
 

 An Equal Opportunity Provider and Employer 

       March 23, 2017 
 
Dr. Hoang Trung  
Director General 
Plant Protection Department (PPD) 
Ministry of Agriculture and Rural Development (MARD)  
149 Ho Dac Di Street, Dong Da District 
Hanoi, Vietnam 
 
Dear Dr. Trung: 
 
As agreed during our February 7-8, 2017 discussions in Hanoi, please find enclosed 
APHIS’ investigation of U.S. dried distillers grains (DDG) consignments in which PPD 
detected live pests.  The technical documentation is a complete analysis of the causal 
factors and the changes implemented by APHIS and the U.S. industry to remedy the 
situation. 
 
The enclosed document was prepared in response to PPD’s concern about live pest 
detections in U.S. DDG.  APHIS’ investigation of the non-compliant 
consignments consisted of the following: Origin trace back, site visit, interview, 
and a review of inspection policy, procedure, fumigation, and certification.  
APHIS determined that insect detections were almost entirely associated with 
containerized cargo, with only one documented detection in a consignment of bulk 
loaded product in ship’s holds.  
 
APHIS convened a panel of U.S. government and industry experts in phytosanitary 
treatments to evaluate treatment alternatives and the treatment schedules specific to 
DDG.  Recommendations included:  

• Use of phosphine;  
• Use of separate policies and procedures based on conveyance (shipping 

container vs. bulk cargo); 
• A more rigorous treatment schedule for DDG in containers  
• An official stowage inspection of the container prior to loading;  
• Placement of screening material over container vents and doors during 

aeration of fumigant;  
• Use of a recirculation system for in transit fumigation of bulk loaded DDG 

in ship’s holds; and,  
• At the discretion of the shipper, continued use of methyl bromide as an 

alternative to the recommended phosphine treatment. 
 
The enclosed technical documentation, Appendix 1, provides a discussion of the 
efficacy of phosphine and references numerous studies and trials that have been 
conducted demonstrating efficacy of phosphine fumigation of product in shipping 

Animal and Plant 
Health Inspection 
Service (APHIS) 
 
Plant Protection and 
Quarantine (PPQ) 
 
4700 River Road 
Riverdale, MD 20737 
 
Voice: 301-851-2046 
Fax: 301-734-7639 



Dr. Hoang Trung  
Page 2 

containers and bulk loaded into ship's holds.  This documentation supports the recommended 
fumigation treatment schedule for DDG in shipping containers.  This documentation supports 
the recommended fumigation treatment schedule for DDG in shipping containers.  The 
recommended treatment schedule is as follows: 

 
Phosphine Treatment Schedule, DDG in Shipping Containers for Vietnam 

 
Commodity 
Temperature °C  

Commodity 
Temperature °F  

Minimum PH3 
Concentration  

Minimum Exposure 
Period  

10-15 
15-20  

50-59 
60-69  

750 ppm 
750 ppm  

5 days 
4 days  

>20  >70  750 ppm  3 days  
 
 
As discussed during the Hanoi meeting, APHIS continues to work with U.S. industry to promote 
pest management best practices at DDG warehouses and transload sites. APHIS and the U.S. 
industry are finalizing the BMPs which will be implemented prior to the proposed July 2017 
visit. 
 
We hope this technical report provides assurance as to the effectiveness of the current mitigation 
practices for U.S. DDGs.  We look forward to receiving your favorable response so that we may 
finalize the dates of the verification visit to the United States. 
 
Sincerely,  

 
Andrea B. Simao 
Assistant Deputy Administrator 
Phytosanitary Issues Management 
Office of the Deputy Administrator 
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APHIS Investigation of Pest Detections 


in US Dried Distillers Grain to Vietnam 


 


Abstract 


In response to Vietnam’s concern about live pest detections in U.S. Dried Distillers Grains 
(DDG), APHIS traced the origin of noncompliant consignments, conducted site visits and 
interviews, and investigated the policies and procedures involved in inspection, fumigation and 
certification.  APHIS determined that insect detections were almost entirely associated with 
containerized cargo, with only one documented detection in a consignment of bulk loaded 
product in ship’s holds.  APHIS convened a panel of government and industry experts in 
phytosanitary treatments to evaluate treatment alternatives and the labeled treatment 
schedules as they pertained specifically to DDG.  Resulting recommendations focus on the 
efficacy of phosphine, separate policies and procedures based on conveyance (shipping 
container vs. bulk cargo), a more rigorous treatment schedule for DDG in containers, an official 
stowage inspection of the container prior to loading, placement of screening material over 
container vents and doors during aeration of fumigant, use of a recirculation system for 
intransit fumigation of bulk loaded DDG in ship’s holds, and, at the discretion of the shipper,  
continued use of methyl bromide as an alternative to the recommended phosphine treatment. 


Background 


2012: APHIS first conducted trace back investigations in 2012 upon receipt of the first DDG Notices of 
Non-Compliance in September 2012.  The notices reported detections of Trogoderma inclusum in 
containers of DDG. APHIS noted some minor inconsistencies in implementation of official inspection and 
sampling procedures at the local level and that pre-arrival fumigation was not yet required by PPD-
MARD. APHIS determined that in some of the cases, state officials conducted the inspection and 
fumigation oversight, and in others, federal officials, and there were some procedural discrepancies 
between the two.  APHIS worked with all official inspection agencies and the U.S. industry on a national 
basis to ensure the deficiencies were limited in scope and also communicated the need for increased 
care and vigilance. Vietnam, nonetheless, required pre-export fumigation in November 2012, and no 
further incidents were reported. 


