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INTRODUCTION 

It appears that Doberman was the first to synthesize ammonia directly from 
its elements as he reported in 1823. Haber was probably the first to 
appreciate the importance of a suitable catalyst as the key to commercial 
development of the direct synthesis of ammonia. l Starting in 1908, 
Haber (et al) carried out detailed experimental investigations for many 
years in the search for a suitable catalyst and practical operating con­
ditions. After many thousands of individual experiments a satisfactory 
catalyst was found,which consists of iron promoted with metallic oxides. 
As to operating conditions, Haber (et al) also developed the apparatus 
for the synthesis of ammonia. This principal is used in all present day 
converters with some modifications (Figure 1). 

The converter developed by Haber consists of a thin-walled iron tube 
wrapped with asbestos paper around which is a nickel heating element. 
Inside the tube is a glass or quartz catalyst tube constricted on one 
end to form a cappillary tube which continues inside of the steel inlet 
gas tube to a point outside of the converter. Gas is circulated through 
the system as the arrows indicate. ffilliuonia contained in the gas is 
removed either by cooling or by an absorption agent such as water or acid. 

COThuercial synthetic ammonia production started in 1913 and subsequent 
rapid growth.of the industry developed. 

Process 1 

Current synthesis of ammonia consists essentially of producing a gas 
mixture containing hydrogen and nitrogen in the proportion of 3 parts 
hydrogen to 1 of nitrogen, purifying this mixture, and synthesizing to 
ammonia under pressure in the presence of a suitable catalyst. In 
practically all modern plants, modification of the original Haber Bosch 
process are used. (Figure 2) 

A modified Wi'rte-"C- gas is produced in water gas generators.- C-oke from 
bituminous coal or lignite is first blasted to incandescent heat with 
air,most of the products of combustion going to the atmosphere. Hater 
gas containing carbon dioxide, carbon monoxide, and hydrogen is obtained 
by passing steam through the fuel bed. the nitrogen required for ammonia 
synthesis is usually furnished by adding a sufficient quantity of the 
products of combustion from the blasting step to the gas stream. This 
mixed gas passes through a scrubber-cooler, where dust particles and 
undecomposed steam a~e removed with water, and the gas is then stored 
in a gas holder. 

Gas from-the holder is mixed with steam and passed t~rough a carbon 
monoxide converter containing a catalyst, where most of the carbon 
monoxide is converted to carbon dioxide and hydrogen, and is then 
stored in a converter gas holder. Converted gas is compressed to 25 
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atm. and passed, counter current to water, through a carbon dioxide 
purifier. The gas, now free of carbon dioxide, is compressed to 200 atm. 
and passed counter current to an ammoniacal cupreous solution in a carbon 

, monoxide purifier. Here the residual carbon monoxide, unconverted in 
the carbon monoxide converter, is removed. The resultant relatively pure 
gas mixture, consisting of 3 parts hydrogen and 1 part nitrogen, is 
injected as makeup gas into the synthesis loop. 

Circulating gas in the synthesis loop passes over a catalyst in the 
high-pressure ammonia converter where part of the gases unite to form 
ammonia. The exit gas from the converter is boosted in pressure by the 
circulating compressor in order to overcome pressure drop in the synthesis 
loop, and then passes through the ~onia absorber where the ammonia 
formed, is removed by water washing •. The unconverted gas then joins with 
incoming makeup gas, and after passing through a water cooler, in order 
to condense out excess moisture, recirculates through the converter and 
the synthesis loop. The makeup gas contains a small percentage of argon, 
and sometimes methane, which also acts as an inert. In any process using 
recirculation these inerts tend to build up; their concentrations is 
therefore controlled to the desired extent by bleeding a protion of the 
circulating gas from the synthesis loop. Ammonia solution from the armonia 
ab~8rber is sold as such or sent to a distillation unit where the ammonia 
is recovered in the anhydrous state. 

