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Exposure To Phosph ine Gas During App l icat i on o f  Magnesium 
Phosph ide In Stored Product Warehouses 

ABSTRACT 

A thesis submitted in partial ful f i l lment o f  the 
requ i rements for the degree of Master o f  Science 

Mark A .  Harrison 

V i rginia Commonwealth Univers ity 

R .  Leonard Vance, Ph . D . 

The use o f  phosphine gas requ ires that resp iratory 

protect ion be used i f  exposures exceed the OSHA perm iss ible 

exposure l imit . As w ith other chemical exposures limits 

many o f  the references used to establ ish occupati onal health 

gu ide l ines date back to the 1 9 3 0 ' s  and 1 9 4 0 ' s. Th is is 

quite common and is the case with phosphine gas . In itial 

pl anning for fumigat ions involv ing magnes ium phosph ide 

requ i res that a haz ard assessment be performed . Expected 

worker exposures based on prev ious monitoring or test data 

was not readily ava i l able . Many current pract ices and 

procedures for fumigat ions are based on recommendations from 

applicators who used the product in the 1 9 5 0 ' s  and 6 0 ' s .  

Unfortunately , many o f  the recommendations were based on 

personal opinion and experience rather than actual exposure 

monitoring data . Not unt i l  the 1 9 8 0 ' s were comprehens ive 

appl icator exposure assessments being conducted for 



v i  

d i f ferent tasks involving magnesium phosphide . As a result , 

it is necessary to generate current appl icator exposure data 

and compare the data to current occupational exposure l imits 

for phosph ine gas . 



INTRODUCTION 

One o f  the most common methods o f  s a fely generat ing 

phosph ine during a warehouse fumigat i on is through the use 

of magnes ium phosph ide . Magnes ium phosph ide ( Mg
3

P
2

) 

products exhibit two ma in hazards that must be carefu l l y  

taken into account during its use . The f i rst i s  a 

potenti a l  for f ire due to its h igh react ivity . The 

magnes ium phosphide may f l ash or burn i f  it comes in contact 

with water . The second hazard , and the most important in 

terms o f  appl icator exposure , is the inha l at ion o f  toxic 

phosph ine gas (1- 4 ) . 

Magnes ium phosph ide is a highly acute toxic substance . 

Phosph ine gas is l iberated by the react ion o f  magnesium 

phosphide w ith water molecules in the a i r . The chemica l  

react i on i s  represented by : ( 5,6 ) . 

At the present t ime l imited data are ava i l ab l e  with regard 

to appl icator exposure to phosph ine gas during the 

appl ication of magnes ium phosph ide in stored product 

warehouses . For this reason it is critical to determine 

the potenti a l  exposures to appl icators o f  magnesium 

1 
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phosph ide products during a warehouse fumigation. The 

purpose o f  this study was to conduct personal a i r  mon itoring 

on ind iv iduals applying magnes ium phosphide fumigants in 

warehouses .  Th i s  data w ill be used to characterize 

appli cator exposures and compare these levels to the current 

occupational Safety and Health Administration's ( OSHA ) ( 2 9  

CFR 1 9 1 0 . 1 0 0 0 )  Perm i s s ible Exposure Limit ( PEL) o f  0.3 ppm 

for phosph ine gas. 



LITERATURE REVIEW 

Phosphi ne gas ( PH
3

) i s  an e f fect ive fumigant for the 

c i garette beetle as well a s  many other i nsects that infest 

many d i f ferent types o f  stored commod i t ies. Th i s  gas has 

been found to be e f fective aga inst the adult a s  well as the 

preadult stages - that i s ,  eggs , larvae and pupae . 

I nsects that are commonly controlled with the use o f  

phosph ine include the : almond moth , bean weevil , bees , 

ra i s in moth , spider beetles , fru it fl ies , maize beetle , 

European gra i n  beetle as well as many others (7 ) . 

Magnes ium phosphide i s  class i f ied a s  a restricted use 

product by the Federal I nsect i c ide , Fungi c ide and 

Rodent i c ide Act ( F I FRA ) . section ( 3 )  ( d )  ( 1 )  ( c )  ( i )  o f  the Act 

states II  I f  the Admini strator class i f ied a pest i c ide , or one 

or more uses o f  such pesticide , for restricted use because 

of a determination that the acute dermal or inhalat ion 

toxic ity o f  the pest i c ide presents a hazard to the 

appl i cator or other persons , the pestic ide shall be applied 

for any such use to which the restricted class i f ication 

appl ies only by or under the d i rect superv i s i on o f  a 

certi f ied applicator " .  It's use i s  l imited to l i censed 

pest i c ide appl i cators and must be applied per the label 

3 



FIGURE - 1 
MAGNESIUM PHOSPHIDE WARNING LABEL 

RESTRICTED U S E  PESTICIDE 
DUE TO ACUTE INHALATION TOXICITY OF HIGHLY 

TOXIC HYDROGEN PHOSPHIDE (PHOSPHINE. PH3) GAS 
For ratail sala to and usa only by ce rtified applicators for those uses covered by tha applicator's cert.fication 
or persons trained in accordance with the Applicator's Manual workJOg under the direct supervision and in 
the physical presence of tha certIfied applicator. Physical presence means on s.ta or on tha !"remises. Read 
and follow the label and the OEGESCH A merica. Inc.. Applicator's Manual which contains complete 
instructions for the safe use of th.s pesticide. 

� 
DEGESeuMI-STRIJl® 

FOR USE AGAINST INSECTS WHICH INFEST STORED COMMODITIES 

Active Ingredient Magnesium Phosphide 

Inert Ingredients .............. . 

Patent Nos. 4321642 and 4412973 
KEEP OUT OF REACH OF CHILDREN 

DANGER - POISON - PELIGRO 

56% 
44% 

PEUGRO AL USUARIO: Si usted no lee ingles. no use'asta producto hasta que la etiqueta se Ie haya sido 
explicado ampliamente. 

(TO THE USER: If you cannot read English. do not use this product until the label has been fully explained 
to you.) 

S TATEMENT OF PRACTICAL TREATMENT 
Symptoms otoverexposure are headache. dizziness. nausea. difficult breathing. vomiting. and 
diarrhea. in all cases of overexposure get medical attention immediately. Take victim to a 
doctor or emergency treatment facility. 

If the gas or dust from magnesium phosphide is inhaled: 
Get exposed person to fresh air. Keep warm and make sure per.;on can breathe freely. If 
breething has stopped. give artificial respiration by mouth-to-mouth or other means of 
resuscitation. Do not give anything by mouth to an unconscious person. 

It magnesium phosphide pellets. tablets or powder are swallowed: 
Drink or administer one or two glasses of water and induce vomiting by touching back of throat 
with finger. or if available, syrup of ipecac. Do not give anything by mouth if victim is 
unconscious or not alert. 

11 powder or granules of magnesium phosphide get on skin or clothing: 
Brush or shake material off clothes and shoes in a well ventilated area. Allow clothes to aerate 
in a ventilated area prior to laundering. Do not leave contaminated clothing in occupied and/or 
confined areas such as automobiles. vans. motel rooms. etc. Wash contaminated skin thoroughly 
with soap and water. 

If dust from pellets or tablets gets in eyes: 
Flush with plenty of water. Get medical attention. 

Manufactured by: 

OEGESCH GMBH 

FRANKFURT AM MAIN 

Federal Republic of Genmany 

EPA Est. 34466 - WG • 1 

FORM 15487 IRS/B'I 

Distributed by: 

Net Contents: 2 FUM I-STRIPS OEGESCH AMERICA. INC. 

of 20 FUMI·CEL Plates each P. O. Box 116. Weyers Cave. 

Net Weight: 4680 g (10.3 Ibs.) VA 24486 EPA Reg. No. 40285·8 

Tel. (703) 234·9281 
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instruct i ons ( 8 ) . A copy o f  the label i s  attached as 

Figu re 1 .  

5 

Fumi-Cel and Fumi -Strip , made by Degesch America , I nc . , are 

the trade names for the magnes ium phosphide products used in 

this survey ( 9 ) .  

Some studies have been undertaken by the manufacturers o f  

phosph ide p roducts in order to meet certa in requi rements for 

reregistrat ion of the pest ic ide . This was undertaken 

through authority granted by the Env i ronmental Protect i on 

Agency (EPA )  to perform a reassessment o f  the potent ia l 

hazards resulting f rom the use o f  phosph ide products ( 1 0 ) . 

The use o f  magnes ium phosph ide products in the fumigation o f  

tobacco warehouses typically results in short periods o f  

exposure to the appl icator . Because o f  th i s  var iab il ity it 

i s  necessary to characterize the potent ial exposure to 

phosph ine for the appl icators . 

The pr imary route o f  exposure to phosph ine gas i s  l im ited to 

inhalat ion . Exposure to h igh concentrations o f  phosph ine 

gas does not requi re the use of protective cloth ing . Dermal 

absorpt ion for phosphine gas i s  minimal ( 1 1 ) . 
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Background 

The rate o f  phosphine gas product ion i s  d i rectly related to 

the amb ient temperature and percentage o f  mo isture in the 

a i r .  For this reason the summer i s  a n  ideal t ime for 

fumigat ion o f  stored products . Typ i cal amb ient cond i t ions 

dur i ng this period con s i st o f  temperatures around 9 0  degrees 

F .  and re lat ive humidities ranging from 8 0  - 9 0  percent . 

