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Detection of anthropogenic alpha (a) and beta () radioactivity in food is
difficult due to interferences from sample matrix and natural radionuclides.
Recent interlaboratory studies on detection of a & 3 radioactivity in foods
revealed that diverse methods used by the Food Emergency Response
Network (FERN) are deficient, and a simple, reliable, and versatile
screening method needs to be developed.

Both liquid scintillation counting (LSC) and gas-flow proportional counting
(GPC), in concert with proper sample preparation, can detect a & [3
radioactivity in food. With many FERN radiological laboratories possess
only one of the detection techniques, developing a versatile method fitting
both LSC and GPC will enable full leverage of existing radioanalytical
resources.

A radiochemical procedure that combines rapid food ashing and group
extraction of Am, Pu, Cm, and Y was studied for screening of
anthropogenic a and (3 radioactivity in food. To enable LSC counting, the
extracted analyte radionuclides were dissolved in 0.5M HCI and then
mixed with Ultima Gold AB cocktail. For GPC counting, the extracted
analyte radionuclides were transferred onto stainless steel planchet and
evaporated to dryness. Alpha and beta standard pairs (i.e., °°Y/23°Pu for
LSC and 9%Y/209Po for GPC), prepared to match sample characteristics,
were used to calibrate a and 3 counting efficiencies as well as percent a/f3
spillovers for LSC and GPC, respectively.

The method applicability for triage of contaminated foods at levels of
regulatory significance was demonstrated by analyzing different types of
foods spiked with known a and [3 radioactivity. The study showed that the
method can detect ~0.6 Bqg/kg of a radioactivity and ~0.4 Bg/kg of 3
radioactivity based on analyzing 35-g food and 1-hour sample count time.
All analysis results were found to be within +30 % of the known values.

This poster details the method development and shows the merits of this
method on improving the FERN's radioanalytical capability and testing
capacity for safeguarding the nation’s food supply against radioactive

contamination.
Objectives

The overall goal is to establish FERN radioanalytical capability and surge
capacity for triaging contaminated foods in the event of a large-scale
nuclear or radiological emergency.

“ Objective 1

Develop a rapid, versatile, and efficient radioanalytical method for
simultaneous screening of a and 3 radioactivity in a variety of foods

“ Objective 2

Implement the developed method within FERN radiological laboratory
network through collaborative matrix extension study

“* Objective 3

Demonstrate FERN radiological laboratory network preparedness and
readiness through radiological proficiency evaluation

Methodological Consideration and Approach

** Scope of Method

* [ntended Use:
Screening of anthropogenic a & 3 radioactivity in foods
= Applicability:
Vegetable, dairy, meat, grain, and composite meal
= Analyte:
a-emitter: 241Am, 238Pu, 239Puy, 240Py, 243Cm, and %*4Cm
B-emitter: °°Sr
= Applicable Instrument:

LSC and GPC

** Mineralization of Food Sample

Rapid transformation of food into solution readily for analyte extraction
Use wet & dry ashing techniques to:

v Expedite sample

analysis when analytical

results are urgently
needed

Enable high-throughout
and sustainable sample
analysis during
emergency operation

“* Method Selectivity
Detect anthropogenic a & (8 radioactivity without interferences
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Use DGA resin to:

v’ Extract Am, Pu, Cm, Y
v" Remove matrix elements

v Remove a & 3 interferences
o/B Analyte
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“* Method Specificity
Discriminative detection of a & 3 radioactivity from a single measurement
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Use LSC or GPC to:

Dry Ashing Wet Ashing
100 g of homogenized edible food 35 g of homogenized edible food
Transfer to ZSO*-mLashing dish Transfer to SOOmegIass beaker
Ash sampletlp to 550 °C Add 100 mL ;f conc. HNO,
Add 100 mL ::f conc. HNO;, Add 10 mL :Jf 30% H,0,
Boil for*ZO min Boil for+60 min.
Non-fatty sample Fatty sample
¥ Y

Cool in ice bath

Cool to room temp. |<

Y

Filter digest into 250-mL beaker |«
Adjust filtrate to 15%) mL with 8M HNO,
Add 0.3 g+of NaNO,
Analyte I;xtraction