Separation of the ammonia from the circulating gases in the synthesis loops 
of all of the processes is done by condensation by cooling or by absorption 
in water. Since ammonia is now marketed to a great extent in the anhydrous 
state, and sone hydrous ammonia is obtained as a by-product by scrubbing 
purge gases, most plants use the condensation method. The temperatures 
required to condense ammonia from a mixture of hydrogen and nitrogen gas 
at various pressures are in a range of -20DC to +15 DC. Pressures range 
from 50 to 1000 atm. When higher pressures are used, condensation can be 
accomplished by mere water cooling. l~en lower pressures are used, 
refrigeration is required. 

Production and Use 

Tables 1 and 2 reveal producers for 1961 and 1974 as indicated. 1 ,2 A cross 
reference of these tables may be helpful in determing well established firms 
in the field of ammonia production. It is evident that the ammonia indus­
try has gro~~ considerably in the past 15 years (10-12% annually). There 
were 12,602,000 more tons of ammonia produced in 1974 than in 1961. 

Approximately 2/3 of the ammonia produced in the United States is consumed 
by.agriculture in the form of fertilizers. Some of the principal fertilizers 
and fertilizer manufacturing process which utilize ammonia are anhydrous 
ammonia, ammonia liquor, ammonia nitrate, sodium nitrate, urea, urea ammonia 
nitrate solutions, amonium sulfate and amonium nitrate-limestone. 
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Of the remaining quantity produced, there are many uses~ 

1. Acids and Alkalies 

Most of the nitric acid consumed in the United States is 
made by the oxidation of anhydrous ammonia. The nitric 
acid can be further processed to produce nitrates and 
numerous other chemicals including dyes, insecticides 
and detergents. 

2. Cleaning Agents 

Household ammonia, frequently used in homes and factories 
as a cleaning agent, is a weak solution of ammonia and water. 
Ammonia is also used in the compounding of certain dry 
cleaning and specialty soaps. Ammonia is used effectively 
as a stain remover for marble. 

3. Explosives 

Most industrial and military explosives contain nitrogen, 
the basic source for which is ammonia. At the explosive 
plant ammonia is converted to nitric acid, which is used 
to produce the basic ingredients of explosives. 

4. Food and Beverage Industries 

Ammonia is used in the fermintation industry as a source of 
nitrogen which is required fo~ the growth of microorganisms. 
Ammonia is used in the beverage industry as an ammoniating 
agent for glycyrrhizin and as an extract for bitterness. 
Ammonia is also used as a fumigant and as a refrigerant in 
many food and beverage concerns. 

5. Leather 

Ammonia is used as a slime and mold preve~tiv~ in t~nning 
liquors, and as a curing agent in making leather. The man­
ufacture of mothproofing agents and other protectives for 
furs and hides involves the use of ammonia. 

6. Dissociated ("Cracked") Ammonia 

Anhydrous ammonia has the ability to be shipped in the liquid 
form and thus serves as a convenient source of hydrogen or 
of an inert atmosphere. Dissociated ammonia is used as 
reducing atmosphere for bright annealing of stainless steels, 
nickel and its alloys, bronze, beryllium-copper. and other 
copper alloys, and high-low carbon steel. 
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Cracked ammonia serves in powder metallurgy as a medium for 
the reduction of metal oxides and for the sintering of pressed, 
powdered metal parts. It can be a source of hydrogen for 
atomic hydrogen welding and for the electronics indus~ry. 

7. Metallurgy 

Ammonia can be used as a process agent in the detinning of 
scrap metals. 

8. Petroleum Refining 

Ammonia is used as an acid neutralizating agent to protect 
refinery equipment from the acids contained in the petroleum. 
It can also be used as a color stabilizer and desulfurizer 
for naptha, gasoline and kerosene. 

9. Pharmaceuticals 

Ammonia is utilized in the production of sulfa drugs and 
pharmaceuticals containing amino acids. 

10. Pulp and Paper 

Ammonia can be substituted for calcium in the bisulfite pulping 
of wood with improved results. It can also be used as a solvent 
for caseine in the coating of paper. 

