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ABSTRACT 

Following the accident at the nuclear reactor at Chernobyl, in the Soviet 

Union on April 26, 1986, wc performed a variety of measurements to determine the 

level of the radioactive fallout on the western United States. Wc used 

gamma-spectroscopy to analyze air filters from the areas around Lawrence Livcrmorc 

National Laboratory (LLNL), California, and Barrow and Fairbanks, Alaska. Milk 

from California and imported vegetables were also analyzed. The levels of the 

various fissicn products detected were far below the maximum pcrmissablc 

concentration levels. 

INTRODUCTION 

When the Chernobyl nuclear-reactor accident was reported on April 29, 1986 it 

appeared that the radioactive plume would extend over the United States. The 

prevailing winds were known to be carrying the radioactive plume over Asia and 

the Pacific Ocean toward the western coast of the United States. The modeling 

efforts of the Atmospheric Release Advisory Center (ARAC) predicted that the plume 

would reach the western United States May 5 in the upper atmosphere and May 10 

near ground level. Figure 1 shows the extent of the plume coverage predicted by 

ARAC for May 4, 1986. This report discusses the results of the environmental 

*Woi-k performed under the auspices of the U.S. Department of Energy by the 
Lawrence Livermore National Laboratory under contract number W-7405-ENG-48. 
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sampling programs which were implemented in Livcrmorc, California and Alaska to 

monitor the levels of radioactive fallout that reached these areas. 
2 

At LLNL the Environmental Quality Verification Program (LLNL-EQVP) 

carries out an extensive environmental surveillance program which includes 

systematic monitoring of air filter and locally produced milk samples for 

gamma-cmitting radionuclides. Following the Chernobyl accident additional air 

sampling stations were added and the frequency of milk analysis was increased. 

The Geophysical Institute at the University of Alaska has on-going studies of 

Arctic air pollution. Aerosol samples arc routinely collected for chemical 

determination of the character and levels of air pollution. Following the Chernobyl 

accident three of the air sampling stations were used to monitor the levels of 

radioactive fallout in these areas. At two stations the early filters were changed daily, 

providing a very good time profile of the fallout. In this report we will discuss the 

significant differences in the pattern of the radioactive fallout for the area around 

Livcrmorc, California and the Alaskan sites. 

This report also includes results of analyses of several types of vegetables 

imported from Italy soon after t; •„ Chernobyl-related contamination. These samples 

were analyzed at the request of the San Francisco office of the United States Food 

and Drug Administration (USFDA) for gamma-cmmittir.g radionuclides and found to 

be safe for human consumption. 

EXPERIMENTAL 

The LLNL-EQVP air samplers consist of 520 cm Whatman 41 cellulose fiber 

filters through which ambient air is pumped at a rate of 400 to 700 L/min. The air 

filters arc at a height of 122 cm above ground level. Under normal conditions 

twenty-two air samplers operate continuously in and around LLNL. The filters arc 

changed weekly and counted monthly. To avoid compromising our normal sampling. 
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two separate air samplers were installed to obtain a much better time profile of the 

Chcrnobyl-rclatcd activity. As the prevailing wind is .vest-southwest in May and 

June, one sampler was placed on the west perimeter of LLNL and another 1.5 km 

south to assure that the activity measured was not influenced by LLNL operations. 

The samplers operated at an average flow rate of 400 L/min, and the air filters were 

changed three times per week. 

The Livcrmorc filters were gamma-counted within hours of removal from the 

samplers. The gamma spectrometers used for counting the Chernobyl-related samples 

arc those reserved for low-level environmental samples. They are ten percent relative 

efficiency pure germanium detectors with Nuclear Data ND66 multi-channel 

analyzers. Spectra were analyzed using the program GAMANAL with appropriate 

background subtraction. 

In Alaska, air samplers, similar to those described above but with flow rates of 

700 to 1600 L/min, were already in place at Fairbanks, Poker Flat Rocket Range, and 

Barrow. The locations of these sites arc shown in Fig. 2. Under normal conditions the 

filters arc analyzed by neutron activation analysis to determine the chemical 

composition of the pollution aerosols. Upon report of the Chernobyl accident the 

filters were gamma-counted without neutron irradiation to determine the level of 

radioactive fallout. A sufficient number of filters were analyzed prior to the arrival 

of the radioactive plume to provide an upper limit on the normal activity levels. 

From April 29 until June J5, 1986 the filters were changed on a daily basis. After 

June 15 the filters were changed biweekly. 

