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Temperature-programmed gas chromatogmphic analysis on cohnnns packed with Apiezon 
L aa stationary phase. isshown to be the best method for the qualitative and quantitative 
an&Ma of simple. and complex hydrocarbon mixtures when compared with ail the other 
applicable techniques (thinlayer chromatography, column chromatography, ultraviolet 
spectroscopy, infmred spectroseopy,~ nuclear magnetic resonsnee spectroscopy, mass 
apectrometry) described in this paper. Using the ,method in- a patient with mineral oil pneu- 
monia. it could be demonstrated that he expectorated a maximum of 79.5 mg liquid paraffin 
dailyand also transported equally complex satumted hydrocarbons in a concentration of 
1.3 mg%‘in p&&ma -and of 1.6 me in the cell&r blood camp&w& In an additional ex- 
periment the direct det&mhiation of liquid. pa&fin resorbed from the gastrointestinal tract 
was possible in a patient with a left chyle f&Ma in the neck. After a dose of 50 g liquid 
paraffim admi&tered as a laxative, 246 ml chyle was collected within the follo+ing 14 h 
which yielded a total of 4.5 mg liquid paraffin. Its composition was identical with the ad- 
ministered .!a+ve. Assuming. a daily. lymph volume of 1.5 1, the maorbed amount would 
&respond to a resorp~on +e of 9.6 ? /,,,, -liquid .p~Tkeimpotice oftheseresults 
as w4.l BS the di&nostic- consequences a&sing 6am the described analytical technique are ..- mindeta& -.. .: . 

-. : 
, : ._ 

$NTRODUCTION_ -.: : ._ _:. 

’ Sin& .thk fiist deiiription 69 -Laughlen fl] in 1925, mixe than .400 c&es of 
mined oil (synonyms:. Iiquid paraffin, fiquid petrolab) pnemgoni+ have 
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been reported in the literature up to 1953 [2] and continue to be described 
[3]. There is strong evidence, however, that paraffin oil pneumonia occurs 
much more frequently. Many cases either remain unknown, .especially those 
with only slight pulmonary affection, which are often free of complaints, or are 
misinterpreted (even in the presence of severe pulmonary involvement 123 ) as 
some.other pulmonary disease, such as chronic pneumonia, sarcoidosis, tuber- 
culosis, bronchiectasis, fungus disease or neoplasm (paraffinoma) [4]_ Conse- 
quently, exogenous lipid pneumonia is commonly an accidental discovery by 
the pathologist [ 53. Intra vitam diagnosis without surgical intervention has 
only been described exceptionally. Because none of the clinical features is 
strongly characteristic, the suspicion of mineral oil pneumonia or pulmonary 
paraffmoma is in most cases only raised by a medical history of paraffin up- 
take, often unrestricted, and usually in the form of laxatives, oily nose drops or 
throat sprays; The discovery of lipopbages [4,6] in the sputum is not specific, 
and they are often absent [ 7] _ Histochemical staining methods are only appli- 
cable if mineral oil is present in the form of readily visible droplets and none of 
the various dyes used for lipids is strongly specific for mineral oil [S] . 

Other methods for the identification of mineral oil have been infmred spec- 
trometry [9-111, nuclear magnetic resonance (NMR) spectrometry [ 12,131, 
mass spectrometry 114, 151, column chromatography [16] and thin-layer 
chromatography (TLC) [7,8]. Though these techniques are virtually specific, 
they are not valid for reliable quantitative analysis or composition studies of 
mineral oil preparations ingested for medical purposes and extracted from hu- 
man or animal tissues under special conditions. Gas-liquid chromatograpbic 
(GLC) analysis of liquid paraffin (which is a very complex mixture composed 
of some hundred saturated hydrocarbons of varying chain length, including 
straight-chain and branchedchain alkanes, cycle-dkanes and polycycloalkanes) 
is the only method to fulfill these criteria tolerably. 

In the presented new case of chronic paraffin oil pneumonia, a report is 
given for the first time about qualitative and even quantitative studies of 
mineral oil in sputum, plasma and erythrocytes, supplemented by all other 
methods known so far. The results are completed by our findings in human 
cbyle which was collected after ingestion of a single 50-g dose of liquid paraffin 
for the treatment of constipation from a man with a surgically induced fistula 
in the thoracic duct just in front of the angulus venosus sinister. 