Worker exposure to phosphine during the fumigat ion in the 

warehouse i s  dependent upon time o f  exposure . The 

fumigation takes place in two steps; f i rst a crew o f  

ind iv iduals begin t o  place the unopened foil pouches in the 

warehouses . Afterwards , a second crew begins the open ing 

procedure . This increases the e f f i c iency o f  appl ication and 

reduces the t ime between warehouses . 

Typ ically , the fumigant i s  placed inside the warehouse f rom 

the back to the front . The packs are opened , start ing at 

the rear of the warehouse , and work towards the front 

door . This procedure minimizes the actual time o f  exposure 

to the gas . However ,  it is very d i f f icult to determine the 

total amount o f  phosph ine gas that the ind iv idual is exposed 

to because of the var iability in work pract ices between 

appl icators and the t ime of exposure . Work pract ices may 

include : ease o f  opening the fo il bag , time requi red to 

place the fumigant and appli cator experience . 
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The requirement for respiratory protection while working 

with phosph ine gas is determined by the e ight hour PEL of 

the appl icator . Respiratory protection must be worn i f  the 

appli cator i s  exposed to levels o f  phosph ine gas greater 

than the OSHA 0 . 3  ppm PEL averaged over an e ight hour period 

or the 1 . 0  ppm STEL averaged over a 1 5  m inute period . 

Work pract i ces dur i ng the appl i cation o f  magnes ium phosph ide 

i s  typ i f ied by multiple period s  o f  short durat ion exposure . 

Time o f  exposure during fumigant application averages about 

2 - 2 1/2 minutes per warehouse . These t imes represent 

appl i cat ion ins ide warehouses that average approx imately 1 

1/2 - 2 mill i on cub i c  feet o f  space . There may be short 

periods of t ime between the next exposure per i od ( warehouse ) 

or an extended period o f  t ime depend ing upon delays between 

warehouses . 

Under these c ircumstances one would expect that occupational 

exposures would be minimal . However , the appl icator i s  

requ i red t o  lean d i rectly over the Fumi-Cels as they are 

be ing placed in the warehouse . The rate o f  phosph ine gas 

evolut ion is highly var iable and the number of Fum i -Cels 

applied per warehouse will vary f rom as l ittle as 7 0 8  up to 

160 0 . The number o f  Fumi-cels used per warehouse i s  based 

on volume . This equates to about 3 5  to 7 5  Fumi -Strips that 

may be applied in a g iven warehouse . These quant ities 



represent a s ingle warehouse . The maximum number o f  

warehouses o n  a s ingle complex in this survey was 5 1 .  I f  

all o f  these warehouses are fumigated a total o f  

approximately 56 , 2 0 0  Fumi-Cels would be appl ied . 

8 

Refer to F igures 2 - 4 ,  for a layout d iagram o f  each 

warehouse complex . The appl ication sequence var ies between 

complexes due to the number o f  houses and the i r  arrangement. 

Hypothes i s  

A s  i s  typ i cal with fumigations and related pest control 

act ivi t ies the t ime requi red for actual appl icat ion of the 

product seldom coincides with an e ight hour perm i s s ible 

exposure l imit . Based on the duration o f  exposure and the 

number o f  magnes ium phosph ide cells that are placed in the 

warehouses the poss ibility exi sts that the act i on l imi t ,  

expressed as 1/2 the PEL value , as well as the eight hour 

perm i s s ible exposure l imit for phosphi ne may be exceeded . 

Character izat ion o f  appl icator exposure levels and 

comparison with the OSHA act ion l imit and PEL will 

determine i f  potent ial overexposure to phosph ine exists and 

i f  exist ing health standards adequately protect the workers. 

Sampling and Analytical Methodology 

All f ield samples collected to determine personal exposures 

were conducted according to the sampl ing procedures 

conta ined in the Nat ional I nstitute for Occupational Sa fety 

and Health ( NIOSH ) method S -33 2 . Th i s  method i s  attached as 
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Append i x  A .  The l aboratory used to prepare a s  we l l  as 

perform the analys i s  on the sampl e  tubes i s  C l ayton 

Env i ronmenta l  Laboratories , Nov i , Michigan . C layton 

Env i ronmental Laboratories , an AIHA accred ited l aboratory , 

employed NIOSH analytical method S -332 for the analys i s . 

A b r i e f  descript ion o f  the method i s  a s  fol lows : A known 

vol ume o f  a i r  i s  drawn through a tube conta ining mercuric 

cyan ide impregnated s i l i ca gel to capture the phosph ine . 

The phosphorus i s  extracted and oxid ized to phosphate us ing 

a hot , acidic permanganate solut ion . 

12 

The extracted sample i s  ana l yzed for phosphate by format ion 

of phosphomol ybdate complex , extracted i nto a mixture of 

i sobutanol and toluene and reduction us ing stannous 

chloride . The absorbance o f  the reduced phosphomol ybdate 

complex is measured at 625 nm on a spectrophotometer . The 

analytical method requ i res measurement of the absorbance o f  

the phosphomolybdate compl ex one minute a fter reduct ion w ith 

stannous chloride . 

The samp l e  tube measures 12 cm i n  l ength with a 6 mm 0.0. 

and a 4 mm 1.0. conta ined i n s ide the tube i s  two sections 

o f  mercuric cyan ide treated s i l ica gel ( 4 0/6 0 mesh ) .  The 

front absorb ing section contains 3 0 0  mg of treated s i l ica 

gel and the back section contains 1 5 0  mg . A sma l l  wad o f  

s i ly l ated glass woo l i s  p laced between the front and back 

sections . These glass wool plugs are held i n  p l ace by other 



add itional plugs ( 1 2 ) . 

All samples were collected us ing e ither the G i l ian LFS - 1 1 3  

or S ipin S P- 1 5  low range constant flow sample pumps . Al l 

sample pumps were cal ibrated be fore and after each sample 

period . A pr imary standard utilizing the Mast model 823 - 1  

or Buck model M - 5  bubble meter was used t o  cal ibrate the 

sample pumps . The sampl e  pumps were cal ibrated to draw the 

recommended flowrate of 5 0 cc/min through the sample tube . 

1 3  

The sampl e  period was based on the length o f  t ime requi red 

to apply the magnes ium phosphide strips . Potential exposure 

exi sted only during the actual process of open ing the sealed 

pouches and applying the strips . Once the appl icator leaves 

the warehouse the exposure ceases . The total t ime requ i red 

for appl ication averaged from 2 - 4 hours per comp l ex. 

Warehouse Descripti on 

The warehouses range in age o f  construct ion f rom 

approximately the mid 1 9 5 0's up to the present day 1 9 8 9  ) .  

The construct ion materia l s  vary from about 8 0  % wood / 20 % 

sheet metal in the older warehouses to sol id concrete f l oor, 

c i nder block wall and sheet metal s id i ng . 

Extens ive effort has been expended, part icularly on the 

o lder warehouses, to seal any unwanted openi ngs in the 

structure. Phosphine gas is very mobile ( vapor dens ity 

1 . 1 2 )  and d i sperses read ily within the warehouse ( 1 3,14 ) . 



The criteria used to determine a success ful fumigation i s  

dependent upon hold ing a spe c i f ied amount o f  g a s  for a 

period o f  t ime . As menti oned above some o f  the older 

warehouses may have wooden floors , walls and ce il ings wh ich 

presents a concern with f i re as well as increased potential 

for gas leakage . 

The volume ins ide the warehouses also varies greatly with 

the age o f  the warehouses . The volume o f  the warehouses 

range from 4 0 0 , 0 0 0  in the older warehouses up to 2 , 30 0 , 0 0 0  

cub ic feet i n  the newer ones . 

The volume ( cubic feet ) o f  each warehouse i s  critical 

because it d i rectly determi nes the dosage rate . The 

manu facturer prov ides average dosage rates i n  the i r  

appl i cators manual f o r  magnes ium phosphide products. The 

allowable dosage rates i s  one Fumi-Cel ( 33 gms o f  hydrogen 

phosph ide ) per 1 0 0 0  cub i c  feet or one Fum i -strip (660 gms 

of hydrogen phosph ide ) per 2 0 , 0 0 0  cub ic feet ( 1 5 ) . 

Application P ro cedures 

The appl ication of Fumi -Strips beg ins a fter the warehouses 

are sealed and turned over to the contractor . The 

appl icator i s  contractually responsible for the fumigation 

from the po int o f  init ial gas appl ication until f i nal a i r  

clearance o f  the commod ity h a s  been approved . 

The exact amount o f  fumigant i s  determined by the cub ic 

footage o f  the warehouse . The appropriate numbers o f  

14 



1 5  

Fumi-strips are then depos ited at each warehouse . 

The Fumi -Cel plates and Fumi -strip have a polyethylene 

matr i x  wh i ch i s  impregnated w ith magnes ium phosph ide al ong 

with s ome inert ingred ients . The plate measures about 6-3/4 

by 1 1  inches and i s  5/3 2 inches in thickness .  The 

Fumi -Strip is formed by attaching together, end to end, 2 0  

o f  the Fumi-Cel plates . The strip measures 1 8  feet 4 inches 

in length and w i l l  l iberate 660g of phosphine gas. 

Str ips and plates are packaged individua l l y  in gas-tight 

aluminum fo i l  pouches . These pouches are not re-sea lable . 

The pouches, in turn, are packed in t ins, 4 0  plates or 2 

strips per t i n. The tins are packed 3 tins per case. Each 

case conta ins 1 2 0  plates or 6 strips, has a net we ight of 14 

kg and w i l l  evolve a total o f  3 96 0  grams o f  phosph ine ( 16 ) . 

