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The hepatopancreas of five dead lobsters were analyzed by gas chromthQVapn;~masq spectromelry. Most
ontained polynuclear aromatic hydrocarbons, benzothiazole, PCB, p,p'-DDE, trans—nonachlor, hexa-
ichlorobenzene. BHT (2,6~ di~tert-butyl- &”mefhv~;hen01} was detected in all samples.
2,6~di-te *E~auEVi“4*weLuvlﬁre 2, 5~cyclohexadienone, was detected in one sample,
level of BHT. Additional campouﬁd_ detected in some samples included methyl and ethyl
atty acids, pentyl benzoate, and tentatively identified aliphatic nitriles. Some of the

s were determined quantitatively. The origin and significance of the contaminants are discussed.

PCB, PAH, GOMS
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vow an experimental culture facility. Can. Tech. Rep.

Aguat. Sci. 1027, iii +

mards morts a &g

analysé par la méthode chromatographie en phase

omBty masse. La plupart des Bchantillons contenaient des hydrocarbures aromatiques
cléaires, du thiazole, des PCB, du p,p'-DDE, du trans—nonachlore, de 1'hexachlorobenzine et
&ne. ice d (di~tert-butyle-2, 6 m&thyl-4 phénol) a &t& ditectde dans tous le

Le métabolite te di-terg-butyle~2,6 méthyléne~4 cyclohexadiBne~2,!

taux £levd de BHT. D'autres compos@s ont BtE trouvds dans cert:

W

:, a4 Brd

un Bchantillon qui contenait é ing
Zechantillons dont, entre autres, des esters &thylés et méthylés dfacides gras, du benzoate de pent , et des

i
nitrilas :Eipag*aquo identifiBe & titre d'essat. Une analyse quantitative a et faite pour certains
iinants.  L'origine des contaminants et leur lmportance son &tudifes.







INTRODUCTION

the analyses of American
nus) hepatopancreas (diges—
“hromatography-mass spectrometry
were pefsormed periodically
on dead lobsters from a

ject of the Invertebrates

the Biclogical Station in St.

This report describes

lobster {(Homarus america
tive gland) by

The objective was to detect organic contami-
nants that may ba “in’@é to Lobster merza!ity in the
culture a <ilVES to plastics that

1

are Leacheé frem }
culture

facilix

<

Samples of hepatopancreas from the cultured
lobeters were Ostalueé by Invertebrates Physiology
staff, wa*e wrapped in aluminum foil, and stored
frozen {~20°C}) until analysis, uwsually within a few

report the samples are identified by
ile code. Some of the samples were
everal sensitivities to avoid satura—
S detector {low sensitivity) or to
nents (high sensitivity).
sengitivities are identified
file code.

«t;

the

Ssmﬁlé h%wﬁ is

extract of hepatopancreas

v
978 and ke@f
he sample was

Untli death
analyzed on

in the culture system.
November 27-29, 1979.

Sax

iple LSWR is the extract of hepatopancress

from Iobster #316, reared in the culture system.
3

The sample was analyzed on November 27-29, 1979.

e LOBSW originated from the hepatopancreas

of a suspected to have died as the result of
expos to crecsote during modifications to the

seawat intake of the Station. A number of animals
died in the culture system. The sample was obtained

on July 24, analyzed on July 25-26, 1979.
Sample MALLD originated from a lobster found

in the
yzed on

culture system In August 1977 and was
August 16, 1977.

LOB~Z2 originated similarly from a dead,
;

and was analyzed on Auvgust 17,

AND CLEARNUY

Samples of hepatopancreas were ground with
anhydrous soedium sulfate (5 g hepatopancreas, 30 g
soé1um sulfate} and extracted with hexane in Soxhlet
extractors for 1 h. Volumes of the extracts were
adjusted to 100 mi, and concentrations of lipids were
determined on aliguots (3 mL}. Aliguots corres—
ponding 1 g lipid, or as much as available, were
cleaned up by chromatography on alumina (activated
at 800°C for 4 h and deactivated by adding 5% water;
46 ir Z.5cm i.d. column per 1 g lipid). The

eluted with hexane, collecting 400 mL of
tuent. The effluent was evapu.ateé on a rotary

vator to about 1.5% mL and was further cleansd

..l_~

up On a sma

3 Tumn (2 g,
collecting 20 mL of

evaporated jusf
mi, hewane, and

MS ANALYSIS

Finnigan

The instrument was a Model 101 quad-
rupole mass spectrometer, coupled to a rlﬁni

Model 9000 gas chromatograph. The data were
acquired and processed by a Model 6100 bData System.
As the analyses were performed occasionally over a
number of vears, several different GO columns were
used. The columns (i.d. 2 mwm) contained 3% OV-1 on
Chromosorb WHP 60/80 and varied in length from
120-180 cm. Column temperature was programmed,
usually from 100-280°C The injector
separator temperatures were 220 and 290-305°C,
respectively. Electron impact mass spectra were
scanned from 50-500 daltons every 3 s. Starvting
1977, the instrument was calibrated by external
standards containing €10-C24 normal paraffins
dibutyl~ and di-(2Z-e phthala nb ksl

5D
gan

at 8°C/min. and

5
&

threne, fluoranthene, 2, 6~dis
lene, 'DPE, trans-monachlor, 232*Y V5
chlorobiphenvl, and 2,6-di~tert-butyl-b-methyl-
phensl (BHT).

