year n (pCi) 

c = short-term retention of Sr-90 in bone 

g = long-term retention of Sr-90 in bone 

l-e~^ = eflfective removal rate for Sr-90 in bone including radioactive decay (yr~^) 

The formula describes a two compartment model, one compartment associated with 

short-term retention of Sr on bone surfaces and another compartment in which the Sr 

is more tightly retained in bone. The parameters c and g are independent and not 

related to the previously used concept of Observed Ratio, since retention can also be 

associated with processes other than new bone formation. The effective removal rate 
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or turnover rate for 8r-90 ĥ  lx>no is rolatod to tho rato of bono remodeling, but slnco 

Sr-Ca discrimination and re-utilization are not explicit in the model, the removal 

rate can be considered to provide only an upper limit estimate of the actual bone re­

newal rate. The factors c, g, and X are constant for adults (̂  age 20 years) b u t a re 

age dependent lor children. 

Variations c^ the i ^ v e bone moctet were investigated, such as the inclusion of an ex­

ponential in tho fthoit-term ret«ition term. The best fit in this form, however, was 

with a very Mgh order expcmenUal, indicating essentially complete turnover of the 

short-term cem^mmA dartas the course of a year. 

The above formula for tha kooB model maintains a desired simplicity and yet gives 

adequ&te deseriptfem of ttie year-to-year changes in Sr-90 content of bone. The values 

obtained for the model parameters ftllow reasonable interpretation. 

Strontium-90 in Mult Vertebrae 

The observed Sr-90 concentrations in adult vertebrae are shown in Figure 3. Additional 

approximate values for the earliest years of contamination (19§4-59) in New York from 

the data of Kulp iMid SchulertO-^' have also been included. The adult data include only 

samples from individuftls age 20 years or older in 1954, thus representing adult 

metalx>lism for the entire contamination period. 

A definite decreasing trend in the observed values is apparent since 1965, correspond­

ing to decreases in dietary Sr-90 intake. The relatively large standard deviati<m8 

about the average values preclude extremely accurate determination of the actual de­

creases and thus the effeetive removal rates, however these are becoming more 
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Figure 3 • Strontivun-90 in adult vertebrae - observatd.on« 
(points with standard deviations) and bone model 
predictions (solid lines) . 

firmly established as additional years of data accximulate during periods 

of decreasing Sr-90 levels in diet. 

From regression analysis of the measured New York adult diet and verte­

brae values through 1976 in the above bone model, one infers a removal 

rate of Sr-90 from adult vertebrae of 23% per year. A removal rate 

of 15% per year gives the best fit to the San Francisco adult data 

through 1976 . The best fits to the observed data using the bone model 

are shown in Figure 3. The values of the bone model parameters are 

included in Table 4, 
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The model shows peak Sr-SO concentrations in adult vertebrae in 1965, In agreement 

with observations. Subsequent decreases are achieved with a removal rate nrhich is 

reasonable, in view of the remodeling and difftision processes occurring in bone. 

The bone model appears to be quite responsive to Sr-90 levels in diet and gives very 

satisfactory fits to the observed Sr-90 levels in vertebrae. 

8trontium-9Q i n Cbi l f l r en ' s Bone 

The Sr-90 ctmcentration in children's bone can be determined by the formula 

%,n " ^H + 8l>%,n + CBi- l .n-r° i - l Di-l,n-l3e-^* 

The bc^e nvodel {Mmufi^ters are defined as before. Tl^ subscript i i i^cates the age 

depetKlence. 

The initial Sr-90 c<mcentrati(m in the newborn must be determined separately. For 

this an empirical relationship with the mother's diet can be u s ^ . The Sl-$^ to Ca 

Ttkio in bone of wMsom varies from . 1 to . 2 times the Sr-90 to Ca ratio in diet of 

the mother during the year prior to the birth. An average of about. 15 is obtained 

from tl» survey data. The relationship between newborn and adult bone ST-90 con-

centratitms has been somewhat more variable. In San Francisco, where a large 

number urf newborn siuoiples are obtained, the ratio of Sr-90 concentration in new-

bom verteiieae to «dult vertebrae has ranged from . 5 to . 9 with an average of. 7 

since 1967. 
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From the regression results for children, one infers t b ^ a one compartment, single 

expom^tial model (ĉ  = O) applies to children under age 8 years. The one compart-

n̂ bont formulation of the above model closely corresponds to the previously used 

Rivera bone model^^h The tmdifferentiated nature of bone of yotmg children and the 

relatively high bone renewal rates justify the one compartment treatment. 

The Sr-90 turnover rates and relative retention as a function of age are shown in 

Figures 4 and 5 and are listed in Table 4 . The turnover rates reflect bone growth 

activity and are highest for the youngest children. Nearly 100% per year turnover 

rate is indicated for the 0-1 year age range. A relatively Mgh turnover rate, about 

45%, is maintained through the pre-teenage years. The values then decrease to the 

adult value. 

The relative retention of Sr-90 in bone, si»>wn in Figure 5, is the fractional retention 

of the dietary Sr-90 intake (cj + gj) per gram of skeletal calcium. The highest ef̂  

ficiency for Sr-90 retention is obtained for the youngest children. Increased efficiency 

associated with increased growth is also indicated for children in the early teenage years. 

The magnitude of the relative retention was determined by assuming that vertebrae is 

representative of entire skeletal behavior. This assumption becomes less satis­

factory for older children and adults. Initial estimates of body burden iirtll be high 

and estimates at later times will be low, assuming less initial retention and slower 

turnover rates for compact bone. Integral results should be more representative for 

the entire skeleton, such as the cumulative dose results following a period of Sr-90 in­

take of one year or more. 
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Figure 4, Turnover or effective removal rates for Sr-90 
in vertebrae inferred from the two compartment 
bone model. 
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Figure 5 
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Retention of Sr-90 per gram skeletal Ca. The 
upper histogram is the total relative retention; 
c^ is the short-term component and g. is the 
long-term component. 
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Anticipated 1977 Results 

According to the bone model, the concentration level of Sr-90 in 

adult vertebrae in 1976 was due 70% to the residual body burden 

and 3 0% to dietary intake during the most recent year. Half this 

latter amount contributes to the long-term burden, so that 85% of 

the current total concentration can be expected to be affected by 

the 23% per year removal rate from bone and 2% per year radioactive 

decay. For New York this amounts to 1.06 pCi/g Ca x .85 x .75 = 

,68 pCi/g Ca remaining during 1977. The dietary intake of Sr-90 

for the 1976-77 year, with the results for the final quarter yet to 

be obtained, is est.imated to be 3000 pCi. This times c+g (.12) 

divided by the skeletal Ca content (1078g) gives a contribution to 

the Sr-90/Ca ratio in bone of .33 pCi/g Ca. The total concentration 

in adult vertebrae indicated by the bone model for 197 7 is thus 

1.01 pCi/g Ca, a 5% decrease from 1976. A similar decrease can be 

expected in San Francisco. 
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Table 1 

'sr to Calcium Ratios in Human Vertebrae 
- Summary of igf̂ B Data -

Age Range 
at death 

0 -

1 • 

2 -

3 ^ 

4 -

5 -

6 • 

7 -

8 -

9 -

10 -

11 -

12 -

13 -

14 • 

15 • 

16 • 

17 • 

18 -

19 -

20 -

30 -

40 -

50 -

60 -

70 -

80 -

- 1 yr 

- 2 

- 3 

- 4 

- 5 

- 6 

- 7 

- 8 

- 9 

- 10 

- 11 

- 12 

- 13 

- 14 

- 15 

- 16 

- 17 

- 18 

- 19 

- 20 

- 29 

- 39 

- 49 

- 59 

- 69 

- 79 

- 9 0 

a Age 20 in ig-JB 

a Age 20 in 1954 

No, 
New York 

of 
Specimens 

1 

1 

1 

3 

1 

2 

2 

1 

9 

5 

p C f ' ^ S r ^ 
^ - - ^ C a 

1 . 3 9 

1 . 9 0 

1 . 4 0 

1 . 3 3 

. 95 

. 90 

1 . 0 3 

1 . 4 5 

1 . 1 4 

1 . 0 6 

San Francisco 
No. of 
Specimens 

4 0 

1 

2 

1 

1 

2 

1 

2 

2 

2 

8 

12 

7 

2 

33 

3 1 

pCl»*^Sr_^ 

-—"fĉ  
. 5 1 

. 9 4 

. 71 

. 8 5 

.63 

. 6 4 

1 . 0 9 

1 . 0 3 

.97 

1 . 2 0 

.58 

. 7 0 

. 8 5 

.62 

. 7 4 

.73 

1 - 8 1 



Table 2 

^°Sr to Calcium Ratios in Human Vertebrae 

Age 
at death 

6y 

15y 
18y 

20y 
24y 
2 5Y 

36y 

50y 
52y 

70y 
76y 

87y 

0-1 d. 

1-2 mo. 

3-5 mo. 

9-18 mo. 

3y 

5y 
7y 

HASL NO. 

IJW YorJs_ 

HB5400 

HB5401 
HB5402 

HB5403 
HB5404 
HB5405 

HB5406 

HB5407 
HB5408 

HB5409 
HB5410 

HB5411 

Month 
of death 

- 197S. 

1 

3 
3 

1 
3 
2 

2 

3 
1 

3 
1 

1 

San Francisco - 1976 

HB5412 

HB5413 

HB5414 

HB5415 

HB5416 

HB5417 

HB5418 
HB5419 
HB5425 
HB5420 

2,2,2,3 
4,5,5,5 
6,6,7,7 
8,8,8,8 
9,9,9, 
11, 11 
2,5,5,6.6,6 
6,8,9,11,12 
1,2,6.6 
9,11,11 
4,8 

8 
4 
11 
5 

pCi '"Sr 
-— -gCa 

1.39 

1.90 
1.40 

.77 
2.04 
1.19 

.95 

.73 
1.07 

1.09 
.97 

1.29, 1.61* 

.41 

.41 

.45 

.51 

.71 

.94 

.74 

.68 

.85 

.63 

.J 

Age 
at death 

-

, 12y 
15y 
16y 

26y 
28y 

42y 
48y 

50y 
53y 
54y 
55y 
57y 
58y 
59y 

60y 

61y 
63y 
64y 
65y 
66y 

69y 

70y 

71y 
72Y 

74y 
76y 

87y 
90y 

HASL NO. 

San Franci 

HB5421 
HB5426 
HB5422 
HB5427 

HB5428 
HB5429 

HB5424 
HB5430 

HB5431 
HB5432 
HB5433 
HB543 5 
HB5436 
HB5437 
HB5438 
HB5439 

HB5440 
HB5441 
HB5442 
HB5443 
HB5444 
HB5445 
HB5446 
HB5447 
HB5448 
HB5449 
HB5450 
HB5451 

HB5434 
HB5453 
HB5454 
HB5455 
HB5456 
HB5457 
HB5458 

HB5459 
HB5460 

Month 
of death 

SCO - 1976 

7,9 
9 
1 
12 

11 
10 

4 
10 

1 
11 
7 
6 
9 
12 
2 
4 

5 
5 
12 
3 
10 
2 
11 
9 
11 
11 
4 
10 

11 
12 
9 
10 
12 
9 
10 

9 
5 

pCi '°Sr 
—55a 

.64 
1.09 
.96 

1.13 

1.53 
.40 

1.18 
1.22 

.56 

.68 

.63 

.32 

.46 

.69 

.63 

.68 

1.20 
.60 
.47 
.58 
.84 
.72 

.54, .57* 
.81 
.64 
.44 
.74 
.74 

.89, .91* 
.43 

1.36 
1.02 
.50 
.66 

1.06 

.66 

.57 

•blind duplicate analysis 
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Table 3 

Dietary Sr-90 Intake'-

New York' San Francisco" 
Year 

1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1954 
1965 
1966 
1957 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 

1976 

Per Capita 

1.0 
1.9 
5.0 
5.5 
6.4 

13.4 
13.7 
10.4 
9.8 

18,7 
29.5 
26.0 
20.3 
15.7 
14.8 
13.0 
12.0 
12.1 
11. 3 
9.6 
8.9 
8.5 

7,9 

Adult 

1.0 
2.0 
5.2 
5.7 
6.6 

13.8 
14.1 
10.7 
9.9 

18.9 
29.8 
26.9 
21.1 
15.4 
15.5 
13.6 
12.4 
12.6 
11.8 
10.1 
9,4 
8.8 

8.3 

Per Capita 

3.6 
4.1 
9.4 

13.8 
11.6 
8.3 
6.3 
4.0 
4.2 
4.0 
4.4 
3.5 
3.2 
2.9 
3 .3 

2,8 

Adult 

3.7 
4,2 
9.6 

14.2 
11.9 
8.7 
6.6 
4.2 
4.5 
4.2 
4.6 
3.9 
3.4 
3.0 
3 .5 

3,0 

'•Estimates (pCi/gCa) are for mid-year ,of the previous 
year to mid-year of the year listed. 1954-59 values are 
estimated from milk data .̂ 1960-75 values are results 
of the HASL Quarterly Diet Sampling Program. 

^Urban N. E. consumption statistics 
per capita milk consumption = 136 kg/yr 
adult milk consumption = 93 kg/yr 

^Urban West consumption statistics^ 
per capita milk consumption = 108 kg/yr 
adult milk consumption = 74 kg/yr 
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Table 4 

Parameters of t h e Bone Model 

H 

! 
CO 

Age 
(yr) 

0-1 
1-2 
2-3 
3-4 
4-5 
5-6 
6-7 
7-8 
8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 

H 

5.72 
1.08 
.84 
.71 
.60 
.62 
.64 
.66 
.69 
.63 
.49 
.44 
.39 
.39 
.41 
.40 
.37 
.35 
.32 
.30 

ci 

0 
0 
0 
0 
0 
0 
0 
0 
.004 
.034 
.037 
.045 
.033 
.017 
,032 
.024 
,051 
.069 
.066 
.060 

gi 

.077 
„079 
. 071 
.056 
.048 
.050 
.053 
.053 
.071 
.052 
.072 
.077 
.107 
.12 8 
.120 
.143 
.106 
.095 
.093 
.076. 

Skeletal 
Calcium 

Cai 
(gCa) 

100 
147 
179 
201 
219 
239 
264 
297 
341 
396 
453 
539 
524 
715 
806 
894 
973 

1039 
1073 
1078 

Dietary 
Calcium 
D Caj_ 

(qCa/yr) 

320 
328 
336 
344 
352 
360 
358 
376 
384 
387 
387 
387 
387 
387 
387 
387 
387 
376 
365 
354 

Relative 
Retention 
(Ci.-g.)/cai 

(xlO ") 

.77 

.5 3 

.40 

.28 

.22 

.21 

.20 

.21 

.22 

.22 

.24 

.23 

.22 

.20 

.19 

.19 

.15 

.16 

.15 

.13 

Turnover 
Rate 

(l-e-X;)-.024 
(%/yr) 

97 
64 
54 
48 
43 
44 
45 
45 
47 
44 
35 
33 
30 
30 
31 
31 
29 
27 
25 
24 

Adult .29 .051 .068 1078 342 .11 23 



WORLDWIDE DEPOSITION OF ^°Sr THROUGH 1976 

by H W. Feely (HASL) 

ABSTRACT 

The total deposition of ®°Sr on the surface 
of the earth during 1976 was about 46 kilocuries. 
The worldwide cumulative deposit remained at 
about 11,5 megacuries as the amount of previously 
deposited ®°Sr which decayed radioactively only 
slightly exceeded the amount of the new deposit. 
The late 1976 Chinese atanospheric nuclear tests 
may have contributed about 12 kilocuries to the ̂ °Sr 
deposition during 1976. 

INTRODUCTION 

The Health and Safety Laboratory (HASL), has maintained a world­

wide network of samplers since 1957 to collect fallovit to be measured 

for ®°Sr. Based upon data from this network, an estimate has been 

made each year since 1958 of the annual worldwide deposition and of 

the cumulative deposit of ®°Sr (e.g., reference 1). In general both 

the annual and cumulative values have been reasonably well verified 

when comparison with results from other programs has been possible 

(e.g., references 2,3). For example, in Table 1 estimates are given 

of the worldwide annual deposition and cumulative deposition of Sr 

as made by HASL and by the United Kingdom Atomic Energy Authority 

(UKAEA) for the years 1970 to 1975. Agreement between the two 

laboratories is excellent in some years and poor in others. 
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indicating the degree of uncertainty in making such estimates. 

The differences average out over intervals of a few years, how­

ever, so that the estimates of cumulative deposition are in good 

agreement. 

BASIS OF CALCULATION 

The HASL network of samplers of ®°Sr fallout included 72 sites 

during 1976: 47 in the Northern and 25 in the Southern Hemisphere. 

The sampling sites are indicated on the map on page A-2 of the 

Appendix to this report. The samples are collected at these sites 

by exposing to the environment either a steep-walled, stainless 

steel pot or a funnel which drains through a column containing 

Dowex-50 ion exchange resin. At the end of each month the total 

material collected in each pot and each exposed column of ion ex­

change resin is sent to HASL. 

Radiochemical analyses of the samples in this program are 

performed under contract with commercial laboratories. For the 

fiscal year ending September 30, 197 7 this work was carried out by 

U . S . Testing Co., Richland, Washington. The quality of these 

data, which is monitored by the submission of "blind" blanks and 

standard samples along with ordinary samples, is reported on 

annually . All of the primary monthly precipitation and 
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radiochemical data which have been accumulated since the incep­

tion of the pot and column network are listed and updated in the 

appendix to each HASL Environmental Quarterly. A summary of 

existing results, averaged over 10 degree latitude bands was re­

ported in 1971^^^ . 

Various methods for calculating the total fallout on the sur­

face of the earth from limited data were discussed by Volchok^^^ . 

The differences between the results given by the different methods 

were found generally to be small, The approach used at HASL assumes 

that our sampling sites are representative, on the average, of the 

fallout in the ten degree latitude band within which they are 

located. The average monthly ®°Sr deposition (in mCiAm'') for each 

such latitude band is multiplied by the area of the band (in km ) 

to give the total monthly deposition in that band. Values are ob­

tained for the unsampled polar areas north of 80°N and south of 

70°S by extrapolating a smoothly decreasing ®°Sr deposition to 

zero at the poles. Summing the calculated totals for the 10 degree 

latitude bands gives the worldwide deposit for each month. No 

corrections are made for any possible precipitation biaseg of the 

sampling sites or for any postulated oceanic effects on local rates 

of deposition. The ®°Sr global inventories calculated 
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by this method are in reasonably good agreement with the inven­

tories calculated based on the estimated total production of ^°Sr 

by all atmospheric tests of nuclear weapons and the estimated 

burdens of ^°Sr in the atmosphere (Table 2). 

It has been mentioned in earlier reports that the ion exchange 

columns have seldom received optimum treatment in the field, and 

consequently most of the data for samples from these collectors are 

systematically low. To compensate for this, the computed average 

depositions for IC degree latitude bands are corrected according 

to the relative numbers of pots and col\amns used as a basis for 

calculating them. 