Ek?EkMENTAL 

Mineral oil pneumonia was found in a 19-year-old male. The diagnosis w&s 
mainly based on a typical 5-year history of gargling with Presidoe~, a 99.9% 
pure mineral oil (total consumption by the patient 5-6 1) and on the histolog- 
ical appearance of an open lung biopsy specimen. Details about the clinical, 
radiographic and histological findings in this patient will be reported in a sepa- 
rate paper together with new therapeutic approaches [ 171. 

During hospitaliza$ion the patient was instructed in breathing-exercises and 
in intermittent exaggerated coughing (although there was no spontaneous 

l Pakffin. perliquid. 1000.0, paminobenzoic acid ethyl ester 0.04.01. citri LO_ 
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cough) in order to obtain as much expectoration as possible. Prior to this regi- 
men the aspiration of mineral oil (preside) had been stopped. He continued 
these activities subsequently as an outpatient. 

Saturrated hydrocarbon standards were purchased fiorn WGA (Diisseldorf, 
G-F-R.). All chemicals used were of analytical grade. Solvents freshly redistilled 
before use were &ee of hydrocarbon contaminants as tested with all the analyt 
ical methods mentioned below. 

Exfnrctionandisolationofminemloil 
The volume of each sputum sample (10-150 ml/day) was measured. The 

sputum was sonified twice for half a minute with maximum energy (Branson- 
Sonifier) followed by lyophilization. The lyophilisate was extracted once with 
150 ml hexane-benzene I:1 (v/v) for 30 min under reflux conditions. The sus- 
pension was filtered and the residue discharged. As proven by eight preceding 
experiments, more than 99% of the mineral oil content of the lyophilized 
sputum samples were obtained by this extraction procedure so that further ex- 
tractions were not necessary. The extract was taken to dryness, redisso+ed in a 
small volume of hexane and completely transferred into small PTFE-lined 
screw cap vials. The solvent was evaporated in a stream of nitrogen. A loo-p1 
volume of an n-undecane (500-600 lug) internal standard, dissolved in hexane, 
was added and the vial was screwed up, ready for quantitative GLC analysis. 
Some of the crude sputum extracts were dissolved in 20 ml hexane and divided 
into two parts. One part was used for further quantitative GLC analysis, and 
the other pooled for additional analytical experiments_ 

As demonstrated by TLC on silica gel H coated analytical plates (Merck, 
Dam&&t, G.F.R.) carried out in the solvent system dichlorethane-methanol 
(98:2, v/v), sprayed with 50% sulfuric acid after development and charred at 
150” for 30 min, the sputum extract contained (besides mineral oil) some lipid 
contaminants. For further detailed identification studies, these contaminating 
neutral lipid components were separated from the supposed hydrocarbon frac- 
tion by column chromatography. Separation was performed on a 20 X 2.5 cm 
0-D. glass column packed with 10 g Florisil@ (magnesium silicate; C. Roth, 
Karlsruhe, G.F.R.) slur&d in hexane. After application of the crude pooled 
sputum extract dissolved in hexane on top of the column, a thin-layer chroma- 
tographically pure hydrocarbon fraction was eluted Tom the column with a 
100 ml portion of hexane. Recovery rates for this analytical procedure, tested 
with 100-1500 mg samples of Preside, were 98 f 2%. The hexane eluate was 
evaporated to dryness. The residue was used for further investigations. A 500 
mg sample of Preside, the gargle preparation that our patient had chronically 
aspirated, was suspended by sonication in distilled water, lyophiliied, extracted 
and purified in the same manner as reported for the pooled sputum sample in 
order to get sufficient material for comparison purposes. 