The Alaskan filters were gamma-counted within days after acquisition. The 

samples collected within 30 days of the accident were counted on a two percent 

relative efficiency pure germanium detector. Later, lower activity samples were 

counted on 15% efficiency Nal detectors. The uncertainty estimated for the data from 

[he Nal counts is + 25%. Wc have restricted our attention to the 1 activities to 
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eliminate problems which can occur from the poor resolution of the Nal spectra. A 

study is currently underway, using a newly acquired high efficiency germanium 

detector, to monitor the fallout from longer lived isotopes. 

As part of the LLNL-EQVP, unpasteurized milk from local farms is analyzed 

for gamma-emmitting radionuclides on a monthly basis. For seven weeks following 

the accident weekly milk samples were collected and analyzed. Approximately one 

liter of milk was counted in MarincJli beakers using the gamma spectrometers and 

computer analysis described above. The Marinelli beaker counting method is 

calibrated for gamma rays from 100 to 1700 kcV. 

The vegetable samples from the USFDA included three types of mushrooms 

and one sample of endive. The samples were separated by type and packaged in 240 

em aluminum cans with no prior treatment, such as drying. The endive sample was 

separated into inner and outer leaf samples before packaging. Each sample was 

gamma-eounied, as described above, in duplicate. 

RESULTS AND DISCUSSION 

Air samples 

In particulate samples of normal Livermorc Valley air, we routinely detect 

Be, K., and Cs by gamma-ray spectroscopy. The Be and K arc 
137 naturally occuring isotopes, but low levels of Cs occur primarily from long-term 

global fallout and fallout resuspension. Following the Chernobyl accident, other 

isotopes, not normally detected, were observed in the air-filter samples. These were 
103,!06D I29m,l32_ 131. 134,]36 r, I40 n 212 D l . . 

Ru, Tc, I, Cs, Ba, Pb, and low 

concentrations of Mo, 'Cc, Ag, and Sb. All of these isotopes can 

be attributed to reactor by-products. However, the Pb detected here is attributed 
228 212 

to Ra emanations from the soil. The Pb in the air filters is not normally 
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detected because the decay time prior to counting is sufficient to allow the 10.6 hr 
212 half-life Pb to decay away. As mentioned above, the special air filters were 

counted within hours of the end of the collection period. 

In calculating the concentrations of the isotopes in air, we accounted for the 

decrease in the air flow rate caused by dust clogging, and for the decay of the 

short-lived isotopes on the filter during the collection period. The concentrations 

reported hci'c were, decay corrected to the mid-point of the collection period but not 

to the time of the Chernobyl accident. This is for two reasons. Wc were interested, in 

the concentrations of the isotopes when they were detected in the Livcrmorc area and 

not at the time of their release from the reactor. Secondly, the release was not 

instanancous but lasted for many days. Our calculations assumed a constant air 

concentration during the collection period. This assumption is not justified by the 

data, although iack of further information gives us no alternative. The isotopic 

concentrations reported for the Livermorc area arc the average of the values for the 

two special air sampling stations. The concentration at the two stations generally 

differed by less than ten percent. 

In California, the initial detection of abnormal levels of radioactivity began 

during the May 5-7 collection period. The majority of the isotopes were detected in 

their maximum concentration during the May 7-9 collection. This is shown for I 

and Cs in Fig. 3. The points marked with downward arrows indicate the these 

arc upper limit values determined from the gamma-spectra for these samples. The date 

axis is shown in numerical days from January 1, 1986; May 5 is day 125. 

During the period of the maximum concentration of radioactive fallout there 

was no health hazard to the people in Alaska or California. In Fig. 4 wc show the 
4 

relation between the 10CFR20 values for inhalation and the maximum values 

detected during the May 7-9 collection in Livcrmorc. As wc show later the maximum 

concentrations detected in Alaska were lower than those in California. The I0CFR20 
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values arc the levels for a given isotope which, if inhaled at these levels for one year, 

would results in a dose of 0.5 rciu/yr. To emphasize the low levels of the fallout, an 
7 

average level of the naturally-produced Be for the Livcrmorc area is shown on the 

plot for comparison. 

The maximum concentrations during the May 7-9 Livcrmoie collection was 

followed by a regular damped oscillatory concentration pattern peaking every six to 

seven days. However, our long collection periods (2 to 3 days) make it difficult to 

determine accurate radionuclide deposition times. Figure 5 shows these trends for 

Ru, I, and J ' C s isotope concentrations vs the numerical day at the end of 

tlic collection period. To highlight the similarities of the t ine profiles of the 

concentrations, each isotope was given a different concentration scale and plotted so 

that the maximum values of May 1-9 coincide on the scale. The damped oscillation of 

the concentrations was seen for all the isotopes. 