2015: APHIS conducted a second traceback investigation in October 2015, upon receipt of the first 
Notice of Non-Compliance for DDGs since 2012, in response to Vietnam’s detection of Trogoderma 
variabile on DDG in containers. Deficiencies were noted both in pest exclusion at the transload site and 
the on-site fumigation. These local deficiencies were shared with the appropriate supplier and 
inspection officials. National industry representatives were also informed of the deficiencies and were 
encouraged to harmonize pest exclusion practices.  Industry representatives shared the findings with 
national membership and initiated educational efforts on DDG pest exclusion and treatment, and a 
study to develop industry best practices to enhance pest exclusion. 
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APHIS also followed-up on the first report of quarantine pests in grain—Sitophilus granarius in two holds 
of a wheat bulk cargo in December 2015. APHIS informed PPD-MARD that the cargo had not been 
fumigated prior to arrival in Vietnam and noted that the long travel time would have allowed emergence 
of undetected storage pests.  APHIS suggested in a    letter to PPD that fumigation with phosphine would 
avoid this problem in the future. 


2016: No further detections were reported until September 2016 when T. variabile was reported by 
Vietnam to have been detected in numerous consignments of DDGs. By October 5, 2016, Vietnam 
already had announced mandatory pre-arrival fumigation of DDGs, wheat, and corn with MB and 
suspension of DDG imports effective 60-days from formal notice. APHIS then initiated an extensive 
review of the DDG export handling procedures, inspection, and fumigation, seeking areas for 
improvement.  This review suggested that inspection and fumigation of DDG to Vietnam may benefit 
from more formal standard operating procedures. 


APHIS Review 


Review of the DDG cargos reported by PPD as infested focused on post-production handling, inspection 
and fumigation of DDG in shipping containers.  Vietnam has not reported infestation of DDG shipped 
bulk (without packaging) in ship’s holds.  Since the industrial processing of DDG results in a pest free 
product, which can only be infested after production,  APHIS conducted site visits at storage and 
handling facilities, including transloading sites, and examined the inspection and fumigation records for 
the cited DDG in containers.  APHIS found that: 


• fumigation of the infested DDG was often conducted at the minimum labeled gas concentration 
and duration, and  


• standard operating procedures were lacking relating to stowage inspections and fumigant 
aeration.   


Records were sometimes not available on stowage (empty container prior to loading) inspection or pest 
exclusion measures (safeguarding) during aeration of fumigant following treatment.  Inadequate 
stowage inspection may allow hitchhiking insects to be present in the container prior to loading.  
Container aeration (when container doors are opened after fumigation to allow fumigant to escape for 
safe handling of the container on public roads) may serve as another possible pathway for pest 
introduction.   


Additionally, in response to PPD concerns raised during two separate visits to DDG facilities in the U.S., 
APHIS has supported efforts by industry groups to develop a compendium of industry best practices to 
enhance pest exclusion in DDG warehouses and transload sites. APHIS has received a draft of this 
document, and is currently providing comment.  We expect this project to be completed by July 2017 
and we believe this will lead to improved pest management.   


It should be noted that inspection and grading of grain cargos (wheat, corn, soybeans) are required 
under the U.S. Agricultural Marketing Act and the US Grain Standards Act ensuring that cargos are 
sampled, inspected and graded under rigorous official procedures.  Additionally, when fumigation is 
required by a trading partner, mandatory official monitoring ensures proper conditions and for 
conformity with labeled instructions, which in the case of phosphine, have been long established to be 
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efficacious (NAPPO Treatment Protocol No. 03 Phosphine Fumigation of Grain or Grain Products for 
Control of Stored Product Pests).  Consequently, there has only been one instance of a quarantine pest 
being found in any ship lot of wheat, corn or soybeans since 2011. 


Analysis, Concerns and Conclusions 


This APHIS review led to subsequent consultation between USDA and industry treatment experts on 
phosphine fumigation.  The consultation strongly supported the use of phosphine over methyl bromide 
when proper dosage and duration are assured, as detailed in Appendix 1, Phosphine Efficacy.  It was 
suggested that, in the case of DDG in shipping containers, the labeled standard minimum dosage and 
duration may be insufficient due to product compaction and consequent restriction of gas movement.  
We believe insufficient dosage or duration of treatment and the aforementioned lack of consistency in 
fumigation and stowage inspection procedures is the likely explanation for any failure of fumigation 
treatment. 


During discussions with U.S. industry, concern was voiced about the logistical challenges of ensuring 
minimum product temperature of 50 degrees Fahrenheit (10 degrees Celsius) during winter months for 
fumigation purposes.  Consequently, while APHIS has implemented the 50 degree Fahrenheit minimum, 
we hope that Vietnamese regulation may allow sufficient flexibility for alternative treatments or 
treatment schedules to be proposed once a proven record of success has been established. 


In summary, APHIS has identified deficiencies in inspection and fumigation of DDG in containers in the 
United States. These include inconsistencies in inspection of containers before loading (stowage 
inspections), dosage and duration of phosphine fumigation, and pest exclusion (safeguarding) during 
aeration of containers after treatment. Recommendations to correct those deficiencies follow. 


