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SUMMARY 

Ethyl acetate extracts of river waters and sediments, night-soil and sewage 
treatment phmt efluents and sludges from the Tokyo area were zmlysed for squalane 
using combined gas chromatography-mass spectrometry after separation by silica gel 
column chromatography. Squalane was identified in all the samples studied and the 
concentration in river waters and sediments ranged from 0.46 to 1.7 p&l and from 
0.86 to 15 pg per g dry sediment, respectively. Squa&ne is presumably derived from 
artificial materials rather than from natural sources, with the exception of fossil fuel 
products. 

INTRODUCTION 

Much attention has been paid to isoprenoid hydrocarbons as a biological 
marker in various sediments ranging in age from recent to precambrian rocks and 
petroleum. It is well known that pristane and phytane are widely distributed in sedi- 
ments and petroleum. The entire series of acyclic regtdar (head-tot&l Iied) iso- 
prenoid hydrocarbons from C5 to C, have also been found in petroleumld. Bio- 
kgical substances such as squafene(C,), lyeopene(C& sol.anesoi(C45) and phytyl 
side chain of chlorophyll have been suggested as the precursors of these regular 
isoprenoid alkanesld. The irregular isoprenoid hydrocarbon squalane has been found 
in the Soudan shale’, an African cretaceous shales and a Nigerian petroleum4. In the 
modem environment, regular isoprenoid hydrocarbons such as CIrs (ref. 9), pristane 
and phytane have been found, but very Iitie is known on the occurrence of irreguhtr 
isoprenoid hydrocarbons, except for squafene, other than in living organisms. We 
report here the identification and estimation of squalane in river waters and sediments 
and some related samples collected from the Tokyo area. 

EXPERIMIEPJTAL 

Apparam 
Care was taken to avoid contamination of samples, as described previouslyxo*“. 
The gas chromatographic-mass spectrometic &%-MS) measurements were 
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pefiormed using a Shimaim LKB 9000 instrument A s- glass cdunm (2 m x 
3 mm I.D.) was _m&ed wit31 1% silicone GV-l on Chromosorb W AW D&KS 
(80-109 me&). The Sow-Me of tier gas (hetiunz) was 30 rnJ.jmir~ The column 
temperature was programmed from 100°C to 285°C at 6”C/min. The injection block, 
molecular separator =d ion source were maintained at 290,3(163 and 330°C, respec- 
tively. The mass fragmentogram was recorded for the mass number Me 57 (C,H,*) 
at 20 eV. Mass spectra %ere taken 2t 70 eV with an accelerator voltage of 3.5 kV. 

Chemicals were u_sed after treatment as described in previou~ly*~~~~. Authentic 
rqualane and squalene were purchased from Wako (Osaka, Japan)). 

During 19754977, water samples were collected from the downstream (Chohfu) 
of Tama river and its tributaries (Ohkuri znd Nogawa rivers) and Sumida river 
(Kototoi) in the Tokyo arez, which are highly poih~ted by sewagezo. Sediments were 
taken from the upper (Hamura) znd downstreams (Chohfu and Gasu) of Tamz river. 
F night-soil and T sewage treatment plant effluents and F night-soil and S and M 
sewage treztment plant sludges were collected from the Tama river basin, as possible 
sources of squalaue in the rivers. 

Water samples were collected using a 5-l stainless-steel bucket or with a 2-1 
glass bottIe with glass stopper. The sampIe was immediately acidified @H c 2) with 
concentrated hydrochloric acid and stored at cam 5°C until anaIysis_ Sediments were 
collected with an Eckman-Ber ge Dredge and stored in polyethylene bags at temper- 
atures of ca. 5°C or -ZO”C, together with sludge. 

Anaiyiris of squaiane 
The water sample (1.0 1) was extrzcted three times with e’rhyl acetate (200 ml, 

153 ml x 2) The ethyl acetate extract w= evapcxated to dryness, redissolved in 
50 pl benzene-ethyl acetate (1: 1) and then chromatographed on a silica gel column 
(I60 x 4 mm LD., IO0 mesh, 5 % water). Two column volumes of hexane eluate 
(hydroczbon fraction) were analyscd using GC-MS. The method of extraction of 
organic matter from sediment (sludge) is described in detail el.sewhere”*~ and will 
be noted here only briefly. Wet sediment or sfudge (2-5 g) was extracted with ethyl 
acetate after saponification with 0.5 M potassium hydroxide in methanol. Tote ethyl 
acetate extract was anaiysed by the same method as the water sample. 

The identification of squalane was based on the corn-pa&on of retention time 
and mass spectrum with that of the authentic compound. The estimation was per- 
formed by measurement of peak height on the mass f?agmentogram. In addition, for 
z-alkanes, the peak height on the mass fmgnentogram was calibrated with C& G, 
Czr, C, and C, alkanes. Based on four replicate addition experiments using authen- 
tic qualane, the recoveries of squalane for water and sediment were SS% (standard 
deviation, SD_ = 5.8 “/d) and 92 % (SD. = 10 “/,), respectively. A blank test showed 
that the contamination of squalane was Iess than 2 ngfl or 2 ng per g dry sample. 
Its presence does not affect the analytical results for our samples. 