The data were evaluated by a combination of
manual and electronic data processing. Listing and

documentation of the software el sewhere

(7itko 1981).

are given

Peaks and correspond
structed gas chromatograms (RGC) were det
manually. Mass spectra of the lwgkg
retrieved printed out by the
yielding spectra corrvected by bac
tion, or by the program RIRVI.
retrieved by thi
maximizing
RGC maximum, a
ral’ow1ng bCap>

w back

were then
and f
‘Oronwc subtrac—
Mass spectra
program contain only mfz values

mSzS. ALtem
appearing to
compounds by
retrieves up
narrow scan range,

and, optionally, pr
visual Inspection. Id euffiseﬂ compounds
quantitated ?y the program QUANT
retrieves | ted mass reconstructed
grams (LM €,), detects peaks, establic
corresponding baselines, integrates t!
in addition to these parameters,
corrected mass gpectra as an

cale

f‘

prin

Unknown

or unanticipated wm/z values
during data acquisition or subsequent manual
were processed further by either RTRVED or GUTE.

These programs are analogous to RTRVI and PR
respectively, ewxcept that they keep track of the
reasons for retrieving the particular mass spectra
by sorting them according to the wnknown or unan~—
ticipated m/z values. Without this sorting, t}

situation may become very confu g - Odfl?mAL?Oﬂ
of identification was performed by the
RGEVA4. This program keeps track of the
leading to the retrieval of the specira
up to background~corvected spectra for
m/z value and plots m/z values from

up to three
specified m/z ranges for visual confirmation of
identif

L}‘C{)g" ram
w/7 values
, vetricves

five one such

ication.



The interpretation of some mass spectra was
assisted by program ELANAL (Kavanagh 1980). This
program selects empirical formulae best fitting the
observed m/z intensities due to the presence of
isotopes. The program was modified to run on the
Tektronix Plot 50 system since it requires a con~
siderable time and would have hindered other pro-
cessing on the Data System 6100. A modified version
of the program (ISOTOPE)} was used to calculate
isotopic abundancies for given summary formulae and
to compare observed and theoretical abundancies.

Compound identification was aided further by
compilations of retention indices of polynuclear
aromatic hydrocarbons (PAH) and related compounds
{Borwitzky and Schomburg 1979; Eiceman et al. 1979;
Lee et al. 1979; Snook et al. 1979) and of various
other compounds (Ramsey et al. 1980).

The nomenclature file CHEMNAME (DIALOG, File
317 was searched occasionally to find the range of
commonly encountered compounds of a given summary
formula.

Throughout the report, compounds or mass
spectra are referred to by thelr scan numbers and by
scan numbers relative to that of fluoranthene. The
latter facilitate comparisons between samples.

RESULTS AND DISCUSSION

QUALITATIVE ARALYSIS

o

ample LSWA

The three major peaks in the reconstructed gas
chromatogram (RGC) of this sample (Fig. 1} are
pristane (2,6,10,l4-tetramethylpentadecane, scan

Table 1.
compounds .

145,0.76 relative to fluoranthene), fluoranthene
{scan 191}, and pyrene (scan 199,1.04).

BHT (2,6-di~tert-butyl-é-methylphenol) is
present in scan 107,0.56. The small peak in scan
122,0.64 is a Cy-naphthalene (184(18%7),169(100%)).
The following small peak (scan 127,0.87) contains
another C4 naphthalene and, in addition, a compound
yielding a strong ion at m/z 135, that may indicate
an alkylphenol. A small peak of phenanthrene or
anthracene {molecular ion at w/z 178) is barely
visible just after the peak of pristane. Anthracene
does not appear to be as stable in environmental
samples as phenanthrene and it is likely that the
compound is phenanthrene. The small broad peak
centered in scan 161,0.85 contains octadecane and
I~phenylnaphthalene {(m/z 2047,

Mass spectrum of the scan 170,0.89 (Fig. 2)
contains a cluster of ions w/z 189-192,
corresponding fo a mixture of 4H-cyvelopenta(def)-
phenanthrene {molecular ion wm/z 190} and a
methylphenanthrene (or methylanthracene, n/z 192),
The former occurs in relatively high concentrations
in all samples and has not bheen noticed previcusly
among PAH found in lobster hepatopancreas (Dunn and
Fee 1979). The following small peak (scan 178,0.93)
is again a PAH with a base (100%) fon at m/z 204.
By using MSSS data as a reference {Table 1}, this
compound was identified as Z-phenylnaphthalene.

The peak in scan 182,0.95 (Fig. 3} contains
ions at m/z 55, 69, 83, 97, 111, and 125, 88, and
101 and is apparently a fatty acid ethyl ester.
According to its retention time, it may be an ethyl
hexadecencate., Fatty acid esters were much more
abundant in sample series LSWB where they are
discussed in more detail. For this compound see
also Fig. 15.

Ion intensities of compound in scan 178,0.93, and of reference

wm/z 200 201 202 203 204 205
Scan 178 5 5 38 30 100 19
I-phenylnaphthalene 8 9 50 70 100 16
2~phenylnaphthalene <5 5 30 18 100 18
4,5-dihydropyrene 20 i8 100 89 92 17




The peak in
dimet
indic
{(mfz

206,1.08 and

compounds iw‘lw?ing

{or ~pyrenes), m/z 216 in
12. PAH with m/z 232 are
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Table 2.

by

Some compounds detected in the extract of LSWA but not visible as
separate peaks in the RGC (Fig. 1).