RESULTS 

The average monthly deposit Ion of ^°Sr during 1976, in units 

of millicuries per scjuare kilometer (mCi/km^ ) , is listed for each 

10 degree latitude band in Tp̂ ble 3 . The number of sampling sta­

tions represented is shuwn in parentheses, and values derived by 

extrapolation, as discussed above, are indicated by (E). The 

hemispheric average monthly deposition is listed in the last 

column. 
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The total monthly deposition of ®°Sr within each 10 degree 

latitude band, in units of kilocuries (kCi), is listed in Table 4. 

Again the number of sampling stations represented, or an (E) indi­

cating values obtained by extrapolation, is given in parentheses. 

The next to last column presents the total monthly fallout in the 

hemisphere, and the last column gives the cumulative total ®°Sr 

fallout on the surface of the earth within the hemisphere, corrected 

for radioactive decay since time of deposition. In Table 5 these 

cumulative total ^°Sr fallout estimates are subdivided according 

to 10 degree latitude band. 

Table 5 contains the calculated annual ^°Sr deposition in units 

of megacuries (MCi) within each hemisphere and worldwide, and the 

cumulative deposit of ^°Sr on the surface of the earth at the end 

of each year, both vrithin each hemisphere and worldwide. The data 

presented cover the period from the beginning of the HASL pot and 

column program in 1958 through 1976. 

DISCUSSION 

The worldwide fallout of ®°Sr during 1975 was 46 kCi, with 

28 kCi falling in the Northern, and 18 kCi falling in the Southern 

Hemisphere. There were three announced atmospheric nuclear deto­

nations during 1976, all car.ried out by the People's Republic of 
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China: a <20 kiloton (kT) test on January 23, a 20-200 kT test 

on September 26, and a high yield test of 4 megatons on November 

17. If we assume that each of these tests had a fission yield of 

50%, that the ̂ °Sr yield was 0,11 Curie per ton of fission yield^^^, 

and that none of the debris from any of these tests fell out 

locally, the worldwide fallout of ^°Sr from the three tests would 

be <1.1 kCi, 1,1 to 11 kCi, and 220 kCi. If the fission yields were 

less than 50% or local fallout occurred, the contribution of these 

tests would be reduced. The January 23rd test should have had a 

negligible effect on the total deposition of ^°Sr during 1976 be­

cause its ̂ °Sr yield was cjî ite small compared to the 46 kCi total 

deposit for the year. The effect of the November 17 test was 

probably also small, both because it came late in the year, and 

because almost all of the debris from it evidently was injected 

into the stratosphere. No clear indication of any debris from 

this test was found in filter samples collected during 1976 as 

part of the HASL Surface Air Sampling Program. On the other hand, 

all or most of the debris from the September 26 test should have 

been injected into the troposphere, and much of it could have 

been deposited as worldwide fallout during the last three months 

of 1975 . This debris was sampled by the HASL Surface Air Sampling 

Program during October to December 1975. 
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The data in Table 3 indicate that the deposition rate of ̂ °Sr 

during 1976 was highest during the last quarter. For the most part, 

this may reasonably be attributed to deposition of fallout from the 

September 26 test and perhaps the November 17 test. During the first 

nine months of 1976, 17,6 kCi of ®°Sr were deposited in the Northern 

Hemisphere, This is 33% of the 54,2 kCi deposited there^®^ during 

the equivalent period of 1975. Since 4.1 kCi were deposited during 

the last quarter of 1975, we might have expected that about 33% of 

this cjuantity, or about 1,3 kCi, to be deposited in the Northern 

Hemisphere during the last quarter of 1976, Instead 10,5 kCi were 

actually deposited, suggesting that about 9 kCi originating from the 

late 1976 tests were deposited in the Northern Hemisphere, An 

ecjuivalent calculation using data for the Southern Hemisphere indi­

cates that a deposition of about 3.1 kCi would have been expected but 

6,0 kCi were deposited. Thus an excess of about 3 kCi for the 

Southern Hemisphere and 12 kCi worldwide of ^°Sr, compared to the 

amount expected based on data for 1975 and for the first three 

cjuarters of 1976, was deposited during the last quarter of 1976. 

Presumably this represents a contribution by the November 17 and 

especially the September 26, 1977 Chinese tests. 

Using the approach described above, we would have expected a 

total ®°Sr deposition of 4.4 kCi worldwide during the last quarter 
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of 1976 had the Chinese weapons tests of late 1976 not occurred. 

This would have given a total deposit worldwide for 1976 of 34 kCi, 

Even with the late 1976 tests, only 46 kCi were deposited worldwide. 

As indicated by the data in Table 6, this made 1976 the year with 

the lowest deposition rate during the years that worldwide deposition 

rates have been measured, beginning in 1955 ̂ ^ , 

Table 2 lists calculated burdens of ®°Sr in the stratosphere of 

the Northern Hemisphere during mid-October 1974, mid-April, and July-

August 1975 as reported by Leifer et al ^̂ ^ and for May-June 1976 and 

August-September 1976 (R. Leifer, personal communication). (It is 

noteworthy that the stratospheric burden of ®°Sr immediately before 

the November 17, 1976 test was at its lowest point since at least 

1954,) The apparent loss of ^°Sr from the stratosphere during each 

interval between the times appropriate to these calculated burdens 

is listed in Table 2, For comparison, the calculated deposition of 

^°Sr on the surface of the earth in the Northern Hemisphere during 

each of these intervals is also listed. The total estimated deposi­

tion in the Northern Hemsiph.ere between mid-October 1974 and August-

September 1976 is 86 kCi, 18% higher than the calculated loss of 

^°Sr from the stratosphere of the Northern Hemisphere during this 

period. This discrepancy is more likely attributable to uncertainties 
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in estimating both stratospheric burdens and rates of deposition 

on the surface than it is to actual interhemispheric transport of 

^°Sr 

We will not attempt to predict the rate of deposition of ^°Sr 

during 1977 because we have no estimate as yet of the amount of 

^°Sr injected into the stratosphere by the November 17, 1976 Chinese 

test, or of the distribution of that ^°Sr within the stratosphere. 

Our prediction^®^ that total ^°Sr deposition worldwide during 1976 

would probably be between 12 and 24 kCi was made with seemingly 

adequate stratospheric data to rely upon, and it was rather badly 

in error. Nevertheless we will point out that the concentrations 

of •'•̂'''Cs in surface air in the Northern Hemisphere during the first 

five months of 1977 were roughly comparable to those measured in 

the saitie region during the first five months of 1973, a year in 

which the worldwide deposition of ®°Sr amounted to only 63 kilo-

curies. 
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Table 1 

Comparison of Estimates of Annual Deposition of ^°Sr 
Made by the Environmental Measurements Laboratory and 
The United Kingdom Atomic Energy Authority(*I 

Year 

1970 

Annual Deposition 
(Megaciiries ^°Sr) 
HASL UKAEA 

0.34 0.21 

Cumulative Deposition 
(MeaaQuyfeff^°S^) 

HASL 

12.19 12.37 

1971 0.39 0.26 12.23 12.33 

19 72 0.18 0.17 12.10 12.18 

1973 0.06 0.12 11.87 12.00 

1974 0.16 0.16 11.74 11.87 

1975 0.09 0.14 11.54 11.72 

L976 0.05 11.49 

1 - 9 5 



Table 2 

A Comparison of Estimated Changes in Stratospheric Burdens of ^°Sr With 
Estimated Deposition on the Surface of the Earth in the Northern Hemisphere 

Time 

Estimated Sr Burden 
of the Stratosphere of 
the Northern Hemisphere 

(kilocuries) 

Apparent Loss of 
^°Sr from the 
Stratosphere 

(kilocuries) 

Estimated 
Deposition of 
on the Surface 

(kilocuries) 

so Sr 

Mid-October 1974 87 
41 37 

Mid-April 1975 46 
18 25 

July-August 1975 28 
10 19 

May-June 1976 18 

August-September 1976 14 

73 86 

1 - 9 6 



T ^ : 
3 ' 

AVERAGE SR90 DEPOSITS IN 10 DEGREE LATITUDE BANDS IN THE NORTHERN HEMISPHERE OUtlN^ 1976 ( m C l / k R ^ ) 

O-IO (NO) 10-20 (NO) 20-30 (NO) 30-40 (NO) 40-50 (NO) 50-60 (NO) 60-70 (NO) 70-80 (NO) 80-90 (NO) QTR. AVG. 

0.011 8) O.OK 7) 0.03( 6) 0.04( 8) 0 .03( 8) 0.09( 1) 0.02( 3) O.OK E) O.OOI E) 0 .03 

0 .02( 8) O.OK 6) Q..0K 6) 0.041 7) 0 .05( 8) O.OK 2) 0.O2( 4) O.OK E) 0 .00( E) 0 .02 

O.OK 6) O.OK 6) 0 .02( S) 0.02( 7) 0 .03( 8) 0.04( 2) O.OK 2) O.QK E) O.0Q( E) 0 .02 

0.03( 7> 0 .02( 6) 0.091 I ) 0.041 3) 0 .04 (10 ) 0.06( 2) 0.02( 3) O.OK E) 0 .00( E) 0.03 
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Table 3 (cont'ca) 

AVERAGE SR90 DEPOSITS IN 10 DEGREE LATITUDE BANDS IN THE SOUTHERN HEMISPHERE DURING 1976 (mCi/km^ ) 

0-10 (NO) 10-20 (NO) 20-30 (NO) 30-40 (NO) 40-50 (NO) 50-60 (NO) 60-70 (NO) 70-80 (NO) 80-90 (NO) QTR. AVG. 

O.OK 4) 0.02( 7) 0.03( 4) 0.04( 6) 0.04( 1) 0.0 ( 1) 0.0 ( E) 0.0 ( E) 0.0 ( E) 0.01 

O.OK 4) O.OK 7) 0.00( 4) 0.03( 6) 0.02{ 1) 0.0 ( 1) 0.0 ( E) 0.0 ( E) 0.0 ( E) 0.01 

0.02( 1) 0.00( 6) 0.02( 5) 0.03( 6) 0.02( 1) O.OK 1) O.OK E) O.OK E) 0.00( E) 0.01 

( 0) 0.02( 6) 0.05( 1) 0.03( 5) 0.04( I) 0.03( E) 0.02( E) O.OK E) 0.00( E) 0.02 

H 
I 



QUARTER 

I 

2 

3 

4 

ST 

NO 

RD 

TH 

YEAR TOTAL 

Table 4 

TOTAL SR90 DEPOSITS IN 10 DEGREE LATITUDE BANDS IN THE NORTHERN HEMISPHERE DURING 1976 (KCI) 

0-10 (NO) 10-20 (NO) 20-30 (NO) 30-40 (NO) 40-50 (NO) 50-60 (NO) 60-70 (NO) 70-80 (NO) 80-90 (NO) QTR. TOT. CUM. TOT, 

0.45( 8) 0.29( 7) 1.041 6) 1.51( 8) 0.91( 8) 2.40( 1) 0,37( 31 

1.10( sy 0.42( 6) 0.S7( 6) 1.60( 7) 1.70( 8t 0.30( 2) 0.3)( 4) 

O.&0( 6) 0.40( 6) 0.83( 5) 0.55( 7) 0.79( 8) 0.90( 2) C.22< 2> 

1.18( 7t 0.82( 6) 3.76( 1) 1.54( 3) 1.17(10) 1.50( 2) 0.37i 3t 

3.33 1.93 6.20 5.20 4.57 5.09 1,29 

0.14( E) 0.02( E) 

0.12( E) O.OK E) 

0.08( E) O.OK E) 

0.14( E) 0.021 E> 

0,M 0.95 

7.11 8718.76 

6.15 8706.9'> 

4,39 8693^38 

10.49 8685.95 

28.14 
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Table 4 ( c o n f <a) 
TOTAL SR90 DEPOSITS IN 10 DEGREE LATITUDE BANDS IN THE SOUTHERN HEMISPHERE DURING 1976 (KCII 

QUARTER 

I ST 

2 NO 

3 RO 

<, TH 

YEAR TOTAL 

0-10 (NO) 

0.37( *) 

0.52( 4) 

1.03( 1) 

( 0) 

1.92 

10-20 (NO) 

0.68( 7) 

0.43( 7) 

0.15( 6) 

0.82( 6) 

2.09 

20-30 (NO) 

1.06( 4) 

0.12( 4) 

0.681 5) 

1.881 1) 

3.74 

30-40 (NO) 

1.631 6) 

0.99( 6) 

1.14( 6) 

0.94( 5) 

4.70 

40-50 (NO) 

1.111 

0.74( 

0.74( 

I.Ill 

3.69 

1) 

1) 

1) 

1) 

50-60 INO) 

0.0 ( 

0.0 ( 

0.301 

0.701 

1.00 

11 

1) 

1) 

E) 

60-70 (NO) 

0.0 ( E) 

0.0 1 E) 

0.16( E) 

0.37( El 

0.53 

70-80 (NO) 

0.0 1 E> 

0.0 1 E) 

0.06( E) 

0.14( E) 

0.19 

80-90 (NO) 

0.0 ( El 

0.0 1 El 

O.OK El 

0.021 E) 

0.02 

QTR . TOT. 

4.85 

2.79 

4.27 

5.96 

17.87 

CUM. TOT. 

2811.90 

2808.90 

2807.38 

2807.56 

l,3nTe 
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Table 5 
CUMULATIVE SR90 DEPOSITS IN 10 DEGREE LATITUDE BANDS IN THE NORTHERN HEMISPHERE DURING 1976 (KCI) 

0 - 1 0 1 0 - 2 0 2 0 - 3 0 30-AO 4 0 - 5 0 5 0 - 6 0 6 0 - 7 0 7 0 - 8 0 8 0 - 9 0 

25.07 

25.03 

24.99 

24.96 

657.12 

656.86 

656.11 

655.94 

922.05 

920,57 

919.07 

918.DO 

1320.22 

1318.07 

1316.18 

1317.23 

1633.35 

1631.58 

1628.76 

1626.95 

1925.54 

1923.28 

1920.11 

1917.32 

1457.90 

1455.20 

1453.10 

145U60 

618.72 

617.77 

616.72 

615.^82 

159.08 

158.87 

158.63 

158.44 
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Table 5 (cont'd) 

CUMULATIVE SR90 DEPOSITS IN 10 DEGREE LATITUDE BANDS IN THE SOUTHERN HEMISPHERE DURING 1976 (KCI) 

QUARTER O-IO 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 

1 ST 354.01 323,65 538,07 558,46 564,45 274.93 137.54 52.24 8.41 

2 ND 353.79 323.41 537.08 558.30 564.03 274.37 137.26 52.13 8.39 

3 RD 354.09 322.90 536.66 558.29 563.60 274.10 137.13 52.08 8.38 

4 TH 353.36 323.05 537.43 558.07 563.54 274.23 137.22 52.11 8.38 



TABLE 

ANNUAL-CUMULATIVE WORUJWIDE 

Annual Deposi t ion 

""Sr DEPOSITION (MEGAqmiES) 

C\]inu).ative ^Deposition 

P r e - 1 9 5 8 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

NORTHERN 
HEMISPHERE 

0 . 6 3 0 

1 . 0 5 2 

0 . 2 6 2 

0 . 3 5 1 

1 . 4 4 4 

2 . 6 2 2 

1 . 6 5 6 

0 . 7 7 4 

0 . 3 2 8 

0 . 1 6 9 

0 . 1 9 5 

0 . 1 4 7 

0 . 2 0 6 

0 . 1 8 8 

0 . 0 8 6 

0 . 0 3 2 

0 . 1 2 1 

0 . 0 5 8 

0 . 0 2 8 

SOUTHERN 

0 . 2 5 5 

0 . 1 8 5 

0 . 1 6 8 

0 . 1 7 4 

0 . 2 6 4 

0 , 3 0 8 

0 . 4 2 2 

0 . 3 5 7 

0 . 2 0 7 

0 , 1 1 0 

0 . 1 0 2 

0 . 1 4 1 

0 . 1 2 8 

0 , 1 5 0 

0 . 0 9 6 

0 . 0 3 1 

0 . 0 3 9 

0 . 0 3 4 

0 . 0 1 8 

TOTAL 

0 . 8 8 5 

1 . 2 3 7 

0 . 4 3 0 

0 . 5 2 5 

1 .70B 

2 . 9 3 0 

2 . 0 7 8 

1 . 1 3 1 

0 . 5 3 5 

0 . 2 7 9 

0 . 2 9 7 

0 . 2 8 8 

0 . 3 4 4 

0 . 3 8 8 

0 . 1 8 2 

0 . 0 6 3 

0 . 1 6 0 

0 . 0 9 2 

0 . 0 4 6 

NORTHERN 
HEMISPHERE 

1 . 7 

2 . 2 8 

3 , 2 6 

3 . 4 4 

3 . 7 0 

5 . 0 4 

7 , 5 1 

8 . 9 6 

9 . 5 0 

9 . 5 9 

9 . 5 2 

9 . 4 8 

9 . 4 0 

9 . 3 7 

9 . 3 3 

9 . 1 8 

8 . 9 9 

8 . 8 9 

8 . 7 3 

8 . 6 9 

SOUTHERN 
| |p;gPffi!RB , 

Q.6 

0 . 8 4 

1 . 0 0 

1 . 1 4 

1 , 2 9 

l . ? l 

1.78 

2.16 

2,46 

2 .60 

2 .65 

2 ,68 

2,76 

2,82 

2 .90 

2.92 

2 ,88 

2.85 

2 ,81 

2 ,81 

:^jhii. 

2 .3 

3 .12 

4,26 

4 .98 

4 ,99 

6 .55 

9 .29 

11.12 

U r 9 6 

12.19 

12.17 

12.16 

12.16 

12.19 

12.23 

12 .IQ 

11.87 

11,74 

11.54 

11.49 

X ^Wi 
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Fallout Deposition 

1.1 Seunpling Over Land 

1.11 ^^Sr in Quarterly Deposition 

Monthly seunples of total deposition (both wet and dry) are 
collected at 71 worldwide stations. These samples are com­
posited on a quarterly basis and analyzed for 90Sr. A 
description of the seunpling network and available data for 
each site are presented in the Appendix. Section A. 

1.12 ^°Sr and 89sr in Monthly Deposition 

Precipitation and dry fallout were collected over monthly 
periods at stations in the United States and overseas. The 
Scimples were analyzed for 90sr and prior to 1971, for 89sp 
whenever possible. These monthly data are presented in 
final form in USERDA Report HASL-329, October 1, 1977. 

1.13 Other Isotopes at Selected Sites 

At a number of stations in the United States, monthly depo­
sition collections were analyzed for radiostrontium and other 
nuclides of interest. Multinuclide analyses were discontinued 
as of July 1967 and the complete data reported in HASL-193, 
pp. II-4 through 11-25. 