PRESENCE QF SQWALANE IN URBAN AQVA’hC ENVIRONMENTS 201 

REsmm 

A typical mass fragmentom of the hydrocarbon fraction obtained from the 
Tama river water sample is given in Fig. 1. Squalane occurs as the most prominent 
peak in the chromatogram, together with n-aikanes, pristane, phytane and an un- 
resolved envelop& of a complex mixture of hydrocarbons (UCMH) comprised of 
substituted naphthenic &d aromatic compounds. The mass spectrum of squalane 
found in the river water sample is shown in Fig_ 2, together with that of authentic 
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Fig- 1. Mm fmgmentogram of the hydrocarbon fi-action obtained from the Tama river water 
(Cbohfu. Desemkr 21.19Ti). Numbers at the peaks indicate the carbon chain length of n-&canes. 
UCMH = U~csolvcd complex mixture of hydmcarbons. 
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squdane-. The major fragments of the sample coincide with those of authentic 
squalane, although there are several peaks due to UCMH. 

Concentration 
Squalane is found generally as the major constituent of the hydrocarbon 

fraction and its concentration in river waters ranges from 0.46 to 1.7 &I, depending 
upon the samphng locations (Table i). Squalane has also been identified in night-soil 
and sewage tnz&ment plant efiknts. In the river sediments, the concentrations of 
squakme range from 0.86 to 15 pg per g dry sample. Large amounts of squaiane are 
also found in sludges_ 

TABLE I 

SQUALANE FOUND IN URBAN AQUATiC ENVIRONMENTS 

Warm 
Tvna R- (Chohfu) 
OhkuriR. 
Nogawa R_ 
Sumida R. (Kototoi) 
F night-soil treatment plant eElLent 
T sewage treatment pIant e&seat 

Dec. 21,1977 0_92pgjl 0.10 
Aug. 29.1977 0.46pgfl 021 
Dee 16.1975 r-7 Pgll 0.13 
July 9.1975 1.3 [&g/i 0.093 
Dec. 16.1975 5.3 pgjl 0.35 
June 26,1975 0_23pg/l 0.37 

Sediment amisiuripe 
Tama R. (Hamura) JuIy 6.1977 0.86m.k 

(Chohfu) July 21.1977 15 P&5 
Gasu) Dec- 9.1976 4.6 m/g 

F night-soil treatment pknt shidge NOV. 9,1976 14 _&g 
S sesz+ge treatment plant sludgs NOV. 6.1976 84 p&g 
M ses2getre2m~tpht sludge NOV. 6.1976 26 P&z 

-- __~______~ ___ ____ 
* Sum of the C&Z- contents. 

0.054 
O-26 
0.065 
0.13 
0.76 
0.24 

~_ _.._ 

DISCUSSION 

SquaIane is known to be present in a Nigerian crude oil but its cakukted 
concentration is very small (2 ppm)*. In addition, squalane is generally not a major 
constituent of petroleum and petroleum products. Thus the ratio squakme/n-alkanes 
(sum of the Cd= contents) is assumed to be very small. However, the ratios 
for river waters zmd sediments are considerably higher, ranging from 0.093 to 0.21 
and from 0.054 to 0.26, respectively (Table I)_ Tke ratios in night-soil and sewage 
treatment plant effluents and sludges are similar to those of the river waters and 
sediments. Therefore petroIeum and petroleum products can hardly be the major 
source of squalane. Furthermore, squahute is rarely found in living organisms, thus 
the most probable source of _quaIane in our sampks seems to be due to urban 
activities. Squalane is widely used as a Iubricant, transformer oil, in--era of watch 
and chronometer oils, perfume fixative, skin lubricant, ingredient of suppositories 
and carrier of lipid-sohtble drugs=. 
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Squalene is also a possible source of squaTLane_ if subsequent biotic and/or 
abiotic hydrogen;ition occurs in the natural environment. Squalene is present in iarge 
zed;o&s in shark liver oii and in smaller amounts (0. t-O.7 *A in olive oil, wheat germ 
oil, rice bran oil and yeast. It is also known to be an intermediate in the biosynthesis 
of chokzsterol. Furthermore, squafene is used as a bactericide, as an intermediate in 
the manufacture of pharmaceuticals, organic colouring materials, rubber chemicals, 
aromatics and surface active a,.gts r3_ However, no s@alene has yet been found in 
our water and sediment sampIes, although it has been isolated from surface sea-water 
in a coastal regiorP and from a water sampie co&cted at Chohfu on Tame riveti’.’ 
Besides, no squalane has been detected from areas unpolluted by man, even when 
the organic content of the sampIe was extremely high’2~‘6. Therefore, the contribution 
of squalene to the content of squalane in aquatic environments is thought to be 
small. 

These results imply strongly that squalane is largely derived from artificial 
sources with the exception of petroleum pro&r&s, rather than from natural sources. 
Squalane may be introduced to urban river waters and sediments directly and/or 
through night-soil and sewage treatment plants by our daily activity. Consequently, 
squalane in the aquatic environment is considered to be one of the indicators of 
human activities. 

CONCLUSION 

Squalane was identified in river waters and sediments, night-soil and sewage 
treatment plant effluents and sIudges obtained from the Tokyo area. Its concentration 
in river waters and sediments ranged from 0.46 to 1.7 yg/l and from 0.86 to 15 pg 
per g dry sediment, respectively. Squalane is most likely to be derived from artificial 
materials, except for fossil fuel products, rather than natural sources. This analytical 
method is also useful for determining very low concentrations (rig/l or ng per g dry 
sediment) of squalane in water and sediments. 
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