·11. Textiles 

Ammonia is used in the production of cuprammonium rayon and 
nylon. It is also incorporated in the dying and scouring of 
cotton, wool, rayon and silk. Acetate rayons are delustered 
by immersing the fabric in a 2% ammonia solution. 

12. Refrigeration 

There is more ammonia used as a refrigerant than any other 
since it is best suited for large industrial installations. 
Certain characteristics of ammonia, such as high latent heat 
of vaproation, lm-7 vapor density, ·chemical stability, and low 
corrosion to iron parts make it widely acceptable. 

13. Rubber 

Ammonia is employed by the rubber industry to keep synthetic 
and natural latex from coagulating during shipment. It is 
also used as an atmosphere during the cu~ing of rubber. 
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14. Synthetic Resins 

Urea, a component of synthetic resins, is usually formed at 
synthetic ammonia plants by reacting ammonia and carbon dioxide 
under pressure. 

15. Water Purification 

Exposure 

Industrial and municipal water supplies are often purified 
with a combination of chlorine and ammonia. Four parts 
chlorine are added to one part anhydrous ammonia to form a 
mixture of mono and dichloramines, which has a greater 
st~rilization potential than does chlorine alone. 

There is an estimated 500,000 persons in the United States exposed to 
ammonia. A list of potential exposures has been tabulated in Tabel 3. 

Toxicity 

The recommended 8 hour time weighted average exposure ceiling level for 
rulliuonia is 50 ppm. Exposure to ammonia creates uncomfortable and at 
times dangerous conditions. Contact with liquid amflonia or liquid 
solutions can cause injury to the eyes, skin and respiratory tract. 
Amnonia gas, with only moderate exposure can cause headache, salvation, 
burning of the throat, anosmia, perspiration, nausea, vomiting and sub­
sternal pain. Higher concentrations may cause pulmonary edema or 
respiratory arrest. 3 

Gerhard Bittersoh14 has suggested that a~onia may be carcinogenic or 
syncarcinogenic. This paper has been included as Appendix I. 

Sampling Analysis5 

The sampling and analysis procedures that were recommended in the criteria 
document are given in Appendix II. 
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Table 3 

OCCUPATIOKS WITH POTENTTAL EXPOSURE TO ~ONIA 

Acetylene Workers 
Aluminum Workers 
Amine Workers 
Am:nonia Workers 
Ammonium Salt Makers 
Amiline Makers 
Annealers 
Boneblack Makers 
Braziers 
Bronzers 
Calcium Carbide Makers 
Case Hardeners 
Coal Tar Makers 
Coke Hakers 
Corn Growers 
Cyanide Hakers 
Decorators 
Diagotypy Hachine Operators 
Drug Hakers 
Dye Intermediate Makers 
Electroplaters 
Explosive Hakers 
Farmers 
Fertilizer Workers 
Galvanizers 
Gas Purifiers 
Gas Workers, Illuminating 
Glass Cleaners 
Glue Makers 
Ice Cream Hakers 
Ice Hakers 
Ink ~!akers 
Laboratory ~orkers, Chemical 
Laquer Makers 
Latex Hakers 
Hanure Handlers 
Metal Extractors 
Metal POI:.Jcer Processors 
Mirror Silverers 
Nitric Acid Hakers ... 
Organic Chemical Synthesizers 
Paper Hakers 
Perfume Makers 

Pesticide Makers 
Petroleum Refinery Workers 
Photoengravers 
Photographic Film Makers 
Plastic Cement Makers 
Pulp Makers 
Rayon Makers 
Resin Makers 
Rocket Fuel Makers 
Rubber Cenent Hixers 
Rubber Workers 
Salt Extractors 
Seier ~~orkers 
Shellac Hakers 
Shoe Finishers 
Soda Ash Makers 
Soluay Process \';orkers 
Stablemen 
Steel Workers 
Sugar Refiners 
Sulfuric Acid Workers 
Synthetic Fiber Hakers 
Tanners 
Tannery Workers 
Urea Hakers 
Varnish Hakers 
Vulcanizers 
Water Base Paint Workers 
Water Trenters 
Wool Scourers 