Plutonium analyses of monthly deposition were carried out 
at New York City, Melbourne, Seattle, Honolulu, Salisbury, 
Durban, and Rio de Janeiro. The data associated with this 
program were given in HASL-237, pp. II-4 through 11-13. 

1.2 Seunpling Over Ocean 

1.21 ^^Sr and ^^Sr Deposition at Atlantic Ocean Weather Stations 

Measurements of radiostrontium in precipitation and dry 
fallout collections at four U.S. Coast Guard Stations in 
the North Atlantic Ocean were carried out for comparison ,, 
with land stations in the same latitude band. This program 
was terminated in the Spring of 1972. A descriptioi) of the 
stations and available data are given on pp. II-4 through 
11-17 of HASL-274. 

Surface Air Sampling Program 

The Health and Safety Laboratory has been collecting surface air particu­
late samples at stations in the Western Hemisphere since January 1963. 
The filters are analyzed for a number of fission and activation product 
radionuclides as well as stable lead. A description of the program and 
availeible data are given in the Appendix, Section B, 

D - 2. 



Project Airstream 
The Health and Safety Laboratory measures radioactivity in the 
lower stratosphere employing the WB-57F aircraft as a sampling 
platform. The aircraft are now flown by the National Aeronautics 
and Space Administration. The missions are scheduled three times 
a year and the coverage extends from 75°N to the equator in the 
Western Hemispjiere. Air filter samples are collected from 12 to 
20 km altitude and analyzed for a number of radionuclides. A 
more complete description of the program and available data are 
given on pages II-7 to 11-63 of HASL-321, July 1, 1977. 

High Altitude Balloon Sampling Program 
Balloon borne filtering devices are used to collect nuclear debris 
at altitudes from 20 - 27 km. Balloon launchings are conducted 
annually at Fairbanks, Alaska, GS^N and the Panama Canal Zone (9°N), 
and three tim^s a year at Alamogordo, N.M. (33°N). Filters are 
analyzed for a number of radionuclides. A more complete descrip­
tion of the pgcogram and available data are given on pages II-9 
to 11-26 of HASL-306 (July 1976) . 

Radiostrontium in Milk and Tap Water 
Strontium-90 levels in fresh milTc distributed in New York City 
and tap water sampled at the Health and Safety Laboratory, have 
bĝ en m^sured^ on a monthly basis since 1954. Cesium-137 has been 
analyzed in tap water since 1965. These data are summarized in 
tabular and graphical form in the Appendix, Section C, of this 
report. 

Strpntium-90 in Diets 
Quaifterly estimates of the annual dietary intake of Sr-90 for 
New York City and San Francisco residents have been made based 
on analyses of foods purchased at these cities every three 
months since 1960. Sampling in Chicago was discontinued in 
19^7. The program is described and the most recent data re­
ported on pages II-4 to II-6 of this report. The data through 
1976 are evaluated beginning on p. 1-39 of HASL-321, July 1, 1977. 

Strontium-90 in Human Bone 
Specimens of human vertebrae from New York City and San Francisco 
have been made available for Sr-90 analysis since 1961. The 
results for 1976 are evaluated beginning on page 1-69 of this 
report. 

Human vertebral specimens are also received, through the World 
Health Organization, from countries where western-type diets 
are not typical. The Sr-90 data for samples received in 1975 
are reported on pages II-7 and II-8 of HASL-306 (July 1976.) 

XE -J 



6. HASL Diet Studiess 1st Quarter 1977 

Results of the measurements Of the *°Sr content of foods pur-

chased in New York City and San Francisco during thî  first quarter 

of 1977 are given in the following table. Also listed Are esti­

mates of the total diet intake of *°Sr based on these measurements 

and on recent consumption statistics compiled by the U, S. Depart­

ment of Agriculture.'' 

The estimates of dietary intake of ®°Sr are a continuation of 

the HASL Tri-City diet studies which were started in Ma^Ch of 1960, 

Results of the earlier measurements along with those made during 

the first quarter of 1977 are shown graphically in the figure on 

page II-6 , More detailed discussion of the results for the esntire 

sampling program through 1976 is presented in HASL-321.* A 

description of the sampling methods and philosophy of the HASL diet 

studies is given in ffi\SL-147.® 

REFERENCES 

1) Focid Consumption of Households in the United States -
Spring 1964 

A Preliminary Report, U.S.D.A. ARS 62-16, August 1967 

2) Bennett, B. G. 
Strontium-90 in the Diet - Results through 1976 
USERDA Report HASL-321, July (1977), p. 1-39 

3) Rivera, J. and J. H. Harley 
HASL Contributions to the Study of Fallout in Food Chains 
USAEC Report HASL-147, July (1964) 
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STRONTIUM-90 IN NEW YORK CITY AND SAN FRANCISCO DIETS 

- F i r s t Q u a r t e r 1977 -

D i e t C a t e g o r y i<g/y g c a / y 
% o f y e a r l y 
i n t a l ce of Ca 

New Yorl< C i t y - F e b r u a r y 

pCi ' ° S r A g pCi ®°Sr /y 
% o f y e a r l y 

i n t a l t e o f ' " S r 

San F r a n c i s c o - March 

% of y e a r l y 
pCi ' " S r A g pCi ^ ° S r / y i n t a l t e o f ®°Sr 

DAIRY PRODUCTS 200 216 .0 3 .6 713 - 0 . 9 182 

H 
H 

1 

FRESH VEGETABLES 
CANNED VEGETABLES 
ROOT VEGETABLES 
POTATOES 
DRY BEANS 

FRESH FRUIT 
CANNED FRUIT 
FRUIT JUICES 

BAKERY PRODUCTS 
FLOUR 
WHOLE GRAIN PRODUCTS 
MACARONI 
RICE 

MEAT 
POULTRY 
EGGS 
FRESH FISH 
SHELL FISH 

48 
22 
10 
38 
3 

59 
11 
28 

44 
34 
11 
3 
3 

79 
20 
15 
8 
1 

18.7 
4.4 
3.8 
3 .8 
2.1 

9.4 
.6 

2.5 

53.7 
6.5 
10.3 
0.6 
1.1 

12.6 
6.0 
8.7 
7.6 
1.6 

58 

20 

7.4 
4.1 
4.9 
5.5 
3 .1 

22.2 
1.0 
2.4 

4.2 
3.7 
7.3 
1.4 
0.8 

0.4 
0.5 
0 9 
0.3 
0.8 

3 54 

89 
49 

209 
9 

1311 
10 
66 

184 
125 
80 
4 
2 

34 
9 
13 
3 
1 

22 

22 

42 

12 

2.1 
3 .9 

4.9 
1.5 
7.6 

1.8 
0.9 
1.6 

2.4 
1.8 
4.2 
2.0 
1.0 

0.2 
0.4 
0.6 
0.2 
0.2 

101 
86 
49 
60 
23 

103 
9 

45 

106 
62 
46 
6 
3 

12 
9 
9 
2 

<1 

20 

35 

17 

24 

10 

Yearly Intake 

Dai ly Intake 

370g 3265 pCi 

8 .8 pCi/g Ca 

913 pCi 

2.5 pCi/g Ca 



40 -, 

30 -

20 -

10 

DAILY INTAKE OF STRONTIUM-90 

New York City 
Chicago 
San Francisco 

r-I960 1961 1962 1963 1964 1965 1966 1967 1968 1969 19701971 1972 1973 1974 1975 1976 1977 



PART III 

DATA FROM SOURCES OTHER THAN HASL 

Numerous environmental studies are conducted by other organi­

zations in the United States and abroad. Some of these are 

sent to the editor for dissemination in these HASL Environ­

mental Quarterlies. Submitted data are reproduced essentially 

as received and no interpretation by HASL is attempted. 

Air Monitoring Section 
Bhabha Atomic Research Centre 
Bombay, India 
Fallout and Atmospheric Radioactivity Measurements 
in India 

by Mrs. S. Gopalakrishnan, C. D. Eapen and 
C. Rangarajan III 

National Radiation Laboratory, Department of 
Health 

Christchurch, New Zealand 
Environmental Radioactivity: Annual Report 1976 
NRL- F/56 III 
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_PALLOOT AND ATMOSrHERIC BAJIOACTIYIIY MEASOREMMTS IH IHDIA 

BY 

Ktrs. S. Gopalakrlshnan, CD* Bapen and C. Rangaxajan 

Air Monitoring Section 
BHABHA ATOflC RESEABCH CSNlfiE 

B(»SBAY-400 083 
INDU 

In th is art ic le we give a summary of the atmospheric radioactivity 

measurements carried-out in India for the past several years. The radio­

a c t i v i t i e s n^asured Include those frcm natural sources (eg: radon-thoron 

daughter products) and frcoa nuclear t e s t s . 

Plgure-1 shows the locations of the stations in India where these 

measurements were carried-out. A few of the stations l ike lombay. Bangalore, 

Delhi, Calcutta, e t c . , have been In operation since 1956 while the others were 

added thrcnagh the course of the years. However, a l l the stations were not 

operative for a l l the time as sane of the older stations were closed down 

when new stations were started, depending on operational and other convenieiwes. 

In general, about s ix s tat ions , covering the iriiole covintry and the climatic 

patterns prevailing, have been in operation at any time. Although rainwater 

from the above stations were also being processed in the earl ier years ( l , 2 ,3 ) f 

the programme i s confined to surface level atmospherio samples only, after 

1965 (4 ) . This i s due to rainfal l being confined to a few months of the year 

at-several stations and the diff iculty in processing large volumes, of water 

which i s necessary when levels of act ivity are low. Pigure-2 summarises the 

rainfal l pattern at some of the sampling stations In India. 
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2. SAMPLING TECHNIQUES 

During the early years, air sampling was carried-out using blowers I 

drawing air through Hollingsworth and Vose H-70 type filter discs of 5 cms 

effective diameter at flow3?rates of 50 - 100 liters per minute. This system 

was adequate during the period 1956 - 1963 for the direct counting of the 

gross beta activity of the filters with end-window counters but the activities 

collected were inadeq\iate for detailed isotopic analysis. Hence powerful 

Roots blowers or centrifugal fans drawing air at flow rates of 1200 liters 

per minute were put into operation, wherever possible. In view of the large 

flow rates of these blowers, rectangular filters of dimensions 30 cms x 15 cms 

were used for air dust collection. At Bombay it was possible to operate three 

such units in parallel to increase the sensitivity of analysis. After collection 

these filters are either ashed and transferred into planchets of suitable sizes 

or compressed into circular discs in a heavy duty press prior to counting. 

Samples are analysed either weekly, two weekly, or monthly, depending en the 

volume sampled. Finally, the sample discs are subjected to radio-chemical 

analysis for radio-nuclides of interest. 

The original system with the smaller blower and 5 cms. filter discs was 

however retained at a few selected stations for direct alpha measurement and 

calculation of atmospheric concentrations of r^on-thrron daughters. 

llEASaREIiffiKTS AND ANALYSES 

The analysis for fission products is done using NalCTi) and recently 

Ge(ld) detectors- euad multichannel analysers (l-4). Computer programme are 

used for the unscrambling of the gamma spectra (5), Radiochemical separation 

4 
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is carried-out only for the measurement of RaD which is counted using low 

level beta counters either by the ingrowth of Bi-210 in the separated lead 

(6,7), or by separation of bismuth itself. In both cases the purity can be 

checked by fallowing the Ingrowth or decay respectively of the sample 

activity. Radon and thoron daiighters' estimation is by direct alpha counting 

of the disc filters in ZnS Scintillation counter (8). Radioactive equilibrium 

is assumed in most of the analyses and results are expressed as RaB (Pb-214) 

and ThB (Pb-212) concentrations respectively. However in certain cases the 

decay of the sample is followed and a least squares resolution of the 

individual radio nuclides RaA, RaB and HaC is carried-out. 

RESUIffS 

Table-1 gives the levels of the measured fission products in the 

siirface edr at Bombay, from 1971 to 1975. The results from Bombay and other 

stations for earlier years have already been reported (l-4). In view of the 

decreasing concentrations of fission products, the levels of certain isotopes 

like Sb-125 are not given for the year 1975. Figure-3 gives the levels of 

137 
Cs at Bombay, while figure 4,5 and t> show the variations of the fission 

product ratios through the years. These ratios are useful in estimating the 

contribution of different test series to air activity. Pigure-7 gives the 

gross beta activity at the different stations during the period 1956-64. 

These values can be compared with the levels from individual USSR, French and 

Chinese tests of the period 1957-68 (Figures 8 to 15). The figures also give 

the time taken by the radioactive debris to reach the sampling stations from 

the testing sites. This is of interest in a study of the transport and 

diffusion of radioactive debris on a plantetary scale (10,11,12,13). A 
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complete summary of the t r ave l times from the various t e s t s i t e s to s ta t ions 

in India i s given in Table-2. Ba /Zr r a t i o s from some of the French 

and Chinese t e s t s a t Bombay and other s t a t ions are shown in Figures 16-18. 

The increase in these r a t i o s i s a sensi t ive indicator of the a r r i v a l of 

ac t iv i ty from recent t e s t s ( H ) . 

The levels and var ia t ions of the natural a c t i v i t i e s due t o RaB and 

ThB at Bombay and Poena are given in figure-19 and Table-3. Table-4 and 

Pigure-20 give the values of Pb-210 in surface a i r and rainwater a t the 

various s t a t ions in India. The meteorological causes for the var ia t ion of 

the natural ac t iv i ty in surface a i r and t h e i r i n t e r re l a t ions have been 

discussed in the publications l i s t ed below. 
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TABLE - lA 

CONCENTRATIONS OF CE-144»SB-125•RU-106»CS-137,ZR-95 AND BA-I4O 

IN SURFACE AIR AT BOMBAY 

(PICOCURIES PER 1000 CUBIC METERS) 

SB-125 RU~106 CS-137 ZR-95 BA-140 
MONTH 

1971 

JANUARY 
FEBRUARY 
MARCH 
APRIL 
MAY 
JUNE 
JULY 
AUGUST 
SEPTEMBER 
OCTOBER 
NOVEMBER 
DECEMBER 

AVERAGE 

CE-1 

49 
97 
175 
142 
73 
72 
84 
16 
24 
53 
20 
28 

69 

3.4 
12 
32 
16 
12 
8.3 
3.6 
4.5 
5.5 
8.8 
8.7 
5.3 

10 

22 
63 
48 
75 
48 
43 
28 
21 
8*2 

5.5 
14 

31 

2.5 
4.3 

6.9 
6.0 
5.3 
3.9 

1.1 
3.7 

2.8 

17 
46 
90 

105 
194 
103 
236 
116 
38 
16 
8< 
6.0 

115 
143 
24 

81 

1972 

JANUARY 
FEBRUARY 
MARCH 
APRIL 
MAY 
JUNE 
JULY 
AUGUST 
SEPTEMBER 
OCTOBER 
NOVEMBER 
DECEMBER 

AVERAGE 

38 
35 
24 
39 
27 
21 
17 
59 
14 
58 
38 
49 

35 

7.1 
2.9 
3.0 
3.3 
2.3 
1.9 
2.0 
2.3 
1.4 
-
2.7 
3.3 

2.7 

10 
20 
12 
18 
12 
9.5 
15 
16 
8.5 
8.0 
9.1 
21 

13 

1.9 
3.0 
3.4 
2.2 
2.1 
2.5 
1.5 
1.8 
2.2 
2.1 
1.9 
3.0 

2.3 

8,7 
5.1 
2.9 

97 
35 
16 
2.9 
3.3 
3.3 
1.9 
1.4 
2.2 

15 

1973 

JANUARY 
FEBRUARY 
MARCH 
APRIL 
MAY 
JUNE 
JULY 
AUGUST 
SEPTEMBER 
OCTOBER 
NOVEMBER 
DECEMBER 

AVERAGE 

4»8 
2.7 
9*9 
7.8 
1.3 
6.9 
-
~ 
2.0 
5.2 
11 
22 

7.4 

0.6 
0.7 
1.2 
1.0 
1.8 
0.3 
-
-
0,4 
1.3 
-
1.2 

0,9 

2.7 
2.6 
6.7 
5.9 
12 
2.0 

* 
2.1 
4.1 
6.1 
8.1 

5.2 

0.9 
0.7 
1.9 
2.5 
1.6 
3,6 

* 
0.4 
1.0 
— 
0,8 

1.3 

0,3 
0,3 
0,4 
0.2 
1.0 
0.2 

2.5 
3.3 
7.9 
9.5 

2.1 
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TABLE - 1A(C0NTD.....,) 

CONCENTRATIONS OF CE-144•SB-125tRU-106»CS-137»ZR-95 AND BA-140 
IN SURFACE AIR AT BOMBAY 

MONTH 

1974 

JANUARY 
FEBRUARY 
MARCH 
APRIL 
MAY 
JUNE 
JULY 
AUGUST 
SEPTEMBER 
OCTOBER 
NOVEMBER 
DECEMBER 

AVERAGE 

1975 

JANUARY 
FEBRUARY 
MARCH 
APRIL 
MAY 
JUNE 
JULY 
AUGUST 
SEPTEMBER 
OCTOBER 
NOVEMBER 
DECEMBER 

AVERAGE 

CE-144 

31 
58 
80 
71 
59 
32 
40 
40 
23 
16 
25 
38 

43 

29 
52 
50 
12 
9.0 
2.5 
2.7 
1.2 
1.3 
1.6 
2.1 

14 

(PICOCURIES PER 1000 CUBIC METERS) 

SB-125 RU-106 CS-137 ZR-95 BA-140 

2.6 
3.6 
5.7 
6.5 
5.9 
3.5 
3.3 
2*2 
1.2 
1.5 
2.0 
1.5 

3.3 

28 
58 
64 
52 
44 
24 
24 
21 
10 
9.4 

34 
22 

33 

2.9 
5.3 
9.6 
6.2 
7.3 
4.1 
3.4 
2.8 
1.6 
2.3 
3.0 
3.2 

4,3 

28 
20 
37 
36 
19 
11 
4.6 
4.6 
3.2 
3.3 
4.5 
13 

3.9 
3.8 
6.9 
7.6 
7.7 
5.6 
3.2 
2.8 
2.6 
2.8 
1.8 
4.0 

21 
37 
41 
31 
23 
7.3 

24 
111 
61 
8,6 

26 
21 

32 

175 
120 

148 

15 4.4 

TABLE-IB 

SHORT-LIVED FISSION PRODUCTS FROM THE CHINESE NUCLEAR TEST OF 1976 

(PICOCURIES PER 1000 CUBIC METERS) 

HYDERABAD PORT BLAIR 

BA-140 PERIOD ZR-95 BA-140 PERIOD ZR-95 BA-140 

135 9-16 OCT 266 271 

286 18-25 OCT 206 290 18-25 OCT 28 50 

239 26-30 OCT 88 101 25-31 OCT 83 74 

73 

PERIOD 

8-15 OCT 

16-23 OCT 

24-31 OCT 

1-7 NOV 

ZR-95 

94 

120 

139 

46 
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TABLE - 2 

TRAVEL TIMES OF DEBRIS FROM TEST SITES TO MONITORING STATIONS IN INDIA 

TEST 
SERIES 

1 

1,USSR 

2,USSR 

3,FRANCE 

4,USSR 

5.CHINA 

6.CHINA 

7,FRANCE 

8,FRANCE 

TEST 
SITE 

2 

SIBERIA 
52«N 
78«E 

ARCTIC 
75«N 
78«E 

ALGERIA 
27IN.0I 

SIBERIA 
AND 

ARCTIC 

WESTERN 
CHINA 
40'N 
90'E 

WESTERN 
CHINA 

POLYN. 
20»S 
138'W 

POLYN. 