Max

Scan number
. Background

Retention
time relative
to fluoranthene

Main dons in mass spectrum,
identification and remarks

34
54
84
89

59
109
119
124
136
140

147
163

166
168
197
201

233
235
236
242
249
255
279
289

17
22

32

52

82
range

97
range
ii6
122
134
138

146
160

163
166

195

199

201
204
range
214
217
227

230
232
234
239
246
252
274
284

0.52
0.57
G.62
0.65
0.71
0.73

0.87
0.88
1.03
1.05

1.06
1.08
1,09
1,12
1.14
1,20

1.22
1.23
1.23
1.26
1.30
1.33
1.45
1.51

146{100); a dichlorobenzense

68(100); tentatively CjgHjg such
as limonene or bornene; Fig. 5

135(100); alkylphenol?

135(100) 108(403}; benzothiazole

170(100) 141{70); diphenyl ether?; Fig. 6

156(100) l41{variable); several Cjp-
naphthalenes

154(100); acenaphthene

170(100) 155(92); several Cy~naphthalenes

149(100}; phthalate, alkylphenol?; Fig. 7

182(100) 1814{80); =anthene; Fig. 8

169(100) 184(89); C,-naphthalene

167(100) 182(80) 196(80) 195(79); a mix~
ture of compounds; Cgllg; Fig. 9

1B1(45) 196(35) 195(35); Fig. 10

210(100) 195(60); CjigHyg such as
C4—biphenyl or Cy5H;40; a trichloro~
biphenyl also present; Fig. 11l

192(100); methylphenanthrene

192(100); methylphenanthrene

208(100); trimethylflourene?

218(100}); a cvclopentencphenanthrene or
another isomeric PAH

405 cluster; trans-nonachlor

316 cluster; p,p'-DDE

216(100) 215(64); several benzofluorenes

218(100) 203(53); a PAH

405 cluster; cis-nonachlor

358 eluster; hexachlorobiphenyl and a
polyunsaturated fatty acid ester;
Fig. 12

226(100}; benzofluoranthene

226(100); benzofluoranthene

358 cluster; hexachlorobiphenvyl

228(100); chrysene or isomer

242(100); methylchrysene or isomer

242(100); methylchrysene or isomer

252(100}; benzopyrenes or isomers

252(100); benzopyrenes or isomers




Table 3. Intensities of selected iong |
ivdicat*ﬂg the presgence of fluoranthene f

/z 208 (scan 197,1.03), pyrene (scan ZUG,EQE,{&
218 (scan 201,1.05).

, file LSWA3
(?O)f ancther PAH with
and another PAH with m/z

Scan 202 216 218 04 268
190 320 12 19 121 z5
191 4563 12 19 211 25
192 15136 12 25 326 25
193 13280 12 25 243 z5
154 6816 12 19 115 25
195 3257 12 38 70 57
196 2016 iz 57 bt 166
197 1414 19 70 38 224
198 3270 19 &4 7 172
199 6735 12 96 243 96
260 6380 12 531 454 76
201 3731 i2 11389 403 6
202 2054 19 1024 211 44
203 1190 1 865 115 38
204 870 19 505 70 32
205 614 12 S&4 57 32
Sample LOBSW readily a CHy group. Mass spectra of six Ciallyy
isomers are available in MS8S. HNone is identical
The largest peak in the RGC (Fig. 23) is pris- with the observed spectrum. In addition, the peak
tane (scan 142,0.76} and all other major peaks are containg a compound vielding ions at m/z 180 and
PAH (phenanthrene in scan 146,0.78, 4H-cyclopenta- 165.
(def)phenanthrene in scan 167,0.89, fluoranthene in
scan 188,1.00, and pyrene in scan ;9& 1.04). Mass spectra of peaks in scans 121,0.68 and
123,0.65 contain ions at m/z 18] and 282 at >90%
The three fairly prominent peaks in scans Lute—zs"n:y. The compounds appear to be methyldiben—
173,0.92, 217,1.16, and 240,1.28, as well as the zofurans, but the latter may be xanthene.
small peaks in scans 223,1.18 and 247,1.31, appear :
to be fatty acid methyl esters. The mass saectrum Mass spectrum of the small peak in scan
of scan 173,0.92 (Fig. 24) indicates a saturated 130,0.69 has m/z 179 as the base ion and has
fatty acid {(m/z 87, 101, 115, 129, ...) methyl ester additional abundant ions at m/z 180 and 178. The
(m/z 74 is the base ion). From published retention peak probably contains a wmixture of methylfluorenes.
times this compound appears to be stearic acid
methyl ester. The other major fatty acids (Fig. 25, Mass spectrum of the peak in scan 134,0.71 has
26} are polyunsaturated methyl esters {(m/z 67, 79, m/z 165 as the base ion and m/z 180 as the molecular
G1, 105, 119, 133, ...}. Judging from retention ton, indicating a compound similar to the postulated
times these compounds are {9p and Cpp methyl esters, Ci4Hyo din scan 117,0.62 (Fig. 31).
respectively. The two minor peaks in scans 223 and
247 are the respective saturated fatty acid merhyl The peak in scan 136,0.72 (Fig. 32) contains at
esters. least three compounds: the previously encountered
and unidentified mfz 196/195, hexachlorobenzene
Pealks in scans 86,0,46 and 89,0.47 are (cluster at w/z 282), and a hydrocarbon CMH“
dimethylnaphthalenes (m/z 156 and 141) and the peak {(m/z 182 and 167). This mixture is similar to that
in scan 96,0.51 is acenaphthene (m/z 134, 153, 152). found in the sample LSWA (Fig. 9), but the postula-—
The peak in scan 102,0.54 is either a hydr mgrb{m ted Cy4Hiy, 15 not so obvious in the sample LSWB
CyaH o or dibenzofuran (Fig. 27). The mass spectrum (Fig. 22), which contains, in addition, an
of the latter agrees well with that of peak 102, unsaturated fatty acid ethyl ester.