The aluminum pouches are carried into the warehouse by the 

f i rst crew and placed next to metal racks that elevate them 

o f f  the fl oor. This is a permit requ irement o f  the l oca l 

f i re department in the event o f  water leakage during heavy 

ra instorms . The pouches are placed over the length o f  the 

warehouse and care i s  taken to avoid placement under 

skyl ights or other potent ial leakage areas . 

The app l i cator crew then fol l ows behind and begins to open 

pouches at the rear of the warehouse working the ir way to 

the exit door located in the front of the warehouse. The 

Fum i -Strips are placed on the metal racks in an accordion 

fashion. Attent ion to g iven to insure that a i r  spaces are 
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present between the ind iv idual plates so that gas w i l l  not 

pocket and possibly ignite . The crews move very rap id l y  

once the opening begins. A 1 . 5  m i l l ion cubic foot warehouse 

would requi re about 7 5  Fumi-Strips be placed ins ide. 

App l icat ion t imes were recorded to determine an average time 

from start to finish per warehouse . The average appl ication 

per warehouse i s  between 2 . 5  and 3 minutes . 

As the last man leaves the warehouse a verbal ca l l  i s  made 

to insure that no one i s  st i l l  inside . Depend ing on the 

particular warehouse either the personne l door is c l osed, 

taped and a warning s ign is taped on any entrance into the 

warehouse or a polyethylene seal covering the door i s  taped 

and the s l iding meta l doors are c l osed . A copy o f  the 

warn ing s ign is included as F igure 5. 

Preparation be fore the start of the fumigat i on a l l ows the 

crew to cont inue to the next warehouse and repeat the 

procedure unt i l  the fumigant has been placed in a l l  

des ignated warehouses . 

As mentioned earl ier the average tota l  appl ication t imes o f  

2 - 4 hours i s  dependent only o n  the number o f  warehouses 

requ i r ing fumigation . On certain occa s ions as few as 5 - 1 0  

warehouses may need t o  be fumigated . These can be treated 

in as l ittle as 3 0  - 40 minutes . 



FIGURE - 5 
HYDROGEN PHOSPHIDE WARNING PIACARD 

DANGER/PELIGRO 
e Poison Gas Q 

Hydrogen Phosphide-Phosphine-PH3 
- Area And/Or Commodity Under Fumigation -

DO NOT ENTER/NO ENTRE 
This Enclosure Is Being Fumigated With 

This sign may only be removed atter the commodity is completely aerated (contains 0.3 ppm or lass of 

hydrogen phosphida gas,. If incompletely a ..... ted commodity is transfanred to a naw site. the naw sita must also 

be placarded if it contains more than 0.3 ppm. Wo",ars must not be exposed to more than 0.3 ppm hydrogen 

phosphide. 

Fumigation Performed By: Telephone Nos. 

Add,.... Night 

Date of Fumigation: 

Start ___ _ 

Finish ___ _ 

FORM NO. 12658 IREVISED 1/871 

1 7  
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E xposure S tandards 

The Occupational S a fety and Health Admin i strat ion (OSHA ) 

e ight hour Perm i s s ible Exposure Limit (PEL) -T ime We ighted 

Average (TWA) concentrat ion for exposure to phosph ine gas i s  

3 
0 . 4 mg/m . The Short Term Exposure Limit (STEL) i s  1 . 0  

3 
mg/m averaged over a f i fteen minute per iod and thi s  level 

should not be exceeded at any t ime during a work day even i f  

the eight hour TWA i s  within the PEL . Exposures at the STEL 

should not be repeated more than four t imes per day . Other 

sa fety and health gu idel ines for occupational exposure also 

support th i s  level . They include the : American Con ference 

of Governmental Industrial Hygien i sts (ACGIH)  Threshold 

Limit Value (TLV ) of 0 . 3  ppm ( 1 7,1 8 ) . 

The united States' PEL/TLV for phosph ine i s  one o f  the 

h ighest when compared to levels for other countr ies. Li sted 

on Table - 1 ,  are 8 hour exposure l imits for phosph ine from 

2 5  other countries . The l imits a re l i sted as mg/m
3

. 

Table - 1 
Worldwide Phosphi ne Exposure Limits 

Austria 0 . 1 5 I taly 0 . 40  

Belgium 0. 40 Mexico 0 . 40  

Braz il 0. 3 0  Netherlands 0 . 40  

Bulgaria 0 . 3 0  PRo o f  Ch ina 0 . 3 0  

Chile 0 . 3 2  Poland 0 . 1 0 

Czechoslovakia 0 . 1 0 Rep .  o f  Ch ina 0 . 4 0  



Denmark 0. 1 5  Sweden 0.40 

France 0 . 1 3 switz erland 0.40 

FRG 0. 1 5  un ited Kingdom 0 . 4 0  

GDR 0 . 1 0 USSR 0. 1 0  

Hungary 0. 1 0  Venezuela 0.40 

Ind ia 0.4 0 Yugo s l av i a  0 . 1 0 

Indone s i a  0.4 0 

Exposure leve l s  appear to cluster a round 0. 1 0 , 0 . 3 0 or 0.4 0 

3 
mg/m . Approx imately ha l f  o f  the l eve l s  are greater than 

0. 3 0  mg/m
3 

and hal f are below 0.3 0 mg/m
3 

( 19 ) . 
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Li sted on Tabl e  - 2 ,  is RTECS animal and human tox icity data 

rel ated to phosph ine . 

Table - 2 
RTECS Phosphine Toxicity Data 

ihl -hmn LCLo : 1 0 0 0ppm/5M 

ihl - rat LC5 0 : 1 1  ppm/4H 

ih l -mus LCLo : 3 8 0  mg/m
3

/ 2 H  

ih l -cat LCLo : 7 0  mg/m
3

/ 2 H  

ih l - rbt LCLo : 2 5 0 0  ppm/ 2 0H 

3 
ihl -gpg LCLo : 140 mg/m /4H 

ihl -mam LCLo : 1 0 0 0  ppm/5M 

The Immediately Dangerous to Li fe and Health (IDLH ) l evel 

for phosphine gas is about 19 0 ppm for one hour ( 2 0-2 2 ) .  
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I n formation regarding the odor threshold and warning 

properties for phosphine seems quite variable . Odor 

thresholds as low as 0. 0 2  and 0. 0 3  ppm have been reported. 

An odor threshol d  at these leve l s  would provide an adequate 

warning for phosphine considering the PEL/TLV of 0. 3 ppm. 

Pattys states a limit o f  detection much higher , ranging from 

1. 0 to 3. 0 ppm. I n formation provided by May from experience 

of industrial users supports the lower odor thresho lds ( 2 3 ) .  

Phosphine Case Histories 

Cases of il lness or death over the years have been 

attributed mainly to aluminum phosphide products. One 

article reports that during the time period from about 190 0  

u p  to 195 8 , 59 cases o f  phosphine poisoning were reported. 

Of these reported cases 2 6  o f  the e f fected people died. 

A l so reported was a single incident on boa rd a grain 

freighter that was being fumigated during transport. Twenty 

nine of the thirty one crew members became acutely i l l  and 

one chil d  died. The most common symptom associated with 

both of the incidents were : headache , fatigue , nausea , 

vomiting , cough and shortness o f  breath. I n  the second case 

the chil d  who died showed signs o f  jaundice , ane sthesia s ,  

ataxia , pulmonary edema and widespread sma l l -vessel injury 

( 2 4 - 2 6 )  . 

Signs and symptoms o f  low l evel chronic exposure include : 

headache , di z ziness , tremors , general fatigue , GI tract 



d istres s , burning substernal pain and e f fect on the CNS 

including b lurred v i s ion , speech and motor d i sturbances . 

Serious e f fects may be seen upon exposure to 5 to 10 ppm 

over several hours (2 7 , 2 8 ) . These low level e f fects to 

phosph ine exposure have not been c l early defined , however , 

several authorities ment ion the poss i b i l ity o f  phosphorus 

po i soning from chronic exposure to phosphine . 

The majority o f  cases reported in the united states 

involving phosphine gas po isonings were associated with 

treatment o f  gra in storage and gra in freighters using 

alum inum phosph ide products . The primary cause o f  th ese 

po i sonings resulted from improper handl ing procedures wh i le 

applying the product ( 2 9 ) . 

Fumigant Chemistry 
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Meta l phosphide fumigants are acted upon by atmospheric 

mo i sture to produce hydrogen phosph ide (phosph ine , PH
3

) gas . 

The Fum i -Cel and Fumi-Strip conta in magnes ium phosph ide 

(Mg
3

P
2

) as the i r  act ive ingredient and wi l l  l iberate 

hydrogen phosph ide by way of the fol low ing react ion : 

Phosph ine gas i s  highly toxic to insects , burrow ing pests , 

humans , and other forms o f  animal l i fe .  I n  add ition to its 

tox ic propert ies , the gas w i l l  corrode certa in prec ious 

meta l s  and may spontaneously ignite in a i r  at concentrations 

above its lower flammabl e  l imit of 1 . 8  % or about 1 8 , 0 0 0  
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ppm . Pho sph ine is a colorless gas ident i f ied as a garl ic , 

f ishy l ike odor . It has a molecular we ight o f  3 4  and a 

density o f  1 . 529 . The boi l ing po int is - 8 5
0 

C and the 

me l t ing po int is - 1 3 3 . 5
0 

C .  It is s l ightly solub l e  in water 

and is sol uble in a l cohol and ether ( 3 0 - 3 2 ) . 