Tncrc arc several possible explanations for the concentration-time profile 

measured in the Livermore area. Since the radioactivity release from the 

Chernobyl-reactor site lasted for many days it is possible that part of the variation is 

due to the release pattern, however, the radioactivity was detected for several weeks 

after the last radioactive release so this is probably only a partia? explanation. 

Another explanation is that the air mass containing the radioactive plume passed over 

the western United States several times before the level of activity was below our 

detection limits. Each time the air mass passed over our area more activity woufd be 

detected, at successively lower concentrations due to continuous deposition and 

radioactive decay. This would result in the pattern seen in Fig. 5. This explanation 

has been proposed by others to explain similiar concentration patterns. It has also 

been suggested that such an oscillatory pattern is normal for surface deposition from 

a wide ranging plume. The variety of factors which affect the plume transport rate 

can produce a striated concentration pattern within the plume. Then as the plume 
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passes over a given area the concentration-time profile of the deposited material will 

have nn oscillatory pattern which will mimic the plume striations . 

In Fig. 5 wc also have plotted the decay lines for the three isotopes assuming 

purely radioactive decay of the maximum activity measured for the time period, May 

7-9. Notice that the Ru and I concentrations appear to show behavior that 
137 can be explained by continous deposition and radioactive decay. However, the Cs 

data shows a much faster removal rate than expected, and implies an accelerated 
137 deposition rate. In fact, the disappcrance rate of the Cs is very close to that of 

the 1. This could be possible if the major species of I being transported over 

the western United States were Csl. The radioactive decay of the iodine would result 

in the break-up of the Csl and enhance the deposition of the Cs'. 

The arrival of the radioactive plume in Alaska coincided with its detection in 

California. From Aprii 29 through May 5, 1986 the levels of radionuclides on the 

diiiy air filter samples at the three sampling stations in Alaska were below the 

detection limits of the systems. Fillers which were put in place after I7;20 YDT 

(Yukon Daylight Time) on May 5 began to show abnormal levels of radioactivity. The 

early increase in activity at the Poker Flat station is shown in Fig. 6. A filter from 

this station, counted on a high-resolution germanium detector, contained the same 

r- • A * ,u T - • r-u 103,106., I29m,132_ 131, 
fission products as the Livermorc air filters, Ru, Tc, I, 
134J36„ 140D 2 ! 2 D t . . + . r 99 . . 141 _ UOm. 

Cs, Ba, Pb, and low concentrations of Mo, Cc, Ag, 
A I25„. and Sb. 

In Fig. 7 wc show the time profile of the 1 concentrations measured at 

two of the three air sampling stations. The results from the Poker Flat station arc not 

included because only a few samples wore received and the results of these agree with 

the vnlucs measured at the close-by Fairbanks station. Only the J I data arc 

presented because the majority of the samples were analyzed using Nal detectors and 

only the I peak was relatively free from interference. 
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The general activity levels measured in Alaska are lower than those detected 

in the Livermore area. This was expected from the path of the radioactive plume as 

shown in Fig. I. More northernly areas are expected to receive less fallout. It is 

fortuitous that the Siberian High (a normally strong springtime atmospheric 

teleconnection between Alaska and Central Eurasia) had broken down several weeks 

prior to the Chernobyl accident. Otherwise this clockwise flow, which is known to 

bring industrial pollutants from Central Eurasia into the Alaskan Arctic causing the 
g 

"Arctic Haze" , would have greatly increased the fallout levels in Alaska, (see Fig. 8) 

The daily sample data in Fig, 7 presents a better time profile of the early 
131 variation in the I concentration than could be obtained by the thrice weekly 

samples taken in Livermorc. As in Fig. 5 we have included lines indicating the effect 

of radioactive decay on the maximum value obtained at each sampling station during 
131 

the first ten days. Although we see a fairly regular oscillation in the I values 

during the first sixty days of the sampling, the levels of I do not seem to be 

decreasing along the decay lines as they did at Livermore. This can be explained by 

the unusual air flow patterns near the Arctic Circle. These air flow patterns are 

known to affect the transport and deposition of particulates in this region and have 
e 

been studied as explarations of the Arctic air pollution . Full descriptions of these 

weather patterns are beyond the scope of this report. The unusually high value on 

July 5 (day 186) could be due to the influence of anticyclonic air flow during this 

time period which brought a "heat-wave" and slight precipitation to the area. 