For examina tion of saturated hydrocarbon blood levels, a 100 ml sample of 
anticoagulated blood (ACD) was obtained tirn our patient and processed im- 
mediately, After centrifugation the plasma was decanted and preserved. The 
cellular residue was thoroughly washed three times with cold isotonic saline. 
The supernatant was discharged_ Plasma and washed red cells, including leuco- 
cytes and-platelets, were then analyzed following the extraction and isolation 
procedures as described above. 
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Since it has been assumed that mineral oil is absorbed from the gashointesti- 
nal tract, we collected all the lymph discharged from a fistuIa of the ductus 
lymphaticus which had been introduced in a male patient in the course of a 
neck dissectiou operation. Immediately after ingestion of a 50 g dose of liquid 
paraffin for the treatment of constipation, we colIected the patient’s chyle over 
a 14-h period, divided into three successive fractions. The fractions amounted 
to 46 ml (4 h);‘.58 ml (4 h) and 142 ml (6 h), respectively. Each chyle fraction 
was finally subjected to the complete analytical program for mineral oil deter- 
mination. 

Identi~tion and quantitation of mine& oil 
A comparative thin-layer chromatogram of the crude unpurified sputum ex- 

tract and of the purified remedy Preside was developed with hexane on a silica 
gel H ‘plate. Spots became visible after spraying with 50% sulfuric acid and 
charring. 

Ultraviolet spectra of the purified sputum extract as well as of the purified Pre- 
side, recorded with a Beckman Spectralphotometer, Model DB, did not show any 
ultraviolet absorption, a finding which is typical for saturated hydrocarbons 
which are free of contaminants. 

Infrared spectra of purified sputum extract and of the purified mineral oil 
“remedy” were recorded between NaCl-plates with a Perk&Elmer spectrome- 
ter, Model IR 225. 

1 H- NMR spectra of the two purified samples were registered with the JNM- 
MH-100 spectrometer (JEOL) at room temperature in hexadeuterobenzene 
(C, D6 ) as solvent with tetramethylsilane (TMS) as internal reference. 

Mass spectra of the identical samples used. for infrared spectrometry and 
NMR analysis were recorded with the MAT III spec_trometer (Varian). 

GLC analysis 
A HewlettPackard gas chromatograph, Model 5830A, equipped with a dual 

flame ionization detector (FID) and an integrator was used for all analyses_ 
For quick routine analysis the chromatograph was fitted with two 50 cm X l/8 
in. O.D. stainless-steel columns packed with 3% SE-30 on Chromosorb Q, 100- 
120 mesh. All packings were self-prepared. The columns were filled with pack- 
ing material under vacuum and gentle vibration. Oven temperature was kept 
constant for 1 min at 90” and then programmed from 90” to 253” at a rate of 
3O”/min. The maximum temperature of 253O was maintained for a further 9 
min before cooling. Recorded analysis time for the crude mineral oil extract 
derived fiorn sputum, plasma, blood cells and chyle was 13 min. Injection and 
detector temperature was 280”. The sample size was 0.1-1.0 yl. An ll-ml nitro- 
gen flow was used as carrier gas. Trying a series of column lengths (l/2 m; 2 m; 
3.6 m) filled with different packings of low (Apiezon L; SE-80; OV-101) and 
intermediate (OV-17; OV-210) polarity, we selected SE-30 coated packings 
in a 50 cm X l/8 in. 0-D. column for the rapid analysis. This nonpolar’ station- 
ary phase, which is resistant to a temperature of 36Oo;gave the desired separa- 
tion of the combined peak for saturated hydrocarbons of varying chain lengths 
{including straight and branched-chain alkanes, cycloalkanes and polycyclo- 
alkanes) .from n-undecane, and cholesterol peaks when programmed over a 

-. 
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wide temperature range. fn order to save time when working with our analyti- 
cal program for a great number of samples, it was advisable to sacrifi~ as much 
column efficiency as possible without reasonable variation of reproducibility. 

In order to establish the GLC recovery of liquid paraffin we &$ed six Stan- 
dard miz&mzs (a-r) composed of n-undecane (0.5 mg) as internal standard, 
purifiedPresido(a=5mg,b=lOmg;c= 20mg;d=30mg;e=40mg;f~50 
mg) and cholesterol (a = 0.05 mg;- by = 0.1 mg; c = 0.2 mg; d = 0.3 mg; e = 0.4 
mg; f = 0.5 mg), each standard mixture running ten times. Though we used an 
internal standard it became necessary to correct our results following GLC 
analysis, expressed as mean value of a triplicate determination by a factor 
of 1.165. This factor was the result of an -overall decreased recovery of li- 
quid paraffin amounting to 16.5% r 2.4% S.D. However, the decreased recov- 
ery rate was unreal and the results had to be adjusted by a standard factor, 
because n-undecane did not fulfill the attributes of an ideal internal standard, 
which besides others should have nearly the same retention time as the sample. 