TEST 
DATES 

3 

3- 4-57 
TO 

16-4-57 

30-9-58 
TO 

3-10-58 

13-2-60 

1-9-61 
TO 

4-10-61 

14-5-65 

9-5-66 

2-7-66 
19-7-76 

11-9-66 
24-9-66 
4-10-66 

MONITORIG 
STATIONS 

4 

DELHI 
CALCUTTA 
NAGPUR 
BOMBAY 

DELHI 
CALCUTTA 
BOMBAY 

SRINAGAR 
DELHI 
CALCUTTA 
NAGPUR 
BOMBAY 
BANGALORE 
OOTY 

SRINAGAR 
DELHI 
CALCUTTA 
BOMBAY 
BANGALORE 
OOTY 

GULMARG 
SRINAGAR 
NAINITAL 
DELHI 

GULMARG 
SRINAGAR 
NAINITAL 
GANGTOK 
CALCUTTA 
BOMBAY 

BOMBAY 

BOMBAY 

DETECTION 
DATE 

5 

17-4-57 
19-4-57 
20-4-57 
18-4-57 

26-10-58 
26-10-58 
23-10-58 

22-2-60 
26-2-60 
20-2-60 
19-2-60 
18-2-60 
21-2-60 
24-2-60 

18-9-61 
30-9-61 
8-10-61 
27-9-61 
26-9-61 
26-9-61 

19-5-65 
31-5-65 
1-6-65 
4-6-65 

23-5-66 
23-5-66 
23-5-66 
28-5-66 
6-6-66 
4-6-66 

3-8-66 

4-11-66 

TRAVEL TIME 
(IN 

15' 

31' 

DAYS)* 

6 

14 
16 
17 
15 

26 
26 
23 

9 
13 
7 
6 
5 
8 
11 

17 
29 
37 
26 
25 
25 

5 
17 
18 
21 

14 
14 
14 
19 
28 
26 

-32 

-54 

METHOD OF 
DETECTION 

GROSS 
* > 
t • 

*» 

GROSS 
• • 

* * 

GROSS 
• • 

* * 
t* 

• • 

> * 
• » 

GROSS 
» • 

» t 
* t 
• > 
» • 

GROSS 
» • 

»* 
• • 

GROSS 
» • 

« » 
» • 

• • 

7 

BETA 
• • 

• • 

» • 

BETA 
f * 

» » 

BETA 
•» 

• • 

• • 

> * 
• • 

»» 

BETA 
* * 
>* 
• • 

*» 
• • 

BETA 
•» 

»« 
• » 

BETA 
• * 
• • 

• • 

»* 
ZR-95 

ZR-95 

ZR-95 
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TABLE - 2 (CONTD ) 

9.CHINA 

10,FRANCE 

11,CHINA 

12.FRANCE 

13.FRANCE 

14.FRANCE 

15,FRANCE 
OR 

CHINA 

16,CHINA 

WESTERN 
CHINA 

POLYN. 

WESTERN 
CHINA 

POLYN. 

POLYN. 

POLYN. 

WESTERN 
CHINA 

28-12-66 

5-6-67 
27-6-67 
2-7-67 

24-12-67 

7-7-68 

15-5-70 

12-6-71 

17-6-76 

26-9-76 

GULMARG 
NAINITAL 
BOMBAY 

BOMBAY 
OOTY 
THUMBA 

NAINITAL 
DELHI 
NAGPUR 
BOMBAY 

NAINITAL 
BOMBAY 

THUMBA 

BOMBAY 
THUMBA 

BOMBAY 

THUMBA 

BOMBAY 

BOMBAY 

HYDERABAD 

PORT BLAIR 

14-1-67 
13-1-67 
17-1-67 

22-7-67 
22-7-67 
21-7-67 

8-1-68 
10-1-68 
10-1-68 
9-1-68 

28-7-68 
25-7-68 

25-7-68 

3-6-70 
5-6-71 
TO 

11-6-71 
23-6-71 

TO 
30-6-70 
25-6-71 

TO 
1-7-71 

15-7-74 
TO 

22-7-74 

8-10-76 
TO 

15-10-76 
9-10-76 

TO 
16-10-76 
18-10-76 

TO 
25-10-76 

17 
16 
20 

20-47 
20-47 
19-46 

15 
17 
17 
16 

21 
18 

18 

19 
21-27 

11-18 

13-19 

28-35 

12-19 

13-20 

22-29 

GROSS BETA 
»< • • 

ZR-95 

ZR-95 
GROSS BE;TA 

• I > • » 

GROSS BETA 
• 1 

> 1 

ZR-
BA-

• » • 

1 • • 

•95 AND 
•140 

GROSS BETA 
ZR-
BA-

•95 AND 
•140 

GROSS BETA 

BA-140 
BA-140 

BA-140 

BA-140 

BA-140 

BA-140 

BA-140 

BA-140 

* THE LIMITS OF TRAVEL TIME ARE GIVEN IN CASE ASSIGNMENT OF ACTIVITY TO A 
TEST IN A SERIES IS NOT POSSIBLE 
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TABLE - 3 

MONTHLY AVERAGE PB-214 (RA-8) ACTIVITIES IN SURFACE AIR AT BOMBAY 

(PICOCURIES PER CUBIC METER) 

JANUARY 

FEBRUARY 

MARCH 

APRIL 

MAY 

JUNE 

JULY 

AUGUST 

SEPT, 

OCTOBER 

NOVEMBER 

DECEMBER 

AVERAGE 

1966 

M 
A 
M 
A 
M 
A 
M 
A 
M 
A 
M 
A 
M 
A 
M 
A 
M 
A 
M 
A 
M 
A 
M 
A 

M 
A 

78 
-

50 
-

26 
-

13 
-. 
6. 
-
7. 
-

12 
-

17 
-

39 
-
55 
-

59 
-

149 
~ 

43 
43 
-

1967 

132 
-

161 
-

122 
-

78 
-

5 48 
9. 

5 73 
17 

119 
14 
63 
15 

129 
10 

242 
50 

135 
52 

210 
61 

87 
126 
29 

1968 

161 
64 
78 
66 
90 
47 
70 
27 
61 

4 8.0 
23 
7.5 

21 
16 
16 
14 
47 
20 
112 
73 
150 
95 
139 
91 

62 
81 
44 

1969 

139 
86 

105 
68 
60 
29 
63 
27 
18 
21 
20 
13 
13 
11 
15 
14 
26 
12 
93 
59 
99 
65 
151 
97 

54 
67 
42 

1970 

123 
74 

129 
66 
75 
51 
37 
21 
22 
11 
29 
15 
14 
11 
12 
9. 
24 
13 
70 
40 

138 
64 

145 
72 

53 
68 
37 

1971 

163 
87 

126 
59 
98 
54 
38 
14 
20 
4,1 
8,7 

10 
11 
10 
14 

4 9,5 
26 
18 
56 
26 

109 
67 
93 
71 

50 
64 
36 

1972 

92 
61 
75 
42 
83 
51 
39 
22 
24 
15 
16 
8. 

11 
9. 
13 
10 
44 
19 
89 
59 
-
-
-
— 

39 
49 
30 

1975 

77 
51 
36 
22 
64 
40 
45 
29 
19 
7. 

16 
7 10 

11 
0 8. 

14 
13 
19 
15 
39 
28 
113 
66 

160 
91 

41 
50 
32 

1976 

161 
83 

102 
59 

152 
122 
58 
42 
29 

5 14 
24 
16 
11 

6 9.4 
8.6 
8.1 

14 
8.1 

84 
56 
93 
57 

146 
99 

60 
73 
48 

1977 

95 
61 
88 
57 
54 
40 

66 
79 
53 

AVERAGE 

122 
71 
95 
55 
83 
54 
49 
26 
28 
11 
22 
12 
25 
11 
19 
12 
41 
14 
93 
49 

112 
67 

140 
83 

54 
69 
39 
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TABLE - 3 (CONTD*.••) 

MONTHLY AVERAGE PB-212 (TH-B) ACTIVITIES IN SURFACE AIR AT BOMBAY 

(PICOCURIES PER CUBIC METER) 

JANUARY 

FEBRUARY 

MARCH 

APRIL 

MAY 

JUNE 

JULY 

AUGUST 

SEPTEMBER 

OCTOBER 

NOVEMBER 

DECEMBER 

AVERAGE 

M 
A 
M 
A 
M 
A 
M 
A 
M 
A 
M 
A 
M 
A 
M 
A 
M 
A 
M 
A 
M 
A 
M 
A 

M 
A 

— 
— 
-
— 
-
-
-
~ 
— 
-' 
-
— 
-
— 

1.5 
1.5 
3.5 
2.1 
4.1 
4.8 
5.8 
4.4 
5.3 
7.5 

4.1 
4.0 
4.1 

5 
5 
4 
4 
3 
2 
4 
2 
3 
1 
7 
1 
0 
0 
0 
0 
1 
1 
4 
3 
5 
3 
6 
5 

3 
3 
2 

• 8 
• 4 
.9 
.6 
• 5 
.9 
.5 
.8 
.0 
• 8 
.1 
,6 
.76 
.71 
.93 
.93 
.6 
.1 
.6 
.9 
.2 
.8 
.1 
.3 

.2 
• 6 
.9 

5.8 
4,5 
5.7 
4,5 
4,2 
4,1 
3,5 
2,1 
3.2 
1.8 

' 2,0 
1.4 
0,^9 
0,99 
1.0 
0.73 
2,5 
1,6 
5.1 
3.4 
5,3 
5,1 
6.8 
5,8 

3,4 
3,8 
3,0 

7, 
5, 
7, 
4. 
6. 
4. 
4. 
2. 
2. 
0, 
1, 
0, 
1. 
1. 
1. 
1. 
2. 
1. 
3. 
1. 
5. 
3. 
5. 
4. 

3. 
3. 
2. 

1 

2 
3 
0 
8 
6 
8 
6 
1 
7 
93 
3 
99 
4 
3 
2 
1 
1 
5 
0 
8 
2 
1 
0 
5 

3 
9 
7 

972 

4.6 
3.2 
6.2 
4.0 
9.7 
5.6 
4.7 
2.9 
3.5 
1.6 
2.4 
1.1 
2.0 
1.7 
1.7 
1.3 
3.0 
1.5 
5.3 
2.9 
-
-
-
— 

3.4 
4.3 
2.6 

1975 1976 1 

2.8 
2.9 
1.5 
1.5 
3.0 
3.0 
2.8 
1.9 
1*6 
0.74 
0.81 
0.49 
0.55 
0.49 
0,54 
0.57 
0.76 
0.54 
1.3 
0.81 
3*1 
2.4 
4.9 
4.0 

1.8 
2*0 
1.6 

5,0 
3.4 
3,7 
3.2 
9*7 

10 
5.9 
3,8 
4.2 
1.5 
1.2 
0,67 
0.25 
0.44 
0,50 
0,45 
0,62 
0,43 
3.1 
2,3 
3,4 
2.2 
5,0 
4,8 

3,2 
3.5 
2.8 

97-

3, 
2. 
3. 
3, 
2, 
2, 

3 
3 
2 

r 

.5 

.8 

.7 

.2 

.9 

.5 

.1 

.4 
*8 

AVERAGE 

5.0 
3.9 
4.7 
3,7 
5.7 
4.7 
4.3 
2.6 
3.0 
1.4 
1.6 
1.0 
0,99 
0,94 
1.1 
0,94 
2,0 
1,3 
3,8 
2,8 
4,9 
3.5 
5.5 
5.3 

3,1 
3,5 
2*7 
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TABLE - 3 (CONTO« 

MONTHLY AVERAGE PB-214 (RA-B) ACTIVITIES IN SURFACE AIR AT POONA 
(PICOCURIES PER CUBIC METER) 

APRIL 

MAY 

JUNE 

JULY 

AUGUST 

SEPTEMBER 

OCTOBER 

NOVEMBER 

DECEMBER 

AVERAGE » 

M 
A 
M 
A 
M 
A 
M 
A 
M 
A 
M 
A 
M 
A 
M 
A 
M 
A 

M 
A 

19^ 

10 
7, 
9, 
8, 
6. 
9, 
17 
13 
34 
17 

13 
15 
11 

'4 

1 
,0 
i3 
,9 
,8 

1975 

26 
5.9 

22 
16 
12 
10 
12 
7.7 
9.2 
7.8 
14 
11 
27 
13 
84 
21 
94 
25 

23 
33 
13 

1976 

9.7 
4.7 
7.8 
6.3 
6.3 
4.5 
13 
6.6 
55 
24 

13 
18 
9.0 

»AVERA6 

26 
5.9 

22 
16 
11 
7.3 
9.6 
7.4 
7.5 
7.4 

15 
10 
39 
18 
84 
21 
94 
25 

24 
34 
13 

TABLE - 3 (CONTD*...) 

MONTHLY AVERAGE PB-212 (TH-B) ACTIVITIES IN SURFACE AIR AT POONA 

(PICOCURIES PER CUBIC METER) 

1974 1975 1976 *AVERAGE 

APRIL 

MAY 

JUNE 

JULY 

AUGUST 

SEPTEMBER 

OCTOBER 

NOVEMBER 

DECEMBER 

AVERAGE * 

M 
A 
M 
A 
M 
A 
M 
A 
M 
A 
M 
A 
M 
A 
M 
A 
M 
A 

M 
A 

1.1 
0.8 
1.3 
1.5 
1.2 
1.5 
1.7 
0,7 
2.1 
0.6 

1.3 
1.5 
1.0 

3.9 
0.4 
3.0 
2.1 
1.0 
0.8 
0.8 
0.7 
0.5 
0.7 
1.0 
1.1 
2.3 
2.2 
7.2 
4.5 
6.0 
3.8 

2.3 
2.9 
1.8 

1.1 
1.2 
0.4 
0.6 
0.4 

o.s 
1.0 
0.8 
4.3 
2.5 

1.3 
1.4 
1.1 

3.9 
0.4 
3.0 
2.1 
1.1 
0.9 
0,8 
0.9 
0.7 
0.9 
1.2 
0.9 
2.9 
1.8 
7.2 
4.5 
6.0 
3.8 

2.4 
3.0 
1.8 

* THE AVERAGES ARE NOT THE ANNUAL MEANS AS THE DATA IS FOR PART OF 
THE YEAR ONLY 
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TABLE - 4 A 

CONCENTRATIONS OF PB-210 IN SURFACE AIR AT DIFFERENT STATIONS IN INDIA 
(PICOCURIES PER 1000 CUBICMETERS) 

STATION SRINAGAR*DELHI«GANGTOK*CALCUTTA*NAGPUR*BOMBAY*BANGALORE*OOTACAMUND 

YEAR 

1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 

AVERAGE 

20 
30 
28 
24 
19 

24 

22 
25 
28 
29 
23 

25 

27 
39 
45 
26 
18 
23 
16 

28 

24 
30 
3 5 
22 
21 

26 

23 
30 
31 
24 
13 

24 

22 
28 
21 
17 
17 
11 
13 
25 

19 

17 
19 
26 
16 
12 

18 

12 
15 
21 
20 
7 

15 

TABLE - 4 B 

YEARLY AVERAGE PB-210 ACTIVITY IN RAINWATER (PICOCURIES PER LITER) AND ANNUAL 
RAINFALL (MILLIMETER) 

STATION SRINAGAR^^DELHI'^GANGTOK*CALCUTTA»NAGPUR*BOMBAY*BANGALORE*OOTACAMUND 

1962 

1963 

1964 

1965 

1966 

AVERAGE 

8.0 
(623) 
6.5 
(785) 
't»5 
(694) 
8.0 
(678) 
7.3 
(092) 

6.8 
(734) 

4.5 
(579) 
7.5 
(827) 
2.1 

1.2 
(3173) 
3.3 
(3845) 
1.2 

(1234)(3277) 
3.7 
(592) 
5.1 
(652) 

4.4 
(777) 

1.3 
(3304) 
3.1 
(3510) 

2.1 
(3422) 

1.1 
(1156) 
1«8 

(1678) 
3.2 
(1486) 
6.9 
(1604.) 
3.5 
(1101) 

3.4 
(1405) 

1.4 
(1259) 
4.2 
(933) 
2.6 
(IO5I) 
7.0 
(1019) 
2.2 
(10/^6) 

3.4 
(1062) 

4.1 
(2226) 
1.9 
(2660) 
3.0 
(2125) 
3.4 
(2626) 
3.0 
(1952) 

3.0 
(2318) 

1.0 
(1054) 
2.0 
(1042) 
2,2 
(1193) 
2,3 
(692) 
2.6 
(1207) 

2,0 
(1038) 

0,8 
(1474) 
1,8 
(1192) 
1.7 
(1839) 
2.4 
(871) 
2,2 
(1446) 

1.7 
(1364) 
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FIGURE:i. LOCATION OF FALLOUT SAMPLING STATIONS 

IN INDIA . ( ALTITUDE OF STATIONS ARE GIVEN INSIDE 

BRACKETS ) . 
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F I G U R E : 3 . . CONCENTRATIONS OF Cs-137 IN GROUND LEVEL AIR AT BOMBAY. 
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FIGURE: 6 .Zr-95 ACTIVITY AND Zr-95/Cs-137 IN SURFACE AIR AT BOMBAY. 
( SEVEN DAY MEAN CONCENTRATIONS. ARROWS INDICATE INCREASE 
DUE TO PARTICULAR TEST. NUMBERS GIVE THE TRAVEL TIME ). 
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F I G U R E : ? .AIRBORNE FALLOUT BETA ACTIVITY AT DIFFERENT STATIONS IN INDIA (1956 -1964 
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U.S.S .R. TESTS OF APRIL 1957. 
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FIGURE:9 .FISSION PRODUCT TOTAL BETA RADIOACTIVITY OF SURFACE AIR AT 

BANGALORE, BOMBAY, CALCUTTA, DELHI, NAGPUR , OOTACAMUND, SRINAGAR 
AND GANGTOK FROM THE FIRST FRENCH TEST OF 13 FEBRUARY 1960. 
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imiTS AMD REEEKENCE LEVELS 

Units 

The unit of radioactivity, the "Curie" (Cl), equal to 3-7 x 10^^ disintegrations 
per second, is too large for environmental levels, and subdivisions are used In 
this report; the millicurie (mCl) = 10"^ Ci, and the picociirie (pCi) = 10~''2 Ci 
or 2.22 disintegrations per minute. 