SOURCE: Occupational Diseases, A Guide to Their Recognition. U.S. Dept. 
of HEW 1961l. 
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EPIDEMiOLOGIC STUDY ON CANCER OF WORKERS IN A CHE\[[C\L PL\;-.iT 

Cerhard BITIERSOHL, Gf!m=ry {DDR} 

lit a c:hemlcal r;IC/ory with 3uour;30,OOO employees :m 
'cl'idemiotogio:: ;tuuy on the QCClJrfcnCc! of m;j!i~nant neo­
p!.ls.rr.s "';IS carrkd au:. In this f.1clClry m,llnJy mine,J! oil i$ 
IlUIlUr;!c;turcd to petro!, pl;!sti.;s, 5<)Ivcnls and some olher 

. organic subst;l11~es. " 
Since the e~tablishment of the pl:mt a pc!rm:lnent incr~= 

of neopbsms - in rdation 10 I 0,000 employl'"~'S - w:lS 

obs.:rvcd a~ is shown'" in the Ilrst lilCure. This prQ~e-.;s 
cor~csponds to the £'!ner<!1 st3lisliccl' cvaru3tion in our 

.tounlry. . 
_The analysis"of:lll C.lnc~rs - carried out ir. the period from 

1958 to 1967 - sho ..... s Ihal as to tlt~ r..:I1e patients the 
neophsms of the digestive system :ond the r~~p!\:llory syster:1 
amount It. 50'0 of all rn:llign:tnl £Iowths. With r~f<!rer.,e to 
the WOr.1<!n Ihe c:oncer or ihe m~~m~ :Hld the genr!3l; I.lke 

.. place on the ttlP .... ith :lbot:! 61j;'. fi;ure :! ;i>U\TS th<! 
dl~ttibuticn of canc~'s in Ih~ dir;".;rcnt org~ns in corr.pJri",:m 

" with the inquiries in our republ:.:. Accord;:>; 10 rnJ! wilh 
reference 10 the male employ=,,~ of the d,cmicll bcrory 
distinc.1 prc\'Jknce of th~ Cll\(~rS of" Ihl! r~"pir:llury sys!~m 
and :l link pn:uomin,lnce of (he c~n::er~ of r:,~ Ji~e'live 
trJct, of the urin~ry l'r~"ns ::trod at tl.e lympfutic :md 
bcnlatopoetic sy~tt!m is tu he se~n. :n WOHl~n 'h~ llnlig.iiJ!lt 
tumors or Ih" g~mt~fs :Il1U I!:!! Iymph:rtic ~nd hetrw!op''''u,: 
system slJlId Oul r~marbbiy with [~g:lCd tv tile sIaUSlic:ll 
e ... ~!u:;tiun of the G[)R. 

fL w~s imp<.li,ihk ft) ~C{ up n:brinrls bcrw=.:n 3n :ltf.lcked 
o~:m and prcfessiorci lU"O'.lp-s. A., :! mane; of txperience an 
OTE"IL;'; sp<:-~if.::iIY ::IS ;:l!C':li of l r-:>~ib!e or sure I!riolog:cal 
cohcre;x:e is no ccuor ;;t!?~.cd C'f .L!;.i!eq 3~ supp<l,iticll for 
!Cvcr.ll cre;no<.!":~ sua.:.u.nce:;. This C0<"S not lock out. 
however, l::1!"~lb!iiiY U~.1 PI~;:·.;uylum<Jrs in spit~ of the 
s:IJnc pat~c~~ni:: \.-:HJsilir:w' W1l $:r~lsin:Jy be ob~rved j;-j 
other orz:mic Syst= too. TiL;'; i"i s..'1o·.vn c>v l::<:ent ob-;.:rva­
lions o(Re:r.1. j,)i:nson, SlIO 3nj ether>. • 