The individual reproducibility of wt.%, expressed as maximum percent devia- 
tion of the mean value of ten chromatograms, was 0.2% and 4.6%, respectively_ 
AU quantitative results given here for liquid paraffin are mean values of a tripli- 
cate determination, corrected by a factor of 1.165. 

The following conditions were required for a column to give the best effi- 
ciency in composition studies of the complex hydrocarbon mixtures extracted 
from the different investigated tissues: 2.2 m X l/4 in. O.D. coiled glass column 
packed with 12% Apiezon L on Gas-Chrom Q, 100-120 mesh; oven tempera- 
ture 70-300”, programmed at a rate of 4”/min; injection and detector temper- 
ature 300” ; carrier gas: nitrogen, flow-rate 28 ml/mm (Fig. 5). 

RESULTS 

According to some earlier reports [7,8] TLC of crude lipid extracts using 
hexane as solvent system represents a simple and rapid technique for the de- 
tection of saturated hydrocarbons. As shown in Fig. 1A this technique has been 
found effective for the identification of liquid paraffin present in sputum ex- 
tract and also in all the other human tissues under consideration (plasma, 
blood cells, chyle). TLC can even be used for the semi-quantitative estimation 
of saturated hydrocarbons (Fig. lB), provided that these hydrocarbon mix- 
&es are of approximately adequate composition in comparison to the refer- 
ence. This limitation is worth mentioning because n-alkanes are almost com- 
pletely resistant to treatment with sulfU.ric acid. Other paraffin components can 
be sufficiently charred, but spot size and intensity are not strongly proportion- 
al when equal wantities of differently defined branched-chain or cyclic hydro- 
carbon standards are compared. 

For more detailed identification the crude lipid extracts (sp&um, plasma, 
blood cells, chyle) were purified by column chromatography. The isolated 
purified non-polar lipid samples were used for several spectrometric analyses. 
The spectra in Figs. 2-4 ara representative of _+ purified extracts (sputum, 
plasma, blood cells, chyle) and not only for the pooled purified sputum sample. 
The infrared srjectra in Fig. 2 show identical absorption peaks at 1380 cm- l 

_ (7.27 p), 1460 cm- ’ (6.83 P), 2860 cm- ’ and 2925 cm- ’ for the liquid paraf- 
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Fig. 1. (A) l$in-layer chromato&am of lipids extracted from sputum in a case of paraffin oil 
@ewnonia (spots in 1 and I’) compared with a standa& of pure pan&in hydrocarbons 
(spot in 2) identical with Presider a = monogIycerides; b = free fatty acids; c = chokterol; 
d = cholest+ryl esters and saturated hydrocarbons ... 
(B) Semiquantitative thin-layer _chromatograms of pur&ed saturated pa&in hydrocarbons 
(Preside) compared with the crude lipid extract from sputum: 1 = 50 pg; 2-= 100 pg; 3 = 
150 rg; 4 = 200 pg (all Presido); 5 = sputum extract (h exane--henzene l:l), e = lipid con- 
Wninants. For analytical conditions see Experimental. 
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pig. 2. Inframd &&ra of ~purifkd &esido (A) and of.p&fi& hy$ro&hons &&&I && 
sputum (B). For details see Experikental. -. . 
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Fig. 3. x H=NMR spectra of the same samples as recorded in Fig. 2. For details see Ekperi- 
mental. 
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fin standard (A) and for sputum hydrocarbons (B), thus Rroving-the extracts to 
be liquid paraffin. 

Figs. 3 and 4 show the ’ H-NMR spectroscopic and mass spectrometric re- 
sults of the analyses of a liquid pamffm standard (A) and sputum hydrocarbons 
(B). Comparison reveals that the spectra are completely identical-in each case, 

. except for some insignificant differences in intensity which are .of no conse- 
quence in interpretation because there is a mixture of compkkis. The l H* 
NMR spectra show two signals at 1.27 and 0.87 ppm which are typical for CH2 
and terminal CHJ groupings of a long-chain paraffin [12]_ The; mass spectra 
(highest observed mole peak at 436) demonstrate the characteristic fragmenta- 
tion pattern: a stepwise split-off of CH2 -groups of linear (C,& nc2 ) or cyclic 
(C,Hp n) hydrocarbons [ 121. In accordance with the iodine number being zero, 
the NMR spectra as well as the infrared spectra of the investigated extracts 
r&e out the presence of unsaturated hydrocarbon compounds. 

