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trade

barriers

Agricultural Conundrum –

must use chemicals, but can’t????

(biologicals??)

pest-free security
(pesticides)

food safety
(antimicrobials)

no treatment 

residue

Regulatory Research Demands 

(MRLs)

(DBPs)

(SPS)



start finish

PRODUCTION POSTHARVESTPREPLANT

certaintyuncertainty

quantitative

“Pest control based retrospectively through the point of marketing/consumption” 

“SYSTEM”

RETROspective systems approach

Ag. systems “end” at the consumer

finish

http://en.wikipedia.org/wiki/File:DNA_Structure+Key+Labelled.pn_NoBB.png


- Insectophobia – insects

- Iophobia- poison

- Radiophobia – radiation

- Microbiophobia - microbes (germs)

- Genophobia- (GMO)

- Chemophobia - chemicals 

- Chrometophobia - $$ money

- Georgophobia – farms

- Gnosiophobia- knowledge

conventional option

organic/ biopesticide options

malathion

c
o

n
s
u
m

e
r 

d
ri

v
e

semiochemicals

pyrethrin

natural inspiration!

http://upload.wikimedia.org/wikipedia/commons/b/bc/Pyrethrin.png


“SPS solutions” are critically linked to 

postharvest, even “systems-approaches”

Low dispersion - variance (fumigation) >>>> high dispersion - variance (field treatment)

trial reps (n):   ⎯, 1; ⎯, 5; ⎯, 95,000 



1-slide take home........

Postharvest Fumigation:

SPS & residues 

or



EU #1:  increasing QPS “capacity”
(but reduced PPPs, “mirror”, global health)

http://upload.wikimedia.org/wikipedia/commons/1/1b/Europe_satellite_orthographic.jpg


EU #2:  DBPs 
(trigger MRLs)

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32020R0749

factors limiting chlorate:

- Ca(ClO)₂ versus NaOCl

- minimizing organic “fouling”

- chloramination

Tree nuts: 0.1ppm vs. apples 0.05ppm



EU #3:  degradants/metabolites
(“false” MRL exceedances)

fosetyl (MW 110) PO3 (MW 82) phosphite, 

phosphonate, phosphorous acid

hydrolysis

PO4 (MW 98) phosphate, 

phosphoric acid



“Hypothetical” scenario

pesticide – isolated from a microbe via 

“natural inspiration”

• Conventional – applied synthetic 

• Organic – applied microbial “broth”

• Biologic – applied microbe

What if a “shared” trigger?

EU #3:  degradants/metabolites
(false MRL exceedances)



How do we guide “enforcement”?

• chemical ? MRL (EU is likely to take this approach)

• molecular ?  SPS adopt. has been slow 

• biological?



• ozone                    -112

• phosphine               -87

• carbon dioxide        -79  

• sulfuryl fluoride       -55

• sulfur dioxide          -10

• methyl bromide          4

• hydrogen cyanide    26

• propylene oxide       34

• ethyl formate            54

• Vapona (non-food)  148

• pyrethrin 170

Postharvest fumigants 

work!
bp °C

smalls 

(grains, rice)

efficacy

bigs

(nuts, fruits)

α



phosphine

• QPS uses fresh & durables 

(USAID)

• USEPA re-registration Q3 2022 

(buffers looking good)

• Concentration monitoring 

required on FIFRA label (finally)

• CODEX re-registration

– Non-food use, no-tolerance

(think pre-plant fumigant)



TOWARD THE GLOBAL FUTURE 

procedures for postharvest fumigants

OECD – test guideline opportunity



sulfuryl fluoride

• QPS uses

• only durables

• emission control



FAS & ARS & Others

• Technical Assistance for Specialty Crops (TASC)-
USDA
Agreement: # 2018-02

• Project Title: “Preserving sulfuryl fluoride for 
dried fruit exports to the European Union”

- AMOUNT: $2,500,000

• Project Goal:

– Marketing: Long-term retention of USA-grown 
dried fruit and tree nuts treated with sulfuryl 
fluoride (SF)
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20ft container- “Single pass”
125 g m-3 dosage