APHIS Requirements for DDG in shipping containers 


As described during the February 2017 discussions with PPD, APHIS has developed an enhanced 
phosphine fumigation treatment schedule (see Appendix 2, Phosphine Treatment Schedule, DDG for 
Vietnam) and procedures for DDG in shipping containers which include: 


• a stowage inspection of the empty container before loading, 
• an additional 24 hours in fumigation duration ( 3-5 days subject to temperature, see Appendix 


2, Phosphine Treatment Schedule, DDG in Shipping Containers for Vietnam),  
• higher fumigant concentration (a tripling of labeled dosage to 750ppm),  
• more stringent monitoring of fumigant concentration and  
• additional pest exclusion measures during fumigant aeration (including screening over 


container vents and door openings). 


These measures will be required before an official phytosanitary certificate may be issued for DDG in 
containers and we are confident that they will provide the necessary level of protection sought by 
Vietnam.  Please refer to Appendix 1 Phosphine Efficacy. 


AHIS Recommendation for DDG shipped bulk in ship’s holds 


Although Vietnam currently requires MB for U.S. wheat and corn imports, it is not feasible for bulk 
cargos due to its significant logistical and safety disadvantages.  Since no live pest detections have been 
reported for bulk DDG consignments, APHIS requested confirmation of infested bulk cargos.  In a 
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November 10, 2016 letter, Vietnam provided details on detections of nonquarantine pests in wheat and 
corn cargos.  However, APHIS has only been able to confirm that 6 of the reported consignments were 
fumigated, and in all instances, the records were of containerized cargos, not bulk cargos.  Nevertheless, 
due to previously expressed uncertainty regarding the gas exchange properties of DDG, the experience 
with infested DDG consignments in shipping containers, and the need to expedite market access for 
DDG, APHIS will only issue phytosanitary certificates for those bulk DDG cargos which have been 
fumigated intransit with phosphine using the recirculation system as described in the Federal Grain 
Inspection Service (FGIS) Fumigation Handbook (Appendix 3, Phosphine Treatment Schedule, DDG in 
Shipping Containers for Vietnam).  


The in-transit phosphine recirculation system for bulk consignments is highly effective due to the 
thoroughness of gas distribution, and is not normally considered necessary unless used on short voyages 
where the normal treatment duration is curtailed.  In spite of the fact that APHIS stands behind routine 
intransit phosphine fumigation (without recirculation), which has demonstrated effectiveness, to 
provide the degree of confidence sought by Vietnam, we will only provide phytosanitary certification for 
bulk loaded DDG consignments with a recirculation system of phosphine fumigation certified by an 
official inspector.   


Additional Recommendations  


Once trade in DDG recommences, we urge PPD to consider performance of container fumigation apart 
from that of bulk cargos.  The procedures and oversight are quite distinct between the two types of 
conveyances, as has been the record of performance, warranting separate consideration.  Should there 
be a live pest detection in containers, we suggest that whatever action be taken be limited to containers 
and not extend to bulk shipments as well, which already have a proven record of successful fumigation. 


Additionally, while we strongly recommend phosphine over methyl bromide, there are specific 
conditions under which methyl bromide may be the preferred treatment method.  The efficacy of 
methyl bromide has not been disputed, and we urge Vietnam to continue to recognize it as an 
appropriate treatment alternative. 
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APPENDIX 1: Phosphine Efficacy 
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Abstract.    


Warehouse beetle, Trogoderma variable (Ballion) (Coleoptera, Dermestidae) is a pest of concern to certain 


countries that import Dried Distillers Grains (DDGs) from USA. A series of laboratory-scale exploratory 


fumigations with phosphine at 10.0 ± 0.3 ºC ( sx 2 ) were conducted to evaluate the postharvest control of eggs 


as well as diapausing larvae of T. variable, the most phosphine-tolerant life stages of this pest. Models of the 


duration-mortality response predicted >99%  mortality when headspace concentrations of phosphine, [PH3], are 


maintained at levels  0.8 mgL-1 (500 ppmv) and ≤ 1.5 mgL-1 (1000 ppmv) for  120 h, as estimated by the lower 


boundary limit of the 95% confidence interval.  A fumigation schedule is proposed based on the results of this 


research and the seminal studies of Vincent and Lindgren (1975) as well as Banks and Cavanaugh (1985).  Data 


is presented and discussed in the context of controlling Trogoderma variable following commercial fumigations 


for export of DDGs. 


 


 


 


 


 


 







 


Materials and Methods. 


Insects and egg collection.  


Specimens were cultured in the insectary at the United States Department of Agriculture-Agricultural Research 


Service (USDA-ARS), San Joaquin Valley Agricultural Sciences Center, Parlier, CA (USDA, 2012). Cultures 


were housed in an 15.2-m3 rearing unit maintained at 27 ± 1°C ( x   s) and 60 ± 5% RH ( x   s) with a 


photoperiod of 16:8 (L:D) h, unless otherwise noted. Rearing procedures and diets, briefly mentioned below, 


were as reported in the Crop Protection and Quality Research Unit electronic rearing manual (USDA, 2012). 


Methods for collection of eggs and diapausing larvae are detailed below.  