Tox icology o f  Phosphine 

Because of the physical propert ies requ i red of a fum igant 

they are o ften chemica l l y  s impl e  mol ecules but they can 

exert a comp lex range of b iochemical e f fects on target 

organs . 

Phosph ine i s  an acute ly toxic gas and a severe pulmonary 

irr itant . The primary route o f  exposure into the body is by 

way o f  the l ungs . The responses o f  the lung to toxic agents 

may be d iv ided into four general categories . The two 

responses genera l ly associated with phosphine exposure 

include the fo l lowing . 

1 .  Irritation o f  the passages , wh ich resu lts in 

constriction o f  the a i rways . Edema o ften occurs and 

secondary infection frequent ly compounds the damage . 

2 .  Damage to the cel l s  l ining the a i rways , wh ich 

results in necro s i s , increased permeab i l ity , and edema . 

This edema is , in genera l intraluminal (with in the a i rway s )  

rather than interst itial (within the cel l s  o f  the a i rway ) . 

The degree o f  cel lular response and potent ial t i ssue damage 



i s  dependent upon the agent and amount o f  exposure ( dose ) .  

The water solub i l ity o f  a gas plays an integral part in its 

po int o f  absorpt ion and degree o f  irritation with i n  the 

lung . Ammonia and chlorine a re examples o f  gases that are 

h ighly water soluble and rap idly irritate the upper a i rway 

upon inhalat ion. Phosph ine , on the other hand , a f fects the 

lower a i rways and a lveol i due to its relatively low 

solub i l ity in water ( 3 3 , 34 ) . 

Exposure to phosph ine may lead to pulmonary edema resu lting 

in an increase in cell  permeabi l ity and release o f  edema 

fluid into the lumen o f  the a i rway and a lveo l i. The 

product ion o f  major edema may take severa l hours to deve lop 

so that serious ly damaging or fatal exposures may occur 

without the ind ividual being aware of it at the t ime o f  

exposure ( 3 5 ) .  

2 3  

The l iver may a lso be a f fected by high exposures to 

phosphine gas as evidenced by the yel low d iscoloration o f  

the s k i n  present in phosphine po isoned vict ims. Th is may 

result f rom reduced b i l e  activ ity due to phosphorous 

exposure ( 3 6 ) . The phosphorous portion o f  phosph ine gas may 

adversely e f fect kidney funct ion . Consumpt ion o f  a l cohol is 

not recommended i f  exposure to phosphine gas is suspected. 

The portions of the kidney respons ible for secret ion and 

absorpt ion of fluids ( d istal tubul es )  may be adverse ly 

a f fected by the accumulation o f  phosphorous ( 3 7 ) .  



One important property o f  a fumigant used on stored food 

products i s  its water solub i l ity . The water solub i l ity o f  

the g a s  determines the amount o f  absorpt ion into a product 

and may adversely e f fect its taste or palatab i l ity . 

Phosphine gas is only s l ightly solubl e  in water and thi s  

makes it a des irable fumigant to u s e  on stored food 

commod ities ( 3 8 ) . 

Mechanism o f  Toxicology 
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The chemistry of phosph ine is similar to ars ine , but it does 

not lyse red blood ce l l s . It exerts its e f fect on the body , 

prima r i l y , by way o f  the resp i ratory system ( 39 , 4 0 ) . 

B iochemica l l y ,  the mode o f  act ion for phosphine i s  very 

s im i l a r  to that o f  hydrogen cyanide (HCN ) . HCN was f i rst 

used extens ive ly as a fumigant in Cal i fornia in 1 8 8 6 .  The 

f irst study on the toxic e f fects o f  cyanide were f i rst 

stud ied in 17 81 (4 1 ) . 

As the b iochemical deta i l s  o f  the respi ratory processes 

became known it was found that the enzyme cytochrome -c 

oxida z e  pl ayed a important part in resp iration . 

Cytochrome-c oxidaze conta ins copper and haem groups wh ich 

are v ital in the b iochemistry o f  respiration . Phosphine and 

HCN inhibit other enzymes in the resp iration process but 

cytochrome oxida ze is the most sens itive . oxid i z ation o f  

co- factors NADH and FADH b y  way o f  redox reactions using 

oxygen occurs during aerobic respiration . The mitochondria 



2 5  

carries out thi s  process and generates Adenosine 

Triphosphate ( ATP) . Cytochrome-c oxidase i s  the f inal 

el ectron acceptor s ite for thi s  reaction . D i rect 

interference with respi ratory oxygen w i l l  prevent oxidat ive 

phosphorylation and production of energy w i l l  cease (42 , 4 3 ) . 

Exposu re to phosph ine has been shown to inh ib i t  AMP 

st imulat ion and mitochondrial oxygen uptake in the rat 

l iver . Experiments us ing i sol ated mitochondria from rat 

l iver ,  mouse l iver and housefly f l ight muscle show that , in 

vitro phosph ine is a powerful inh ib itor of mitochondrial 

resp iration and that inhibition o f  cytochrome-c oxida z e  was 

respons ible ( 44 ) . 

A recent study by Chaudhry and Price suggests that d i rect 

inh ib i t ion of cytochrome-c is not the primary mechanism o f  

toxi c ity in humans or mammal s  exposed t o  phosphine (45 ) . 

The i r  study looks at two blood prote ins : hemoglob i n  and 

myoglob in wh ich are present only in humans and mamma l s  and 

not found in insects . Phosph ine appears to remove oxygen 

from the two oxygenated haem prote ins . w ith prolonged 

exposure to phosphine the process of deoxygenat ion occurs to 

the two blood proteins , hemoglobin and myoglob i n . Th is 

appears to result in a slow decrease in the amount o f  oxygen 

ava i l able to the var ious body organs and t is sue (4 6 ) . Death 

f rom phosph ine overexposure is s low , unl ike deaths 

associated with more tox ic , faster act ing gases such as 



hydrogen cyan ide . The toxic e ffect o f  phosph ine on humans 

is con s istent with the current I DLH of 1 9 0  ppm/1 hour. 
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w ith regard to insects , which l ack the oxygen-carrying haem 

prote ins , the toxic action o f  phosphine , wh ich requ i res the 

presence o f  oxygen , may involve a d irect interaction o f  the 

d i s so lved gases whi ch would then result in the deoxygenation 

of haemprote ins that are sens itive to oxygen depl etion (47 ) .  

The route o f  entry for insects when exposed to phosph ine is 

through the spiracles located on each s ide o f  the abdomen 

(48 )  . 

Although pho sph ine currently has not been ident i f ied as a 

carcinogen o r  mutagen , one recent study raises the quest ion 

about the e f fects o f  phosph ine exposure. In a prel iminary 

study by Garry , et. a l. , data generated appears to suggest 

that pestic ide workers who are invo lved in the appl ication 

of pho sphine showed a s igni f icant increase in stab le 

chromosome rearrangements. These rearrangements primarily 

invo lved trans locations in G-banded lymphocytes. There was 

a s ign i f icant d i f ference between the exposed group o f  

app l icators and a non-exposed contro l group. The study was 

cont i nued s i x  months a fter the pesticide appl icat ion season 

ended to determine i f  the alterat ions were permanent. The 

number o f  a lterations were no longer s igni ficant when 

compared to the control group. The s ignif i cance o f  the 

a l terat ions due to phosphine exposure is not clearly 

understood at th i s  t ime. These types o f  chromosome 



rearrangements have a l so been associated with exposures to 

other types of chemical agents (49) . 
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The e f fects o f  phosph ine overexposure on humans i s  

con s i stent with s igns and symptoms which appear t o  be 

non-spec i f ic and general in nature . These include headache , 

d i z z iness , tremors , genera l fatigue , GI tract d istress , 

b lurred v i s ion and speech and motor control d i sturbances . 

These symptoms are consistent with exposure to other agents 

that produce anoxia which is cha racteri zed by a s l ow ,  

gradua l dep let ion o f  oxygen t o  the body organs and t issues . 

Death does not result f rom the l ack o f ,  or displacement o f , 

atmospheric oxygen , instead phosph ine appears to deoxygenate 

the b lood proteins. As expected , death from overexposure to 

phosph ine is not immed iate , but usua l l y  occurs hours or days 

later . 



RESULTS 

other exposure studies have been conducted using aluminum 

phosphide products in other appl ications . One other 

appl ication involves persona l and area mon itor ing on workers 

applying aluminum phosph ide in gra in e levators and the 

results for personal ful l sh i ft samples ranged from < 0. 0 1  

ppm up to 1 . 6 6 ppm. S ignif icant d i f ferences exist between 

the appl icat ion of phosph ide products in gra in elevators and 

in warehouses. 

In th i s  study a l l  o f  the sample results represent only 

personal exposures during the appl ication of magnesium 

phosphide fum igants in warehouses. A tota l  o f  5 3  ( n= 5 3 ) 

samples were col l ected during various fumigat ions . The 

fumigations were conducted during both summer and winter 

months and represent three ( 3 ) years of data co l l ection 

( 19 8 7 - 1989)  . 

Actual exposure to phosphine gas occurs only during the 

appl ication o f  the magnes ium phosph ide products in the 

warehouse. The sampl e  t imes varied from 7 6  minutes up to 

4 6 0  minutes. The average sampl e  t ime was 2 1 1  minutes. 

These are typ ical exposure t imes for th i s  type o f  operat ion. 