A (on!!C'Ct!on ~r·..lo.ttn orol~ion or ~bce of '!"'moiol.trrr.!nt 
;!nd J<)CJliz.:Hion of n::I:i~..Jnt ~roFb~t1s W;1S (.~;y . iD be 
Stlled ~r I!le m:!i;g:ronl ,UlTl<lr'S uf t:,~ skin. [n ,,~:;;, cr ail 
c;z;e~ ,,"ork.!r5 we're- ;mx;;~ .... +0 !ft!rt::3nen!l., h3d to do 
V.iln or C'r r.tin ... n! au :!;J,1 ... i:o \<",re·cx?,J'<."ti (,~ inl1ucr.ce or 
nl.!;l[ or supJ:ght 3[ !~t! 5:!..-r:e tf..",::!_ 5::u5IYt"'ly u!1?rot~"'Ctt!a 
~rts of Il!~ b<.'ih' J.$ t:;e ;:e:!.j :tr.d the u:J<:'o!r c:(rfc:-r:ilies were 
;tt:ld:ed. A >p'-xiJi 2C.:tu;:u:3tlCn \..-:IS ,:,;.it:::vd if", this r3r1 of 
t~e :lyJrv~..:r2.til.Jr. l!:l!~ ·~~~\!re Lir ~lf~J Ji~hHiitg r~sr:!u~s or 
tilt! mineni "if W~::: ::::Jnc:t"J.:::u:e.L 

At 3. dii:·~I;"nu;!t~~11 u~:n si!"':~~1! t.!~?~riu.~nts it \\:}s st:ltcu 
~h~t d-:e ~!l!'!;!(iJlJ n~::.~r ld =:t:!r:::!:': .. uH :~;n(Jc~ is to be 
fLlund in tt!f! F:t,;':l!ct:(~r. ?~.ln~_t in- cumpJr:s.on with rill': 
(Jnl~;,!S of i~~e cf:e::t!~:Ll f '=-'::.-. f!-, T1~t: ~J::.!~ ,,1 ih~ ';;')£~Q\('PS 
;md u!!\er ?!.!nls ~:.: ~::\~n !::C'J! ":l:r:~ Tr.ls m.lY ;::ve tiS 
the 'iJe3 t::3t h-:!):-':e t~:< ~r:\!r:.t! pr~~n( .:c~i.!it:ons ;n srav~r.d 
pt:nts l\i ?t(.ct!L\:·:n l:-_::~ r::tJ;.;t J:-e fUrit~~r .;:trcir.(~.?~t1i..: or 
::>Vn\!lrC~nc·.!~::,t.: ..::z.tr~"!l:!·~. 

, At :l fu!ther ~I:·f.:rL·~~:.:!t:cn Qf (hI! r!'),.h.ction ?tJnts it \~;JS 
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sii::ed thal during lhe pcriQ\l of obs::r.-ation no ItlC'!ig.ll:tnt 
r>':l)pb~m~ ~ppl:atl!J at ;In .. On lhe olh~r han,\ some plants 
... · .. ro! C\·I<1~lIe /.)" il {:rea! CH:WY of qncers. Fi;;.vre 3 ~1r.:m'S trul 
~!':t:'.It!y the t:ts pLmts, Ih~ ri3nt for th~ 1lI"llul",!I:ltlre of 
duomlltnl catalysts anJ the 1.JI·hamilillg parIs of th~ hyd.o­
<:'":1:1111111 uilie ar" alt;lckcJ. uy this fOlmer obs>:ri"~tj"'l1s of 
other :lUI!!O" ,III: cont;, JT1~J. . 

The hl~h r.,IC or c;t(1c~rs in ill! plants proJucillg or 
r.\.!nuf~t("(uriJ1g arnrnf..Hli:r .. ht)\\'t"y,"r_ i~ evident. In lhl':.-t: pr~nlS 
~ f,\C to six tim~5 hidw! ("te l'1" m~lign;mt lumOIS th.,n in Ihl! 
~!hcr r:ll1reS or thc-prlldu.:tii!:1 pla,;ls was ob,clv<!u a< t!:e 
li~'u!<! ~11(,ws. This cOfrc'r<Ji"J~ 10 a fiflccn Ijll1t:~. high,'r 
!;eU~Il'IK\' or Cancers \,;Ih tc~"rd to the \';hol ... d'~mic;!l 
f,,;·;my. :11:0: llrnmonia j~ PJt>Ju,:c<l by lhe pro,c" or! iABER 
=.ti BOSCI [ :tnd in lhe amin,' p!'WI i! is conn-fled I" I:lona-, 