Interfering Radionuclides

Matrix Elements

Retention Factor, k'

g 8 8 g &8 g

KJur‘Na K, Mg, Be

K VIV), Ti(IV)pAI(1), Fein), Cofll){ |
" Ba, Ra <1 fur all HNO,

Cu(l1), Ni(lt), Zn(ll) <2 for all HNO,
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v Discriminate a & 3 radioactivity based on pulse shape or pulse

height

Source: PerkinElmer Website
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+* Method Robustness:

Use a wide variety of foods to:

Detect total a radioactivity if 241Am, 238Pu, 239Pu, %40Pu, 243Cm, &

Detect °°Sr B radioactivity through its progeny °0Y
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Source: Glenn F. Knoll, Radiation Detection and Measurement, 2" Edition, John Wiley & Sons, Inc. 1989.
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v Achieve broad matrix tolerance

v Ensure applicability for priority and staple foods

Winchester Engineering and Analytical Center, Winchester, MA 01890 USA
Office of Regulatory Science, Office of Regulatory Affairs, U.S. Food and Drug Administration

- < u
Candidate Foods “* Results of Interlaboratory Analysis
v Screening of 0Sr, 214Am, 239Pu, and #**Cm in foods using LSC
Dairy Vegetable Composite Meal Meat Grain v Acceptable results were produced by different analysts and laboratories
2% Milk Spinach Macaroni & Cheese 85% Lean Beef Baked Bean 244Cm & 99Sr in food — Lab A 241Am & 99Sr in food — Lab B 239p; & 99Sr in food — Lab B
Whole Milk Carrot Spaghetti Meatball Branded Beef Black Bean Sample Sample | Measured Value, Ba/ke own Vaiu
merican Cheese elery oasted Honey Chicken egetables Conventional Bee idney Bean Aopleice ., €554107 DEos0al %
Cheddar Cheese Broccoli Vegetables, Turkey, & Barley Grass-Finished Beef Oatmeal Plain " Meansis ce23s041 v es.g9s0.60 i Matrix Blank A10 0.50:0.42 Acceptable  Matrix Blank A9 46+2.1 Acceptable
Cottage Cheese Mixed Vegetables Mixed Vegetables & Beef Beef Salami Oatmeal Maple AP oer 0-2310.08 | 37124079 Matrix Spike 810 Chopped 9"Sr 194.64+6.46 Acceptable  MatrixSpike B Food Ash er 2526442 Acceptable
ND 37.06x0.08 - 38.25+0.09 i i i 90! o -
Swiss Cheese Red Potato Chicken Noodle Beef Sausage Oatmeal Raisin Applejuice o oo 11155040 I\l\::::::;)::z gig Spinach 90:: Eﬁiﬁﬁ 195.2+3.0 2: QEEEEE:E:E I\I\::::::zg::: Ez Composite 902: ;:;lzzg 2483+13 71 97 xESE::E:E
Infant Formula Russet Potato Cheese Pizza Lamb Wheat Cereal o 67.661.10  11.00:0.44 - :
Toddler Formula White Potato Veggie Pizza Pork Corn Cereal Apple juice M::;;ls ooano1z06 11195087 o or TEEEEOOE atrixBlank AL0 NA  0.15+0.14 0 NA Acceptable  Matrix Blank A9 NA  3.2640.75 0 NA Acceptable
Followron Formula  talian Black Ole Chicken ice Cerea o v S IS s oo S GO ST, g B i RS | S s o
Apple juice 35.46 60.59+1.00 | 5.59+0.33 X 5pl d ] S0 ] atrix Spike 02, 220 -3. cceptable
Drinkable Yogurt Spanish Green Olive Roasted Beef Sandwich Turkey Whole Wheat Bread s L T TN R Z T N R MatrixSSike D10 ° Mam 9.9840.55 31 Acceztame Matrixsgike D9 ’ Bpy 381494 03 AcceEtable
Light Yogurt Olive Sausage, Egg, & Cheese Sandwich Duck Corn Bread
Regular Yogurt Cherry Tuna Sandwich Cod Macaroni . . .
5
Coffee Cream Blueberry Hamburger Salmon Wheat Spaghetti ¢ U ncertal nty EStI mate
Clotted Cream Strawberry Chicken Sandwich Scallop Rice Pudding . . . . .