except for the presence of an ionm m/z 153 which is
absent from the publighed spectrum of dibenzofuran. Mass spectrum of the smcli peak in scan
158,0.8: (

ig. 33} also indicates 2 mixture of com-

BHT is presant in low concentration and contri- pounds, l-phenylnaphthalene (w/z 204, 203, 202) and
butes to the shoulder following the peak of dibenzo— methyldibenzothiophene (w/z 198, 197).
furan. Interestingly, there are two peaks with mass
spectra of "BHT” as indicated by the limited mass The small peak in scan 207,1.10 contains
reconstructed gas chromatogram (LMRGC) of ion m/z methyl-fluoranthene {or -pyrene}, m/z 216, and p,p'-
205 {Fig. 28) and the corresponding mass spectra of DDE. Twe additional methylfluoranthenes or methyi-
th: two peaks (Fig. 29, 30). The compounds must be pyrenes are present in scang Z08, 1,11 and 211,1.12.
isomeric butylated toluenes. The peak in scan 230,1.23 conrains a PAH with

molecular fon at w/z 226, sueh as benzofmno ) luoran~

The peak in scan 1H4,0.61 s (luovene {a/2 166, thene or cyelopentalcdipyrene.  The shoulder {scan

we peak dnoacan 117,0.62 237, 1.20) contatna a PAH with molecalar foun at w/z

65). Hass spectrum of th
fro hydrocarbon, losing 228, probably bens(ajanthracene.  Additiona!l PAH are

tt
(Fig. 31) indicates a Cpq




scans 257,1.37 {w/z 240) and 282,1.50
{m/z 252). The former may be 4H-cyclopenta(def)~
chrysene, 4H-benzo{fg)pyrene, cholanthrene, etc.,
the latter a benzopyrene, perylene, etc.

present in

Mast of the minor components, not visible in
cthe RGC, given in Table 2 for sample LSWA, are
present as well. :

Sample CMAILI

his sample was analyzed only at high sensi-
distorting intensities of abundant ions in
<

¥
mass spectra of major peaks in the reconstructed gas
chromatogram {Fig. 34). The first major peak (scan
118,0.72) is pristans.

Mass spectrum of the mext major peak (scan
131,0.80) contains strong ions at w/z 69, 71, 82,
G6, and 110 {(Fig. 35, spectrum of a somewhat less
intense scan is shown to eliminate some of the dis-
tortion}. Weaker ions are detectable at w/z 124,
137, 138, 152, 166, 179, 180, 196, and 252. An
additional ion, m/z 223, is visible in mass spectrum
scan 131 (Fig. 36, spectrum normalized to m/=z
J. The even—mass ions are very likely containing
rogeﬂ and may correspond to a series CuHp, 9N
gy AN~ J‘lhgzN), and the
the molecular ion CysHyoN. Ions m/z 196 and 252 do
not fit this scheme. The former is probably due to
a PAH, the latter to background noise.

MS5S contains three CygHygN compounds Mass
spectrum of ome, pentadecanenitrile (CASRN 18300-
91-9), is similar but not identical to the spectrum
of scan 131. CHEMNAME contains 15 compounds, none
of which is an obvious candidate for a contaminant.

The next two large peaks {scan 157,0.96 and
161,0.98) could not be identified. The former (Fig.
37} contains mfz 534 as the base lon. This might
indicate a nitrile, but all other major ions have
odd masses In contrast to the mass spectrum in Fig.
35. These ions appear to fall into two series
(81/83, 95/97, 109/111, and 121, 135, 149), offering
a number of interpretation possibilities, but not
unambiguous identification.

of scan 161,0.98 (Fig. 38}

the base ion. This again may
indicate a nitrile and the indication is supported
by the presence of mfz 54. The ion at m/z 207 is
due to fluoranthene (peaking in scan 163,1.00}. A
tetrachlorobiphenyl is also present (Cl cluster at
w/z 290%.

Mags spectrum
contains mfz 96 as

The last major peak (scan 223,1.37) 1s di~{2~

ethylhexyl)phthalate (DEHP).

In the intermediate, partly resolved group of
eaks, the mass spectrum of scan 140,0.87 (¥Fig. 39)
contains m/z 70 as the base ion and resembles mass
spectra of 2-unsaturated aldehydes, such as
Z-undecenal. The ion at m/z 192 is probably
methylphenanthrene.

Ion m/z 71 forms the base of the mass spectrum
of scan 146,0.90 (Fig. 40). Since this peak is not
well resolved from the preceding one, the baseline

correction is guite arbitrary and the compound is
not identified.

The number of unusual mass spectra in this
sample may be suggesting substandard calibration of

ion at m/z 223 is possibly

....‘5..

this run. As demonstrated
three mass spectra, this was not the

the mass spectrometer in
on the next
N

The isotopic abundancies of lons CgH Cly
(m/2 146} and CgHuCL (m/z 111) in the spectrum of
dichlorobenzene (Fig. 41) have sums of squared
deviations from the expected distribution (SUSQ, see
program ISOTOPE in Zitko (1981)) of 1! and 254,
respectively. Considering that dichlorcobenzene is a
minor component of the sample, this 1s a good fit.
SUSQ for these ions inm mass spectra of dichloroben—
zenes in MS8SS are Z-3. The spectrum in Fig. 42 also
contains intense ifons at w/z 105 and 70, probably
due to a co—eluting pentyl benzoate.

