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Pathology lab

• Effects of adjuvants on 
ALCB health

• “Legless” ALCB adults

• Chalkbrood control

Dr. Diana Cox-Foster
Email: Diana.Cox-Foster@ars.usda.gov



Adjuvants and ALCB health

• Adjuvants like 
organosilicones are 
widely used, both in 
tank mixing in 
agriculture, industrial 
uses, and cosmetics

• See increased use

• Experiments to ask 
toxicity to adult bees 
and to larvae

Chen J, Fine JD, Mullin CA.  2018.   Are 
organosilicon surfactants safe for bees or 

humans?   Sci Total Environ. 612:415-
421.
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OSSs differ in 
toxicity to 
bees, with
increased 
use of most 
toxic OSS in 
CA since 
2000

Increased 
honey bee 

loss



Exposure to OSS and viruses cause 
synergized mortality in honey bee larvae
Julia Fine, Diana Cox-Foster, and Chris Mullin
Nature Scientific Reports, Jan. 2017



Do organosilicones affect ALCB nesting?

Leaf pieces vs. pollen- which leads to 
an effect in ALCB health?

Cage study: 
Net cages (10x10x6ft)
Buckwheat and Phacelia plants

Leaves: use buckwheat plants-
ALCB will use and flowers are 
minimal

Pollen/Nectar: Phacelia- lots of 
floral resources, leaves lacy
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Cages were sprayed with orgaosilicon
(Xiameter OFX-0309 (Silguard)) at a 
concentration of 625ppm and a rate of 
20gal/acre approximately every 1.5 weeks

Four treatments:
• No plants sprayed
• Buckwheat only sprayed (leaves)
• Phacelia only sprayed (pollen/nectar)
• Both plants sprayed (leaves, pollen/nectar)

Plants not sprayed with organosilicones were sprayed with 
water as a control



Adding bees and 
monitoring nesting

• Polystyrene block 
placed in cage

• 10 female ALCB were 
released; each had 
unique color 
markings

• Observations were 
taken every two days 
on bee nesting

• At the end of 
experiment, 
offspring were 
incubated and x-
rayed every 3 days 





There were four main 
larval outcomes



No effect of treatment on 
outcome of bee larvae

But- will test levels of OSS and viruses 
in bees

SAS ver 9.4 PROC GENMOD



Treatment Number of 
nests/bee

Average cells 
in a nest

Max cells in 
nest

None 1.56±0.51a

b
5.50±2.34a 6.50±2.42a

Buckwheat 
spray (leaves)

1.75±0.64a 5.10±1.67a 6.10±1.91a

Phacelia spray 
(pollen/nectar)

1.13±0.35b 3.31±1.42b 3.59±1.74b

Both 1.34±0.71a

b
3.77±2.48b 4.17±2.80b

SAS ver 9.4 PROC GLM Tukey’s post-hoc comparison



“Legless” bees
Seen frequently (~30%) in bees from 
multiple regions of Alberta over multiple 
seasons

Seen less frequently in Utah populations



Bees are fully developed but were not 
able to completely shed cuticle

Symptoms not similar to any pathogen 
Check for pesticides or adjuvants



Working with Dr. Bill Doucette lab (Utah 
State) to develop analyses for organosilicones
and pesticides in these samples



Trisiloxane Oligomers

Sample # Replicates
Weight (g)

Mean ± std dev
Hydroxy-capped
(Oligomers 3-16)

Methoxy-capped
(Oligomers 3-15)

Acetoxy-capped
(Oligomers 3-15)

Total

Separated ALCB 
Nests – Pollen

Duplicate 0.876 ± 0.183 <LOQ <LOQ <LOQ <LOQ

Separated ALCB
Nests - Leaves

Duplicate 0.909 ± 0.127 <LOQ <LOQ <LOQ <LOQ

Alberta Pollen 
- Batch 1

Triplicate 1.005 ± 0.003 <LOQ <LOQ <LOQ <LOQ

Alberta Pollen
- Batch 2

Triplicate 1.003 ± 0.002 <LOQ <LOQ <LOQ <LOQ

Alberta Pollen 
- Batch 3

Triplicate 1.003 ± 0.001 <LOQ <LOQ <LOQ <LOQ

Alberta Bees
- Batch 1

Duplicate 0.497 ± 0.0003 <LOQ <LOQ <LOQ <LOQ

Alberta Bees
- Batch 2

Duplicate 0.503 ± 0.005 <LOQ <LOQ <LOQ <LOQ

Alberta Bees
- Batch 3

Duplicate 0.478 ± 0.035 <LOQ <LOQ <LOQ <LOQ

LOQ - - 0.4 - 5.2 ng/g 0.4 – 1.3 ng/g 2.5 - 44.5 ng/g -



Range of Trisiloxane Oligomer Recoveries

Sample
# Sample

spiked
Hydroxy-capped
(Oligomers 3-16)

Methoxy-capped
(Oligomers 3-15)

Acetoxy-capped
(Oligomers 3-15)

200 ng/g spike*

Separated ALCB Nests – Pollen 1 88 – 109% 82 – 116% 84 -105%

Separated ALCB Nests - Leaves 1 72 – 105% 67 – 98% 79 - 108%

Alberta Pollen - Batch 1 1 87 – 105% 65 – 100% 84 - 109%

Alberta Pollen- Batch 2 1 93 – 113% 72 – 107% 89 - 115%

Alberta Pollen - Batch 3 1 83 – 113% 91 – 112% 91 - 105%

Alberta Bees- Batch 1 1 15 – 38% 21 – 33% 8 - 41%

Alberta Bees- Batch 2 1 12 – 50% 23 – 40% 10 – 50%

Alberta Bees- Batch 3 1 18 – 41% 19 – 37% 2 – 48%

4000 ng/g spike*

Alberta Pollen - Batch 1 1 95 – 104% 92 – 105% 81 – 100%

Alberta Pollen- Batch 2 1 91 – 101% 77 – 101% 71 – 101%

Alberta Pollen - Batch 3 1 94 – 103% 87 – 101% 87 – 101%

Alberta Bees- Batch 3 1 14 – 40% 20 – 38% 9 – 35%

*Spike value represents the total ng/g of each capped trisiloxane, not the ng/g for each individual oligomer
e.g. the values for the 200 ng/g spike hydroxyl-capped oligomers 3-16 ranged between 1.3 - 30.5 ng/g



Chalkbrood control trials

Blue orchard bee chalkbrood:
99% spore kill after 10 min of spore 

contact



Chalkbrood control trials

• Repeat with ALCB chalkbrood
• Assess safety to bees
• Explore options for decontamination
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