The Barrow site is 805 km north of the Fairbanks and Poker Flat sites and 265 

km north of the Arctic Circle (see Figs. 2 and 8). Because this is so far north we 

expected and found lower I concentrations in air samples (sec Fig. 7B). With the 

breakdown of the Siberian High mentioned above, the radioactive plume would 

follow the prevailing westerly winds and only a small portion of the activity would 

reach north of the Arctic Circle. The general trend of the 1 concentration values 



shows three major peaks near day 130 (May 10), day 142, and day 155. Other fallout 
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measurements in the Barrow, Alaska area, by Larscn ct al. , show a similar pattern 

where the maximum detected values occurred late in May. Unfortunately wc have 

insufficient mctcrological data to attempt to explain the air How patterns that could 

have caused this variation in radioactivity. 

Milk Samples 

Low levels of 4 0 K and 1 3 7 C s (1.7 x 10"° and 0.9 x 10*"9 uCi/mL, 
2 

respectively) arc normally detected in milk samples collected within 5 km of 

LLNL. However, following the Chernobyl accident, the milk samples contained 

I, which is not normally detected. Figure 9 shows the I concentrations vs 

the numerical day of collection. No elevated radionuclide concentrations were 

detected in milk samples until the week of May )4 (day 134). The I 

concentrations diminished below the detection limits by the week of June 3 (day 

154). No other isotope besides * I was detected above background values. 

It is not surprising that I was detected in the milk of the local animals. 

Their food is stored outdoors and their water supply is open. The higher I 

activity in the milk from Farm 3 is most likely due to open browsing by the goats. 

Animals from the other farms arc penned and fed only hay harvested the previous 

yea r. 

Using the data shown in Fig. 9 a rough estimate of the biological half-life for 

I in the animals can be made. While it is difficult to determine the dose profile 

for the animals, if wc asssumc a single dose resulted in the maximum concentration 

seen in the milk we obtain an approximate value of 2.8 to 3.0 days for Farm 2 and 3 

goats. This is in general agreement with biological half-life values obtained under 

controlled conditions . The data from the cow's milk from Farm I did not give 

satisfactory results for calculating the biological half-life assuming a single dose. 
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When a longer dose period (three days of constant dose) was assumed a biological 

half-life of approximately five days was obtained. No attempt was made to use the 

oscillatory air concentration pattern detected in Livcrmorc as the dose estimate for 

the animals. 

Imported Food Samples 

Because the radioactive cloud from the Chernobyl release wa;> carried over 

northern Italy, the USFDA monitored agricultural produce imported from there. To 

permit expedient release for local importers, personnel at the San Francisco USFDA 

office asked LLNL to help them analyze samples of mushrooms and red endive. The 

mushrooms were of three types, Portobcllo, Brown, and Plcurotus. The single sample 

of endive was divided into one part consisting af outer and inner leaves and the ether 

of inner leaves only. 

Table 1 gives the results of our analyses. All the radionuclides wc detected 

were below United States limits for human consumption , aithough the : 

concentration in the outer endive leaves was about one-half of the limit. The large 

variation in radionuclide concentrations among the mushroom samples most nkciy 

reflects different levels of contamination in the specific growing areas, but may 

indicate that different species have different concentration factors. The presence of 

contamination on only the outer leaves of the endive probably indicates external 

contamination directly from the atmosphere, rather than uptake through the soil. 

Finally, it is interesting to note that all the isotopes assumed to be reactor by-products 
40 7 

arc in lower concentrations than the naturally-occurring isotopes X. and Be. 

SUMMARY 

Wc began to detect elevated radionuclide concentrations in air-filter samples in 

the western Uni'cd States about 10 days after the April 26 accident at the Chernobyl 
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nuclear plant. The isotopes detected were those expected from a fission reactor, and 

concentrations decreased wiih time through dilution, deposition, and radioactive 

decay. In the Livermore, California samples the radionuclide concentrations in air 

filters showed a damped oscillatory trend that continued into June. The Alaskar air 

filter values also showed an oscillatory trend but the values for M did not 

decrease as they did in Livcrmorc. This is explained by the complicated air flow 

patterns in the vicinity of the Arctic Circle. 

1 was detected in milk sumplcs fri 

days after the accident, but concentrations diminished below detection limits by the 

first wccl of June. The maximum 1 concentrations in Livcrmorc milk was 270 

pCi/L, weli below the acceptable USA limit of 4000 pC;/kg for children and 8000 

pCi/kg for adults . All the radionuclides that wc detected in the endive and 

mushrooms imported from Italy were also below the USA limits for adult 
11 

consumption 

DISCLAIMER 

This report was prepared as an account of work sponsored b , an agency of the United Stales 
Government. Neither the United Stales Government nor an, agency thereof, no, any of their 
employees makes any warranty, express or implied, or assumes any legal liability or responsi
b l y for the accuracy, completeness, or usefulness of any information, apparatus, product, o, 
process disclosed, or represents that its use would not infringe privately owned right*. Refer-
ence herein to any speclic commercial pnylad. process, or service by t-adc name, trademark 
manufacturer, o, otherwise does not necessary constitute or imply iu endorsement, record 
mendalion, or favonng by the United States Government or any agency thereof The views 
and opinions of aulhors expressed herein do not necessarily stale or reflect those of the 
united states Government or any agency thereof. 
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Table 1: RAQIONUCLIOES IN U. S. FDA SAMPLES 