The isotopic abundanci
of p,p'~DDE, CILHSCl , m/z 316 (scan 178,1.009, Fig.
42% have SUSG of 25. The comparative value for this
ion from the MS5S spectrum is 16. The isctopic
abundancies of the ion C;ngClg (m/z 405) in the
spectrum of trams-nonachlor {scan 174,1.07, Fig.
have SUSQ of 216 compared to 452 in MnSS.

of the molecular ion
(s

433

These examples confirm good performance of
mass gpecirometer this sample.
spectra of the unidentified
terms of m/z values and for
in terms of intensgitles as

the

Consequently,
compounds are real in
the less intense peaks

well.

Of the minor peaks, the peak in scan 36,0.22 is
benzothiazole. The peak in scan 83,0.8! contains
m/z 55 as the base ion and iéﬁtiGnal strong ions
are at m/z 71 and 85. The te broad and
very likely contains a mixtLre of compounds. No
identification is possible from the data.

Mass spectrum of the
44Y has a very intense ion
isotopic distribution the ion is most probably
CgHype CiH70 1s somewhat less likely. A number
of compounds in MSSS yield similar spectra, not
specific enough for identification.

peak in scan 97,0.59 (Fig

at m/z 71. From the

Mass spectrum of the adjacent peak {(scan
99,0.61) contains mfz 55 as
Adé;Lleaal intense ions are at w/z 56{40%Z), 68(37%)
70(25%), 81(54%3, 82(51%}), 96(33%), and @7K34Z).
The compound has not been identified.

the hase ion.

%

Mass spectrum of the peak in scan 104,0.64
(Fig. ~S} resembles spectra of polyunsatu
acid methyl esters, but the retention t
short for the common compounds of

rated fatty
ime is too
this type.

-

are

Many of the compounds listed in Table 2
ample as

fdentifiable as minor components of this
welle Some of the retention time “benchmar
BHT (scan 80,0.49), phenanthrene (scan 12
fluoranthene (scan 163,1.00), pyrene
169,1.04).

3,
and {scan

Sample LOB-2

5]

The reconstructed gas chromatogram {Fig. 46
contains four major peaks and is otherwise quite
featureless in comparison with RGC's of the other
samples. The largest peak {scan 55,0.42) is BHT.
The next large peak {scan §i,U&ﬁ§} is pristane. The
peak in scan 1945 1.47 ig DEHP, and the peak in scan
234,1.77 appears to be squalene (2,6,10,14,18,22~
tetracos rthexaene 2,6, 10,15,19,23~ hexanethvl} or a
related hydrocarbon. The
duced in Fig. 47.

mass spectrum Is repros



Many of the small peaks (scans 73,0.55, In most sampl oncentrations of flucsrvan—
81,0.61, 104,0.79, 119,0.90, 133,1.01, 171,1.30, and thene and pyrenc are extremely high. The source of
183,1.39) are paraffins. In addition to a paraffin, these hydrocarbons 1s very likely creosote leaching
the peak in scan 133,1.0l, and those in scans into seawater from the wharf. On the other hand,
T46,1.11, 157,1.19, and 178,1.34 contain intense dimetnylnaphthalenes may originate both from creo—

ions at w/z 58, suggesting amines, particularly in sote and from fuel oils spilled in the vicinity of
combination with another strong ion at m/z 72 (scans the wharf.

133 and 146).
Relative concentrations of major PAH in lobster

The small peak in scan 50,0.38 (Fig. 48) is hepatopancreas sample LSWA3 and in a sample of
2,6~di~tert~butyi~4-methylene-2, 5~cyclohexadienone, creoscte {not necessarily identical to creosote used
identified previcusly as a hepatic metabolite of BHT on the wharf) are given Table 5.
in rats {Takahashi and Hiraga 1979).

As can be seen from Table 5, the lower mole-

PAH are present in relatively low concentra-~ cular weight PAH are much less abundant in lobster
tions. For example, fluoranthene and pyrene are in hepatopancreas in comparison with creosote. This
scans 132,1.00 and 138,1.05, respectively. Of may be caused in part by their higher solubility in
chlorinated hydrocarbons, dichlorobenzene and hexa- water (lower octanol/water partition coefficient)
chlorobenzene are not detectable. p,p'-DDE is and, consequently lower bicaccumulation, and, in
present in scan 148,1.12. part, metabolism and excretion of metabolites.

Norway lobsters are able to metabolize phenanthrene
QUARTITATIVE ANALYSIS (Palmork and Solbakken 1979). Metabolism may be
responsible also for the relative depletion of

With the exception of the 1977 sample (LOB-2), pyrene. From structural considerations, one would
the response of the mass spectrometer was calibrated expect that pyrene is metabolized easier than
on a set of external standards and the concentra-— fluoranthene. The relative comcentration of
tions of a number of compounds were determined benz(ajanthracene is lower in lobster hepatopancreas
(Table 4). than in crecscte. Thie may be caused by diminishing

Table 4. Concentration of selected compounds in lobster hepatopancreas.

Concentration (ug/g lipid) in sample

Compound L3WA LEWE LOREW CMALLL
Dimethylnaphthalenes 0.35 .18 4,24 2.30
BHT 7.22 0,70 2.80 1,02
Phenanthrene L.66 G.67 28.1 3.06
Flucranthene 6.7 26,4 54,8 5. 83
Pyrene 32.1 15.4 63.6 7.15
p,p'-DDE 2.95 5.95 1.92 0.53
Hexachlorobiphenyls 0.91 G.55 .15 0.18
trans-nonachlor 0.078 0. 070 G.12 0.12
Dichlorobenzene 32.5% 29,8 : 63.6%
Hexachlorobenzene 5.24% 2.78% 8 1oor®
Lipid concentration, 7 19.5 25.6 31.8 not available

2 In counts/g lipid; mass spectrometer not calibrated in terms of
concentration.

Table 5. Relative concentrations (4 {luoranthene) of major PAH in lobster
hepatopancreas (LSWA3) and in a crecsote sample.