2 8  



As a result it woul d  not be appropr i ate to compare the 

sampl e  results against the 8 -hour OSHA PEL o f  0.3 ppm. 
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One approach that presents the data on an equ ival ent bas i s  

i s  t o  calcul ate the results as dose x t ime . The PEL i s  

based o n  0 . 3  ppm averaged over an 8 -hour per iod . 0. 3 ppm 

t imes 48 0 minutes equal s  144 ppm-minutes . The action l imit 

for phosph ine is hal f the PEL or 0 . 1 5 ppm. As with the PEL ,  

calculation a t  the action l imit equa l s  0 . 1 5 ppm t imes 4 8 0  

minutes o r  7 2  ppm-minutes . Li sted on Tabl e - 3 , are the 

sample results in ppm-min vs the OSHA action l imit l evel and 

the PEL l evel in ppm-min. 

None o f  the persona l exposures for the app l i cators were 

above the 8 -hour 144 ppm-minute l eve l . The highest 

ppm/minute concentration was 1 1 3  ppm-minute with a low va lue 

of 2.3 ppm-min. The average for the group was 2 8.0 

ppm-minute with a standard deviation o f  2 5.9 ( see Tab le-4 ) . 

Con s idering the poor warning propert ies o f  phosph ine gas and 

the delayed b io logical e f fects it causes , it may be more 

appropriate to use the act ion l imit as a upper l imit o f  

exposure . The ppm-minute l evel for the action l imit i s  

7 2 . 0. O f  the 5 3  personal samples col lected 5 0  (94. 34 %) 

were be low the ppm-minute action l imit. Only 3 samples 

( 5. 6 6  %) were above the 7 2 . 0  ppm-minute action l imit ( see 

Table- 5 ) . ut i l i z ing the act ion l imit as a trigger mechanism 

the potential for appl icator overexposure i s  min imal. 
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TABLE - 3 
PHOSPHINE APPLICATOR EXPOSURE DATA 

OSHA PEL (0.3PPM) X 480 min. = 144 ppm/min 
ACTION LIMIT (0.15PPM) X 480 min. = 72 ppm/min 

ACTION OSHA 
ACTUAL EXPOSURE LIMIT LEVEL PEL LEVEL 

DATE CONC. (ppm) TIME (min.) PPM X MIN PPM/MIN PPM/MIN 
... _----------------------------------------------------------------------.---------

JULY 1987 0.2 303 60.60 72 144 
JULY 1987 0.2 303 60.60 72 144 
JULY 1987 0.3 303 90.90 72 144 
JULY 1987 0.2 101 20.20 72 144 
JULY 1987 0.3 101 30.30 72 144 
JULY 1987 0.8 101 80.80 72 144 
JULY 1987 0.4 147 58.80 72 144 
JULY 1987 0.3 151 45.30 72 144 
JULY 1987 0.1 142 14.20 72 144 
JULY 1987 0.08 460 36.80 72 144 
JULY 1987 0.1 458 45.80 72 144 
JULY 1987 0.1 445 44.50 72 144 
JULY 1987 0.2 190 38.00 72 144 
JULY 1987 0.3 187 56.10 72 144 

- -----------------------------------------------------.----------------- - - - - --------

DECEMBER 1987 0.09 221 19.89 72 144 
DECEMBER 1987 0.07 221 15.47 72 144 
DECEMBER 1987 0.09 221 19.89 72 144 
DECEMBER 1987 0.12 221 26.52 72 144 
DECEMBER 1987 0.07 221 15.47 72 144 
DECEMBER 1987 0.19 221 41.99 72 144 
DECEMBER 1987 0.16 221 35.36 72 144 
DECEMBER 1987 0.27 221 59.67 72 144 
DECEMBER 1987 0.21 221 46.41 72 144 
DECEMBER 1987 0.21 221 46.41 72 144 
DECEMBER 1987 0.3 221 66.30 72 144 
DECEMBER 1987 0.3 221 66.30 72 144 
DECEMBER 1987 0.51 221 112.71 72 144 

----- - -------- - ------ - ---------.--- ------------- - - --------- - - - - ---------------------

JULY 1988 0.1 120 12.00 72 144 
JULY 1988 0.03 76 2.28 72 144 
JULY 1988 0.03 120 3.60 72 144 
JULY 1988 0.03 76 2.28 72 144 
JULY 1988 0.03 120 3.60 72 144 
JULY 1988 0.03 76 2.28 72 144 
JULY 1988 0.03 76 2.28 72 144 
JULY 1988 0.03 76 2.28 72 144 
JULY 1988 0.03 264 7.92 72 144 
JULY 1988 0.05 264 13.20 72 144 
JULY 1988 0.05 285 14.25 72 144 
JULY 1988 0.1 265 26.50 72 144 
JULY 1988 0.1 266 26.60 72 144 
JULY 1988 0.03 266 7.98 72 144 

- - -------------------------------- - -- - -- - ---- - -- - - - -- - ------- ------ --------------- - -

JULY 1989 0.07 163 11.41 72 144 
JULY 1989 0.07 174 12.18 72 144 
JULY 1989 0.07 173 12.11 72 144 
JULY 1989 0.07 174 12.18 72 144 
JULY 1989 0.07 173 12.11 72 144 
JULY 1989 0.07 173 12.11 72 144 
JULY 1989 0.02 266 5.32 72 144 
JULY 1989 0.02 266 5.32 72 144 
JULY 1989 0.03 237 7.11 72 144 
JULY 1989 0.02 247 4.94 72 144 
JULY 1989 0.02 267 5.34 72 144 
JULY 1989 0.02 267 5.34 72 144 

- - ----------------------- - ---- ----- - -- - ----- - - ----------- - ---------------------- - ---

ALL RESULTS REPRESENT PERSONAL EXPOSURES DURING APPLICATION 



Table - 4 
Phosph ine Appl icator Exposure Data 

vs . OSHA PEL Level 

Upper 144 ppm/min 
Nominal 0 

Count 
Mean 
S igma 

5 3  
2 8 . 07 2  
2 5 . 92 3  

Observed beyond spec : 1 4 4  ppm/min 

H igh 
Low 

0 . 0 0 0  % 
0 . 0 0 0  % 

Est imated beyond spec : 

H igh 
Low 

0 . 0 0 0  % 
0 . 0 0 0  % 

15 
F i i 

P.A.E.O. va. OSHA PEl Levll 

i i i  i i i  i i i  

PPM/MIN 

+ 3 . 0  s igma 
Mean 

1 0 5 . 842 
2 8 . 0 7 2  

USL 
i i 
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Upper 
Lower 

Tabl e  - 5 
Phosphine Appl icator Exposure Data 

vs . Act ion Limit Level 

7 2  ppm/min 
o 

July 8 7  to July 89 

count 5 3  
Mean 2 8 . 07 3  
S igma 2 5 . 9 2 3  

+ 3 . 0  s igma 1 0 5.842 
Mean 2 8. 0 7 3  

Observed beyond spec : 7 2  ppm/min 

High 
Low 

5 . 6 6 0  % 
0 . 0 0 % 

Est imated beyond spec : 

High 
Low 

No.1nal 

"� 
I 

r 
12 

r 
L 

:r 
� 

3r-

.l 
I 

4. 5 0 8  % 
0 . 0 0 % 

, 

20 
,.-I 

«I 

, 

P.A.E.O. VI. Action U.1t Levll 
USL 

I , , , I , , , I , r-r' ] 
J 
J 
� 
l � I , 
1 

I 

� 
I 

l 
l 
1 

J 

1 
, I , ,� IJ 

110 110 100 120 1«1 1110 

_tHIN 

3 2  



DISCUSSION AND CONCLUSION 

Based on these sampl e  results col lected during the 

appl ication of magnes ium phosph ide in stored product 

warehouses , the potent ial for appl icator overexposure 

appears minimal . Howeve r ,  there are two important factors 

that play an integral part in determin ing the durat ion and 

degree of app l icator exposure . 

The fol lowing two items must be given serious cons ideration : 

( 1 )  The standard operating procedure for a fumigation must 

be very deta i l ed and (2 ) the app l icator must be experienced 

and an expert at h i s  job . Wel l  qua l i f ied appl icators w i l l  

adhere to strict procedures and the i r  expert ise w i l l  show up 

in the t ime it takes to apply the gas . Fast , e f f i c ient 

app l icators w i l l  minimi z e  the i r  exposure t ime and reduce the 

potent ial dose of phosphine rece ived . 

Data l i sted on Tabl e  - 6 ,  very clearly i l lustrates th is 

po int . Data variables a re presented for the tota l  group 

(n= 5 3 ) as we l l  as for each indiv idual sampl e  period : July 

8 7 , December 8 7 , July 88 and July 89 . A l l  data variables in 

each success ive sampl e  group decrease as wel l  a s  the range 

of exposure level s .  Tabl e  - 8 ,  presents the data l isted on 
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'Q' 
M 

variable 

Sample S i z e  
Average 
Median 
Mode 
Standard Dev . 
Minimum 
Maximum 
Range 

Table - 6 
Phosphine Applicator Exposure Data 

By Sample Period 

PPMxMIN July 8 7  December 8 7  

5 3  14 1 3  
2 8 . 0 7 3  48 . 7 79 44 . 0 3 
1 5 . 47 45 . 5 5 4 1 . 99 

2 . 2 8 6 0 . 6  1 5 . 47 
2 5 . 9 2 3  2 1 . 2 7 8  2 7 . 6 1 0  

2 . 2 8 14 . 2  1 5 . 47 
1 1 2 . 7 1 90 . 9  1 1 2 . 7 1 
1 1 0 . 4 3  7 6. 7  97 . 24 

July 8 8  July 89 

14 1 2  
9 . 079 8 . 789 
5 . 7 6 9 . 2 6 
2 . 2 8 1 2 . 1 1 
8 . 579 3 . 4 1 7  
2 . 2 8 4 . 94 

2 6 . 6 0 1 2 . 1 8  
24 . 3 2 7 . 24 



Upper 
Lower 

Tabl e  - 7 
Phosph ine Appl icator Exposure Data 

vs . Action Limit Level 

7 2  ppm/min 
o 

July 8 8  to July 8 9  

Count 
Mean 
S igma 

2 6  
8. 9 4 5  
6. 5 9 0  

+ 3 . 0  s igma 
Mean 

Observed beyond spec : 72 ppm/min 

High 
Low 

0 . 0 0 % 
0 . 0 0 % 

Est imated beyond spec : 

High 
Low 

12 

0. 0 0  % 
0 . 0 0 % 

+3. 