I 

~~~--~~--~--~~ l!:Ol~- Ifl:. ... - l':t:''\.- 19!:i- 1,:;g 
1921 lS37 19~1 1937 13<;1 

F;Z.l. C411c.erO"! 10,000 ~mcl"yu~ 



di. nnd Irimethylamin·! wilh !!:ls<:om methanol. In tl1csc pl~i1ts 
the MAI'·Valucs ol,!i.·.'tor), for thc GD" fOI 3mmonia of 2S 
mr/m3 arc cxcccrku' by the '·two· to threefold. Mu:cimum 
\,:,.lues 2ppe .. riJ1f, for :t ,horl lim" c'.-ell JIll(\unl 10 a multiple 
of Ihcse quanlit.es. As to g()';:, of thl! employees the 1;01<: of 
exposure is morc. Ih;,n 10 yo::ars. Ow;n,: to their direct 

. ernploym~nl in the production the men ~rc morc exposed 
Ih,n th(! wom.:n. 

'n1': cancers as came 1)( death :llC very hi;h in these plmls 
too. It amounts 10 40',; of all dead in the wimonia plant and 
to 6CG in the amine plant. 

As to the Ol!::ans cxclusi,:dy lungs, stom:.ehs, Iymp:l)'tie 
tissue and urinary o~f."J!S :!r~ att2ckeJ. 

TiU now nothinp; b,!<:3me known about the importance of 
ammonia as a canr.crorenic or s),Tlcanccrogeni.: caus.'llity. 
l1,cre ue <'nly a fe:w and unccrt~in concc.pti(ln<; about a 
pas<ible me<;:h;-.nisfil c-,f actinn. It is pmsibk th.lt ammonia as 
a syncareino[!~nic ~;;:-'<t".nce is of clTec! T0eether with the 
polycyclic hydrocJr!'ons c·)rr,i;;~ f;om the hyclrogenation 
IInit an~ pro'/3b!e in G',,, ;;ir of Ihe fJetor}'. On the Olher hand 
a:nnlofl~~ ro:;!:e!s~s t\··o free elcct:-ons at the N-atom and 
lh~rcf('re has the \cr.;!c,.cy to change t,) "ll :unmonium·ion 
by "bs<.lrptiull of a 1';01011. for that re.1~'m Ol1e may also 
c.ur.>preh~nd ammon;.: as a r .. ,Ji,:aL Iknee th:'re llre com~~c·. 
tionS wi[l1 the CO:1u'p!ion of Wirtschaiter. CrOll in and 
oth~rs about the im[lurt~nec of i,ec rd.l:cals as for 
i;1st;inr.,' at the ~ffcCl of sorae !OiVenls. at th,! development of 
c:.ubon;n"j.r;;d;cals at tloc df.'':! (If nitro>-HUil1:; and so on. 

We considered t)-,C"C o!',crvalions w~Hth to be informed 
though our tc~,!arck.' a:Juul lhis probkm arc not yet 
rUli~ireo.. 
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APPENDIX II 

Sampling & Analytical Hethodologies 
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VIII. APPEh""DIX I 

METHOD FOR SAt1PLING .M~fONIA IN AIR 

General Requirements 

~~onia concentrations shall be determined within the worker's 

breathing zone and shall meet the following criteria in order to evaluate 

conformance with the recorr.mended standard: 

(a) Sa~ples collected shall be representative of the individual 

worker's exposure. 

(b) Sanplinb data sheets shall include a log of 

(1) The date and time of saople collection 

(2) Sampling duration 

(3) Volumetric flowrate of sampling 

(a) A description of the sampling location 

(5) Other pertinent information 

Equipment for Air Sampling 

(a) Stopt.,..,atch 

(b) Vacuu~ pumps with calibrated rotameter 

(c) Midget impi~gers 

(d) Solid Standard Taper 24/40 stoppers 

(e) Polyvinyl tubing 

(f) Dispensing glassware and supporting equipillent as may be deemed 

necessary. Glassware should be borosilicate quality, washed thoroughly 

with detergent, a:ld followed by rinses with tap water and distilled water. 
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Reagents 

Cautiously add 56 ml of concentrated reagent grade sulfuric acid to 

500 ml of distilled water; dilute to 1 liter to obtain 2 N sulfuric acid. 

Gaol to roon temperature and dilute 50 ml of the 2 N sulfuric acid to 1 

liter with distilled water to obtain 0.1 N sulfuric acid absorbing 

solution. 

Breathing Zone Sampling 

Breathing zone samples shall be collected as near as practicable to 

the worker's face ~ithout interfering with his freedom of movement and 

shall characterize the exposure from each job or specific operation in each 