[SF]3 [SF]5 [SF]10 [SF]15 [SF]20 [SF]35 Half-loss (min) 

Test 1 First Column
FC[SF] 17.09% 16.83% - 15.15% - 1.12%

OH Exhuast
E[SF] 38.90% 32.16% - 29.44% - 9.97% 8.466800118

Test 2 First Column
FC[SF] 17.72% 15.77% 20.52% - 33.24% -

OH Exhuast
E[SF] 38.89% 33.42% 36.78% - 67.22% - 5.49073462

Test 3 First Column
FC[SF] 19.95% 21.52% 21.27% - 13.79% -

OH Exhuast
E[SF] 40.01% 38.48% 42.75% - 34.09% - 5.38323775

Test 5 First Column
FC[SF] 81.98% 87.60% 90.06% - 100.00% -

H2O2 Exhuast
E[SF] 98.11% 100.00% 100.00% - 100.00% - 6.165682022

% Scrubbed - 280 cfm



sulfur dioxide

• USEPA reregistration

• grapes & blueberries



methyl bromide: the issue

$

politics

economics

science

http://www.freefoto.com/preview.jsp?id=13-47-13&k=Chromium+factory,+Eaglescliffe
http://www.123rf.com/photo_3532033.html


port “large” Scenarios





ethyl formate

• USEPA registration 

• Fruits

• GRAS 

• QPS uses (ACP) 

eFUMETM

GRAS per §184.1295

GRAS per §186.1316

GRAS per §184.1293

Section 180.910 - Inert ingredients

used pre- and post-harvest; 

exemptions from the requirement

of a tolerance.





ozone
• GRAS

• structurally selective
– can work (grey mold)

– cant work (certain 

pesticides)

• poor penetrator
– into commodity

– pore, bulk

• coffee, table grapes



carbon dioxide 

(low O2)
• QPS uses

• no residues

• lacking efficacy data

tarp
CA rooms

packaging



 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Table 1.  Results from CA treatments at 28°C.  Stored product pests were treated with the following controlled atmosphere (CA) gas 
mixtures of oxygen, carbon dioxide and nitrogen [O2 : CO2 : N2]  as follows:  A) 1% : 0% : 99% , B) 1% :  15% : 84% , C) 1% : 50% : 49%  
and D) 1% : 99% : 0 %.  Egg, pupae and larval life stages of navel orangeworm (NOW) and cigarette beetle were treated with 
atmospheres A and B, at which point most the most CA treatment-tolerant life stage was determined to be the late-stage larvae for 
both species.  Only the late larval stage of CB and NOW were treated with atmospheres C and D.  Tobacco larvae were treated with 
all four mixtures, with tests ongoing for other life stages for mixtures A and B.   

  L. serricone  A. transitella  E. elutella 
              

Treatment 
time (d) 

 E P ML LL  E P ML LL  LL 

0  7.4 10.7 3.1 1.8  45.9 10.2 0 2  10.5 
3  98.5 94.5 98 52.2  100 98.5 30.9 33.4  46.3 
6  100 100 100 93.9  100 100 98.9 95.9  99.4 
8  100 100 100 93.9  100 100 100 100  100 

10  100 100 100 99.4  100 100 100 100  100 
12  100 100 100 100  100 100 100 100  100 

0  12.4 1 1 2.2  55.6 19.4  1.9  5.9 
3  97 91.9 100 71.4  100 100  20.1  50.7 
6  100 100 100 100  100 100  85.5  98.5 
8  100 100 100 100  100 100  95.5  100 

10  100 100 100 100  100 100  100  100 

0     2.1     0.4  9 
2     82.8     18.9  54.3 
4     98.3     90.8  100 
6     100     100  100 

0     2.2     7.5  8.8 
2     79.6     31.3  58.2 
4     98.9     98.9  100 
6     100     100  100 

Cig. beetle tab. mothNOW

+

-
CO2

Low O2



To be low O2, or not?



THANK YOU