 


Warehouse beetle (WHB), Trogoderma variable (Ballion) (Coleoptera, Dermestidae), was originally collected 


in 1967 from whereabouts unknown in Fresno County, California USA. WHB adults (200 to 300) were 


transferred to a 946-mL glass jar filled with 20 to 25 g of a dried dog food substrate. The jar was sealed with 


filter paper (Whatman® #1, 90-mm diameter) followed by a wire screen (U.S. #40 mesh, 90-mm diameter) and 


both were secured a top the jar with a threaded metal ring. The jar was transferred to the rearing unit for a 72-h 


ovipositional period, after which, eggs were separated from the adults and flour using a stack of sieves (Seedburo 


Equipment Company, Des Plaines, IL). The contents of the jar were poured into the top sieve (U.S. #25, 0.71 


mm2 openings) and shaken vigorously for a few minutes. The eggs were retrieved from the underlying sieve 


(U.S. #60, 0.25 mm2 openings) by decanting them into a glass Petri dish (100 diameter x 15 h mm). Counting 


eggs required for treatments was performed under the microscope by transferring small amount of eggs into a 


trough made out of black construction paper. Using a small, horsehair brush, ca. 100 eggs were transferred onto 


black velour paper that lined the inside of a 35-mm diameter Petri dish (Falcon, Oxnard, CA). Wheat bran diet 


(5 g), prepared as described in the rearing manual (USDA 2007), was placed in each of several 10-cm diameter 


plastic Petri-dish cages. The diet was spread concentrically to the outer edge of each cage bottom and a single 


35-mm Petri dish, containing the < 72-h old eggs, was placed in the center of the void. After fumigation 


treatment, or concomitant use as non-treated control specimens, the Petri-dish cages were lidded.  


 







As described in Banks and Cavanaugh (1985), larvae known to be in diapause were obtained by isolating 


single larvae taken from stock cultures.  Each larvae was introduced, along with 0.5 g of diet, 7-dram clear 


plastic “snap cap” cages modified with 8-mm diameter stainless-steel 100 wire mesh gas-portals on the bottom, 


snap cap, and side.  The cages were incubated at 30 ± 1°C ( x   s) and 60 ± 5% RH ( x   s) with a photoperiod 


of 16:8 (L:D). Larvae  that  had  not  metamorphosed  after  6 wk  were  considered  to  be in induced diapause, 


as described  by Burges ( 1961, 1965). 


 


Chemical Analysis and calibration of standards.  


Cytec Canada, Inc. (Niagara Falls, Ontario, Canada) provided the 300-lb cylinders of 1.6 % (v/v) phosphine 


balanced with nitrogen.  A source cylinder (300-lb) of breathing air was obtained from Airgas (Fresno, CA, USA).  


The 1.6% PH3 mixture was used as the source for gas chromatography calibrations and the exploratory 


fumigations.  [PH3] and steady-state concentrations thereof, [PH3]ss, were measured using gas chromatography 


(GC); retention time (PH3, tr = 3.2 ± 0.2 min, x   s, n = 10) was used for chemical verification and the integral 


of peak area, referenced relative to liner least-squares analysis of a 5-point concentration – detector response 


curve, was used to determine concentration.  Detector response was determined by diluting known volumes of 


gases into volumetric gas vessels. A response curve was generated respective to each sampling interval with each 


sample referenced to the response.   [PH3] levels were reported as average (±) standard deviation ( x   s) from 


duplicate measurements (vide infra). Analyses were with a Varian 3800 and splitless injection (140 C) using a 


gas sampling port with a 10 L-sample loop, a Teflon column (L = 2 m, OD = 2 mm) packed with Porpak N 


(80/100 mesh) held at 130 C for 10 min, and a pulsed flame photometric detector (PFPD) detector (13 mL/min 


H2, 20 mL/min air, and 10.0 mL/min N2 make-up) at 250 C that received only 10% of the 15 ml He/min column 


flow.  


 


Exploratory fumigations. 


Laboratory-scale exploratory fumigations were conducted in a matching set of 24 Labonco® 28.32-L vacuum 


chambers housed in a walk-in environmental room with programmable temperature and humidity (USDA, 2010).  


Temperature and humidity set-points were 10.0 C and 80% RH, respectively. A series of exploratory experiments 


was used to determine the treatment duration, ranging from 24 to 168 h, required to control larvae with applied 







doses, and subsequently, steady-state concentrations of phosphine in chamber headspace (i.e, [PH3]ss) of  ca. 250 


(0.4), 500 (0.8), 1000 (1.5), or 2500  ppmv (LL-1) (3.7  mgL-1) phosphine, respectively.  Each of five chambers 


was loaded with an egg dish; four of the chambers were, respectively, subject to the phosphine treatments above 


and the fifth was not fumigated to yield non-treated control specimens. In addition, the control chamber and the 


chamber treated with 1000 ppmv (LL-1) (1.5 mgL-1) [PH3]ss were loaded with 30 caged larvae.  Each “block” 


of five chambers was subject to treatment durations of 24, 48, 72, 96, 120, 144, and 168 h.  Each “block” was 


conducted in triplicate, which yielded a total of ca. 300 eggs at each [PH3]ss and each treatment duration, as well 


as 90 larval specimens treated with 1000 ppmv (LL-1) (1.5  mgL-1) [PH3]ss at each treatment duration. This 


design corresponded to a total of 630 and ca. 2100 control larvae and eggs, respectively.   


 


Loaded chambers, 300-lb source cylinders of breathing air (Airgas, Fresno, CA, USA) as well as 1.6 % (v/v) 


phosphine balanced with nitrogen, and gas-tight syringes were acclimated to fumigation temperature (i.e., 


tempered) within the walk-in environmental room for at least 24 h prior to treatment.  Air temperature in the 


walk-in room was confirmed prior to fumigation by a HOBO data logger (HOBOware version 2.7). Chamber lids 


were then clamp-sealed in preparation for treatment. A slight vacuum of approximately 76-127 mmHg was 


established in each chamber. Gas-tight super-syringes (Hamilton ® 500, 1000, or 1500 mL) were filled with a 


volume of phosphine from the 300-lb source cylinder of 1.6 % (v/v) phosphine to achieve the requisite dose as 


predetermined in preliminary calibration studies.  The syringe was fitted to a LuerLok ® sampling valve, which 


was subsequently opened so that fumigant was steadily drawn into the chamber.  The syringe was then removed 


and normal atmospheric pressure (NAP) was reestablished; this marked the beginning of the exposure period.   