Whipped Cream Peach Bacon Cheeseburger Tuna Rice Krispies v’ key variables affecting measurement result were identified and estimated
Apple Sauce Baby Food Rice Pudding Shrimp Cooked Rice a/B Spillover Corrected Sample Count Rate
Fruit Salad Baby Food Peach Oyster Breadcrumbs Blank Count Rate
Orange Juice Baby Food Turkey Mussel Corn Flakes ‘ Decay Correction
- ot boe Sample Activity Conc. (Bg/kg) = G.—G, Xll)
Spring Water P VES W xExY x60
|
Results and Discussions Sample Welaht
Counting Efficiency
. . L. . . Procedure Yield
“ a & B counting efficiencies and a/f3 spillover
. - e . Sampling Digestion Extraction Calibration Counting
v 239py/0Y standard pair was found preferable for optimizing LSC
Resin uptake —
v’ 209Po/NY standard pair was found preferable for optimizing GPC Matrx binding Diffusion Standards sampe)
LSC Weighing —> Chelatlon DesorptlonL al/B effuency—} Blank —>
m- m Refractory materlals Resin coatlng Chemical quench Background —-
Efficiency MeV > Net Activity Conc.
MeV
241 A m 5.45 39.8 Composite Precipitatlon Valence state —» Attenuation Chemical quench —
“Am 2.45 99.8£1.0 238py, 5.49 35.6 Homogenization —> FiItratlon Transfer—s- o/ spillover —> Color quench —>-
23%9py 5.49 98.510.3 4 239p, 514 35.9 Sub-sampling—>, Co-precipitatlon Attenuation
244Cm 5.80 99.6+0.3 24Dpu 515 36.1
m 24acm 5.?5 35.2
MeV
284Cm 5.80 36.1 d I
o5 Current Progress and Future Plan
20Sr /0y - 96.3+1.3 209pq 4.87 1.98
Mean % 1s 36.6+x1.6
20y 228  98.1%0.6 RN =t - Procedure Flowchart
m + Minalize Hethod Procecure h
MeV Dry Ashing et Ashing
100gofh ized edible food 35gofh ized edible food
5 98 st g 0.04 / Procedure for LSC has been gO amnge:lze edible foo 4 Dmoger:ze edible foo
o Transfer to 250-mL ashing dish Transfer to 800-mL glass beaker
oY 2.28 56.5 0.04 developed & validated ; +
Mean * 1s 56.2 + 0.5 Ash sample up to 550=C Add 100 mL of conc. HNO;
: : v ¥
. . Procedure Yield, % ‘/ G PC a p p I |Cat|0 n h a S bee n Add 100 mL of conc. HNO; Add 10 mL of 30% H,0,
“‘ P Y- I Food Group Food Description Weight, g —5; Am_ 2°Pu 244Cn’1 90y " )
* roced u re Ie ds Composite  Chicken noodle 100.2 88.2 85.8 d eve | O ped & rea dy fO r Va | Id at I O n Boil for 20 min Boil for 60 min.
meal Macaroni & cheese 100.5 98.8 93.9 1 ”“‘f;“ﬁ‘ ety sampl
. Vegetables, turkey, & barley  100.0 89.5 96.2 . — sampe Ty samee
v An average procedure yleld Mixed vegetables & beef __ 55.5 9.5 - - 93.6 Processed Food Samples for GPC Counting Sl Cool in ice bath
. . . Vegetable beef pie 1 36.0 94.4 L Evaporate elu:nt todryness
Vegetable beef pie | 36.0 101.7 - Iter digest Into 250-mL beaker
determined with different a and 3 Vesstblebestpie] 360 T e desst o250 ek [« e ——
. - Dairy 2% milk 118.0 - 925 - 91.9 . o bt St )
radionuclides could be used to Whole milk 13 0ss 05.4 RO T +
Baby formula 60.0 1043 887 - 97.3 g t.m - Add 2 mL of conc. HNO,
Formula 1 36.0 - - 98.9 - e et ¥
CO rre Ct p rO Ced u re IOSS Formula 2 36.0 99.6 Ground Beef Ground Beef Ground Beef Y Evaporate to dryness
. . . Formula 3 36.0 999 - sy Y Blank Add 0.5 g of wetted DGA resin |
v ltis essential to avoid Grain Rice cereal 300 : y 971 _ — _ ; )
Corn flakes 249 91.1 - 92.6 & € ) ) Stir filtrate vigorously for 15min. Dissolve in 0.3 mL Dissolve in 3 mL