production area. 

(a) Sampling Equipment 

A calibrated personal sampling pump with flo~eter (range up to 2 

liters a minute), a midget impinger containing 10 m1 of 0.1 N sulfuric acid 

absorbing solution. 

(b) Sarepling Procedure 

The impinger outlet is connected to the personal sampling pump inlet 

by a piece of tubing of convenient length, but not in excess of 3 feet. 

'Ihe impinger assembly is attached to the worker's clothing in order to 

sainple from the Horker's breathing zone. The sallple is collected at a rate 

of 1 liter a minute for 5 minutes. 

A minimum of 3 samples shall be taken for each operation (more 

samples if the concentrations are close to the recommended 

least one blank impinger shall be provided containing 
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absorbing solution through vhich no air has been sampled. One additional 

blank impinger shall be supplied with every "10· samples obtained. 

Shipping 

After sampling, remove the glass stopper and impinger stem from the 

impinger bottle. Tap the stem gently against the inside wall of the 

impinger bottle to recove~ as much of the sampling solutio~ as possible. 

Wash the stem with a small amount of unused absorbing solution from a wash 

bottle, adding the wash to the impinger to bring to a final volume of 20 

mI. Stopper the impinger tightly 'tvith plastic caps (do not seal with 

rubber), place in an upright position, and ship the impinger sam?les to the 

analytical laboratory in a suitable container to prevent damage in transit. 

Special impinger shipping containers designed by NIOSH are available. Be 

certain that the impinger bottles are sealed very tightly to p=event 

leakage and loss of samples. 

Calibration of" Sa~pling Trains 

Since the accuracy of an analysis can be no·greater than the accuracy 

of the volUIfle of air which is measured, the accurate calibration· of a 

sampling:. pump is eS5Emtial to" the cQ.];re-e-t inte.rpre.tation of the volune 

indicated. The frequency of calibration is dependent on the use, care, and 

handlin£ to which the pump is subjected. In addition, pumps should be 

recalibrated if they have been misused or if they·have just been repaired 

or received fro~ a manufacturer. If the pump receives hard usage, more 

frequent calibration may be necessary. 
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-
Ordinarily, punps should be calibrated in the laboratory both before 

they are used in the field and after they have been used to collect a large 

number of field samples. The accuracy of calibration is dependent on the 

type of instrument used as a reference. The choice of calibration 

instruillent will depend largely upon where the calibration is to be 

performed. ~or laboratory testing, primary standards such as a spirometer 

or soapbubble meter are recommended, although other standard calibrating 

instruments such as a wet test meter or dry gas meter can be usee. The 

actual setups will be sinilar for all instrunents. 

Instructions for calibration with the soaphubble meter follow. If 

another calibration device is selected, equivalent procedures should be 

used. The calibration setup for personal sampling punps with a midget 

impinger is shown in Figure XI-l. 

(a) Check the voltage of the pump battery vlith a voltIileter to 

assure adequate voltage for calibration. Charge the battery if necessary. 

(b) Fill the impinger with 10 ml of the absorbing solution. 

(c) Assemble the sampling -train as sho~7U in Figure XI-I. 

(d) Turn the pump on and moisten the inside of the soapbubb~e 

meter by irrllKer-s-in-g t:-fre- b-uret- in the SOap solution and dratJ' bubbles- up the 