Deposition of radioactivity is given as millicurles per square kilometre (wDi/kxir) 

Concentration of radioactivity 

in air: is given as picocuries per cubic metre (pCi/m5) 

in rain: is given as picocuries per litre (pCi/l) and is derived from the 
relationship: 

Ci/i _ mCi/km x 100 
' " centimetres of rain 

in milk: strontium-90 (" Sr) concentration is given as picocuries per gram 
of calcium (pCl/gCa) 

caeslum-157 ( ̂ (Cs) concentration is given as picocuries per gram 
of potassium (pCi/gK) 

(One litre of milk contains about 1.2 g of calcium and about 1.4 g of potassium) 

Reference Levels 

The following reference levels, against which measured levels reported herein may 
be compared, have been adopted for New Zealand: 

Mixed fission products between 10 and 80 days old (Total Beta Activity) 

in air: 500 pCi/m5 

in rain: 6000 pCl/l 

strontium-90 in milk: 270 pCl/gCa 

caesium-137 in milk: 7000 pCi/gK 
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SUMMARY 

Daring 1976 the deposition of strontium-90 at nine New Zealand stations averaged 

0.1 millicurles per square kilometre. This was the lowest value recorded since 

measurements commenced in I96O: 

During I964 a maximum deposition, averaging 5«6 mCi/km^, res\ilted from the large 

scale U.S.S.R. and U.S.A. atmospheric nuclear tests of 196I-2. Subsequently 

levels decreased and during the French atmospheric tests in the South Pacific from 

1966 to 1974 the ann\ial average depositions in New Zealand ranged from O.J to I.4 

mCi/km2. 

The concentrations of strontlum-90 and caesium-137 in milk reflect these changes 

in fallout deposition. The average concentrations dtiring 1976 were the lowest 

since measurements commenced. 

French undergroTind nuclear tests in the South Pacific commenced in mld-1975' 

Since then continuous monitoring has also been conducted at six Pacific Island 

stations. No fresh fission products, either from venting of tinderground tests or 

from atmospheric tests in the Northern Hemisphere, have been detected since this 

programme started. 

The levels recorded during 1976 were very small fractions of the reference levels 

and thus do not constitute a public health hazard. Moreover, the radiation dose 

resulting from the long-term average levels, summarised herein, is small compared 

not only with natural background but also with common variations in natural 

background. 
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INTROUDCTION 

Hils report continues the series of annual reports on levels of environmental 
radioactivity in New Zealand and in the South Pacific area. 

In September 1974 France terminated the series of atmospheric nucleax tests idiich 
had been conducted in the Tuamotu Archipelago in the South Pacific, and in June 
1975 commenced underground testing in the same area. Consequently the 
Laboratory's monitoring programme was modified in mid-1975 and this programme has 
been continued during 1976. The modified programme, designed to detect any 
venting to the atmosphere of fission products from underground tests, consists of 
daily gamma radiation monitoring at Penrhyn Island and continuous collection of 
air filter and rainwater samples fixDm five Pacific Island and four New Zealand 
stations. The samples are sent to the Laboratoiy for measurement of total beta 
activity. 

The routine programme for measurement of long-term radioactive fallout from 
earlier atmospheric tests was also continued during 1976. In this programme 
^nphasis is given to the measurement of the two most potentially hazardous long-
lived radionuclides, strontitmi-90 and caesium-157- Monthly depositions of 
etrQntium-90 in rain are measured at nine New Zesdand and two Pacific Island 
stations. (Naturally-occurring lead-210 is also evaluated concurrently.) 
Strontium-90 and caeBitimr-157 concentrations are measured in milk from nine New 
Zealand stations. 

Monitoring and sample collecting stations are shown in Figs. 1 a and b. 

Fallout levels during recent years and particularly diiring 1976 have been very low 
and this report has been considerably shortened. The reader is referred to the 
previous annual reports (1), and the reports (2) on special monitoring of French 
atmoBidieric nuclear tests (1966-1974)' These reports give further information on 
terms of reference, potential health hazard, adoption of reference levels, and 
technical information on procedures. They also include graphical presentation of 
results allowing historical and geograi>hioal comparison. 

GAMMA RADIATION MONITORING AT PENRHYN ISLAND 

No increases above the nonaal background radiation level have been detected at 
Penriiyn Island since this monitoring programme started in July 1975-

(1) '•Environmental Radioactivity": 

Annual Report 1971» Report No. NRL-P/48, June 1972 
Annual Report 1972, Report No. NRIr-F/50, April 1975 
Aiumal Report 1973. Report No. llRL-F/52, June 1974 
Annual Report 1974» Report No. NRIr-F/54, June 1975 
Annual Report 1975. Report No. NRL-F/55, June 1976 

(2) "Environmental Radioactivity. Fallout from Nucleax Weapons Tests Conducted 
by France in the South Pacific . . . and comparisons with previous test 
series." Report Nos: NRII-F/47, March 1972 (Stmmiarising all previous 
monitoring restilts since I966); NRL-F/49, October 1972; NRL-F/51, November 
1975, and NRIf-P/53, November 1974. 

JXT- 41 



TOTAL BETA ACTIYITY IN JiJR AMP RAIH 

Normally the short-lived decay products of naturally-occurring radon account for 
most of the beta activity in air. Ground level air over continents has a beta 
activity commonly ranging between 60 and 600 plcocuries per cubic metre, but under 
certain conditions the beta activity may be up to ten times the upper value of 
this range. Air filter samples, and also rainwater samples, which are collected 
for measuxanent of fission piroduots, are held for four days to allow this natural 
radioactivity to decay away and are then measured for residual beta activity irihloh 
is due to radioactive fallout. Hereafter the term "total beta eujtivity" Tetexe 
only to this residual radioactivity due to fission products. 

1. Fission Products in Air 

During 1976 air was monitored continuously at the New Zealand and PaiClfic Island 
stations listed in Table 1 below. The filters were changed three times each week 
and were measured for total beta sujtivlty at the Laboratory. Without exception 
average levels each month during 1976 were at or below the limit of detection 
(0.01 pCl/m5) at each station. Qierefore, for the first time in this series of 
reports, individual results or monthly averages are not tabulated in the Appendix. 
However, the 1976 annual averages are included in Table 1 for oomparison with 
those during previous years. 

TABLE 1 - Total Beta Activity in Air - Amnial Averages (nCi/m^) 

1966 
1967 
1968 
1969 
1970 
•971 
1972 
1975 
1974 
1975 
1976 

AK 

0.14 
0.08 
0.12 
0.12 
0.16 
0.21 
0.06 
0.02 
0.08 
0.05 
0.01 

New Zealand 

WN 

(0.10) 
0.05 
0.10 
0.09 
0.12 
0.12 
0.05 
0.01 
0.05 
0.05 
<0.01 

HK 

(0.12) 
0.16 
0.05 
0.02 
0.07 
0.05 
<0.01 

CH 

0.11 
0.06 
0.07 
0.07 
0.10 
0.15 
0.05 
0.02 
0.05 
0.02 
<0.01 

FJ 

Pacific laLoods 

SM TO AI RA 

' 
Average levels ranged from 

0.04-6.22 pCi/m' in the 

South Pacific area during '&e 

special monitoring progremnes 

<0.01 <0.01 0.01 <0.01 0.01 
<0.01 <0.01 <0.01 <0.01 <0.01 

'iiu; 
i/mJ). 

Notesi 1. The stations are: Auckland, Wellington, Hokitika, Christchuroh, 
Fiji, Samoa, Tonga, Altutaki, and Rarotonga. 

2. Values in parenthesis are estimatest At Wellington measuroBents 
commenced 12 July 1966; at Hokitika, 1 May 197O. 

5. At the Pacific Islands the 1975 remilts are for June-Dec. only (dur; 
this period the New Zealand results were similar, averaging 0.01 pCi, 

It can be seen iitia.t levels in New Zealand have been latitude dependent during the 
period of French atiaospheric tests (1966-1974)* For example, levels at Aoskland 
are hi^er in most cases than those at Christchurch. Moreover, levels at the 
Pacific Islands, during the 5-6 month special monitoring prograames covering these 
tests,were significantly hi^er than New Zealand levels, averaging front O.O4 to 
6.22 pCl/m^, depending on the locality monitored, the extent of nuclear testing, 
and meteorological conditions. 

Since mid-1975. about nine months after the termination of the Frendh atmospheric 
nwslear tests, levels have been at the limit of detection at all stations. There 
has been no indication of fresh fission products, either from vaiting of 
underground tests or from Northern Hemisphere atmospheric tests. 

All levels of fission piroduots in air tabulated here and particularly those during 
recent years have been very small fraction^ of the reference levels. 
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2. Fission Products in Rain 

During 1976 weekly funnel and bottle collections of rainwater were made at the 
same stations providing air filter samples. The rainwater samples were 
despatched to the Laboratory where they were measured for total beta activity. 
Results for individual samples are given in Table 7 Appendix. The annual totals, 
since measurements started, are listed for each station in Table 2 below. 

TABLE 2 - Total Beta Activity in Rain 
(mCl/km^) 

New Zealand 

Weekl.Y Depositions Summed Annually 

Pacific Islands 

AK 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 101 
1971 98 

WN 

1972 
1973 
1974 
1975 
1976 

25 
5 
59 
9 
3 

75 
60 
22 
7 
60 
13 
3 

HK 

106 
77 
205 
61 
133 
99 
33 
8 
42 
19 
4 

CH 

28 
15 
17 
32 
14 
28 
18 
26 
32 
15 
4 
22 
13 
2 

FJ SM TO AI RA 

Average depositions ranged from 

3 - 540 mCi/km2 in the 

South Pacific area during the 

special monitoring programmes 

4 
5 

2 
4 

3 
4 

4 
3 

See Table 1 (Note I) for station names. 
Measurements commenced in Westland at Greymouth in July 1966 - the 
first result is for July-Dec. I966 only. The station was transferred 
to Hokitika starting Jan. 1976. 
Measxirement commenced at AK and WN in May 197O. The first results are 
for May-Dec. only. 
At the Pacific Islands the 1975 results are for June-Dec. only 
(during this period the New Zealand results were similar, averaging 
about 4 mCi/km^). 

Notes: 1. 
2. 

4. 

During I976 the totalled depositions, ranging from 2 to 4 mCl/km^, were the 
lowest recorded and the average concentrations, between 1 and 3 pCi/l (see Table 7 
Appendix), were very small fractions of the reference level. 

STRONTIDM-90 DEPOSITION 

1. Routine Measurement 

The measurement of strontiTim-90 deposition started in New Zealand in I960, and in 
Suva in I96I. Since I963 measurements have been made continuously at nine New 
Zealand stations, and since I967 at two Pacific Islands. Collections axe made 
each month in high walled stainless steel pots. The collected rainwater is passed 
through a column of cation exchange resin at the collecting site. The resin is 
then mailed to the Laboratory for measurement of strontium-90. 

Annual depositions since 196O have been averaged for the New Zealand stations and 
are listed in Table 3 below, together with the annual depositions at each station, 
(individual monthly results during 1976 are given in Table 8 Appendix.) 
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TABLE 3 - Annual Deposition of StrontiTMi-90 (mCiAm^), Ifean Annual Rainfall (cm) 

I960 
1961 
1962 
1965 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1975 
1974 
1975 
1976 

Rainfall 

KA 

1.8 
4.1 
3.1 
1.6 
1.0 
0.9 
1-5 
1.0 
2.0 
0.9 
0.4 
0.3 
0.3 
0.1 

138 

AK 

1.2 
1.1 
1.8 
2.0 
4.0 
2.9 
1.3 
0.9 
0.7 
1.3 
0.9 
1.3 
0.7 
0.3 
0.2 
0.2 
0.1 

117 

NP 

2.0 
5.3 
4.2 
1.9 
1.3 
1.0 
1.5 
1.2 
1.9 
0.9 
0.3 
0.3 
0.3 
0.1 

149 

Hew Zealand 
HN 

0.7 
0.8 
1.0 
1.0 
1.6 
1.7 
0.8 
0.5 
0.6 
0.7 
0.6 
1.0 
0.5 
0.2 
0.2 
0.2 
<0.1 

78 

VfN 

0.8 
1.1 
1,8 
2.0 
3.4 
3.9 
1.6 
1.0 
0.9 
1.1 
1.2 
1.2 
0.8 
0.4 
0.3 
0.3 
0.2 

134 

HK 

1.5 
2.2 
2.8 
3.7 
7.8 
5.9 
2.2 
1.7 
1.4 
2.2 
2.1 
2.5 
1.8 
0.6 
0.5 
0.6 
0.2 

241 

Stations 
CH 

0.5 
0.7 
0.7 
1.2 
1.3 
1.7 
0.7 
0.4 
0.4 
0.7 
0.5 
0.7 
0.4 
0.2 
0.2 
0.2 
<0.1 

60 

m 

1.0 
1.8 
2.0 
0.7 
0.6 
0.4 
0.7 
0.5 
0.8 
0.6 
0.2 
0.2 
0.2 
<0.1 

63 

IN 

0.5 
1.2 
1.2 
1.7 
3.0 
2.8 
1.1 
0.9 
0.5 
1.2 
0.7 
1.1 
0.9 
0.3 
0.2 
0.3 
<0.1 

104 

Average 

0.9 
1.2 
1.6 
1.8 
3.6 
3-1 
1.3 
0.9 
0.8 
1.2 
1.0 
1.4 
0.8 
0.3 
0.3 
0.3 
0.1 

Pacific 
Island 
SU 

1.0 
1.6 
2.4 
2.5 
2.0 
1.2 
0.8 
1.0 
1-3 
0.9 
(1.5) 
0.9 
0.4 
0.3 
0.2 
0.1 

310 

Is 
BA 

(0.9) 
0.7 
0.7 
1.0 

(0.9) 
0.8 
0.6 
0.3 
0.1 
0.1 

209 

Notes: 1. 

2. 

3. 
4. 

Ihe New Zealand stations are: Kaitaia, Auckland, New Plymouth, 
Havelock North, Wellington, Hokitika, Christchurch, Dunedin, and 
Invercargill. . 
The Pacific Island stations are: Suva (Fiji), and Raxotonga. 
The station in Westland (HK) was at Greymouth from 19^-1975 inclusive 
and was resited at Hokitika starting Jaî . 1976. 
Values in parenthesis are estimates. 
The mean aimual rainfall is for I963 to 1976 inclusive (at Raretonga 
for 1967-1976). At Westland annual rainfalls at the awstual collecting 
sites were used to obtain the mean. 

The large scale Northern Hemisphere (U.S.S.R.) and Pacific area (U.S.A.) nuclear 
tests, which were conducted in 196I and 1962 before the signing of the Partial 
Test Ban Treaty, resulted in a delayed stratospheric fallout over New Zealand. 
The maximum deposition from these tests was recorded in late I964 and early I963. 
Thereafter the annual deposition steadily decreased xmtil 1968. 

During the years 1966 to 1974 a series of smaller scale nuclear tests were 
conducted by France in the South Pacific each year except 1969. Each series, 
lasting from one to three months and comprising from three to eight nuclear 
explosions, has taken place during the Southern Hemisphere winter. During these 
tests a total of 4I nuclear devices were reported to have been exploded in the 
atmosphere, most of them being in the low to medium power (kiloton) range. 
However, megaton explosions were reported to have occurred twice in 1968, twice in 
1970,and once in 1971 (2). As a result the annual deposition of strontium-90 in 
New Zealand increased during the period 1969 to 1971-reaching a maximum in 1971 
which, however, was less than one-half of<the I964 maximum. Since then the annual 
depositions have again decreased to reach, during 1976, the lowest values recorded 
since these measurements were started. 

Estimates of the French nuclear tests' contribution to the total strontium-90 
deposition in New Zealand, and also comparisons of New Zealand and Northern 
Hemisphere depositions were made in earlier reports (1). 

Unlike the deposition of fresh fission products from the troposphere after the 
l^ench atmospheric tests, the long term strontiuift-90 deposition, which includes a 
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significant stratospheric component, has shown no latitude dependence within New 
Zealand. The deposition, however, is rainfall dependent and high rainfall areas 
such as Greymouth or Hokitika in Westland have shown elevated values compared to 
low rainfall areas such as Christchurch on the east coast. When normalised for 
rainfall the mean annual deposition at the New Zealand stations, during 1963-1975 
inclusive, was 1.06 mCi/km^ per 100 cm of rain (standard deviation 0.06 mOi/km^). 
However, at Suva during 1974> the year of maximum deposition of stratospheric 
fallout in New Zealand, the deposition was lower than the New Zealand average, 
despite the higher rainfall at Suva. This demonstrates a characteristic feature 
of stratospheric fallout, namely that the tropics receive less stratospheric 
fallout than mid-latitudes. Since then, during the past ten years depositions at 
the two Pacific Islands have been similar to the average depositions in New 
Zealand. During the period of French Pacific nuclear testing it seems that the 
smaller stratospheric component and larger tropospheric component of the fallout 
at the Pacific Islands resulted in depositions similar to those in New Zealand 
where the relative contributions of these components were reversed. 

2. Cumulative Depoeitlon 

Direct measurement of strontium-90 in soil to determine the cumulative deposition 
has been made at selected sites since 1953- The most recent routine measurements 
were made on soils sampled at the end of 1972. Results for this and all previous 
measurements were tabulated in the 1973 Annual Report (l). Sampling depth was 
initially 15 cm in 1955* The depth was increased to 20 cm in I960 and 30 cm in 
1970. Such direct measurements frequently give lower values than those obtained 
by summing annual fallout increments. It was considered that surface inn-off of 
rainwater and leaching of part of the strontium-90 below the sampling depth could 
accoiuat for the lower values. 

During 1976 a special survey to investigate the penetration of strontium-90 (and 
caesium-137) in soil at selected sites was completed (5). The object was to 
relate the findings to the ion exchange properties of the soils and to the known 
levels of milk contamination in the same districts. The soils used in the suarvey 
had been sampled at the end of 1974 to a depth of 75 cm at Northland, Taranaki, 
Wellington, Greymouth, and South Canterbury. The total strontiimi-90 depositions 
measured at these stations were 19, 25, 16, 5I, and 9 mCl/km respectively. It 
was found that strontlum-90 had penetrated below 60 cm at three of these stations. 
However, at least 60^ was still in the top I5 cm, and at least 75?̂  was in the top 
30 cm at each station. 

LEAD-210 DEPOSITION 

Lead-210 is a naturally-occurring radionuclide produced In the atmosphere by decay 
of gaseous radon which is exhaled from land surfaces. Like strontium-90 the 
subsequent deposition of lead-210 is rainfall dependent and high rainfall areas 
such as Hokitika show elevated values compared to low rainfall areas such as 
Christchurch. 

