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An overview of sampling and analysis of phospine with an emphasis on industrial hygiene 
is presentedl. Recent advances in solid sorbents behavior allow these devices to be used 
followed by gas chromatographic analysis, Sampling with filter paper - A g N 0 3  and 
colorimetric: analysis remains a reliable tech~nique. A comparison of the strengths and 
weaknesses of analytical (gas chromatog rap hy, chromogenic, colorimetric and 
electrochemical) and sampling (impregnated papers, solid sorbents, bubblers and 
evacuated cylinder) techniques is made. 

Samtpling and analytical methods for 
phosphine - a review 
ALLEN W. VEFISTUYFT, Ph. D. 
U.S. ~ e ~ a r t h e n t  of Health, Education and Welfare, Public Health Service, Center for 
Disease Control, National Institute for Occupational Safety and Health, 4676 Columbia 
Parkway, Cincinnati, OH 45226" 

Phosphine, PH3, has been determined in the 
workplace air by reaction, complexation or 
absorption of the phosphine in a sampler 
followed by spectrophotometric, color or gas 
chromatographic detection. The sensitivity and 
efficiency of these methods and potential new 
methods of monitoring phosphine will be 
discussed herein. Phosphine generated from 
metal plnosplhide has been used extensively as a 
fumigant and as a starting makerial for epitaxial 
(Gap) conductors. Welding and machining 
operations produce phosphine; therefore, a 
danger is posed to a diverse group of workers. 
Phosphine exposure to workers should not 
exceed the Federal Standard (OSHA) 8 hour- 
time weighted average (TWA) of 0.4 mg/ m3 (0.3 
ppm).(l' Odor detection of phosphine is limited 
to 0.1 to 5.0 ppm,'2-4'in some instances above the 
TLV-short term exposure limit (STEL) of 1 
ppm. Phosphine is odorless in the pure state,") 
however, impurities in commercial preparations 
impart a garlic odor attributed to phosphine."' 
Concentrations of 50-100 ppni may be withstood 
for short periods without injury; however, above 
400 ppm dea th  rapidly occurs. Various' 
symptoms are seen with phosphine poisoning, 

The use of' trade names in this article does not constitute endorsement 
by the U.!;. Public Health Service. 
*Present address: LFE Environmental Analysis Laboratories, 2030 
Wright Avenue., Richmond, CA 94804. 

masking the identity of the toxic agent. The 
chemistry and toxicology of phosphine have 
been reviewed recently and the reader may find 
details t he re i~~ . '~ -~ '  

sampling 
Phosphine is difficult to trap since it is a reactive 
gas (b.p. -87.8"C) a t  room temperature. 
Sampling devices used to collect phosphine are: 
impregnated filters or bubblers/ 
impingers,'7-16' solid ~orbents ,"~"~'  coated or 
impregnated solid s ~ r b e n t s , " ~ - ~ ~ '  and evacuated 
cylinders.'21' Detector tubes '17-19' and paper 
~ t r i ~ s ' ~ - ~ '  can act as both sampling device and the 
analytical method. Portable  detector^'"^^^' 
(monitors based on a flame photometric 
de te~tor '~"  or a photoionization detector'23') are 
avai lable fo r  cont inuous  moni tor ing  of 
phosphine. A portable quadrupole mass 
spectrometer affords potential as a continuous 
m~ni tor . "~ '  A summary of present methods of 
sampling and analysis is presented in Table I. 

impregnated paper and filters"" 

Impregnated papers (test strips) are used by 
workers entering fumigated grain storage areas. 
Lead acetate, silver nitrate, mercuric chloride 
and other metal salts have been impregnated on 
filter paper strips to  sample and detect 
phosphine. Silver nitrate and mercuric chloride 
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TABLE I 
Methods of Sampling and Analysis 

Sampling 

M e t h o d  R a n g e  ppm E f f i c i e n c y  I n t e r f e r e n c e  R ~ e f e r e n c e  