Retention time Relative concentration
relative to (% fluoranthene)
PAH m/z fluoranthene LSWAS Cresote
Fluorene 166 G.61 ND 136
Phenanthrene 178 G.79 2.8 550
Me— " 192 0.89 7.1 51
Fluovanthene 252 1.00 160 100
Pyrene 202 1.04 37 66
Me~fluoranthene 214 .11 5.7 53
Benzofluoranthenes 2206 1o23 2.0 7.8
Benz{a)anthracene 228 1.27 7.7 29
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BHT (Z,6-di~tert-butyl
certainly originag from plastics used
lobster culture facility. Its concentration in the
sample LOB-~Z wag much higher than in any of the
samples analyzed subsequently. Unfortunately, BHT
was not identified when this sample was analvzed
znd, consequently, was not qaaqti*at@éo The range
of BHT concentrations (Table 4) is about one order
of magnitude, similar to the range of PAH
concentrations.

almost
in the

~4-methylphenol)

The concentrations of p,p'~DDE and
nonachlor are gimilar to those found in
aquatic fauna. Hewachlorobenzene Is
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Lrans—
local
alss a common

aren. et iz

probably the source of these compounds in the
culrured lobsters. It is not known which isomer{s)

of dichlorobenzene are General
of dichlorobenzenes in
not known. Dichlorobenzenes would not be detected
under "normal” (isct&ermal) gas chromatography used
for routine determinations of organcechlorine
COmMPOUL aquatic fauﬂag From properties of
dichiorobenzenes {relatively high solubility in

occurrence
fauna in this areas is

5 in

water, volatility, and blodegradability), one would
not expect them to be widely spread contaminants.
The source of the dichlorobenzene is probably

lobster culture

associated with facility.

Hexachlorobiphenyls are the most abundant PCB
components in the samples. The reported concentra-—
ons {Table 4) are not directly comparable to the
ally concentrations in terms of Aroclor

. The familiar "PCB pattern” obtained by
tron~capture detectors was simulated by plots of
m of the major tetra— to hexachlorobiphenyl ions
(m/z 290, 292, 326, 328, 360, 362} for Aroclor 1254
{(Pig. 50). PCB

the other samples was similar.

given

49) and for sample LSWA2
pattern of

mantitated contaminants was
ng section. Of the non—
quantitated pristane, phytane and
squalene, the 1aat two dqtected only occasionally,
must be natural constituents of the hepatopancreas,
although their concentration may be influenced by
factors such ag diet. On the other hand, there is
little doubt that the other chemicals are
contaminants.

Benzothiazole, found universally,
benzoate,
rom materials

singly,

and pentyl
found in one sample, certainly originate
used in the facility. Somewhat

g phthalates were not encountered as
rerally as one would have ewxpected. Only one
r&mpie contained a relatively high PEHP
and dibutyl phthalate not been
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level of
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The origin of the CuHg,.i4 hydrocarbons (from
CyqHyg to CysHyg), detected in most samples, is not
clear. These hydrocarbons may be derivarives of

biphenyl, hexahydrofluorene, acenaphthene, or tetra—
hydrophenanthrene. In addition, the isotopic
abundance accuracy of the mass speceral
sufficient to eliminate the possibilicy
series of compounds contalns oxygen.

data is not

that this
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sample, may not
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they are formed from o
compounds such as amin
chromatography.

The presence of ester
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isopropyl, but apparently not
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formulations are almost alwavs based on
monounsaturated fatty acids and yet, pol
fatty acid esters were detected in several
Esterification of extracted fatty acids could
have occurred during extraction and clea:
the presence of fatty acid esters
pated and confirmed by standards,
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have been used.
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toxicological significance could not be assessed
without toxicity tests, linking divions,
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tissues. Since this D&Ckg“duné is
the toxicological significance can he discussed only
tentatively, based on general toxicological
properties of the contaminants and on judgment.
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metabolized readily via pot
oxides to dichlorophen
the parent compounds.

nants regularly
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hazardous arene
toxic than
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The toxicity of o
Metcalfe 19

studied (Mcleese and 7

for adult lobsters is about 7 mg/L
tion of creosote in the hepatopancreas, ass
with mortality, is 20-50 mg/g lipid.
this concentration of "total crescsote” is
by fluorescence and is not comparable to

trations of individual PAH given in s

The concentration of crecsote in water of
lobster culture facility is likely to be i
the low ug/L range, three to four orders
tude below the 96~h LC50. However, the pﬁ%siu

that long~term agure Lo such awne*rr(
eventually lead to mortality cannot be exc

The concentrations of fluovanthene and pyrene in
most of the dead lobsters are high enongh 1o cause
concern.  Thease two hydrocarbons may be Just indi-

cators of exposure to crecsote. Lower wmolecular
weight aromatic hydrocarbons such as derivatives of
naphthalene and phenanthrene are probably toxiceo—
logically more significant because of metabolism to

reactive intermediates and more toxic phenols. It




appears that some of the lobsters might have died as
a result of exposure to aromatic hydrocarbons,
hether from creosote or other sources.

limited toxicity tests (Mcleese

s not appear exceedingly

ng acute, short~ferm exposure
Wi

According ¢t

1977, wunpubl.}, BHT doe
toxic to lobsters dt ri

d no relationship between toxicity and tissue
oncentration of BHT is available. An extremely
igh concentration of BHT was found in one sample
and the possibility that this lobster died as a
result of exposure to BHT cannot be ruled out. The
HT oxidation product, 2,6~di~tert~butyl-b4~methy-
ene~2,5~cylohexadienone, is probably quite a
reactive compound able to bind to a variety of
biochemicals, thus causing unknown, long—term,
toxicological consequences.
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Tt aliphatic nitriles, whether as such or as
indicators of the presence of other aliphatic nitro-
gen compounds, are cause for concern. {(uaternary
ammonium compounds, imidazolines, and long chain
aliphatic smines are usually highly toxie to aguatic
fauna. It is unfortunate that the data do not allow
a more definitive identification of these compounds.