Measurement of lead-210 deposition was continued during 1976. Evaluation was made 
in the same monthly rainwater samples in which strontium-90 was determined. The 
individual results for 1976 are listed in Table 9 Appendix. Earlier results, 
including higher levels during I965 at four stations, and also levels in milk, 

(3) "Profiles of ° Sr and '3'Cs Concent.rations in Selected New Zealand Soils and 
Their Bearing on Milk Contamination Levels." T. Baltakmens and L. P. Gregory. 
N.Z. Jouinal of Science (in press September 1977). 
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were discussed in the 1971 annual report (l). Annual depositions since I967 have 
been averaged for the New Zealand stations and are listed in Table 4 below, 
together with the annual depositions at each station. 

TABLE 4 - Annual Deposition of Lead-210 (mCi/km^) 

New Zealand Stations 

1967 
1966 
1969 
1970 
1971 
1972 
1975 
1974 
1975 
1976 

KA 

0.62 
1.75 
1.83 
1.43 
2.07 
2.28 
1.92 
1.24 
1.61 
1.41 

AK 

1.15 
1.64 
1.33 
1.00 
1.04 
1.62 
1.42 
1.08 
1-51 
1.53 

NP 

1.72 
2.08 
1.54 
1.82 
0.96 
1.99 
2.29 
1.76 
1.81 
1.43 

HN 

0.73 
0.84 
0.88 
0.63 
0.65 
0.88 
0.80 
0.76 
1.12 
0.93 

WN 

1.02 
1.86 
1.20 
1.52 
1.26 
1.70 
1.80 
1.61 
1.97 
1.46 

HK 

2.38 
3.20 
5.94 
5.09 
2.54 
5-41 
3.51 
2.85 
3-94 
2.73 

CH 

0.36 
0.64 
0.56 
0.65 
0.52 
0.70 
0.48 
0.71 
0.92 
0.70 

DN 

0.56 
0.76 
0.92 
0.74 
0.74 
1.22 
0.67 
0.66 
0.91 
0.71 

IN 

0.99 
1.06 
1.29 
0.92 
1.09 
1.31 
0.81 
0.58 
1.11 
0.76 

Average 

1.06 
1.54 
1.50 
1.31 
1.19 
1.68 
1.50 
1.25 
1.66 
1.27 

Pacific 
Islands 

SU RA 

1.25 
2.46 
1.91 
1.85 
1.83 
2.65 
2.11 
1.86 
2.91 
2.03 

0.60 
0.61 
0.98 
0.65 

4.00 
1.40 

Notes:T .See Table 3 (Notes 1 and 2) for station names and the resiting of the 
Westland station at Hokitika. 

2. The 1967 results are for May-Dec. only. 
3. Estimates have been made for some missing monthly deposition results 

in order to reduce the resulting bias in the annual total. Where this 
has not been practicable annual totals are omitted. 

During the last nine years the annual deposition in New Zealand has averaged about 
1.4 mCl/km2. During the same period the annual deposition of weapons test 
strontium-90 at the same stations has averaged about 0.7 mCi/km'̂ . At the Pacific 
Island stations lead-210 depositions at Suva are generally somewhat higher, and at 
Rarotonga generally somewhat lower, than those In New Zealand. 

Since 1967, there does not appear to have been any marked seasonal variation nor, 
unlike strontium-90, any significant change in the average annual deposition. 

STRONTITJM-90 AND CAESIUM-137 IN MILK 

Strontium-90 measurement in New Zealand milk started in I961 and caeBlum-137 
measurement in 1964. Since I965 continuous measurements have been made in samples 
from nine collecting stations. Caesium-157 and potassium are determined directly 
in monthly samples by gamma spectroscopy. Samples are then aggregated quarterly 
for radiochemical analysis for strontium-90 and also for the determination of 
calcium. 

1. Strontlum-90 

The all-station average concentrations each year since I96I are listed in Table 5 
below, together with average levels for each station, (individual quarterly 
results during 1976 are listed in Table 10 Appendix). The average concentration 
during 1976, 2.6 pCi/gCa, was the lowest recorded since measurements commenced. 
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TABLE 5 - Strontlum-90 in Milk - Annual Averages (pCi/gCa) 

1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

Average 

ND 

4.5 
6.3 
7.5 
11.2 
10.6 
6.5 
5.1 
4*1 
6.3 
5.2 
7.3 
4.8 
3.8 
3.3 
3.1 
2.6 

5*8 

AK 

5.5 
5.3 
9*1 
9*4 
6.1 
5*2 
3*8 
6.0 
5.1 
5.8 
4.6 
3*4 
3*0 
2.7 
2.4 

5.2 

WK 

4.1 
4.9 
5.6 
9.5 
9.8 
6.3 
5.0 
4.1 
5*4 
5*2 
6.0 
4.-4 
3.5 
2.7 
5*0 
2.5 

5*1 

TA 

7.1 
9.4 
9*9 
17*1 
16.7 
12.5 
10.4 
8,0 
9*4 
9*7 
10.2 
8.2 
5.7 
5*4 
5*1 
3.5 

9.3 

PN 

4*3 
4*9 
7*1 
8.4 
4.8 
3*9 
3*6 
5*8 
3*6 
5*0 
5.0 
2.7 
2.5 
2.4 
1.6 

4*4 

WN 

8.8 
6.1 
5.4 
4.8 
5.1 
4.7 
4.8 
4.1 
3*5 
3.0 
3.4 
2.4 

4.7 

WD 

12.7 
13.5 
17*2 
26.0 
28.8 
22.7 
17.8 
14.0 
17.9 
21.0 
18.3 
14*7 
10.8 
8.8 
8.7 
6.1 

16.2 

CH 

1.6 
2.1 
2.7 
2.6 
4.3 
2.4 
1*9 
1.6 
1*7 
2.2 
2.0 
1.9 
1.2 
1.3 
1.2 
1.1 

2.0 

DN 

3.0 
3*7 
4*1 
7.4 
4.0 
3.1 
2.4 
3.0 
2*5 
3.0 
3*1 
1*9 
1*9 
1.6 
1.1 

3*1 

Average 

6.0 
6.1 
7.1 
10.8 
11.6 
7*9 
6.4 
5*2 
6.7 
6.6 
6.9 
5*6 
4.1 
3.5 
3.5 
2.6 

6.3 

Note: The stations are:Northland, Auckland, Walkato, Taranaki, Palmerston North, 
Wellington, Westland, Christchurch, and Dunedin. 

Average levels in New Zealand milk reached majcimum values of 10.8 and 11.6 pCi/gCa 
during I964 and 1965 when the rate of strontlum-90 deposition was also a maximum. 
Milk levels then fell steadily reaching a minimum of 5*2 pCi/gCa in I968, about 
half the I964-65 maximum. This indicated that the level in milk was dependent to 
a considerable extent on fallout rate. However, during the period 1965-68, milk 
levels decreased at a slower rate than the strontlum-90 deposition, thus 
indicating in addition, some uptake by grass of the cumulative deposit in the soil. 
After the start of French Pacific nuclear tests in I966, milk levels increased 
slightly during the period 1969-1971* However, following the subsequent decrease 
in deposition since 1972, milk levels also decreased again, reaching the minimum 
level recorded in 1976. 

Milk samples from the lowest and highest rainfall stations, i.e. Christchurch and 
Westland, give the range of strontium-90 contamination in New Zealand milk. 
Generally the extent of this range is from about one-third to nearly three times 
the country-wide average. 

2. Caesium-137 

The all-station average concentrations each yeax since I964 are listed in Table 6 
below, together with average levels for each station, (individual monthly results 
diiring 1976 are listed in Table 11 Appendix.) The average concentration during 
1976, 6 pCi/gK, was the lowest recorded since measurements commenced. Again the 
highest levels were recorded in I964 and I965 and they have steadily decreased 
since then except for a slight increase in 1969 and 1970. The higher levels at 
Taranaki due to the "soil effect" have been discussed in the 1971 annual report 
(1), and this effect has been the subject of fiirther investigation (3). 
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TABLE 6 - Caesium-157 i n Milk - Annual Averages (pCi/gK) 

1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

Average 

ND 

49 
54 
37 
26 
15 
27 
22 
23 
21 
14 
7 
9 
6 

24 

AK 

51 
53 
33 
26 
18 
26 
18 
18 
15 
9 
7 
7 
5 

22 

WK 

69 
84 
60 
48 
36 
41 
35 
36 
28 
21 
16 
14 
11 

38 

TA 

168 
185 
141 
123 
102 
101 
89 
80 
72 
49 
41 
34 
23 

93 

PN 

19 
26 
11 
7 
3 
5 
6 
7 
2 
3 
2 
1 
2 

7 

WN 

29 
18 
13 
7 
9 
11 
9 
7 
4 
3 
3 
2 

10 

WD 

76 
77 
43 
33 
21 
38 
39 
30 
22 
14 
8 
8 
4 

32 

CH 

7 
11 
4 
3 
1 
2 
4 
3 
2 
1 
1 
1 
1 

3 

DN 

11 
18 
9 
5 
3 
4 
5 
5 
4 
2 
1 
1 
2 

5 

Average 

56 
60 
39 
31 
23 
•28 
25 
23 
19 
15 
10 
9 
6 

26 

Note: See Table 5 for station names. 

3. Comparison oF Measured Levels with the Reference Levels 

When comparing measured levels in milk with the reference levels, long-term 
averages are more meaningful. Since measurements commenced, the "countj:y-wide" 
average levels of stronti'um-90 (6.3 pCi/gCa) and caeslTJm-137 (26 pCl/gK), have been 
2,'yfo and 0.4^ of the reference levels respectively. At the stations with the 
highest levels of contamination the corresponding percentages are about three times 
higher. 

Thus the long-term average levels, even at the stations with highest concentrations, 
arc very small fractions of the reference levels and do not constitute a public 
health hazard. 

MISCELLANEOUS 

1. Monitoring During Visits of Nuclear Powered Ships 

Hie environmental radioactivity section of the Laboratory participated in the 
special monitoring of harbour environs during the visit of the USS TRUXTUN to 
Wellington, and the USS LONGBEACH to Auckland in 1976. Pre-visit seawater samples 
were collected and then regular sampling downstream of the ships was tmdertaken at 
e'.'oh high tide. Sampling of bottom sediment^ within the swinging distance of the 
ships'anchorage, and filter feeding molluscs from selected sites was undertaken 
before the ships' arrival and again after departure. All samples were airmailed to 
tho Laboratory where they were evaluated by gamma spectroscopy. Measurements on 
the pre-visib samples established the background levels of radioactivity. All 
samples collected during and after each visit showed only those traces of natural 
radioactivity, and at the same levels, as were measured in the pre-visit samples. 

Air sampling was conducted continuously during each visit at selected sites aroiind 
the harbours. Sampling was by means of pumps each drawing 17 cubic metres of air 
per day through a special cartridge. The cartridges were made at the Laboratory 
from 22 mm diameter plastic cylinders containing a glass-fibre pre-filter for 
trapping particulates followed by a 35 D™ tied of activated charcoal for trapping 
radioiodines. During routine monitoring,cartridges were changed each day and 
airmailed to the Laboratory for evaluation. Iodine-131 was below the limit of 
detection in all cartridges. The limit of detection was less than 1^ of the dose 
limit for continuous exposure over one year for critical groups in the population. 
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as set by the International Commission on Radiological Protection. 

A f\ill report on these monitoring operations has been published (4)* 

2. International Intercomparison 

During 1976 the Laboratory again participated successfully in the intercomparison 
of measurements on environmental samples, and also for the first time on the 
testing of tentative radiochemical procedures: 

The International Reference Centre, WHO, provided a milk sample for measurement 
of strontium-90, caeslum-137» calcium, and potassium; and also a mineral water 
sample for measurement of total beta activity, potassium, radium-226, and natural 
tiranium. 

The U.S. Environmental Protection Agency provided on three occasions milk samples 
for measurement of strontium-89, strontiTmi-90, lodine-131, caeslum-137» 
barlum-140, and potassiiJm, and also a polonium-210 standard solution for a roiand 
robin study. Three Tentative Reference Methods: "Total Alpha and Total Beta 
Radioactivity in Waters", "Total Radiiim and Radium-226 in Waters", and 
"Strontlum-89 and Strontiiim-90 in Waters", were provided by the Agency together 
with radioactive standards and water samples for testing these procedures with 
the objective of raising their status to Standard Reference Methods. 

(4) "Report on Radioactive Monitoring During the Visits of Nuclear Powered 
Ships." National Radiation Laboratoiy, Department of Health, New Zealand, 
Report NPS-1, 22 February I977. 
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TA^LE 7 - 7o-al Beta Act iv i ty of VeeklY Rainwater Sanplea 1976 ; Deposit ion fnClAn )• Rainfal l The c o l l e c t i o n period ia from the date ahown to the s t a r t of the ne r t c o l l e c t i o n , 
N.S. Ho aaaple or reBult a v a i l a b l e , ( ) eetimated r e s u l t . 

CERISTCHnRCS 

siClA™ ^ ^ e mCi/a: icCi/ia ca aCi/\aa Date mCi/km Date =ClAi» Date CO =CiAn Date oCiAa Date nCiA= 

H 
l-l 
H 

O 

Jan 2 

Jan 9 
Jan 16 

Jan 25 

Jan 

Jan 30 
Feb 6 
Feb 15 

0.6 
17.2 
<0.1 

0.3 

18.1 

0.3 
4.9 
0.3 

Feb 20 <0.1 

Feb 

Feb 27 
Mar 5 

5-5 

nil 
1.0 

Mar 12 <0.1 
Mar 19 <0.1 
Kar 26 

Mar 

Apr 2 

Apr 9 
A=r 16 

Apr 25 

Apr 

Apr 30 
Hay 7 
Kay 14 
Kay 21 
.May 23 

May 

Jun 4 
Jun 11 
Jun 18 

Jun 25 

2.5 

3.4 

0.7 
6.8 
0.4 
5-5 

13-2 

5.2 
2.7 
1.2 
2.8 
0.8 

10.7 

5-3 
6.8 
2.8 
5.8 

<0.1 
0.2 
<0.t 

•<0.1 

0.2 

<0.1 
0.2 
<0.1 
<0.1 

0.2 

<0.1 
<0.1 
<0.1 
<0.1 
<0.1 

0.2 

<0.1 
0.2 
<0.1 
<0.1 

0.5 

0.1 
<0.1 
<0.1 
<0.1 
<0.1 

0.5 

<0.1 

<0.1 
<0.1 
<0.1 

Jan 2 
Jan 9 
Jan 16 

Jan 23 

Jan 

Jan 50 
Feb 6 
Feb 13 
Feb 20 

Feb 

Feb 27 

Kar 5 
Kar 12 

I'ax 19 
Kar 26 

Kar 

Apr 2 
Apr 9 
Apr 16 

Apr 23 

Apr 

Apr 30 
Kay 7 
May 14 
May 21 
Kay 28 

May 

Jun 4 
Jun 11 
Jun 18 
Jun 25 

0.4 
3.2 
0.5 
6.2 

10.3 

0.2 
5.0 
1.1 
0.5 

6.8 

<0.1 

0.2 
<0.1 
<0.1 

5.0 

5.3 

1.1 
4.8 

<0.I 

3.6 

9.6 

1.6 
6.0 
0.9 
0.3 
0.2 

9.0 

4.2 
2.9 
6.5 
1.1 

<0.1 
0.1 

<0.1 
0.2 

0.4 

<0.1 
0.1 
<0.1 
<0.1 

0.2 

<0.1 
<0.1 
<0.1 
<0.1 
N.S. 

(0.1) 

<0.1 
0.1 
<0.1 
0.1 

0.4 

0.1 
0.2 

<0.1 
<0.1 
<0.1 

0.4 

0.1 
<0.1 
0.1 

<0.1 

Jan 2 

Jan 9 
Jan 16 
Jan 23 

Jan 

Jan 50 
Feb 6 
Feb 15 
Feb 20 

Feb 

Feb 27 

Max 5 
Mar 12 

Har 19 
Har 26 

Max 

Apr 2 

Apr 9 
Apr 16 

Apr 25 

Apr 

Apr 50 
May 7 
May 14 
May 21 
May 28 

May 

Jun 4 
Jun 11 
Jun 18 
Jun 25 

0.4 
9.4 
5-1 
15.1 

50.0 

1.7 
1.1 
5.B 
1.2 

9.8 

0.2 
7.4 
nil 
4.5 
2.5 

14.4 

3.7 
<0.1 
<0.1 

8.6 

12.4 

4.5 
4.9 
12.6 

4-3 
6.7 

33.0 

9.5 
0.9 
0.9 
8.1 

<0.1 
0.1 
0.1 
M.S. 