P ..... E.O 'IS. A.L.L.: July 88. July B9 
USl 

I I I I I I I I I I I 

110 110 100 

PPM/MIN 

140 

3 5  

2 8 . 7 1 6  
8. 9 4 5  

1110 

1 
1 
j 
J 
j 
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TABLE - 8 
PHOSPHINE APPLICATOR DATA 
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Table - 6 ,  in graphic form . Table - 7 combines the last two 

samp l e  periods ( July 8 8 , July 8 9  ) and compares the sampl e  

results to the action limit leve l o f  7 4  ppm-min . The 

highest l evel measured was 2 6 . 6  ppm-min which is wel l  be low 

the action limit ppm-min l evel . Comparison o f  values on 

Tabl e  - 7 for July 88 and July 89 vs Table - 5 ,  for a l l  

sampl e  periods clearly indicates a downward trend i n  the 

average concentration , range , standard deviation , etc . 

This demonstrates the advantage o f  utilizing wel l  prepared 

procedures and a quali fied contractor to per form the 

fumigation. Once the operational l earning curve for each 

warehouse compl ex is overcome both application time and 

worker exposures wil l  decrease. 

No data were presented in this study comparing applicator 

exposures against the OSHA STE L .  Attempts were made to 

conduct STEL monitoring but problems arose with sampling 

equipment. 

At the time of this study the sampl e  tubes were hand made . 

Later , phosphine tubes were available from SKC , Inc. , 

however the same problem was encountered. In order to 

co l l ect sufficient volume a flowrate of approximately 1 . 0  

liter per minute was required . The resistance through the 

sampl e  tube was too great and as a result the sampl e  pump 

wou l d  shut o f f. Various attempts were made to sampl e  at the 

STEL,  but were not succe s s ful . 
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There i s  another facet to th is study that shoul d  be 

serious l y  cons idered. Th is study is a typical industrial 

hyg iene exercise to characteri z e  the exposures o f  a known 

chem ical agent to a group o f  workers. These types o f  

stud ies a r e  important as they address areas that may not 

have been adequate ly eva luated in the past. Also , the data 

may be use ful to others in the determination of employee 

exposures in s imilar types of appl ications. 

One obvious l imitation to these studies is that they usually 

fall  short in provid ing bene ficial data w ith regard to 

pred ictable b iological e f fects and sett ing exposure 

l imitat ions. 

As ment ioned earl ier , recent work by Garry , et. a l. , has 

demonstrated that appl icators exposed to phosph ine gas have 

a s ign i f icant increase in rearrangements of G-banded 

lymphocytes .  However , they were unable to draw a conc lus ion 

from the i r  data. Thi s  recent info rmat ion is very important. 

If industrial hygiene exposure character i z ations can 

accurately determine worker exposures and the data is 

representative for the given task then thi s  information 

becomes more valuable to the l aboratory invest igator . 

I nstead o f  generat ing exposure character i z at ions in the 

f ield and researchers d iscovering informat ion in the 

l aboratory the two must become integrated i f  they are to 

o f fer s ign i f icant information . Field research can provide 



real world data for lab personnel to correlate with 

b iological e ffects . Changes at the cel lular l evel may be 

occurring with many chemical exposures that a re wel l  below 

the current PEL/TLV. 

The data in th i s  study would be o f  far greater value i f  

spec i fi c  a i rborne concentrations o f  phosph ine gas could be 

shown to produce the G-banded lymphocyte rearrangements . 

Future exposure l evel s could be set that reduce the 

probab i l ity o f  genet ic damage from long term low l evel 

phosph ine exposure . 

39 

The data presented in th is study indicates that with proper 

procedures and qua l i f ied appl icators the potent ial for 

overexposure to the OSHA 0. 3 ppm PEL is minima l . However , 

at these current acceptable exposure l evel s  the question 

rema ins as to how much chromosome rearrangement is occurring 

in the workforce and what are the long term e f fects from 

th i s  type o f  exposure . 

As f i e l d  surveys and l aboratory studies become more 

integrated , b io logical mon itoring in conjunction with field 

exposure assessments will be used to determine acceptab l e  

exposure concentrat ions for future occupat ional health 

standards . 
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APPENDIX 

Phosphine 

Analy t e :  Phosphate Me tho d No . :  5332 

Ma t r i x :  Air Ran ge :  0 . 195-0 . 8 77 mg/cu m 

O SHA S tandard : 0 . 3 ppm ( 0 . 4  mg/ cu m) P re c is ion (CV� : 0. 091 

P ro ce du re : C o l l e c t ion on coa t e d  Val i da t i on Da t e :  3/1 7/ 78  
s il ica ge l ,  pe rmangana t e ,  
e x t rac t ion , c o l o rime t ry  

1 . S yn o p s i s  

1 . 1  A knOlo7tl vol ume o f  a i r  is drawn through a t ube cont ain in g  me rcu
r i c  c y anide impre gn a ted s i l ica ge l to t ra p  the phosphine . Th e  
pho s p ho rus is e x t ra c t e d  and oxid i z e d  to pho s phate us ing a hot , 
acidic pe rman gana t e  solut ion. 

1 . 2 The e x t racted s a mp le is analy zed fo r pho s phate by format ion o f  
the phos phomo lyb da t e  comp l e x ,  ext rac t ion into a mixture o f  
isobutanol and t ol uene and reduct ion us ing s t ann o us  chlor ide . 
The ab sorbance of the reduced phosphomolyb d a t e  comp lex is 
me as ured at 6 2 5  nm . 

2 .  Working Range , Sens i t i v i ty and De te ct ion L imi t 

2 . 1 Th is me thod was vali dated over the range o f  0 . 195-0 . 877 mg/cu m 
a t  an atmosphe ric t emperature and p re s s ure o f  19 . 0 · C  and 765 . 3  
mm R g ,  respec t i ve ly , us ing a l6- li t e r s amp l e . The me thod may 
b e  capab l e  o f  me as uring smal le r  amoun t s  i f  the deso rp t ion e f f i
c iency is ade q uate . Desorpt ion e f f ic iency mus t be de termined 
ove r the range use d .  The upper l imit of the range o f  the me thod 
depend s  on the a d s o rp t ive capac i ty of the mercuric cy anide 
t re a t e d  s i lica gel . Th is capacity may va ry w i th the concen t r a
t ion of phosphine and o t h e r  s ub s t ances in the a i r .  When an 
a t1!J:) s phe re at 90% re l a tive humidity containing 0 . 9 5 7  mg / cu m 
o f  phosphine was s ampled at a f low r a t e  o f  0 . 2  l i t e r  per minut e ,  
b reakth rough was de termined t o  occur a t  a samp l ing volume o f  
20 . 75 l i t e rs ( capac i ty · 19 . 86 �g PH 3) ' To minimize the p roba
b i l it y  of ove rloading th e samp l in g  t ub e ,  the samp le s ize recom
mended is les s than tw o- th i rds the 5% b re akth rough capacity at 
> 80% RH at twi ce th e OSHA s tandard. 

2 . 2 Samp l ing at 0 . 2  l it er pe r minute for 80 minu tes wil l  yield a 
l6-l i t e r  sample with 6 . 4  Pg o f  PH3 co l l e c t e d  at the OSHA s tan
dard l e ve l .  The sens i t i vi ty of the me thod ob t ained from the 
s lo p e  of th e abs o rbance vs Pg of phosphine c al ib ra t ion curve 1s 
0 . 05 24 abs o rbance un i ts p e r  pg of PH 3 '  
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2 . 3  The de tection limi t o f  th e me thod de termined f rom twice the 
standard deviat ion for the abs o rbance of six b l ank t reated 
silica gel tubes corresponds to 0 . 19 � g  PH ] ( o r  0. 0 1 19 mg/cu m 
for a l6-liter sample) . 

3 .  Inte rferences 

3 . 1  When two 0 r more compo un ds a re known or suspec t ed to  be p resent 
in the air , s uch in formation, including the sus pe c t ed ident i
tie s ,  should be t ransmi t t e d  wi th the sample . 

3 . 2  The colorimet ric determina tion o f  phosphate is s ub j e c t  to int e r
ference by any species wh ich also forms a molybdate complex 
wh ich is ext ractab l e  into the isobutanol- to luene mix and absorbs 
at similar wave lengths . 

3 . 3 Any pho spho rus compound wh ich is re tained by the me rcuric 
cyanide-coated s i l i ca gel tube an d oxidized to pho sphate by ho t 
aqueo us permanganate so lut ion will be a maj or interference . 
Pos s ible inte r fe ring species include PC1 3 and PClS  vapo rs and 
organic phosphorus compounds.  Part iculate H 3PO� , P 40 1 0  and 
P4S 1 0  are also pos sib l e  int e r fe rents unless a pre fi l t e r  is use d  
in conj unction with th e sorbent tube . Al though a pre fi l t e r  has 
no t been tested with the method,  its use is re commended .  