Siliver nitrate (0.1 N) impregnated paper 
Ethanolic mercuric chloride (1 %) on paper 
Acidic potassium permanganate (0.1 N) imp" 
Silver diethyldithiocarbamate (0.5%) bub" 
Silver diethyldithiocarbamate (0.5%) bub" 
Mercuric chloride (0.5%) Aqueous bubbler 
Toluene - ~mpinger 
Mercuric chloride (0.1 %) conductance cell 
Metal impregnated solid sorbents 
Silver nitrate impregnated silica gel 
Auric chloride impregnated silica gel 

Auric chloride impregnated silica gel 
Ethanolic mercuric chloride (0.1%) 
Mercuric cyanide impregnated silica gel 

A n a l y s i s  

M e t h o d  S e n s i t i v i t y  R.S.D. FIeference 

1. Bendix phosphorus method/sulfur monitor 
2. HNU photoionization detector 0.1 - 100 ppm 
3. Gas chromatography - FID, 3% TCP 
4. Gas chromatography - Them,  4.5% OF-l :2 ppt' 
5. Gas chromatography - FPD, 3% Carbowax 0.5 ppt' 
6. Gas chromatography - Coulson 500 ppt' 
7. Gas chromatography - TC, porous beads ' I 0  ppm 
8. Gas chromatography - Therm. 30% Apiezon 50 ppb 
9. Gas chromatography - FID, FPD, beta-ioniz .Ar Poropak O 20 ppb 

10. Gas chromatography - Helium ionization, Poropak O !5 ng 
11. Mass spectrometry 60 mg 
12. Colorimetric - ammonium molybdate 720 nm 0.01 mg/L 
13. Colorimetric ammonium molybdate 880 n m  0.01 mg/L 
14. Colorimetric-silver DDC" 465 n m  0.05 ppm 
15. Colorimetric-silver sulfide 470 n m  0.02 ppm 

"Imp = lmpinger; bub = bubbler 
"= m~lligrams, not ppm 
'ppt = parts per t r l l l~on 
"DDC = d~ethvldlth~ocarbamate 

have been most widely used to detect phosphine 
by the darkening generated on impregnated 
paper strip. Reduced silver from silver nitrate 
(reaction 1) is observed as a black stain. 
4 Hz0 + PH3 + 8 AgN03 - 8 Ag + H3PO4 + 8 
HN03 (1 ) 

Stain length is the measure of phosphine 
concentration. Silver nitrate can be used for 
semi-quantitative analysis of p hosp hine by 
determination of the silver as  ~ u l f i d e . ' ~ )  
Hydrogen sulfide and light interfere with AgN03 
reagent by reducing it to elemental silver. 

Mercuric chloride reacts with phosphine to 
generate hydrogen chloride (reaction 2). 

PH3 + 3 HgC12 -P(HgC1)3 + 3 HCl (2) 

Methyl yellow'6' or cresol red"' acid indicators 
(are used to detect HCl produced as a ye:llow or  
.red stain.  Ammonia interferes with these 
:indicators as a false positive. Other acids in air 
!should also interfere. Impregnated papers detect 
'between 0.05 to 3.00 ppm phosphine. These 
:methods afford a semi-quantitative deter- 
imination of phosphine in air. 

bubblers and midget impingers'7"61 

:Silver d i e thy ld i t h ioca rbama te l  pyr id ine ,  
aqueous or ethandic mercuric chloride, acidic 
potassium permanganate, toluene and other 
reagents have been used to collect phosphine. 
Potassium permanganate,'7'8'16) b r o n ~ i n e , ' ~ )  

Am. Ind. Hyg. Assoc. J (39) June, 1978 

D
ow

nl
oa

de
d 

by
 [

St
ep

he
n 

B
. T

ha
ck

er
 C

D
C

 L
ib

ra
ry

] 
at

 1
2:

55
 1

1 
Se

pt
em

be
r 

20
14

 



iodine'7' and other redox reagents'7916' convert collection of samples. The solid s orbents 
phosphine into phosphate that is determined impregnated with metal salts are similar to the 
colorimetric~ally or by back titration. The silver 
diethyldlithiocarbamate (AgDDC)-phosphine 
complex (465 nm) forms in five (5) minutes and 
is stable up to eight hours. Average collection 
efficiency over a flow rate of 0.5 to 1.0 liters per 
minute (Lpm) was 86.2%.@' National Bureau of 
Standards (NBS) reports a 54% efficiency for the 
first impinger,'15' less than the 75% efficiency of 
~ e c h a n t . ' ~ '  Arsine provides an interference to 
this c~l'lecti~on.' ' 5, 

Permanaganate  has  been a s tandard  
collection so lu t ion  with the  phosphine 
concentration determined calorimetrically. 
Other phosphorus containing species (i.e., 
reaction 3) and most redox reactions may lead to 
a false 

8 ~ +  + P4 + 4KMn04 - 4KHzP04 + 4 ~ n "  (3) 

Collectjion efficiencies of 80-100% have been 
reporteld with stabilities ranging from 4 to 12. 

Arsenates can interfere with analysis, 
of these solutions. Permanganate is non- 
selective amd only provides an adequate 
sampling system for reference gas streams. 

Aque:ous and ethanolic mercuric chloride 
react with PH3 according to reaction 2. The 
generated lHC1 may be stored up to three (3) 
weeks at -14OC for coulometric quantitation. 
The reported 88-100% recovery may be biased 
by HC1 generated after six (6) hours of 
storage.'lO' The source of this HC1 is unclear. 
Interferences from arsine, sulfur dioxide, 
hydrogen cyanide and hydrogen sulfide may be 
removed by passage of the air through 
potassium hydroxide before collection in 
mercuric chloride solution. Mercuric chloride 
solutions are analyzed by titration or by using a 
gas chromatographic-n~icrocoulometr ic  
detector. Ethanolic silver nitrate may be used to 
collect phosphine. However, it suffers the samle 
1imitat:ions as the silver nitrate impregnated 
filters. Further development of this sampling 
tube may lead to a simple sampling system for 
phosp hine. The  silver n i t ra te  collected 
phospliine is quantitated by the silver sulfide 
suspension method'l' 

detector tubes: solid sorbents:::-:, and 
coateci/impregnated sorbents 
Solid sorbents were developed to simplify 

impregnated filter papers  of sect ion A.  
Potassium perrnanganate,'15' silver nitrate,'l5'l6) 
auric chloride,' 17'18' and mercuric ~hloride"~) 
coated on silica gel provide detector tubes with a 
range of 0.03-150 ppm. No detector tube for 
phosphine has been certified by NIOSH. 
Phosphine concentration detected by the tube is 
measured as a stain length. Tubes are subject to 
the same interferences as paper strips and have 
designated shelf lives that should be observed to 
obtain accurate measurements. 

Silica gel and acid-washed charcoals have 
been evaluated for phosphine absorption."5) 
Reports of reversible phosphine absorption on 
charcoal have not yielded a reproducible 
sampling device.'15' Silver nitrate and potassium 
permanganate coated silica gels effectively 
collect phosphine; however, no quantitative 
release of phosphine was a~hieved."~' Many 
commercially available solid sorbents were 
evaluated with negative results in an exhaustive 
methods development program. Mercuric 
cyanide on silica quantitatively collects 
phosphine and permits storage for 24 hours. 80% 
retention during two weeks storage was 
observed. The phosphine is released by 
treatment with alkaline sodium borohydride 
solution for gas chromatographic analysis. 
Further development of this system shows 
promise for simple sampling of phosphine. 

evacuated cylinders and air sampling bagd2" 
Aluminum or glass evacuated cylinders'"' and 
Mylar @ or Tedlar @ sampling bags@' have been 
evaluated for industrial hygiene purposes. A 
search of the literature has not produced any 
examples of the use of flexible bags or evacuated 
containers for the collection of phosphine 
samples. Surface adsorption phenomena may 
limit quantitative release of phosphine, except 
for an inert (Teflon @ ) evacuated cylinder. Air 
sampling bags used for preparing known gas 
 concentration^'^) are cumbersome and not 
suitable for personal sampling. 