Due to abnormal paraffins, the resolution of the purified tissue extracts on 
GLC (Fig. 5) was .poor, so that only a few n-a&an&~, identified by means of 
pure standards, became recognizable from the typical unresolved broad peak. 
Chromatograms recorded from pooled sputum extract as well as from many 
individual sputum samples showed quite the same pattern as did the liquid 

Fig 5. Gas cbromatograms for detai&l _izom@ositiqn stu+g& of: - ’ of &kanes .ksed 
as tissue embedding madium in h&toIcgy (Ah Resido -mixed’ with a smaU’&nount of the 
mixture of n-alkalies (B) and purified sputum extract (C) obtained from tbe patient with 
pax&fin oil .pneumoo.ia &St_- .= internal stendard. .~~bers -above then peak&in: A;- B aad C 
indicate their identification in the normal alkane series (1 = n-eic~e and .&3.= dotkiacon- 
tane, respectiveb). For analytical details see Experimental. 
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Fig. 6. Gas chromatograms of the purified, saturated hydrocarbon fraction extracted from 
prsSma in the young men suffering from mineral oil pneumoniz. For amdytical detaik see 
Experimental. 

paraffin Preside. A GIk pattern quite similar to the spurn extracts could be 
recorded from the non-polar lipids derived fkom the patient’s plasma (Fig. 6) 
and blood cells and from the chyle extract (Fig. 7). 

Quantitative GLC analyses (Fig. 8) yielded a daily expet+rati& rate of Ii- 
quid paraffin within the range of 4.1 mg-79.5 mg measured over a period of 
233 days. Paraffin plasma 1eveM were 1.3 mg%. The corresponding value for the 
thoroughly washed cellular blood residue was 1.6 mg%. The total mineral oil 
content of the analyzed 246 ml chyle volume, collected within a 14-h period. 

-. T I. W E (riql 
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Fig. 8. Quantitative tipid GLC record of a complex mixture of saturated hydrocarbons (2) 
containing sample extracted from sputum (A) with n-undecane ss internal standard (1) and 

! cholesterol (3). A sputum sample of a healthy control person is shown in (B). For analytical 
details see Experimental. 

after the ingestion of mineral oil, amounted to 4.5 mg. This value is composed 
of 0.9 mg, 2.2 mg and 1.4 mg moieties, respectively, when enumerated in the 
actual colkction order of lymph fractions. Since we are quite sure that only a 
smah volume of the chyle formed during the 14-h period could be collected 
from the observed patient for analytical purposes, we assume that the real 
quantity of mineral oil absorbed by the human intestinal tract after ingestion 
is much greater than was measured here. 

DISCUSSION 

Our results show that GLC is a very suitable method for the qualitative and 
quantitative demonstration of saturated hydrocarbon mixtures in various hu- 
man tissues and secretions. It is the only one of the numerous analytical 
methods .for the demonstration of- hydrocarbons discussed in this paper to 
permit, to a limited degree, a characterization and differentiation of simple 
and complex hydrocarbon mixtures. 

The -saturated hydrocarbons of vegetable and animal origin consist mainly 
of n-alkams, with the exception of some fish liver oils which contain consider- 
abIe amounts of branched-chain alkanes [8] _ In co&a&, the satuiat&:hydr& 
carbons foui& in mineral oil (a defined r&inerji hrcidu@ obt$ned ,$orp petro- 
leum) contain considerable amounts of very heterogenous cycloalkanes and 



-polyc5yeloalkan&.~ It is this-very complex portion that distinguishes mineral oil 
from &hersaturated hydrocarbon mixtures. Its presence in biological material, 
.-which can ..be unequivocal&proven only by .GLC, -@mits the definite conchr- 
-sion that liquid paraffin has been incorporated; This incorporation can be due 
to the sldminifitration of pa&En oil pmparatio.ns for medical.purposes but also 
to the-kgestion of food since these preparations-are frequently used as addi- 
tives in-the -food processin g industry [18] . The chemical composition of the 
liquid saturated pa&Ens which. are ingested by humans in rather considerable 
quantities (an annual per capita consumption-of 47.5 g has been estimated for 
the U.S.A. in 1964 [ 181) is by no- meanscompletely identical but subject to 
wide fh~tuations, depending on the composition of the crude petroleum which 
varies from oil field to oil field [I?]. 