K-40* Ru-103 Te-132 1-131 Cs-134 Cs-136 Cs-137 Ba-140 

Mushrooms 
Portobello-1 — 123 123 153 — — — — 
Portobello-2 3469 175 103 182 54 9 107 64 
Brown-1 — — — — — — — — 
Brown-2 3239 — 23 46 — — — — 
Pleurotus-1 3630 339 269 1526 — — 305 — 
Pleurotus-2 3553 425 267 1907 175 33 320 217 

Be-7* Ru-103 Te-132 1-131 Cs-134 Cs-136 Cs-137 Ba-140 

Endive 
Outer/Inner 6465 1653 595 4419 633 104 1381 511 
Inner Only 

Notes: 
Concentrations in the mushroom samples are expressed as pCi/kg fresh weight as 
of 1200 PDT 5/9/86. Each replicate weighed about 200 g. -1 samples was counted 
1 h.; -2 samples was counted 60 h. 

Concentrations in the endive samples are expressed as pCi/kg fresh weight as of 
5/12/86. Each replicate weighed about 100 g. Both samples were counted 16 h. 

* Be-7 and K-40 are naturally occurring radionuclides. 

-- Below detection limits. 

Counting statistics give an uncertainty of ± 10% on most values 
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FIGURE CAPTIONS 

1. Northern Hemisphere polar map showing the ARAC modeling prediction of the 

radioactive plume dispersal from the Chernobyl accident. These results were 

calculated for 195 hours (May 4, 1986) after the reactor explosion. The 

sampling sites in Alaska and California arc indicated. 

2. Map of the State of Alaska. The sampling sites at Fairbanks, Poker Flat and 

Barrow are indicated. 

3. The earliest detection of abnormal levels of radioactivity in air filters was 

seen in the May 5-7 samples in the Livcrmorc, California area. The early 

results for I and Cs arc plotted on a log concentration scale in units 
3 

of pCJ/m versus the date at the end of collection. The downward arrows 

indicate these values arc upper limits. The maximum values detected in the 

area were during the May 7-9 collection. •.', 

4. The residents of Alaska and California experienced no health hazards due to 

the Chernobyl-related fallout. Plotted here is a comparison of the maximum 

valics detected. These values are from the Livcrmore» California site and are 

below the 10CFR20 inhalation limits. Concentrations at the Alaskan sites were 

even lower. An average level of the naturally-produced Be for the 

Livcrmorc area is shown on the plot for comparison. 

5. Time profiles of the concentrations of Ru, I, and Cs in the air 

in Livcrmorc, California. To highlight the similarity between the time profiles 

of the various isotopes the linear concentration scales of each are adjusted to 

overlap the maximum concentration points at Day 132. The units arc in 

atoms/m for comparison of the various isotopes. Also shown is ihc predicted 

value for pure radioactive decay of the maximum values detected for each 

isotope. (ND = not detected) 



The earliest detection of abnormal levels of radioactivity in air filters was 

seen in the May 6 samples in Alaska. The early results for I arc plotted 

from the Poker Flat station with the concentrations plotted on a log scale in 

units of pCi/m versus the date of collection. The downward arrows indicate 

these values arc upper limits. 
131 

Time profiles of the 1 concentrations detected at the Fairbanks and 

Barrow, Alaska stations. The linear concentrations are plotted in atoms/m to 

correspond with the values in Figure 5. Also shown arc the predicted values 
131 

for the pure rcadioactivc decay of the maximum value of the I detected 

in the first 10 days after the Chernobyl accident. (ND = not detected) 

Polar map of the North Pole area. The Siberian High, which normally carries 

pollutants in a clockwise flow from Central Eurasia into the Alaskan Arctic, 

had broken down weeks before the accident. Therefore the levels of 

radioactive fallout near the Arctic Circle were less than might be: expected 

from such a release. 
131 

Time profiles of concentrations of I detected in milk from .he Iiivcrmorc, 

California area. I was the only fission product detected in the milk. It was 

not detected before Day 134 (May 14) or after Day 148 (May 28). The dashed 

line shows the predicted I decay for the maximum value detected. 
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Figure 8 
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