 


Flow from 300-lb source cylinders of breathing air (Airgas, Fresno, CA, USA) and 1.6 % (v/v) phosphine were 


metered, respectively, into each of four gas blending manifolds (Aalborg Model G gas proportioner meter) that 


allowed for tunable [PH3]ss to exit the manifold, and ultimately enter a respective chamber. Exit flow from the 


manifold, which totaled 25 mLmin-1 regardless of [PH3]ss (i.e. breathing air was the make-up gas), was directed 


to the input port/valve on the chamber; ¼’-diameter Teflon tubing was used for all plumbing and all connections 


were with standard stainless-steel Swedgelock fittings, unless otherwise noted.  Flow exiting the chambers was 


directed through a LuerLok® sampling port into a centralized ventilation system (USDA, 2010).  [PH3]ss and air 


inputs were tuned to the desired level in preliminary calibration studies, prior to the introduction of any test 


specimens into the chamber. 







 


A gas sample of the chamber headspace was acquired using the LuerLok® sampling valve, which accessed the 


effluent of the respective chambers.   A B-D® 100-mL gas-tight syringe was allowed to slowly fill to ~ 40 mL 


with the chamber effluent.  Contents of the syringe were quantitatively analyzed with gas chromatography (GC) 


as described below. In the exploratory fumigations, the standard sampling interval for measurement of [PH3]ss 


was at  0.12 h (initial) and every 12 h thereafter through the duration of the treatment. Carbon dioxide and oxygen 


concentration were measured with a gas sampling pump connected in series between a port accessing chamber 


effluent and an atmospheric gas analyzer (GFC-7000E, Teledyne Instruments, City of Industry, CA), which 


recorded at standard temporal intervals over the duration of treatment. 


 


After the final sampling of [PH3]ss, cylinder valve-stems were shut, thereafter inputs of breathing air and 


phosphine ceased, chamber valves were opened to atmosphere, and a 30-min aeration period was initiated. 


Chamber lids were then opened and the treated as well as non-treated specimens were retrieved and transferred 


to an incubator at 27.0 ± 1.0 °C and 80 ± 2% RH ( x   s) in prelude to mortality evaluation (vide infra). 


 


Mortality evaluation.  


Mortality of diapausing larvae was diagnosed visually by discoloration, while survivability was diagnosed by 


locomotion or by prodding-induced motion 14 to 21 d post treatment. Ultimately, however, evidence of pupation 


served as diagnostic of survival. Egg mortality assessments were conducted using a dissecting microscope (8 to 


10 x magnification) 14 d after treatment, as the 5 to 7 days typically required for hatching was delayed due to 


physiological suppression at the 10C treatment temperature.   


 


Mortality was calculated as a percentage of the response per treatment. Mortality of control specimens was 


assumed to be equal to that in fumigation trials, per the method of Abbott (1925), and was included as a natural 


response in modeling the efficacy results from exploratory trials.  The total number of specimens that were treated 


for each exploratory-trial was estimated by summing the numbers treated, while the total number of specimens 


treated (n) across exploratory-trials was estimated by summing the numbers from each respective trial.  Mortality 







was analyzed via probit analysis of Finney (1944 & 1977) at the 95% confidence level, as further derived in 


Couey and Chew (1986) as well as Liquido and Griffin (2010). 


 


Results and Discussion. 


 


Exploratory fumigations. 


The average air temperature ( x ), 10 ºC, was calculated across all trials; Deviation in temperature was assumed to 


follow a normal distribution with the estimated margin of error reported as ± 2s, 0.3 ºC, the 95% confidence 


interval (Quinn, 1983).  Of the 630 untreated diapausing larvae, only 24 expired with no more than 3 deaths per 


30-specimen control grouping.  As for mortality in 2,106 untreated eggs, 45 expired with no more than 5% 


mortality in each control grouping of ca. 100. While the control mortality of the diapausing larvae was consistent 


with previous reports (Banks and Cavanaugh, 1985), control mortality of eggs was ~15 % less than observed by 


Vincent and Lindgren (1975).   


 


Respective duration-mortality regressions for (applied doses and) [PH3]ss of 250 (0.4), 500 (0.8), 1000 (1.5), or 


2500  ppmv (LL-1) (3.7  mgL-1)  were modeled using Polo Plus (LeOra Software, 2002-2007) with the mortality 


of control specimens included as a natural response. The number of egg specimens treated (250 ppmv: 2105 


subjects; 500 ppmv: 2112 subjects; 1000 ppmv: 2109 subjects, 2500 ppmv: 2093 subjects), the regression 


heterogeneity (H), the projected durations to cause 50, 95, and 99% mortality in the treated population 


(respectively LT50, LT90, and LT99), and the bounds (upper (UL) and lower (LL) limits) at the 95 % confidence 


level (CL) are shown in Figure 1.  Likelihood ratio-based hypothesis testing of equality was rejected (P < 0.05, 


2 = 621, df = 6), indicating that the slopes as well as the intercepts of the regressions respective to [PH3]ss were 


significantly different.  Likelihood ratio-based hypothesis testing of parallelism was rejected (P < 0.05, 2 = 44.7, 


df = 3), indicating that the slopes of the regressions respective to [PH3]ss were significantly different.   