Fatty acid esters do not appear highly toxic,
although some toxicity, based on their surface
activ ig likely when these esters are adm]

stered in water.

CONCLUSIONS

The report shows that cultured lobsters contain
contaminants. Some contaminants are the same as
found in local biocta. Of these, PAH ave present at
much higher levels because of their elevated Tevels
in water used by the facility. Other contaminants
originate from materials used in the facility, quch
as plas&lc plpes, paint, sealants, etc. Toxico-
logical information on these compounds is scanty and
the situation ig aggravated by the long-term Hdtdfé
of the exposure. At least some of the analvzed
lobsters might have died as a result of exposure to
contaminants.

The results underline the fact that cultured
animals are not free of contaminants. Actually,
they may be more contaminated than their counter-
parts in the wild. To limit the extent of contami-
nation, construction materials used in the facili~
ties should be screeﬁeé beforehand for leaching of
chemicals. The "complete” composition of cleaning
and disinfecting formulations, and of all other
materials used within the facilities, even if not in
direct contact with the animals, should be known.
Toxicity and bisaccumulation potential can be
estimated or, when in doubt, determined, and the
nost acceptable materials may be selected. Aromatic
hydrocarbons including PAH will cause contamination
and, possibly, sublethal effects and mortality, as
long as water intakes remain in the vicinity of
crecsoted structures and in areas of high boat
activity. If water intakes cannot be relocated, a
treatment system may have to be considered.

Particular attention should be glven Lo brood-
stock holding facilities. Broodstock animals are
likely to remain in the facilities for a con-
siderable time and chronic effects are usually first
observable as reproduction impairment.

The presence of contaminants in the diet must
be considered as well. "Trash” fish, fish offal,
commercial fish food, etc., may contain elevated

concentrations of contaminants.
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Fig. 1. Reconstructed gas chromatogram (RGC) of

sample LSWAI. Major peaks: pristane (scan 145,0.76
relative to fluoranthene), fluoranthene (scan 191},
pyrene {(scan 199,1.04).

3

[0

Fig. 2. Mass spectrum of scan 170,0.89 corrected
for background in scan 166. m/z 190 is molecular
ion of 4H-cyclopenta(def)phenanthrene, m/z 192 is
molecular ion of methylphenanthrene (or
methylanthracene).

LSKARZ LSWAZ OB HEPATE . SH,RE-81

s 182-181 ~
100 >180 ¥ 4 i
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Mass spectrum of scan 182,0.95 corrected
Intense ions belong to
Tons

Fig. 3.
for background in scan 181.
the monoolefinic series CuHy,.y (55, 69, 83).
at m/z 88 and 101 indicate an ethyl ester or
l-methyl methyl ester.

...il..
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Fig. 4., Mass sgpectrum of scan 187,0.98 corrected
for background in scan 185. Dimethylphenanthrene
(or anthracene, m/z 206), and a fatty acid ethyl
ester (m/z 55, 57, 69, 71, 88, 101).
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spectrum of scan 23,0.12 corrected for
scan 22 (see Table 2).

Fig. 5. Mass
background in
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Fig. 6. spectrum of scan 84,0.44 corrected for
background in scan 82. Diphenyl ether (m/z 170,
141) (see Table 2).

Mass
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Fig. 10. Mass spectrum of scan 147,0.77 corrected
for background in scan 146. Another CysHyg
hydrocarbon? (see Fig. 9, Table 2, and text).

Fig. 7. Hass spectrum of scan 119,0.62 corrected
for background in scan 116. An unusual phthalate
eluting before dibutylphthalate or alkylphenol (m/z

145},
LSWAZ LSWAZ .LOB.HEPATO.SW.AL-8) R OB HEPETG . S AL 81
& 174-172 93
100
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Fig., 8. Mass spectrum of scan 124,0.65 corrected Fig.-11. Mass SQactrum of sgank163,6.85fqgrretted

for background in.scan 160. “QygH;g 01 CysHy a0 (/2
210) fragmenting by CHy lgss (m/z193). 1A tri=
chlorobiphenyl (cluster at g/z 2p6) {see Table 2},

for background in scan 122. Xanthene (m/z 182).
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Fig. 12. -Mags spectrum of scan 22%9,1.20 corrected
for background in scan 227. Hexachlorobiphenyl
(cluster at m/z 358) and a polyunsaturated fatty
acid ester (m/z 67, 79, 91, ...).

Fig. 9. Mass spectrum of scan 140,0.73 enrrected

for background in scan 138. A mixture of compounds,

a hydrocarbon CyzHj4 (m/z 182 and 167), a hydrocarbon
CysHig {m/z 196 and 195), and a trace of hexachloro-

benzene (cluster at m/z 282) (see Table 2 and text).
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Fig. 13. Reconstructed gas chromatogram (RGC) of

sample LSWBI. Major peaks: pristane (scan
146,0.76), fatty acid esters in scans 211,1.09 and
231,1.20.
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Fig. Mass spectrum of scan 211,1.09 corrected
for background in scan 208. Interpreted as ethyl
cleate (series of monoolefinic ioms at m/z 55, 69,

83. TIons at m/z 88 and 101 indicate ethyl ester.
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Fig. 15.
for background in scan 182,
decenoic acid ethyl ester.