continuous r n o n i t o r ~ ( ~ ~ - ~ ~ '  
Two types of continuous monitors using gas 
chromatographic type are 
available for detection of phosphine. A sampling 
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pump (internal) draws metered air into both 
devices. The flame photometric detector uses a 
hydrogen rich flame to generate HPO. detected 
at 526 nm. The photoionization detector uses a 
UV lamp to generate P H ~ '  species. The flame 
photometric detector is phosphorus specific; 
however, it is cumbersome in this application. 
The photoionization unit is simpler opera- 
tionally; however, a complete evaluation of 
ion iza t ion  poten t ia l  interferences is no t  
available. 

A por tab le  quad rupo le  mass spectro-  
meter(24925) developed by Varian Instruments for 

the Army could be used as a portable monitor. 
This quadrapole has a membrane separator that 
is inferior to a molecular leak inlet for PH3 and 
similar materials. The utility of this system is 
limited by the substantial cost. 

analysis 
Methods of analysis are abundant for phosphine 
and could be fully exploited if a suitable 
sampling device(s) were avai lable .  Gas  
chromatography (GC), GC-mass spectrometry 
(MS), electrochemical coulometric, colori- 
metric/ spectrophotometric,  column/ paper 
chromatography (chromogenic) methods of 
analysis have been used for phosphine. 

Gas  c h r o m a t o g r a p h y  h a s  been  used 
extensively for analysis, although for industrial 
hygiene applications colorimetric/ spectro- 
photometric(b8~~~~~5'16' methods have been most 

widely used. Gas chromatography affords use of 
a variety of detectors for phosphine analysis: 
r n i c r ~ c ~ ~ l o m e t r i c , ( ~ ~ ' ~ ~ - ~ ~ '  f lame photo-  
metric,(22~37-29) flame ionization. (12,26,31,32) 

photoionization,'23' and beta 
Both mass spectrometry and GC-MS have been 
used to detect phosphine.""3'35'36' Electro- 
chemical (microcoulometric) methods employ 
reaction 2 and these potentiometric'lO'll"d' and 
condu~tance '~ '  methods are the basis of the 
microcoulometric detector for GC. Column/ 
paper chromatography (chromogenic) combines 
colorimetric analysis in detector tubes or 
impregnated papers.'4-7'15-19' 

gas chromatography and gas chromatograph- 
mass spectrometry 
Gas chromatography is the most sensitive 
analytical method for phosphine analysis. Air 

sampling bags could be used with GC, however, 
this has not been reported. The sollid sorbent 
coated with mercuric cyanide apparently solves 
this drawback. Continuous monitors such as the 
photoionization detector are amenable to gas 
chromatographic use. 

Microcoulometric, thermionic and flame 
photomet r ic  de tec tors  can  quan t i t a t e  5 
nanograms, 20 picograms (pg) and 5 pg 
respectively with a + 10% reproducibil.ity for 
foodstuffs, air and water contaminated with 
phosphine.'27' The flame photometric detector is 
used at 526 nm although a 570 nm narrow 
bandpass filter has been used where C H  
interferences are present.'38739' 

Both argon and helium beta ionization 
detectors ha.ve been used to detect phosphine 
with sensitivity equal to the flame photometric 
( i e t e ~ t o r . ( ~ l ' ~ ~ )  The beta ionization detector 
suffers from operational stability. It is not 
c o m p a r a b l e  t o  f l a m e  photometric o r  
photo ioniza t ion  f o r  rou t ine  use. Mass  
spectrometry allows detection of lo-' grams and 
poss ib ly  l ower .  Low mass  a n d  s imp le  
fi-agmentation of phosphine make it a simple 
~nolecule to detect.(2' 

chromogenic and colorimetric/ 
:spectrophotometric 
The sensitivity and limitations of detectcrr tubes 
and papers have been discussed in the sampling 
section. These chromogenic syste~ns offer a 
semi-quantitative method of analysis. 