(0 .3 ) 

N.S. 
<0.1 

0.5 
<0.1 

0.4 

<0.1 

0.1 
<0.1 
<0.1 
<0.1 

0 .3 

<0.1 
<0.1 
<0.1 

0.1 

0.2 

0.1 
<0.1 

0.2 
<0.1 

0.5 

0.3 

0.1 
<0.1 
<0.1 
0.1 

Jan 
Jan 
Jan 
Jan 

Jan 

Jan 
Feb 
Feb 
Feb 

Feb 

Feb 
Mar 
Mar 
Kar 

2 
9 
16 
25 

30 
5 
13 
20 

27 
5 
12 
19 

Mar 26 

Mar 

Apr 
Apr 
Apr 

2 
9 
15 

Apr 25 

Apr 

Apr 
May 
Hay 
May 
Kay 

May 

Jun 
Jun 
Jun 
Jun 

50 
y 
14 
21 
28 

4 
11 
18 
25 

0.4 
4.0 

<0.1 

1.4 

5.8 

0.6 
5.5 
0.1 
1.6 

5.8 

0.5 
<0.1 
nil 
nil 
1.1 

1.6 

1.9 
0.6 
<0.1 
<0.1 

2.6 

<0.1 

1.4 
1.5 
0.8 
0.5 

4.0 

0.5 
0.3 
5-5 
0 .5 

<0.1 
<0.1 
<0.1 
<0.1 

0.1 

<0.1 
<0.1 
<0.1 
<0.1 

0.2 

<0.1 
<0.1 
<0.1 
<0.1 
0.1 

0.1 

<0.1 
<0.1 
<0.1 
<0.1 

<0.1 

<0.1 
<0.1 
<0.1 
<0.1 
<0.1 

0.1 

<0.1 

<0.1 
<0.1 
<0.1 

Dec 
Jan 
Jan 
Jan 

Jan 

Feb 
Feb 
Feb 

Feb 

Mar 
Mar 
Mar 
Mar 

Mar 

Mar 
Apr 
Apr 
Apr 

Apr 

Apr 
May 
Stay 
May 
Hay 

May 

Jun 
Jun 
Jun 

29 
7 
14 
21 

10 
18 
25 

5 
10 
17 
25 

31 
7 
15 
21 

28 
5 
12 
19 
26 

3 
15 
25 

5-2 
8.8 
5.6 
13.1 

50.7 

5.0 
4.6 
2.7 

12.3 

11.9 
2.8 
5.2 
0.8 

20.7 

0.8 
7.6 
11.5 
0.8 

20.5 

1.7 
<0.1 
nil 
0.6 
nil 

2.4 

2.5 
1.0 
n U 

<0.1 
0.1 
<0.1 

0.5 

0.5 

<0.1 
0.1 

<0.1 

0.1 

0.1 
<0.1 
<0.1 
<0.1 

0.2 

<0.1 
0.1 
<0.1 

0.2 

0.5 

<0.1 
<0.1 

0.1 
<0.1 
<0.1 

0.2 

0.2 
<0.1 
<0.1 

Deo 
Jan 
Jan 
Jan 

Jan 

Jan 
Feb 
Feb 
Feb 
Feb 

Feb 

Max 
Mar 
Mar 

28 
8 
16 
25 

30 
6 
15 
20 
25 

5 
12 
19 

Max 26 

Mar 

Apr 
Apr 
Apr 

2 
9 
16 

Apr 23 

Apr 

Apr 
May 
May 
May 
tfey 

May 

Jun 
Jun 
Jun 
Jun 

30 
7 
14 
21 
23 

4 
11 
18 
25 

12.7 
21.0 

27.5 
5.9 

65.1 

9.5 
7.2 

20.2 

4.1 
5.9 

46.7 

7.1 
2.6 
1.0 
7.9 

18.6 

1.2 
1-7 
0.9 
16.6 

20.4 

6.1 
2.5 
15.8 
5.6 
2.0 

28.0 

0.9 
12.1 
1.2 
0.5 

<0.1 
<0.1 
<0.1 
<0.1 

0.1 

<0.1 
<0.1 
0.2 

<0.1 
<0.1 

0 .5 

0.2 
0.1 

<Q.1 
0.1 

0.4 

<D.1 
<0.1 
<0.1 
0.1 

0.2 

<0.1 
<0.1 
0.2 

<0.1 
<0.1 

0.4 

<0.1 

<0.1 
<0.1 
<0.1 

Jan 
Jan 
Jan 

2 
9 
16 

Jan 25 

Jan 

Jan 50 
Feb 
Feb 
Feb 
Fob 

Feb 

Har 
Max 
Mar 
Mar 
Mar 

Mar 

Apr 
Apr 
Apr 

6 
13 
20 
27 

1 
5 
12 
19 
26 

2 
9 
16 

Apr 25 

Apr 

Apr 50 

Hay 
May 
May 
May 

May 

Jun 
Jun 
Jun 
Jun 

7 
14 
21 
28 

4 
11 
13 
25 

5.3 
3.4 
15.5 
5.1 

23.1 

2.5 
5.5 
9.8 
4.7 
15-2 

37.3 

8.5 
5.2 
5.6 
5.2 
0 .3 

22.8 

5.1 
27.1 

4.4 
0.5 

56.9 

7.7 
0.4 
0.6 
<0.1 
0.8 

9.5 

4.2 
0.4 
0.1 
0.2 

<0.1 
<0.1 

0.2 
<0.1 

0.2 

0.1 
<0.1 
0.2 

<0.1 
<0.1 

0.4 

<0.1 
<0.1 
<0.1 
<0.1 
<0.1 

0.1 

<0.1 

0.4 
<0.1 
0.1 

0.6 

0.2 
<0.1 

0.1 
<0.1 
<0.1 

0.5 

0.1 
<0.1 
<0.1 
<0.1 

Deo 
Jan 
Jan 
Jan 

29 
5 
12 
19 

Jan 26 

Jan 

Feb 
Feb 
Feb 
Feb 

Feb 

Mar 
Mar 
Mar 
Max 

Max 

2 
8 
16 
23 

1 
8 
15 
22 

Max 29 
Apr 
Apr 

5 
12 

Apr 19 

Apr 

Apr 29 
May 
May 

10 
16 

May 24 

May 

Hay 31 
Jun 
Jun 
Jun 

7 
14 
21 

0.3 
2.2 
7.7 
0.4 
1.6 

12.2 

22.5 
4-8 
4.2 
2.3 

33.6 

0.4 
1.3 
1.3 
1.9 

4.9 

1.5 
21.5 
3.9 

12.7 

39.4 

0.9 
13.1 
6.1 
4.4 

24.5 

3.8 
1.4 
1.5 
0.8 

<0.1 
<0.1 
<0.1 
<0.1 
<0.1 

<0.1 

0.2 
<0.1 
<0.1 
0.1 

0.4 

<0.1 
<0.1 
<0.1 
<0.1 

0.2 

<0.1 
<0.1 
<0.1 

0 .3 

0 .5 

<0.1 
<0.1 
<0.1 
0.2 

0.3 

<0.1 

<0.1 

<0.1 
<0.1 

Jan 
Jan 
Jan 
Jan 

Jan 

Jan 
Feb 
Feb 
Fab 

Feb 

2 
9 
16 
23 

30 
6 
13 
20 

Feb 27 
Max 
Max 
Max 

Kar 

5 
12 
20 

Mar 26 
Apr 16 
Apr 23 

Apr 

Apr 30 
Hay 
May 
May 

Kay 

7 
14 
21 

May 28 

Jun 
Jun 

18 
25 

4.8 
8.7 
2.2 
8.5 

24.0 

10.9 
23.5 
1.0 
2.5 

57.9 

0.1 
0.9 
3.) 

12.4 

16.9 

14.9 
10.9 

13.1 

38.9 

5.8 
1.5 
2.4 
0.5 

10.2 

25.5 
1.8 
4.7 

<0.1 
0.1 

<0.1 
<0.1 

0.2 

0.1 
<0.1 
<0.1 
<0.1 

0.3 

<0.1 
0.1 

<0.1 
<0.1 

0.2 

(0.1) 
<0.1 

0 .3 

0.5 

0.1 
<0.1 
<0.1 

0.1 

0.2 

<0.1 

<0.1 
<0.1 

fe 
hj 
M 
i~\ 
M 

16.7 0.2 Jun 14.7 0.3 Jun 19.4 0.3 Jun 6.4 <0.1 3.5 14.7 4.9 0.2 Jun 7.5 31.8 <0.1 



TA3IE 7 (continued) 

D a t e 

J u l 2 
J u l 9 
J u l 16 
J u l 2 3 

J u l 

J u l 30 
A J ^ 6 
Au« 13 
Aa« 20 
A ' ^ 27 

islg 

S'7 3 
Sap 9 
Sep 17 
Sep 24 

Sep 

Oct 1 
O c t 3 
O c t 15 
O c t 22 

O c t 

O c t 29 
liov 5 
IIov 12 
liov 19 
: : j v 26 

»0V 

:*c 3 
Doc 10 
Dee 17 
Dec 24 

Dec 

ACCaAOT 

c a 

1 0 . 5 
1 .9 
1 .6 
1.9 

1 5 . 9 

3 . 2 
5 . 5 
2 . 1 
0 . 5 
0 . 8 

9 . 9 

8 . 6 
5 . 3 
0 . 2 
1 .3 

1 3 . 9 

0 . 4 

-3.7 
1.5 

S-i 

0 . 2 
0 . 3 

1 .5 
6 . 6 

8 . 6 

1 .3 
1.1 
6 . 7 
1 .6 

1 0 . 7 

WTAL 132 

Ave rage 

tCi/a? 

< 0 . 1 
< 0 . 1 
< 0 . 1 
< 0 . 1 

0 . 2 

0 . 1 
< 0 . 1 
< 0 . 1 
< 0 . 1 
< 0 . 1 

0 . 2 

< 0 . 1 
< 0 . 1 
< 0 . 1 
< 0 . 1 

0 . 2 

< 0 . 1 
K . S . 

< 0 . 1 
0 . 1 

0 . 2 

< 0 . 1 
< 0 . 1 

N . S . 
0 . 1 
0 . 1 

0 . 3 

< 0 . 1 
< 0 . 1 
< 0 . 1 
< 0 . 1 

< 0 . 1 

2 . 5 

C o n c e a t r a t i o c 

«ELLIHOTON 

D a t e 

J u l 2 
J u l 9 
J u l 16 
J u l 2 3 

J u l 

J u l 30 
Aug 6 
Au€ 13 
Au« 20 
A J ^ 27 

Au« 

Sep 3 
Sep 10 
S e p 17 
Sep 24 

S e p 

Oct 1 
O c t 8 
O c t 15 
O c t 22 

O c t 

O c t 29 
Nov 5 
Nov 12 
Nov 19 
Nov 26 

Nov 

Dec 3 
Dec 10 
Dec 17 
Dec 24 

Dec 

cm 

2 . 5 
7 . 1 
7 . 6 
0 . 9 

1 7 . 9 

4 . 1 
1 .8 

4 - 5 
2 . 3 
4 - 1 

1 6 . 3 

1.0 
3-9 
0 . 1 
4 . 8 

9 . 8 

1.9 
1 .9 
1.9 
1 .3 

7 . 0 

0 . 2 
2 . 5 

-0 . 9 
2 . 3 

6 . 4 

1 .0 
1 .9 

2 2 . 4 
1 .4 

2 6 . 7 

TOTAL 140 

( p c i / 1 ) 

mOlAa^ 

< 0 . 1 
N . S . 

< 0 . 1 
- < 0 . 1 

0 . 2 

< 0 . 1 
< 0 . 1 
< 0 . 1 
< 0 . 1 
< 0 . 1 

0 . 3 

< 0 . 1 
< 0 . 1 
< 0 . 1 
< 0 . 1 

0 . 1 

< 0 . 1 
< 0 . 1 

0 . 1 
0 . 1 

0 . 3 

< 0 . 1 
< 0 . 1 

s.s. 
< 0 . 1 
< 0 . 1 

0 . 3 

< 0 . 1 
< 0 . 1 

N . S . 
< 0 . 1 

< 0 . 1 

3 . 0 

S a t e 

J u l 
J u l 
J u l 
J u l 

J u l 

J u l 

Aus 
Au« 
Au« 

EODTIKA 

2 
9 

16 
2 3 

30 
6 

15 
20 

Au« 27 

iui 

Sep 
Sep 
S e p 
Sep 

S e p 

O c t 
O c t 
Oct 
Oct 

O c t 

O c t 
Nov 
Nov 
Nov 
Nov 

Nov 

Dec 
Dec 
Dec 
Dec 

Deo 

5 
10 
17 
24 

1 
3 

15 
22 

29 
5 

ca 

0.7 
1 0 . 1 

5 . 3 
6 . 9 

2 5 . 0 

4 . 6 
0 . 9 
2 . 0 
B .2 
m l 

1 5 . 7 

0 . 5 
9 . 6 
1.1 
0 . 8 

1 2 . 0 

5 . 2 
7 . 0 
8 . 5 
4 . 9 

2 5 . 6 

5 .1 
a.9 

12 < 0 . 1 
19 
26 

3 
10 
17 
24 

1.5 
5 . 4 

2 0 . 0 

1 5 . 2 
2 . 7 
5 .1 

1 9 . 4 

4 0 . 4 

TOTAL 256 

nClA"^ 

< 0 . 1 
0 . 2 

< 0 . 1 
0 . 2 

0 . 4 

< 0 . 1 
< 0 . 1 
< 0 . 1 

0 . 2 
< 0 . 1 

0 . 3 

< 0 . 1 
< 0 . 1 
< 0 . 1 
< 0 . 1 

< 0 . 1 

< 0 . 1 
0 . 1 

< 0 . 1 
< 0 . 1 

0 . 3 

< 0 . 1 
0 . 1 

< 0 . 1 
< 0 . 1 

0 . 1 

0 . 4 

0 . 5 
< 0 . 1 
< 0 . 1 

0 . 2 

0 . 6 

4 . 5 

CHElSTCatraoH 

S a t e 

J u l 
J u l 
J u l 
J u l 

J u l 

J u l 
Aw! 
Aug 
Aug 

2 
9 

16 

c a 

1 .9 
2 . 4 
1.5 

2 5 < 0 . 1 

30 
6 

1} 
20 

Aug 27 

Aug 

Sep 
Sep 
Sep 
Sop 

Sep 

O c t 
O c t 
O c t 
O c t 

Oct 

O c t 
!Jov 
Nov 
Nov 
Nov 

Nov 

Deo 
Dec 
Dec 
Deo 

Dec 

3 
10 
17 
24 

1 

a 
15 
22 

29 
5 

12 
19 
26 

3 
10 
17 
24 

TOTAL 

5 . 8 

1.7 
1 .4 
0 . 4 
2 . 2 
2 . 6 

8 . 5 

2 . 7 
5.7 

< 0 . 1 
0 . 1 

6 . 6 

0 . 5 
1.1 
2 . 6 
1.2 

5 - 4 

0 . 4 
0 . 7 
1.4 

o.a 
1-5 

4 . 3 

1.9 
0 . 9 
3 .7 
0.5 

7.0 

64 

aClAi"' 

< 0 . 1 
< 0 . 1 

0 . 1 
< 0 . 1 

0 . 3 

< 0 . 1 
< 0 . 1 
< 0 . 1 

0 . 1 
< 0 . 1 

0 . 2 

< 0 . 1 

<a.i 
0 . 1 
< 0 . 1 

0 . 1 

< 0 . 1 
< 0 . 1 

0 . 1 
< 0 . 1 

0 . 2 

< 0 . 1 
< 0 . 1 

0 . 2 
< 0 . 1 

0 . 1 

0 . 5 

< 0 . 1 
< 0 . 1 
< 0 . 1 
< 0 . 1 

< 0 . 1 

1.7 

D a t e 

J u n 50 
J u l 8 
J u l 16 
J u l 26 

J u l 

Aug 2 
Aug 10 
Aug 18 
Aug 25 

Aug 

Sep 2 
Sep 7 
Sep 16 
S-p 22 

Sep 

Sep 30 
O c t 6 
Oct 1 ; 
Oct 21 

Oct 

O c t 28 

F I J I 

c a 

n i l 
n i l 
0 . 6 
1.1 

1.7 

3 . 2 
0 . 5 
5 . 5 
n i l 

9 . 0 

1 6 . 5 
2 . 3 
O . i 

1 9 . 6 

3 .2 
n i l 
n i l 
1.6 

4 . 3 

2 . 3 
NOT 5 < 0 . 1 
Nov 10 
NOV 18 
!Iov 24 

Nov 

Deo 1 
Dec 8 
Deo 15 
Deo 22 

Dec 

7 . 0 
n i l 
2 . 2 

1 1 . 5 

1.4 
n i l 
1.0 

2.3 

4.7 

TOTAL 141 

itflAa^ 

< 0 . 1 
0 . 3 

< 0 . 1 
< 0 . 1 

0 . 4 

< 0 , 1 
< 0 . 1 
< 0 . 1 
< 0 . 1 

< 0 . 1 

< 0 . 1 
< 0 . 1 
< 0 . 1 

I . S . 

< 0 . 1 

< 0 . 1 
< 0 . 1 
< 0 . 1 
< 0 . 1 

s O . l 

0 . 1 
< 0 . 1 

0 . 1 
0 . 2 
0 . 2 

0 . 6 

< 0 . 1 
< 0 . 1 
< 0 . 1 
< 0 . 1 

< 0 . 1 

2 . 8 

Data 

J u l 
J u l 
J u l 

J u l 

J u l 
Aug 
i-'-f. 
Aug 

2 
9 

16 

29 
6 

13 
20 

Aug 27 

Aug 

Sep 
SCO 
S e p 
S . p 

Sep 

O c t 
Dct 
Oct 
O c t 

O c t 

O c t 
Nov 
Nov 
Nov 

Nov 

Nov 
Dec 
Dec 
Dec 
Dec 

Deo 

SAMOA 

c a 

3 . 2 
8 . 1 
6 . 3 

1 7 . 6 

0 . 7 
0 . 2 
0 . 4 
m l 
2 . 7 

4 . 0 

3 < 0 . 1 
10 
17 
24 

1 
9 

< 0 . 1 
0 . 1 
0 . 3 

0 . 4 

< 0 . 1 
0 . 8 

15 < 0 . 1 
22 

29 
5 

12 
19 

29 
7 

11 
17 
24 

0 . 1 

0 . 9 

6 . 6 
9 . 0 
0 . 5 
6 . 1 

2 2 . 0 

1 8 . 9 
2 9 . 4 

1.9 
3 .0 
7 . 0 

6 0 . 2 

TOTAL 299 

a0lA»2 

0 . 2 
< 0 . 1 
< 0 . 1 

0 . 3 

< 0 . 1 
0 . 1 

< 0 . 1 
< 0 . 1 
< 0 . 1 

0 . 3 

< 0 . 1 
< 0 . 1 
< 0 . 1 
< 0 . 1 

0 . 1 

0 . 2 
0 . 1 

< 0 . 1 
< 0 . 1 

0 . 3 

< 0 . 1 
0 . 1 

< 0 . 1 
0 . 2 

0 . 4 

< 0 . 1 
< 0 . 1 
< 0 . 1 
< 0 . 1 
< 0 . 1 

0 . 1 

5.0 

Sate 

Jul 
Jul 
J u l 
J u l 

J u l 

J u l 
Aug 
Aug 
Aug 

2 
9 

16 
2 3 

30 
6 

TONOA 

c a 

0 . 5 
2 . 0 
1.8 
2 . 0 

6 . 1 

1 .6 
1.1 

13 < 0 . 1 
20 

Aug 27 

Aug 

Sep 
Sep 
S e p 
Sep 

Sep 

O c t 
O c t 
Oct 
O c t 

Oct 

O c t 
Nov 
Nov 
Nov 
Sov 

Nov 

Dec 
Dec 
Dec 
Dec 

Deo 

3 
10 
17 
24 

1 
3 

15 
22 

29 
5 

12 
19 
26 

1 
10 
17 
25 

3-1 
1 . 3 

7 . 1 

1 6 . 5 
n i l 
2 . 7 
5 . 8 

2 5 . 0 

1 .3 
0 . 1 
1.9 
6 . 8 

1 0 . 1 

6 . 9 
0 . 7 
6 . 7 
8 . 6 
7 . 9 

3 0 . 3 

0 . 3 
< 0 . 1 

1 .6 
0 . 3 

2 . 2 

TOTAL 216 

aClA»' 