inside until they are able to travel the entire buret length without 

bursting. 

(e) Adjust the pump rotameter to provide a flowrate of 1 liter a 

minute. 

(f) Check the- water manometer to insure that the pressure drop 

across the s~~pling train does not exceed 13 inches of water (approxinately 

1 inch of mercury). 
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(g) Start a soapbubble up the buret and, with a stopwatch, measure 

the time it takes for the bubble to move from one "calibration mark to 

another. For a 1,OOO-ml buret, a convenient calibration volume is 500 mI. 

(h) Repeat the procedure in (g) above at least twice, average the 

results, and calculate the flowrate by dividing the volume between the 

preselected marks by the time required for the soapbubble to traverse the 

distance. 

(i) Data for the" calibration include the volume measured, elapsed 

time, pressure drop, air temperature, atmospheric pressure, serial number 

of the pump, date, and name of the person performing the calibration. 
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IX. APPENDIX II 

HEIROD FOR MIALYSIS OF AIR SAHPLES 

Equipment 

(a) Spectrophotometer 

(b) SO-ml beakers 

(c) 1 each 1-, 2-, 5-, 10-, 20-ml pipets 

(d) I-em cuvettes 

(e) I-liter volumetric flasks 

Reagents 

Ca) Nessler Reagent 

Dissolve 100 g of mercury (II) iodide.~nd 70 g of potassiull i9d~de in 

a small quantity of water, anj add this mixture slo¥ly, vith stirring, to G 

cool solution (15-20 C) of 160 g sodium hydroxide in 500 ml va~er. Dilute 

to 1 liter. Store in rubber-stoppered borosilicate glassvare and ou~ of 

sunlight to maintain reagent stability for periods up to a year ~nder 

normal laboratory conditions. 

(b) Anmonium chloride, stock solution (1.0 ml = 1.0 mg ~onia) 

ui~solve 3.141 g of arr~oniuM chloride in ~ater and dilute to 1 liter 

vith distilled, ammonia-free water. 

(c) hlliionium chloride, standard solution (1.0 ml = 10.0 ~g 

ammonia) 

Dilute 10.0 ml of 1.0 ng am:nonia/ml stock solution to 1000 ml .;,::!.th .. 
distilled, ammonia-free vater. 
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Preparation of Standard Curve 

To a series of 50-ml beakers add 25:0~ 23.0, 20.0, 17.0, and 13.0 ml 

of absorbing solution (Appendix I). To these beakers in the same order add 

0.0, 2.0, 5.0, 8.0, and 12.0 ml of ammonium chloride standard solution, so 

that the final volume is 25 mI. Add 2.0 ml of Nessler reagent, mix well, 

and cover beakers. After 20 minutes the color intensity is measured 

spectrophotonetrically in a 1-cm cell at 425 nm against the reagent blank. 

Analysis of Samples 

Samples should be analyzed within a week of collection. Transfer an 

aliquot of the blank and sample solutions to SO-rr~ beakers. Add absorbing 

solution to adjust the final volume to 25 ml in each beaker. Add 2.0 ml of 

Nessler reagent, mix well, and cover beakers. After 20 minutes the color 

intensity is determined by the same procedure as the standards. 

Calculations 

From the standard curve determine the nicrograms of ammonia in the 

sample solution aliquot. Calculate the concentration of ~lionia in the air 

as ppm: 

ppm a~lionia = 1.44 ~l NH3 X AB 

Where 1.44 ~l NH3 
~g NH3 

~g NH3 CDE 

= ~~~o_l~e~X 22;4 ~l X 298 K 
17 pg NH3 ~ole 273 K 
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A = Sample solution volume in milliliters = 20 ml 

(10 ml scrubber solution plus 10 ml rinse) 

B = ~g of ammonia in aliquot analyzed 

C = Volume of aliquot in milliliters 

D = Time of sampling period in minutes 

E Sampling impinger flow rate in liters/min. 
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