- - . Cooked rice 63.8 953 742 97.8 =" of 1M HNO; of 0.5M HCI
disproportionation and Breaderumbs S 074 769 - ous - T — oL
I . t_ f P . d t Baked bean 1 36.0 - - 99.1 Oatmeal Cereal Oatmeal Cereal g
Baked bean 2 36.0 99.0 - = g A. 10 mL of M HNO, —
po ymerlza Ion O u In Or er O Baked bean 3 36.0 - _ 1016 - ' 7 N g :ﬁm;:’;?if'm”sgiﬂ o, Evaporate to dryness Mix with 17 mL of UG AB
SR Meat 85% lean beef 108.0 945 850 - 94.5 G
minimize Pu loss White tuna 51.1 1004 893 94.2
Cod 63.2 98.1  76.8 96.3 /B /P
. . . Shrimp 65.1 1020 - 90.9 GPC countin LSC countin
v Manipulating sample in Pork o0 93 713 - e e
. . Salmon 63.6 982  80.3 - ¥
quantitative manner throughout Soanor 6 ek A I Multi-lab Collaborative Stud i erareces Y, Am. e Cluton s o/preui|
. Mussel 63.4 1059 917 - 923 % uiti-ia oliaporative u
analysis is necessary to produce a e S ———— y
ithi i bt 360 556 v' Submit method f I FERN official method & ASTM standard method
+200° Ground beef 3 360 : 99.0 udbmit metnod 10r approval as officlal metno Standarda metno
result within £30% of known value . oo 360 ST - PP
& fruit DlCCd peaches 1 100.9 - 914 90.0 FDAMEAC Single-Lab Validation
Mixed vegetables 100.1 95.5 97.2 96.2
Diced peaches 2 100.2 - - 95.6 * Complete method SOP
Carrot 53.9 98.1 95.0 FERN Labs with (1;"3 Ca pa bilities * Compile single-lab validation report detailing methodological study
Apple mango kiwi 50.9 99.3 - 96.8 * Transfer the developed method to FERN rad laboratory network
Apple sauce 87.0 107.3  79.7 - 97.4 (16 La bS) * Provide Q/A on the method SOP and single-lab validation study
Mixed salad 1 36.0 - - 94.1
Mixed salad 2 36.0 100.9 - FERN Multi-Lab Validation
Mixed salad 3 36.0 —— . . o1.1 . * Validate individual lab instrument calibrations
Average Procedure Yield: 98.6 86.9 979 93.7 * Analyze food samples containing o/ radioactivity by FERN labs
1 sigma: 4.0 8.1 3.2 4.3 * Assess method for matrix extension based on FERN lab results

* Address the needs for method improvement revealed by FERN inter-lab study
* Compile multi-lab validation report on method performance in real-world environment

* Method Detectability:

As plots shown below, the method could detect anthropogenic a and 3
radioactivity below 1/3 of FDA's derived intervention levels based on
analysis of 35-g food sample and 1-hour sample count time.

LSC Regulatory Limit vs Method MDC

Method-Based FERN Radiological Lab Proficiency Evaluation

* Analyze proficiency test samples in 48-hour turnaround time
* Evaluate lab data acceptability
* Identify training needs based on observations and feedback

Enhanced National Preparedness & Readiness for Rapid Screening of o/3 Radioactivity

* Proven FERN labs’ capability for rapid screening of «/[3 radioactivity in food

* Sustainable nationwide testing capacity

* Demonstrated lab competency via FERN radiological proficiency testing program
* Improved analyst knowledge, experience, and skill
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Derived Intervention Level

%sr = 160 Bq/kg

Derived Intervention Level 160

38py = 2.5 Bg/kg
23%9py = 2.2 Bg/kg
241Am = 2.0 Bg/kg
243cm = 2.0 Bg/kg

Health risk to be
watched closely

2 p: B Health risk to be
watched closely
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