This is demonstrated by Figs. 6 and 7 in which small, but distinct and re- 
producible- differences can be -recognized in the composition of the liquid 
paraffin used .as a laxative and that of the gargling preparation, Preside. Fur- 
thermore, GLC has the advantage that the crude lipid extracts obtained do not 
have to be purified for the demonstration of hydrocarbons, whereas this is 
essential for all the other methods &scribed. 

The demonstration of complex paraffin in the sputum permits the rapid 
and definite diagnosis of paraffin oil pneumonia or pulmonary paraffinoma 
without resorting t& lung biopsy. The possible demonstration of lipophsges in 
the sputum [4,6] is no definite proof of the existence of mineral oil pneu- 
moni+ or puhnonary paraffinoma because the lipophsges may be missing. This 
was the case with our patient,- although his expectoration of mineral oil was up 
to 79.5 mg ,daily. Likewise, the detection of pulmonary mineral oil deposits in 
lung biopsy material by the pathologist can at most lead + the tentative diagnosis 
of exogenous lipid pneumonia since there is no strongly specific dye to permit 
the definite differentiation of mineral oil from other .hpids ES 1. 

Since GLC also yields reproducible quantitative results, it can be helpful 
in testing various forms of treatment in cases of mineral oil pneumonia. As far 
as equipment is concerned, an integrator system permitting peak summation 
is necessary for a quantitatie~~analysis. _The demonstration of typically com- 
posed complex hydrocarbons in the plasma and blood cells of oui patient with 
mineral oil pneumonia, more than a year after the long-term use of mineral oil, 
seems to indicate that small quantities of paraffin are being removed fromthe 
involved hmg segments, probably via the lymphatic channels of the lung. It 
is aLs0 conceivable that the Ii&id paraffin, which is‘ always deposited in the 
mesenteric lymph nodes, the sp@n and the liver after prolonged oral ingestion 
of paraffin oil 191 finds its way from these organs into the bloodstream, or 
that the resorbed liquid parafk is directly cakried into.all organs with the 
bloodstream. The latter assumption is‘supported both by the p.ostulation of 
previous authors [a&24] that ingested parsfEn oil is resorbed to a consider-. 
able extent &om the gastrointestmal tract via the lymphatic. channels, and by 
the results of our own first exact measurements iu mcin. Assuming that the 
daily human lymph vohime amount% to an average of 1.5 l.(range: 0.5 l-3.0 1) 
[25], the linear z3onversion to a total volume of 1.5 1 would result ina resorp- 
tion rate of approximately O.5o/0h of liquid &kaffin.’ This does not take into 
accouilt that considerably more liquid paraffin can probably be resorbed with 
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a high-fat diet becau%e emulsifying conditions arebetter [2X]. -Although the 
estimated resorption rate of 0.5’/,, in humans is still far.below that of 2% mea- 
sumd by Ebert and coworkers 1261 with tritiated .min~ oil in rates,- it is of 
some-importance because there is no evidence that-CompIex saturated hydro- 
carbons can be metabolized by the human or animal organism.- ‘Contrary to 
medium--or-short-chain-n-alkanes, which can be oxidixed to fatty acidsby the 
animal organism [23,27,28], they are deposited unchanged into the human 
reticulqendothelial system and sometimes suggest follicular lipidosis of the 
spleen to the attentive pathologist [IO] _ That such exogenous lipidosis is not 
always without clinical importance -is demonstrated by the case study of 
Nochomovitz et al. [9] of a 54-year-old man who died from severe mahmtri- 
tion which probably resulted from the unrestricted use of paraffin oil as a 
laxative for many years. 

The use of liquid paraffin oil in medicine should be restricted-to a few 
clearly indicated fields, e.g. treatment of intoxications resulting from Certain 
organic solvents. 
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