Classical colorinletric methods are the silver 
ciiethyldithiocarbarnate (AgDDC) red-orange 
complex at 465 nm'8715' and the phospho- 
rnolybdate complexes at 660-690 nrn artd 820- 
$180 nm.(6~3 1734940741) The AgDDC comlplex is 
similar to a. standard analysis of arsin~e with 
AgDDC a t  400 nm. Arsine presents a n  
interference. The 0.5% AgDDC in pyridine 
quantitates between 0.6 and 4.1 ppm phc~sphine 
with a sensitivj.ty of 0.05 ppm. The analysis is 
more specific than phosphomolybda te analysis. 

Phosphomolybdate colorimetric analyses are 
the basis for inorganic phosphate analyses. The 
conversion of phosphine to phosyhat'e with 
permanganate is the sampling meth,od for this 
analysis. Many variations of this analysis are 
a.pplicable to phosphine. The oxalic acjd/per- 
rnanganate method is most wideky used by 
iindustrial hygienists affording an analytical 
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range of 0.01 to 6 mg/l phosphorus with a 
sensitivity of 0.05 mg P/1. The colorimetric 
method cannot distinguish between phosphorus 
species such as  elemental  phosphorus ,  
phosphine and other phosphorus containing 
species. Arsenates can be a serious interference 
as can certain metals at high concentrations. A 
judicious clhoice of wavelength can eliminate 
some interferences. The potassium perman- 
ganate collection solution is not as specific as 
AgDDC and is subject t o  the analytical 
interferences. Oxalic acid may interfere with the 
potassium permanganate present shifting the 
maxima by shifting the reaction equilibrium.'15' 

2AgN03 + NazS -Ag2S + NaNO3 ( 5 )  

AgS suspension may be determined at 470 nm, 
forming th'e basis for a method to quantitate: 
elemental silver generated from silver nitrate: 
detection of phosphine using filter papers or 
ethanollic so l~ t ion . '~ '  Between 0.05 to 8 ppm can 
be detected with a sensitivity of 0.02 pprn,, 
howeve:r, species such as Ag3P can complicate 
this analysis. 

The colorimetric methods are most widely 
used; however, their accuracy is questionable. 
The colorimetric methods do not speciate. Any 
permanganate oxidizable phosphorus species 
will yield a positive quantity ]in colorimetric; 
analysis. 

conductimetric and potentiometric 

Phosplhine has been analyzed at the ppm level 
with tlhese methods. A conductance cell witlh 
mercuric chloride (reaction 2) generates HCll 
that is directly proportional to the amount of 
phosphine present.'9' Suggestions for using this 
method as a continuous air monitor never lead 
to a marketed product. 

Potentio,metric titration of HC1 with NaOEI 
coupled with an impinger sampling device 
quantitates as little as 10 pg phosphine."O' 
Sample storage, unless frozen, limits the 
analytical method to immediate phosphine: 
determinations. An automated potentiometric: 
system has been developed; however, a ten-fold. 
loss i:n sensitivity is observed, limiting th.e: 
usefuliness in industrial hygiene applications. 

discussion 
Impregnated papers and filters afford a simple, 
semi-quantitative determination of phosphine in 
air. This simplicity is offset by the semi- 
quantitative determination based on compar- 
i son  of c o l o r  t o n e  (dens i ty)  change .  
Chromogenic tubes, solid sorbents coated with 
the same salts as impregnated filters and papers, 
are the best semi-quantitative measure of 
phosphine concentration. Color tubes are more 
difficult to use than papers; however, the 
graduated stain length is easier to quantitate. 
Only the mercuric cyanide chromogenic tube 
can be used for accurate quantitation by 
instrumental analysis. This tube like the AgN03 
filter paper allows immediate semi-quantitative 
detection and later quantitative laboratory 
analysis by gas chromatography. The accuracy 
of chromogenic tubes is limited by their specified 
shelf life. Both filters and chromogenic tubes are 
subject to interferences from Group V hydrides 
and some gases (See Table I). 