 


Lethal time ratios (LTRs) were calculated with (+/-) 95 % confidence intervals (CI) across the durations projected 


to cause 10 to 99% mortality in the treated population. Figure 2 shows that fumigation with [PH3]ss of 250 or 


2500 ppmv required longer treatment durations, relative to 1000 ppmv, to yield the same egg mortality response 







as noted by respective LTRs < 1 (unity) (Figure 2). On the other hand, the LTRs for [PH3]ss of 500 ppmv 


overlapped or superseded a value of 1 (unity) respective to all projected durations > LT10, indicating that time 


required for a particular percentage of egg control is equivalent when [PH3]ss is 500 or 1000 ppmv. 


 


Additionally for a [PH3]ss of 1000 ppmv, LTRs were calculated ± 95% confidence intervals across the treatment 


durations projected to cause 10 to 99% mortality in the treated population of eggs and diapausing larvae.   LTRs 


respective to durations predicted to yield >10% mortality overlapped a value of 1 (unity), indicating that 


equivalent treatment durations resulted in equivalent response of eggs relative to diapausing larvae.  This finding 


is consistent with that of Banks and Cavanaugh (1985) in that neither study establishes diapausing larvae as being 


more phosphine-tolerant than eggs, which are clearly more phosphine tolerant than all other life stages of T. 


variable (Vincent and Lindgren, 1975). 


  


Figure 4 shows the projected durations to cause 99% mortality in the treated population (LT99) of eggs varies as 


a function of [PH3]ss. To rationalize this result, note the seminal work of Winks on phosphine (1984, 1985, 1986, 


1994) as related to Haber’s Rule (Czt = ), which forms the basis for relating concentration (C) and time (t) to 


toxicological efficacy (), at least with respect to fumigation science (Bliss, 1940; Miller et al., 2000).  For 


phosphine, z, the response evoked by a specific toxicant in a particular organism, changes with C.  When 


considering data on mortality collected at “fixed” concentrations over varying times, such as was done in the 


exploratory fumigations, the applied dose correlative to the onset of deviation (i.e., change in n) is termed the 


“narcosis threshold”, the concentration above which further change in z results in the narcotic effect of phosphine 


and an increased tolerance. Recently, the work of Walse et al. (2013, 2016, 2017) has expanded on the concept 


of the “narcosis threshold” in the context of quarantine treatments as well as mitigation strategies for phosphine 


resistance. The results from the exploratory studies indicates the “narcosis threshold” of T. variable eggs spans 


the range 500 ≤ [PH3]ss ≤ 1000 ppmv and is centered at  750 ppmv. 


 


The LL (95% CL) of the durations predicted to cause 99% mortality in the treated population (LT99) of eggs and 


diapausing larvae were ca. 120 h. Moreover, none of the specimens (1,815 eggs & 270 diapausing larvae) survived 


fumigation with 500 ≤ [PH3]ss ≤ 1000 ppmv  for a duration ≥ 120 h, results that suggest fumigation at ≥ 10.0 ºC 


will control T. variable infestations if [PH3] is maintained at ≥ 500 and ≤ 1000 ppmv for a duration ≥ 120  h.   In 







general, an increase in treatment temperature is commensurate with an increase of insect metabolism and increase 


in the efficacy of a fumigant (Monro, 1969).  The work of Vincent and Lindgren (1975) supports this conclusion 


with respect to T. variable, as fumigation at 21.1 ºC with 500 or 750 ppmv for 72 h resulted in complete mortality 


of 1- to 6-d old eggs. Collectively, results provide the technical framework of a fumigation schedule: 


 


Phosphine concentration maintained at 750 ppmv (LL-1) (1.1  mgL-1) or higher  for 72 h or greater  at commodity 


temperature of 20.6 ºC or greater 


 


Phosphine concentration maintained at 750 ppmv (LL-1) (1.1  mgL-1) or higher  for 96 h or greater  at commodity 


temperature of 15.0 ºC but less than 20.6 ºC  


 


Phosphine concentration maintained at 750 ppmv (LL-1) (1.1  mgL-1) or higher  for 120 h or greater  at 


commodity temperature of 10.0 ºC but less than 15.0 ºC  


 


 


 


 


 


 


 


 


 


 


 


 


 







 


 


Acknowledgements.  This research was financially supported by the United States Department of Agriculture – 


Agricultural Research Service. 


 


References Cited. 


Abbott, W.  1925.  A method of computing the effectiveness of an insecticide.  J. Econ. Entomol. 18: 265-267. 


 


Banks, H.J.; Cavanaugh, J.A. 1985. Toxicity of phosphine to Trogoderma variable Ballion (Coleoptera: dermestidae) J. Aust. 


Ent. Soc. 24:179-186 


 


Bliss, C.I. 1940. The relation between exposure time, concentration, and toxicity in experiments in  insecticides. Ann. 


Entomol. Soc. Am. 33: 721-766. 


 


Burges, H.D. 1961. The effect of temperature, humidity, and quantity of food on the development and diapause of 


Trogoderma parahile   Beal Bull. ent. Res. 51: 685-696. 


 


Burges, H.D. 1965. Unusual diapause in the genus Trogoderma. parahile   Proc. 12th Int. Con. Ent. London p.435 


 


Couey, M.C., and V. Chew. 1986. Confidence limits and sample size in quarantine research. J. Econ. Entomol. 79: 887-890. 