3 . 4 I f  the pos s ib ility o f  inter fe rences do exis t ,  mod i f icat ion o f  
the analy tical procedure mus t be  made to cir cumvent the p roblems 
or an alterna t ive procedure should be used .  

4 .  P re cis ion and Ac curacy 

4 . 1 The Coe f ficient o f  Variat ion (CVT) for the total samp l ing meth od 
in the r an ge 0 . 195-0 . 8 7 7  mg/ cu m was 0 . 0908 . Th is val ue  corre
sponds to a s tandard deviat ion of 0. 036 3  mg/ c u  m at the OSHA 
standard leve l .  S ta t is t ical in formation and de tails o f  the 
val idation and experimental tes t procedures can be found in 
Re ferences 1 1 . 1 an d 11 . 2 . 

4 . 2  On the average , the concent ra tion ob tained at the OSHA s tandard 
leve l  using th e o ve ra l l  sampl ing and analyt ical p rocedure was 
0 . 2% highe r than the average taken concentrat ion for a limi ted 
number of labo ratory experiments . Any di ffe rence b e tween the 
found and taken concent rations may not represent a bias in the 
sampl ing and analyt ical method but rathe r a random variation 
from the experimen t ally de termined taken ( " t rue") concent ration . 
Al so , colle cted samples , store d  for at leas t seven day s ,  are 
s tabl e ,  th us no re cove ry  co rrect ions should be app l ied to the 
final result . 
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4 6  

5 .  Advan t ages and Disadvantages 

5 . 1  The samp l in g  device is smal l ,  port ab l e  and involves no l iquids . 

5 . 2  The precision o f  t h e  me thod i8 a f fected by the rep roduc ib i l i ty 
of the pressure drop across the t ubes . This drop w i l l  a f fe c t  
t h e  flow rat e  an d  cause t h e  vo lume t o  b e  imp rec i se , b e c ause 
the pump is usual ly c a l ib rated for only one tube . 

5 . 3  The analyt i c a l  me thod requ i res measurement of the absorb ance 
of the phosphomo lybdate comp lex one minute a f ter reduct ion 
with s t annous chloride . Th i s  may present an inconvenience 
s ince the samp l e s  need t o  be handled individual l y .  

5 . 4  A di sadvantage o f  the me th o d  i s  that t h e  amount of samp l e  
wh ich can b e  co l le c t e d  is l imi ted by the numb e r  o f  mi c rograms 
of phosphin e  that the tube will ho ld be fore ove rloadin g .  When 
the amount of phosphine found on the backup s e c t ion e xceeds 
25% of that on the front , the probab i l ity of sample loss e xi s t s . 

6 .  Appa nt us 

6 . 1 Pe rsonal Samp l in g  Pump . A c a l ib rated personal pump whose flow 
rate can be de t e rmined w i t h in +5% of the recommende d f low rat e . 
The pump mus t  b e  ca l ib r a t e d  with a represen tat ive tub e in t he 
l i ne . 

6 . 2  Treated S i l ic a  Ge l Tub e . G la s s  tube with b oth ends f lame 
sealed l 2- cm long with a 6-mm 0 . 0 .  and a 4-mm 1 . 0 . con t a in in g  
two sect ions o f  t re a t e d  s i l ica ge l (45 /60 mesh , SKC , Inc . ) .  
The absorb ing s e c t ion con t a ins 300-mg of the t reated s i l i ca gel 
and the backup LSO-mg. A smal l  wad of silyla t e d  glass wool is 
also p laced b e tween t h e  front ads orb ing se c t i on  and the b a ckup 
se c t i on ; a p lu g  of s i ly l a t e d  glass wool is also p laced in the 
f ron t of the a dsorb in g s e c t ion an d  at the end o f  the b a ckup 
se c t ion . The pressure d rop across the t ube mus t  be less than 
2 inches of me r c u ry a t  a f l ow  rate of 0 . 2  l i t er per min ute . 

The s i l ica gel i s  coa t e d  accor ding to the fol lowing procedure : 

6 . 2 . 1 Dry one h un d re d  g r ams o f  s i l i ca gel at 90°C for 2 ho urs . 

6 . 2 . 2  P re p a re a 2% w/v me r curi c  cyan i de sol ut ion in w a t e r  
( 2  g H g ( CN ) 2 i n  1 00 mL H20 ) . 

6 . 2 . 3 Add the d r i ed s i l i c a  gel to the mercur i c  cyani d e  s o l u
t ion an d  l e t  se t for 15 minutes with occas ional s t i rr in g .  

6 . 2 . 4  Drain t h e  excess me rcuric cyanide so l ut i on  and d ry  the 
rema i n in g  s i l ica ge l at 90°C for 3 hours . 
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6 . 2 . 5  Cool the . ilica gel to room tempe rature in • cove red 
beake r .  

6 . 2 . 6 Expose the silica gel t o  • h umi d  atmosphere ( > 80% RH) 
for 24 hours . 
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6 . 3 A spec t rophotomet e r  capable of  meas uring absorbance or  t rans
mit tance at 625  �m . 

6 . 4  Two matched 5-cm s ilica cells w i th t i gh t  f i t t ing cap s .  

6 . 5  Separatory funnel ,  l25- mI. .  

6 . 6 Beakers ,  SO- mL . 

6 . 7  Vol ume tric flasks , 1 0 ,  2 5 ,  100 and 1000- mI. .  

6 . 8  Pipe t s , 0 . 2 ,  1 0  and 2 5 - m L  and o ther conven ient size s  t o  make 
s tandard d ilut ions . 

6 . 9  Graduated cylinde rs , 10- mI.. 

6 . 10 Wa ter bath (main tained at 6S-70 °C ) .  

6 . 1 1 Sy ringes , 0 . 5  and l . 0- mI. .  

6 . 1 2  Balance . 

6 . 1 3  Barometer . 

6 . 14 Therrometer.  

6 . 15 Stopwa tch . 

7 .  Reagent s  

A l l  reagen ts should b e  ACS reagent grade or b e t te r .  

7 . 1  Wa ter , dis t i l l ed o r  de ionized.  

7 . 2  Po tas sium dihydro gen phosphate , anhydrous , KH2PO� , 

7 . 3  Sul furic ac id , concentrated . 

7 . 4  Ammonium molybda te , (NH4 } 6  Mo702� • 4H20. 

7 . 6  Potass ium pe rmanganate , KMn� . 

7 . 7  S t annous chlo ride , SnC12 ' 
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7 . 8  Gly ce rol . 

7 . 9 Tol uene . 

7 . 1 0 I sobutano l .  

7 . 1 1  Methanol . 

7 . 12 S t andard phosphate soluti on .  P repa re by dissolving 200 �g o f  
KH2P04 in 1 L o f  dis t illed wate r .  ( 1 . 00 mL a 49 . 94 � g  PH 3 ) ' 

7 . 1 3  Mo lybdate solut ion . P repare by dissolving 49 . 4  g o f  
(NH4) 6 Mo tD2 4 . 4H20  and 1 1 2  mL o f  concentrated H2S04 in wa t e r  
t o  a total vol ume of 1 L .  

7 . 14 Tol ue ne- isobutano l s o l ven t . Mix equal vol umes o f  toluene and 
isob utyl alcoho l .  

7 . 1 5 Alcoho lic s ul furic acid solut ion.  Add 50 mL of concent rat e d  
H 2 S0 4  t o  950 mL o f  me thyl alcohol . 

7 . 1 6  Fe rrous solut ion . Prepare by dissolving 7 . 9  g o f  

Fe ( NH 4 ) 2 (S04 ) 2 and 1 mL o f  concent rated H2S0 4  in water with 
a total  volume o f  100 mL .  

7 . 1 7 S tannous ch lo r ide reagen t .  P repare by disso lving 0 . 4  g o f  
SnC 12 in 50 mL o f  gly ce rol (heat to dissol ve ) . 

7 . 1 8  Aci d i c  permanganate reagent . P repare by d is solving 0 . 3 16 g 
o f  KMn04 and 6 mL o f  concentrated H2S04 in a total vol ume o f  
1 L H 2 0 . 

8 .  P rocedure 

8 . 1 C l e an ing of  Equipment 

8 . 1 . 1  Be f o re us e ,  all g l as swa re sho u l d  b e  i n i t i a l l y  s oake d 
in a mild de te rgent solut ion to remove any re s idual 
grease or  chemicals . 
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8 . 1 . 2  After in i t ial cleaning , the glassware shoul d  be 
thoroughly rinsed with warm tap wate r ,  6 M n i t ric aci d , 
tap wate r ,  dis t illed wat e r  in tha t o rder and then d ried . 

8 . 2  Cal ib ra t ion o f  P e rsonal S ampling P umps . Each pe rsonal s amp l in g  
pump must b e  cal ibrated with a representat ive sampling tube in 
the line . The t ube is described in Section 6 . 2 .  This w i l l  
minimi ze e rrors associated w i t h  uncertain t ies in t h e  sample 
vol ume  col lec t e d .  
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8 . 3  Co l l ec t ion and Shipping o f  Sampl es 

8 . 3 . 1  Immed ia t e l y  b e fo r e  samp l in g ,  b reak the two ends o f  t h e  

s il ic a gel t ub e s  to provide a n  open in g  o f  a t  l ea s t  one 
hal f of the int e rnal d iameter of the tube (2-mm) . 