Bubblers and midget impingers suffer from 
similar interferences as filters and chromogenic 
tubes. Silver diet hyldit hiocarbamate (AgDDC) 
is most widely accepted because it offers less 
interferences than permanganate or mercuric 
chloride. AgDDC forms a distinctly orange 
complex tha t  gives a n  immediate  semi- 
quantitative measure of phosp hine concen- 
tration. The drawback of AgDDC is the 
accurate measure of collection efficiency. 
Permanganate is useful primarily as a reference 
for a phosphine generator. Multiple inter- 
ferences from other phosphorus species limit the 
use of permanganate for field sampling. 
Mercuric chloride midget impingers are best 
used for immediate colorimetric (potentio- 
metric) detection. Limited storage stability 
seriously curtails wide use of mercuric chloride 
impingers for  field sampling. All midget 
impinger sampling methods are limited by 
bulkiness and spillage. Although these methods 
can be quantitative these are not as easily used as 
chromogenic tubes. 

Little can be said about evacuated cylinders or 
air bags. Both are bulky and subject to leakage. 
Neither offers semi-quantitative (immediate) 
detection of phosphine. The continuous 
monitors give immediate quantitative detection 
of phosphorus species. The photoionization 
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(PID) appears to afford greater speciation 
potential than the flame photometric (FPD) 
unit. The portability of the PID makes it more 
desirable to use in the field than FPD. The 
energy of the PID lamp must be at least 9.9 eV to 
determine phosphine. 

Instrumental methods are tied to the sampling 
technique. Gas chromatography is the best 
method of analysis for phosphine because it 
affords specificity using F P D  with good 
sensitivity (Table I). Use of GC is limited to 
sampling with mercuric cyanide/silica gel or 
evacuated cylinderslair bags. GC has been used 
as a continuous monitor by using automated 
repetitive sampling. Sample collection using 
mercuric cyanide has been combined with 
coulometric GC detection; however, it should be 
continuous considering sample storage. As a 
continuous monitor coulometry is not as simple 
or sensitive as PID or FPD. Non-phosphorous 
interferences such as AsH3 and H2S are more 
severe in the coulometr ic  method.  The 
deficiencies of the GC coulometric technique are 
less severe than a simple potentiometric/ coulo- 
metric method. The GC column permits some 
speciation not present with simple potentio- 
metry. 

Chromogenic and spectrophotometry have 
been the mainstay of phosphine analysis. Some 
interferences from sampling can be minimized in 
the analysis. With AgDDC a judicious choice of 
the 470 nm h max minimizes the arsine 
interference at 405 nm. This analysis has less 
interferences and greater specificity than 
molybdate analysis. Gas chromatography is 
preferable to spectrophotometry where equally 
accurate sampling methods are available. 

conclusions 

The most reliable method for sampling is the 
silver nitrate impregnated filter paper followed 
by colorimetric analysis of the silver sulfide 
suspension. The methods both offer an  
immediate  indicat ion (chromogenic)  of 
phosphine present. The most promising method 
of sampling for phosphine is the recently 
developed mercuric cyanide on silica gel that 
allows quantitation of 0.02 mg/m3 to 1.64 
mg/ m3. This method of sampling is coupled with 
flame photometric GC analysis that is sensitive 
to 50 pg. Unfortunately, this solid sorbent 

material is not commercially available thus 
rlequiring preparation by the industrial hygienist 
or his laboratory support. Further developments 
in the solid sorbent will increase sampling 
versatility and reliability. 
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Tennessee Valley AIHA's Tennessee Valley Local Section's annual 
Local Section meeting is slated for September 7 and 8, 1978. I t  

Annual Meeting will be held in Chattanooga. Tennessee at the Choo 
Choo Read House. For more information, contact 
J a m e s  A. Bruce ,  C i t i e s  Serv ice  C o m p a n y ,  
Copperhill, TN 37317. 
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