 


Finney, D.J. 1944. The application of the probit method to toxicity test data adjusted for mortality in the controls. Ann. Appl. Biol. 31, 


68-74. 


Finney, D.J. 1971. Probit Analysis; 3rd ed.; Cambridge University Press: Cambridge. 


Liquido, N. J. and R. L. Griffin.  2010.  Quarantine Treatment Statistics.  United States Department of Agriculture, Center for 


Plant Health Science and Technology.  Raleigh, N.C.  <http://cqtstats.cphst.org/index.cfm>  [Accessed on Mar 5, 2013]. 


 


Miller, F.J.; Schlosser, P.M.; Janszen. 2000. Haber’s rule: a special case in a family of curves relating concentration and 


duration of exposure to a fixed level of  response for a given endpoint. Toxicology. 149, 21-34. 


 


Monro, H. A. U. 1969. Manual of fumigation for insect control. FAO Agricultural Studies 79, 381 pp. 


 


Quinn, T.J. 1983. Temperature (monographs in physical measurement) Academic Press London LTD pp. 241-280.SAS 


Institute. 2007. JMP, Version 9, SAS Institute Inc., Cary, NC. 







 


 


USDA.  2010.  Fumigation and Chemistry Group of the Commodity Protection and Quality Research Unit, USDA, Agricultural 


Research Service, SJVASC, Parlier, CA 93648 http://www.ars.usda.gov//Main/site_main.htm?docid=18577 [Accessed on Mar 15, 


2017]. 


 


USDA.  2012.  Fumigation and Chemistry Group of the Commodity Protection and Quality Research Unit, USDA, 


Agricultural Research Service, SJVASC, Parlier, CA 93648 


http://www.ars.usda.gov/SP2UserFiles/ad_hoc/53021565Insectary [Accessed on Mar 15, 2017]. 


 


Vincent, L.E. and Lindgren, D.L. 1972. Toxicity of phosphine to the life stages of four species of dermestides. J. Econ. Ent. 65: 1429-


1431. 


 


Vincent, L.E. and Lindgren, D.L. 1975. Toxicity of phosphine and methyl bromide to four metamorphic stages of Trogoderma 


viariable   J. Econ. Ent. 68: 53-56. 
 


Waterford, C. J. and R. G. Winks.  1994.  Correlation between phosphine resistance and narcotic response in Tribolium 


castaneum (Herbst).  In:  Proc. 6th Int. Working Conf. on Stored-Product Protection, Eds. E. Highley, E. J. Wright, H. J. 


Banks, and B. R. Champ.  Canberra, Australia, April 17-23, 1994, CAB International, Wallingford, Oxon, UK, Vol.1, 221-


225.   


 


Walse, S.S. and Hall, W.A. 2013. Phosphine toxicology: Case studies at USDA-ARS. Proc. Methyl Bromide Alternatives and 


Emissions Res. Conf. 43-1. 


 


Walse, S.S. 2016. Postharvest treatment research at USDA-ARS: stored product fumigation.  International Conference on 


Controlled Atmosphere and Fumigation in Stored Products, New Delhi, India. November 7-11. 


 


Walse, S.S. and Tebbets, J.S. 2017. Postharvest treatment of California USA peaches, plums, and nectarines with 


cylinderized phosphine to eliminate peach twig borer, Anarsia lineatella, and spotted wing drosophila, Drosophila suzukii.. 


J. Econ. Ent. In press 


Winks, R. G.  1984.  The toxicity of phosphine to adults of Tribolium castaneum (Herbst):  time as a dosage factor.  J. 


Stored Prod. Res. 20: 45-56. 


 


Winks, R. G.  1985.  The toxicity of phosphine to adults of Tribolium castaneum (Herbst):  phosphine-induced narcosis.  J. Stored 


Prod. Res. 21: 25-29. 


 


Winks, R. G. and C. J. Waterford.  1986.  The relationship between concentration and time in the toxicity of phosphine to adults of a 


resistant strain of Tribolium castaneum (Herbst).  J. Stored Prod. Res. 22: 85-92. 


 


 


 



http://www.ars.usda.gov/SP2UserFiles/ad_hoc/53021565Insectary/Rear-PTB-Oct2007.pdf





 


 


 


Figure 1.  Mortality of warehouse beetle, Trogoderma variable (Ballion), eggs following phosphine fumigation at 10.0 ± 


0.3 ºC ( sx 2 )  and  probit regression analyses (Polo Plus, LeOra Software, 2002-2007) of the duration-mortality response 


respective to applied doses and steady state headspace concentrations, [PH3]ss of  ca. 250 (0.4), 500 (0.8), 1000(1.5), or 


2500  ppmv (LL-1) (3.7  mgL-1),  showing the number of specimens treated, the regression heterogeneity (H), the projected 


durations to cause 50, 95, and 99% mortality in the treated population (respectively LT50, LT90, and LT99), and the 


corresponding estimates of the bounds (upper (UL) and lower (LL) limits) at the 95 % confidence level (CL). 


 


 


 


 


 


 







 


 


 


 


Figure 2. Lethal time ratios (LTRs) associated with steady-state headspace concentrations, [PH3]ss,  of  ca. 250 (0.4), 500 


(0.8), 1000 (1.5), or 2500  ppmv (LL-1) (3.7  mgL-1) were calculated ± 95% confidence intervals across the treatment 


durations projected to cause 10 to 99% mortality in the treated population of warehouse beetle, Trogoderma variable 


(Ballion), eggs.   LTRs respective to durations predicted to yield >10% mortality overlapped a value of 1 (unity) for 500 


ppmv, indicating that maintaining [PH3]ss at 500 ppmv  was no more efficacious than maintaining [PH3]ss at 1000 ppmv 


levels. However, LTRs were less than a value of 1 (unity) for 250 and 2500 ppmv, indicating that these treatments required 


significantly longer durations to evoke an equivalent response in the treated populations, relative to treatments with 500 ≤ 


[PH3]ss ≤ 1000 ppmv. 