< 0 . 1 
< 0 . 1 
< 0 . 1 

0 . 4 

0 . 6 

< 0 . 1 
< 0 . 1 
<0 .1 

0 . 1 
< 0 . 1 

0 . 2 

< 0 . 1 
< 0 . I 
< 0 . 1 
<0 .1 

0 . 2 

< 0 . 1 
0 . 1 

< 0 . 1 
< 0 . 1 

0 . 2 

< 0 . 1 
< 0 . 1 

0 . 2 
0 . 5 
0 . 2 

0 . 8 

0 . 1 
< 0 . 1 
< 0 . 1 
< 0 . 1 

0 . 1 

4 -1 

Da te 

J u n 
J u l 
J u l 
J u l 
J u l 

J u l 

Aug 
Aug 
Aug 

AITUTAn 

2 8 
6 

14 
19 
26 

2 

c a 

1 . 4 
0 . 2 
0 . 6 

4 . 5 
2 . 4 

9 . 1 

0 . 5 
9 <D.1 

16 
Aug 25 

Aug 

Aug 30 
Sep 
Sep 
Sep 

Sep 

O c t 
O c t 
Oct 
O c t 

Oct 

Nov 
Sov 
Nov 
Nov 

N O T 

HOT 

Dec 
Dec 
Dec 

Dec 

6 
15 
20 

4 
1 ' 
18 

25 

1 
3 

15 
2 2 

29 
b 

15 
20 

< 0 . 1 
2 . 4 

3 . 0 

1 .2 
0 . 1 
0 . 5 
5 . 9 

5 . 5 

0 . 7 
0 . 1 

< 0 . 1 
6 . 4 

9 . 2 

3 . 7 
n i l 
0 . 4 

1 8 . 9 

2 3 . 0 

1 8 . 0 

. 
-
~ 

1 8 . 0 

TOTAL 190 

aClAa^ 

0 . 1 
< 0 . 1 

0 . 3 
< 0 . 1 
< 0 . 1 

0 . 5 

0 . 2 
< 0 . 1 
< 0 . 1 
< 0 . 1 

0 . 4 

< 0 . 1 
< 0 . 1 
< 0 . 1 
< 0 . 1 

0 . 2 

< 0 . 1 
< 0 . 1 

0 . 1 
0 . 2 

0 . 4 

< 0 . 1 
< 0 . 1 

0 . 3 
0 . 3 

0 . 7 

0 . 1 
H . S . 
U . S . 
N . S , 

0 . 1 

5 . 8 

RASOTo:: 

S a t e 

J u l 2 
J u l 9 
J u l 16 
J u l 2 3 

J u l 

J u l 50 

c a 

0 . 8 

. 
7 . 2 
4 . 3 

1 2 . 3 

2 . 9 
Aug 6 < 0 . 1 
Aug 13 < 0 . 1 
ti^ 20 
l u g 27 

Aug 

Sep 2 
Sep 10 
S e p 17 

S e p 

Oct 1 
O c t 8 
O c t 15 
O c t 22 

O c t 

S O T 3 
NOT 5 
NOT 12 
H O T 22 

N O T 

Dec 5 
Deo 12 

t o 
J a n 5 

Dec 

1 1 . 7 
4 . 4 

1 9 . 0 

5 . 4 
0 . 6 
1 4 

7 . 4 

3 . 2 
< 0 . 1 

2 . 6 
2 . 0 

7 . 3 

7 . 7 
6 . 7 
4 . 2 
1 .7 

2 0 . 3 

1.9 

1 8 . 9 

2 0 . 8 

TOTAL 247 

:A 

sCi/)a^ 

0 . 1 
S . S . 
0 . 2 

< 0 . 1 

0 . 5 

< 0 . 1 
< 0 . 1 
< 0 . 1 
< 0 . 1 
< 0 . 1 

0 . 2 

< 0 . 1 
< 0 . 1 
< 0 . 1 

< 0 . 1 

0 . 5 
< 0 . 1 

0 . 4 
< 0 . 1 

0 . 7 

< 0 . 1 
< 0 . 1 
< 0 . 1 

0 . 2 

0 . 5 

< 0 . 1 

< 0 . 1 

< 0 . 1 

3 - 0 

s 
M 

X 



H 

I 

Ul 

TABLS 8 

Station 

Zaitaia 

Auckland 

Kew Plymouth 

Strontluni-90 in 

Rainfall 
Deposition 
Concentration 

Rainfall 
Deposition 
Concentration 

Rainfall 
Deposition 
Concentration 

Havelook North Rainfall 
- Deposition 
Concentration 

Wellington 

Hokitika 

Christchurch 

Dunedln 

Invercargill 

Hew Zealand 
Country-wide 
Average 

Suva, Fiji 

Rarotonga 

Rainfall 
Deposition 
Concentration 

Rainfall 
Deposition 
Concentration 

Rainfall 
Deposition 
Concentration 

Rainfall 
Deposition 
Concentration 

Rainfall 
Deposition 
Concentration 

Rainfall 
Deposition 
Concentration 

Rainfall 
Deposition 
Concentration 

Rainfall 
Deposition 
Concentration 

Rain 197 

Jan 

32.5 
0.02 
<0.1 

18.5 
0.01 
<0.1 

12.8 
0.02 
0.1 

10.2 
<0.01 
<0.1 

11.0 
0.01 
0.1 

30.0 
0.02 
<0.1 

8.8 
<0.01 
<0.1 

2-5 
<0.01 
0.2 

9-5 
0.01 
0.1 

15.1 
0.01 
0.1 

29.8 
<0.01 
<0.1 

24.3 
0.01 
<0.1 

6 : Rainfall (ca 

Feb 

2.4 
0.01 
0.4 

5.2 
0.01 
0.2 

10.7 
0.02 
0.2 

21.5 
<0.01 
<0.1 

5.6 
0.02 
0.3 

9.2 
0.02 
0.2 

5.8 
.0.01 
0.2 

4.0 
<0.01 
0.2 

2.9 
<0.01 
0.3 

7.5 
0.01 
0.2 

34.6 
<0.01 
<0.1 

37.9 
0.01 
<0.1 

Ifer 

1.3 
<0.O1 
0.3 

3.4 
<0.01 
<0.1 

7.8 
<0.01 
<0.1 

4.1 
<0.01 
0.1 

8.2 
0.01 
0.1 

13.4 
0.01 
0.1 

1.6 
<0.01 

0.3 
0.8 
<0.01 
0.6 

5.7 
<0.01 
0.1 
5.2 
<0.01 
0.2 

28.0 
<0.01 
<0.1 

. Deposj 

Aor 

20.1 
0.01 
<0.1 

14.0 
<0.01 
<0.1 

15.9 
0.01 
<0.1 

5-2 
<0.01 
<0.1 

7.5 
<0.01 
<0.1 

14.0 
<0.01 
<0.1 

2.6 
0.01 
0.2 

2.5 
<0.01 
0.2 

6.2 
<0.01 
<0.1 

9.8 
<0.01 
<0.1 

17.1 
<0.01 
<0.1 

18.4 37.1 
<0.01» 
<0.1 » 

tion (mCi/ 

May 

6-5 
<0.01 
0.1 

8.4 
<0.01 
<0.1 

12.3 
<0.01 
<0.1 

0.8 
<0.01 
0.5 

9.4 
<0.01 
<0.1 

30.0 
0.01 
<0.1 

3.7 
<0.01 
0.2 

6.8 
<0.01 
<0.1 

14.3 
0.01 
<0.1 

10.2 
<0.01 
0.1 

51.1 
0.01 
<0.1 

15.1 
<0.01 
<0.1 

']cmn. C 
Jun 

13.0 
0.02 
0.1 

15-7 
<0.01 
<0.1 

19.1 
0.01 
<0.1 

3.8 
<0.01 
<0.1 

21.9 
0.01 
<0.1 

23.5 
0.02 
<0.1 

6.7 
<0.01 
<0.1 

10.1 
<0.01 
<0.1 

16.0 
<0.01 
<0.1 

14.4 
0.01 
<0.1 

17.6 
0.01 
<0.1 

26.6 
0.01 
<0.1 

Dncentration (pCiA 

Jul 

15.2 
<0.01 
<0.1 

17.9 
0.01 
<0.1 

16.4 
<0.01 
<0.1 

7.4 
<0.01 
<0.1 

20.8 
0.01 
<0.1 

24.5 
0.02 
<0.1 

5.9 
0.01 
0.2 

4.1 
<0.01 
0.2 

11.9 
<0.01 
<0.1 

13.8 
0.01 
<0.1 

13.7 
0.01 
<0.1 

4.5 
<0.01 
0.2 

Mis. 
14.7 
0.01 
<0.1 

9.1 
<0.01 
<0.1 

12.8 
0.02 
0.1 

10.4 
0.01 
0.1 

21.3 
0.02 
<0.1 

15.3 
0.02 
0,1 

8.1 
0.02 
0.2 

6.8 
0.01 
0.2 

4.0 
0.01 
0.3 

11.4 
0.01 
0.1 

21.1 
0.02 
0.1 

15.6 
0.01 
<0.1 

L 
Sep, 

9.4 
<0.01 
<0.1 

14.0 
0.01 
<0.1 

8.4 
0.01 
0.1 

12.6 
<0.01 
<0.1 

12.9 
<0.01 
<0.1 

12.1 
<0.01 
<0.1 

6.6 
<0.01 
0.1 

3-2 
<0.01 
0.2 

1-5 
<0.01 
<0.1 

9.0 
<0.01 
<0.1 

31.8 
0.01 
<0.1 

7.4 
<0.01 
<0.1 

Oct 

13.0 
<0.01 
<0.1 

6.4 
<0.01 
<0.1 

11.7 
<0.01 
<0.1 

7.5 
<0.01 
<0.1 

11.5 
0.05 
0.3 

26.5 
0.01 
<0.1 

5.5 
<0.01 
<0.1 

5-1 
<0.01 
0.1 

7.3 
<0.01 
<0.1 

10.5 
<0.01 
<0.1 

23.0 
<0.01 
<0.1 

6.1 
<0.01 
<0.1 

Nov 

13.0 
<0.01 
<0.1 

11.5 
<0.01 
<0.1 

14.1 
<0.01 
<0.1 

5.1 
<0.01 
<0.1 

7.0 
<0.01 
<0.1 

15.2 
<0.01 
<0.1 

4-2 
<0.01 

<o.r 
3.4 

<0.01 
0.2 

6.4 
<0.01 
<0.1 

8.9 
<0.01 
<0.1 

34.0 
<0.01 
<0.1 

25-4 
0.04 
0.1 

Dec 

10.2 
<0.01 
<0.1 

10.6 
<0.01 
<0.1 

12.0 
<0.01 
<0.1 

8.6 
<0.01 
<0.1 

42.0 
0.01 
<0.1 

45.8 
0.03 
<0.1 

7.5 
<0.01 
<0.1 

12.6 
0.01 
0.1 

7.9 
<0.01 
0.1 

17.5 
0.01 
<0.1 

45.1 
0.01 
<0.1 

18.8 
0.02 
<0.1 

Total 

152 
0.11 

135 
0.10 

154 
0.13 

97 
0.07 

179 
0.15 

260 
0.19 

67 
0.09 

62 
0.08 

94 
0.09 

153 
0.11 

347 
0.12 

237 
0.12 

Av. 

<0.1 

<0.1 

<0.1 

<0.1 

<b.i 

<0.1 

0.1 

0.1 

<0.1 

<0.1 

<0.1 

<0.1 

2-fflonthljr collection 



AJEENDIX 

TABLK 9 -

Kaitaia 

Auckland 

N. Plymouth 

Havelock N. 

Wellington 

Hokitika 

Christchurch 

Dunedin 

Invercargill 

Lead-210 in 

Jan 

0.28 

0.17 

0.12 

0.11 

0.17 

0.22 

0.06 

0.04 

0.06 

Feb 

0.04 

0.05 

0.11 

0.10 

0.06 

0.10 

0.06 

0.05 

0.05 

Rain, 

Mar 

O.OJ 

0.05 

0.08 

0.05 

0.10 

0.16 

0.04 

0.05 

0.05 

1976 : 

Apr 

0.15 

0.09 

0.12 

0.05 

0.05 

0.20 

0.06 

0.09 

0.12 

Deposition 

May 

0.06 

0.16 

0.09 

0.05 

0.16 

0.29 

0.05 

0.07 

0.12 

Jim 

0.09 

0.11 

0.15 

0.05 

0.24 

0.27 

0.06 

0.07 

0.09 

(mCl/km ) 

J u l Aug Sep Oct 

0 .12 0 .05 0.08 0.22 

0 .15 0 .15 0 .08 0.10 

0.12 0 .14 0.08 0.16 

0 .04 0 .12 0 .15 0 .10 

0.11 0 .15 0.09 0 .15 

0 .20 0 .20 0.09 0 .57 

0 .05 0 .08 0.08 0.07 

0 .05 0 .08 0 .05 0 .08 

0.06 0 .04 0.02 0 .04 

Nov 

0.18 

0.11 

(0.15) 

0.10 

0.04 

0.12 

(0.04) 

0.05 

0.05 

Dec 

0.15 

(0.15) 

0.15 

0.05 

0.14 

0.51 

0.05 

0.11 

0.08 

Total 

1.41 

1.53 

1.43 

0.93 

1.46 

2.75 

0.70 

0.71 

0.76 

NZ Average 

Suva 

Rarotonga 

0.14 

0.11 

0.15 

0.07 

0.08 

0.17 

0.07 0.10 0.11 0.15 

0.12 0.08 0.19 0.14 

0.24* 0.08 0.10 

0.10 0.11 0.08 0.14 

0.17 0.15 0.25 0.52 

N.S. N.S. N.S. N.S. 

0.09 

0.27 

N.S. 

0.15 

0.15 

0.40 

1.27 

2.05 

N.S. No rei 

TABLE 10 -

Northland 

Auckland 

Walkato 

Taranaki 

suit avallabl 

Strontium-90 

Palmerston North 

Wellington 

Westland 

(Jhrlstchurch 

Dunedln 

e. ( 

in Milk, 

1st 

2.9 

2.5 

2.3 

2.9 
1.6 

2.5 

6.5 

1.1 

1.0 

Quart 

) 

1976 

;er 

Estln ate » 

: (pCi/R Ca) 

2nd 

2.0 

2.3 

2.5 

3.6 

1.3 
2.1 

5-7 
0.9 
1.0 

Quarter 

2-monthly collection 

5rd Quarter 

5.0 

2.7 
5.0 

3.6 
2.1 

2.9 
6.1 

1.2 

1.3 

4th Quarter 

2.4 
2.0 

2.0 

3.8 

1.5 
2.2 

5-9 
1.0 

1.0 

Average 

2.6 

2.4 

2.5 

3.5 
1.6 

2.4 
6.1 

1.1 

1.1 

NZ Average 2.6 2.4 2.9 2.4 2 .6 

TABLE 11 -

Northland 

Auckland 

Walkato 

Taranaki 

Caesium-157 

Palmerston North 

Wellington 

Westland 

Christchurch 

Dunedin 

NZ Average 

Jan 

10 

7 

14 

30 

2 

1 

8 

<1 

1 

8 

in Milk, 19' 

Feb 

8 

7 
18 

23 

3 
2 

5 
5 
5 

8 

Mar 

5 
6 

15 
22 

<1 

<1 

6 

<1 

<1 

6 

[6 : (1 

Apr 

5 
5 
15 

42 

<1 

1 

4 
1 

<1 

8 

DCI/R 

May 

3 
4 
16 

29 

4 
3 
3 
<1 

<1 

7 

H, 
Jun 

5 
2 

N.S. 

24 
N.S. 

<1 

3 
1 

<1 

5 

Jul 

5 
<1 

5 
10 

<1 

2 

2 

<1 

5 

3 

Aug 

4 
4 
6 

13 
9 
<1 

1 

<1 

<1 

4 

Sep 

4 
3 
6 

18 

1 

<1 

4 
<1 

<1 

4 

Oct 

3 
3 
7 
20 

<1 

7 
11 

<1 

6 

6 

Nov 

10 

10 

13 

25 

<1 

1 

3 
<1 

6 

8 

Deo 

6 

4 
8 

24 

<1 

<1 

3 
3 

3 

6 

Av. 

6 

5 
11 

23 
2 

2 

4 
1 

2 

6 

N.S . No sample. 
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Atmos. Environ. , jĴ , No. 5, pp. 485-474, 1977 

Geiger, R. A, and Winsor, T. F. 
Pu-239 Contamination in Snakes Inhabiting the Rocky Flats Plant 

Site 
Health Physics, 33_, No. 2, pp. 145-147, Aug. 1977 

IV - 4 



Gelinas, R. J., Hall, D. K., and Nelson, R. G. 
The Observability of Possible Atmospheric Removal Processes for 
Chlorofluorocarbons 11 and 12 

Nature, 266, No. 5599, p. 229, March 17, 1977 

Gladney, E. S., Small, J. A., Gordon, G. E., and Zoller, W. H. 
Composition and Size Distribution of In-Stack Particulate 
Material at a Coal-Fired Power Plant 

Atmos. Environ., 1^, No. 12, p. 1071, 1976 

Grieg, R. A., Adams, A. and Wensloff, D. R. 
Trace Metal Content of Plankton and Zooplankton Collected from 

the New York Bight and Long Island Sound 
Bull. Environ. Contamin. & Toxicology, IB, No. 1, pp. 3-8j 

July 1977 

Gritz, R. L., and Shaw, D. G. 
A Comparison of Methods for Hydrocarbon Analysis of Marine Biota 
Bull. Environ. Contamin. & Toxicology, r?. No. 4, pp. 408-415, 
April 1977 

Harrison, R. M,, and Luxen, D. P. M. 
Organolead Compo\xnds Absorbed Upon Atmospheric Particulates: A 
Minor Component of Urban Air 

Atmos. Environ., 11, No. 2, p. 201, 1977 

Hastenrath, S. 
Upper Air Circulation over Equatorial Americas 
Archiv. Fur Meteorologie Geophysik Und Bioklimatologie, 2_5, No. 4 

p. 309, 1977 

Hayes, D. W., and MacMurdo, K. W. 
Carbon-14 Production by the Nuclear Industry 
Health Physics, 32.:. No. 4, pp. 215-219, April 1977 

Henley, E. C , Kassouny, M. E. , and Nelson, J. W. 
Proton-Induced X-ray Emission Analysis of Single Human Hair Roots 
Science, 197, No. 4300, pp. 277-278, July 15, 1977 

Henriksen, A., and Wright, R. F. 
Effects of Acid Precipitation on a Small Acid Lake in Southern 

Norway 
Nordic Hydrology, 8, No. 1, p. 1, 1977 

IV - 5 



Hiebert, R., Ide, H., and Boyd, N. 
Low Background Plutonium Assaying Using a Modified Commercial 

Liquid Scintillation Detector and Sample Changer 
Health Physics, 32̂ , No. 4, pp. 311-314, April 1977 

Hoffman, E. J., Hoffman, G. L., Fletcher, I. S., and Duce, R. A. 
Further Consideration of Alkali and Alkaline Earth Geochemistry 

of Marine Aerosols: Results of a Study of Marine Aerosols 
Collected on Bermuda 

Atmos. Environ., 11_, No. 4, p. 373, 1977 

Holtzman, R. B. 
Comments on "Estimate of Natural Internal Radiation Dose to Man" 
Health Physics, 32.̂  No. 4, pp. 324-325, April 1977 

JAPAN 
Radioactivity Survey Data in Japan 
NIRS-RSD-42, National Institute of Radiological Sciences, Chiba, 
April 1977 

Jaworowski, Z., and Grzybowska, D. 
Natural Radionuclides in Industrial and Rural Soils 
The Science of the Total Environ. , 1_, No. 1, p. 45, January 1977 

Jesson, J. P., Meakin, P., and Glasgow, L. C. 
The Fluorocarbon-Ozone Theory II. Tropospheric Lifetimes - An 
Estimate of the Tropospheric Lifetime of CCI3F 
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