8 . 3 . 2  The t re a t ed s il ica ge l tubes sho ul d  b e  placed in a 
v e r t ic a l  d i r e c t ion durin g  s ampl in g to minimize c hannel 
ing through the so rbent b e d .  

8 . 3 . 3 Air be in g  sampl ed shoul d no t be pas s e d  through any h o s e  

o r  tub in g  b e fore e n te ring t h e  t ub e . 

8 . 3 . 4  A s amp l e  s i ze o f  16 l i t e rs is r e c ommende d .  S amp l e  a t  a 
kn own f l ow r a t e  b e tween 0 . 2 and 0 . 01 l i t e r  per min ut e . 
The f low r a t e  should be known wi th an acc uracy o f  a t  
least �5% . 

8 . 3 . 5  The temp e r a tu r e  and pr ess ure o f  the a t mo s ph e r e  be ing 
sampled shou l d  be recorded . I f  t h e  p r e s su r e  r e a d i n g  is 
no t ava i l able , rec ord the e levat ion . 
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8 . 3 . 6  The t rea t ed s i l i c a  gel tub e s  should b e  l ab e l ed appr o p r i 
a t el y  a n d  c apped w i t h  suppl ied p l a s t ic c a ps . Und er no 
c i rc ums tan c es should rubber c aps be use d .  

8 . 3 . 7  W i t h  each b a t ch o r  partial ba t ch o f  1 0  s amp le s , s ubmi t  
on e  trea t e d  s i l i c a  gel t ub e  wh ich had been h an d l e d  in the 
s ame mann e r  as th e sample t ubes ( b reak , seal , t rans po r t )  
except t h a t  no a i r  i s  sampled th rough th is t ub e . Th i s  
t ub e  sho ul d be labe l e d  as blank . 

8 . 3 . 8  Capped t re a t e d  s i l ica gel tubes shoul d  be pa cked t i gh t l y  
and pad d ed b e f o r e  they a r e  sh ipped t o  minimize t ub e  
breaka g e  du ring shippin g .  

8 . 4  Anal ysis o f  Sampl e s  

8 . 4 . 1  Prepar a t ion o f  Sampl es . In p repa ra t i on f o r  ana l y s i s  
each t re a t e d  s i l i ca gel tube is s co r ed w i th a f i l e  and 
bro ken o p en . The glass wool is removed wi th c a re and 
d i scarded making sure tha t no s il ic a  gel i s  lo s t  in the 
p ro c e s s . The s i l ica gel in the f ron t s e c t ion i s  trans
f e rred to a SO-mL beaker . The sepa r a t i n g  se c t ion o f  
g lass wool i s  removed and d is c a r de d . Th e  backup s e c t ion 
of s il i ca ge l i s  t ra ns fe r r e d  to ano the r  c o n t a in e r . 
Th e s e  two sec tions are analyzed separ a t e l y .  

8 . 4 . 2  Ext rac t io n  o f  t h e  Samples . P r io r to analy s i s , 10 mL o f  
the a c i d i c  permangana t e  rea gen t is p i p e t ted in to e a ch 
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beaker contain in g the sil ica gel . �e extract ion is 
carried out fo r 90 minutes a t  65-70 C in a water  bath . 
After extrac t ion the acidic permanganate solution is 
drained into a 10- mL volume t r i c  leaving the sil ica gel . 
The vo lume tr ic is made to volume with distilled water . 
The s il i ca gel is washed twi c e  with 3 mL po rt ions o f  
d is t illed wat e r  a n d  t h e  con t en ts dra ined into ano the r 
10 ml vo lume tric  containing 1 mL o f  fe rrous solution . 
The flask i s  made up to vol ume wi th d i s til led wa ter and 
mixed thoroughly . 

5 0  

8 . 4 . 3  Spec t rophotometer Operat ion . Turn o n  the spect ropho to
me ter and a llow suf f ic ient t ime fo r warmup . Follow the 
ins trument manufac ture r ' s  recommendat ions for specific 
opera t ing pa rame ters . Adj u s t  the wave length to 625 nm 
and s e t  the zero and 100% transmittance scale us ing 
5-cm c e l ls f il l e d  with dis t illed water . Check these 
s e tt ings pr ior to making any measuremen t to check on 
ins trument drif t . 

8 . 4 . 4  Anal y t ical P rocedure 

1 .  Add the contents  of bo th lO- mL volume tric f l asks 
(extract and wash ings ) to a l 2 5- mL sepa ratory 
funnel .  

2 .  Add 7 . 5  mL o f  molybdate  reagent and 2 5  mL of toluene
isobutanol solven t .  Shake for 60 seconds . Allow 
60 s econds fo r the aqueous and nonaqueous laye rs to 
separate and discard the l ower (aqueous laye r ) . 

3 .  Pipet 10 mL o f  the nonaqueous layer into a 2 5 -aL 
volume tric con ta ining 1 0  mL o f  the al coholic sul furic 
acid solut ion . 

At this stage s teps 4 through 6 must be pe rfo rmed with in 
1 minute . 

4 .  Add 0 . 5 mL ( 2 5  drops ) o f  s tannous chloride reagen t 
and make to volume us ing a lcohol ic sul furic acid 
solu t ion . Mix thoroughly . 

5 .  Trans fer the sample into 5-cm ce lls and s topper 
illlllediately . 

6 .  Measure the absorbance o r  t ransmit tance at 625 nm 
using wat e r  as a blank. 
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9 .  Cal ibration and S t anda rdizat ioQ 

9 . 1 Add 10 at of acidic pe rmanganate solu t i on ,  1 at of fer rous 
reagent to the separatory funne l .  

9 . 2  Add 20 to 400 uL o f  the s t an dard phosphorus solution to cover 
the range of 1 to 10 u g of PB3 . Add 8 to 9 at of H2 0 to make 
the total volume o f  the permariganate solution , ferrous solu t i on ,  
phosphorus solut ion an d  water t o  20 mL .  Prepare a t  least s ix 
cal ib ration st andards . A b l ank containing no phosphorus 
should also be analyze d .  

9 . 3 Proceed a s  in Sec t ions 8 . 4 . 4 . 2  t o  8 . 4 . 4 . 6 .  

9 . 4  Prepare a calib rat ion curve by p lot ting the absorbance o f  the 
s t an dards afte r s ub t ra c t i on  of the b lank versus the amount o f  
each a t an dard in u g  o f  PH3 added on linear graph pape r .  

10 . Ca l culat ions 

10 . 1  Correct ion for the b lank (ob tained by e xtraction and analysis 
of the t reated s i l i ca ge l t ub e  marke d "b lank." ) must b e  made 
for each sample 

A s imi lar proce dure is fo llowed for the backup tube. 

10 . 2  The amount of phosphine present in the front tub e ,  correc t e d  
f o r  the b lank , is found by reading the amount correspondin g  t o  

A C  from the  s t an dard curve . The amount of phosphine found in 
the backup tube is s imila r ly de termined. 

10 . 3  Add the amoun t s  p re s ent in the f ront and backup tubes for the 
same sample to det e rmine the total weight in the samp le .  

10 . 4  De termine the volume o f  a i r  sampled at amb ient conditions 
based on the app ropriate in format ion , such as flow rate ( t / min) 
mult iplie d by sampling t ime ( min) . I f  a pump us ing a rotame t e r  
fo r flow rate cont rol was used  f o r  sample co llection . a p res
s ure and temperature corre c t ion mus t be made for the ind i cated 
flow rat e .  The expression f o r  th is co rrection i s :  

(r,t2) Co rrected Vol ume · f x t \� � x � 
wh ere : 

f • samp l in g  flow ra te 
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t • sampling t ime 

P I • p re s s ure during cal ibrat ion of s amp l in g  pump 
(mm H g) 

P
2 • p re ssure of air sampled ( !lID  Hg) 

T
l 

• temperature during cal ib rat ion o f  samp l ing pump ( OK) 

T
2 

• t empe rature of a i r  s amples ( OK) 

10 . S  The concent rat ion of  the analyt e  in the a i r  samp l ed can be 
expres sed in mg/ cu m, wh ich is nume rical ly equal to  � g /L ,  by 

mg/ c u  m • 
Total mg (Section 10 . 3) 

Air Volume Sampled (L)  

Anothe r method o f  express ing concent rat ion is  ppm ( corrected 
to  s tandard condit ions o f  2 S oc and 760 mm H g) . 

where : 

11 . Ref e re nces  

24 . 4 5  760 ( T  + 2 7 3) ppm = mg/cu m x 
34 . 00 

x P x 
298 

P 
T 
24 . 4 S  
34 . 00 
760 
298 

- p ressure (mm Hg) of air s ampled 
- t empe rature ( OC)  of  air samp led 
• molar volume ( l i ter/mole) at  2 SoC 
- mo l e cula r wei gh t  of phosphine 
- s tandard pressure (mm Hg) 
• s tandard temperature ( OK) 

and 760 !lID Hg 

11 . 1  Doc umentat ion of NIOSH Val idation Tes ts , Na tional Ins t itute 
for O c cupa t ional Safety and Health , Cinc inna t i , Ohio ( DHEW
NIOSH-P ub 1 icat ion No . 7 7-185) , 19 7 7 .  Availab le f rom S uperin
tendent o f  Doc uments , Washington , D . C . , O rde r No .  01 7- 33-
002 31- 2 .  

11 . 2  Backup Data Repo rt for Phosphine , S 332 , prepared under NIOSH 
Cont ract No .  210- 76-01 2 3 ,  3/1 7/ 78.  
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