 


 


 


 


 


 


 


 







 


 


 


 


Figure 3. Lethal time ratios (LTRs) associated with steady-state headspace concentrations, [PH3]ss,  of  1000 ppmv (LL-1) 


(1.5 mgL-1) were calculated ± 95% confidence intervals across the treatment durations projected to cause 10 to 99% 


mortality in the treated population of warehouse beetle, Trogoderma variable (Ballion), eggs and diapausing larvae.   LTRs 


respective to durations predicted to yield >10% mortality overlapped a value of 1 (unity), indicating that equivalent 


treatment durations resulted in equivalent response of eggs relative to diapausing larvae. 


 


 


 


 


 


 


 







 


 


 


 


 


Figure 4. The projected durations to cause 99% mortality in the treated population (LT99) of warehouse beetle, Trogoderma 


variable (Ballion), eggs () varied as a function of steady-state headspace concentrations, [PH3]ss,  over the range 250 to 


2500 ppmv. However, an equivalent mortality response was observed when at [PH3]ss of 500 and 1000 ppmv, indicating 


that variability in [PH3]ss within the range 500 ≤ [PH3]ss ≤ 1000 ppmv,  will not change the efficacy of fumigation.  It is 


critical to note that the predicted duration required to control 99% of a treated population of diapausing larvae () is 


equivalent to that required for eggs.  Error bars are the estimates of the upper (UL) and lower limits (LL) at the 95% 


confidence interval (see Figure 1).  The “narcosis threshold” for T. variable (Ballion) eggs spans the range 500 ≤ [PH3]ss ≤ 


1000 ppmv as indicated by horizontal portion of the red trace. 
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APPENDIX 2: Phosphine Treatment Schedule, DDG in Shipping 
Containers for Vietnam 


 


 
Commodity 
Temperature °C  


Commodity 
Temperature °F  


Minimum PH3 
Concentration  


Minimum Exposure 
Period  


10-15 


15-20  


50-59 


60-69  


750 ppm 


750 ppm  


5 days 


4 days  


>20  >70  750 ppm  3 days  
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APPENDIX 3: Recirculation System for Intransit Phosphine Fumigation 
of Bulk Loaded Grain and Product (FGIS Fumigation Handbook, Article 
2.3.d.3) 
(3)   Recirculation System. 
This method uses a combination of tubing and an explosion proof blower motor. The 
blower is used to aid fumigant distribution by re-circulating phosphine gas 
throughout the hold, and therefore must have the capability of moving the fumigant 
at a minimum rate of 300 cubic feet per minute. During transit, the blower forces 
high gas concentrations in the head space to lower parts of the hold. 
 
The fumigant industry has demonstrated the effectiveness of the Recirculation 
System. Additionally, USDA's Agricultural Research Service tested the Recirculation 
System aboard the M/V Gamal Abdul Nasser in December 1987. 
 
(a)   Install a 4-inch (minimum) corrugated slotted/perforated tubing in a 


pattern(s) on the hold bottom that will provide for the uniform distribution 
of the fumigant throughout the hold. 


 
(Figure 1 below illustrates suggested installation configuration of the tubing for 
the recirculation system. Notice the tubing runs from corner to corner). 


 
FIGURE 1 


 


 
(b) Complete the wiring of the explosion proof motor with the blower. 
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APPENDIX 3 (continued) 
 
NOTE: Official personnel are not responsible for checking wiring 
diagrams or performing any electrical test on the blower. The 
fumigator is responsible for demonstrating the operation of the blower 
to official personnel. 


 
(c) Place the blower motor inside the man-way opening and attach tubing to the 


motor housing securely using a semi-permanent method such as a bolt, screw, 
clamp, etc. Tape is not allowed for the purpose of attaching the tubing to the 
blower housing, but tape may be used to help seal the joint between the blower 
housing and the tubing. 


 
(d) From the output side of blower motor insert the 4-inch (minimum) solid tubing 


down through the manway opening and attach it to the slotted tubing 
(minimum 4 inch) on the hold bottom. Attach the 6- inch perforated/slotted 
tubing to the input side of the blower motor housing using a semi-permanent 
method such as a bolt, screw, clamp, etc. Tape is not allowed for the purpose 
of attaching the tubing to the blower housing, but tape may be used to help 
seal the joint between the blower housing and the tubing. 


(c) After the loading is completed, stretch the 6-inch perforated/slotted 
tubing, onto the surface of the grain. 


 
Note: If the hold is loaded “slack” the 6-inch tubing is not installed. 
 
(d) Official personnel must verify that the blower is operational and the air flow is 


moving in the correct direction. The air must be pulled from the top (input side) 
and pushed down (output side) through the tubing to the bottom of the hold. 
Figure 2 below illustrates the correct direction of the air flow, and placement of 
the solid and slotted tubing. 


(g)   Apply fumigant using surface or subsurface method. 
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APPENDIX 3 (Continued) 


 
 


Source: FGIS Fumigation Handbook, Federal Grain Inspection Service, 
Grain Inspection, Packers and Stockyards Administration, Marketing 
and Regulatory Programs, Washington, DC, September 2006 