Mass spectrum of scan 184,0.95 corrected
Interpreted ab tetra-

LSHAT LSWAT .LOB.HEPATO,SH,B,(-73
= 187-18%
188

258

Figa 16. Mass spectrum of scan 187,0.97 corrected
for background in scan 186. Ions indicating ethyl
ester (m/z 88 and 101) more prominent than in Fig.

15. Interpreted as tetradecanoic acid ethyl ester.
LSWB1 LSWBT,LOB.HEPATO .SH.B(~7)
= 231-228 87
180 »178 ¥ & >745 ¥ 28 19

Fig. 17. Mass spectrum of scan 231,1.20 corrected
for background in scan 228. Main ioms at w/z 79,

67, and 91. Interpreted as polyunsaturated fatty

acid ethyl ester {(m/z 88 and 101).
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18.
for background in scan 250 (see Fig. 17).

Fig. Mass spectrum of scan 252,1.31 corrected
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Fig. 19. Mass spectrum of scan 162,0.84 corrected

for background in scan 158. A mixture of compounds:

a paraffin (w/z 57, 71, 85}, probably phytane
(2,6,10, l4~tetramethylhexadecane), PAH (m/z 198,
204), and a compound yielding ions at m/z 181 and
165,
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s 71-19
188
B
28
H
i i
|
! t
I% g‘ L§£
56 106 150 285 250
Fig. 20. Mass spectrum of scan 21,0.11 corrected
for background in scan 19. Dichlorobenzene (m/z
146-2C1, 11i~1C1).
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Fig. 21. Mass spectrum of scan 57,0.30 corrected
for background in scan 55. Benzothiazole.
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Fig. 22. Mass spectrum of scan 140,0.72 corrected
for background in scan 138. A mixture of compounds:
an wnidentified PAH m/z 196 (see also sample series
L8WA), coeluting with hexachlorobenzene (cluster at
m/z 282), and an unsaturated fatty acid ethyl ester
(m/z 55, 69, 83, 97, 88, 101).
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Fig. 23. Reconstructed gas chromatogram (RGC) of
sample LOBSW3. Major peaks are: pristane (scan
142,0.76% and polycyclic aromatic hydrocarbons,
phenanthrene (scan 146,0.78), 4H-cyclopenta(def)-
phenanthrene (scan 167,0.89), fluoranthene (scan
188,1.00), and pyrene (scan 195,1.04}.
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Fig. 24. Mass spectrum of scan 173,0.98 corrected
for background in scan 171. Interpreted as stearic
acid methyl ester (m/z 87, 101, 115, 119) and m/z 74
indicating methyl ester.



MESM

LOBSHA LOBSW4 ,LOBSTER SUSAN WADOY.26.7.78.(-8])
/e 285
LOBSU3 LOBSHILLOBSTER SUSEN Waogy "-7° 168
= 217-215 FILE 4
18 >140 X & 18

R sl

e t y R siaaaiai

o

=
@

&
1%

[

=

o)
i
)

-
& 50 158
Fig. 25. Mass spectrum of scan 217,1.16 corrected Fig. 28, Limited mass reconstructed gas chromato-
for background in scan 215. Interpreted as a poly- gram (LMRGC) for m/z 205 (base ion of BHT}.
unsaturated fatty acid (Cyp) methyl ester (mfz
67, 79, 91, 105, 119).
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Fig. 26. Mass spectrum of scan 240,1.28 corrected Fig. 29. Mass spectrum of scan 101,0.54 corrected
for background in scan 238. Interpreted as a for background in scan 99. Interpreted as butylated
polyunsaturated fatty acid (622) methyl ester hydroxytoluene.
(see also Fig. 25).
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35 188
i 18
‘ [
i | |
1 ‘ i ]
] i | i
; | } i | E |
| !
| o . % § | E
Lot d i i » 1 é g i L | iﬁ% [ al h &
Bt 190 158 200 280 56 106 150 20k 250
Fig. 27. Mass spectrum of scan 102,0.54 corrected Fig. 30. Mass spectrum of scan 104,0.55 corrected
for background in scan 100. A hydrocarbon CysHig for background in scan 103. Interpreted as
or dibenzofuran. butylated hydroxytoluene. Compare with Fig. 29.

Mass spectra in Fig. 29 and 30 correspond to the m/z
205 maxima in Fig. 28.



[
Gw oo

e}

T JY

~
o
&

Fig. 31. Mass spectrum of scan 117,0.62 corrected
for background in scan 116, Interpreted as a
mixture of hydrocarbons, CygHyp {m/z 168 and 153) and
Ci481o (m/z 180 and 165).
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Fig. 32. Mass spectrum of scan 136,0.72 corrected
for background in scan 135. A mixture of compounds:
unidentified compound mfz 196 (compare to Fig. 9 and
Fig., 22), hexachlorobenzene {cluster at m/z 282) and
a compound yielding ions at m/z 182 and 165.

LOBSHA  OBSW4 LOBSTER SUSAN WADDY.268.7.78.(-81
= 158-156 CHECK OF DISPLAY &HSPRTB
108 >218 X 20

Fig. 33. Mass spectrum of scan 158,0.84 corrected
for background in scan 1535. A mixture of compounds
interpreted as l-phenylnaphthalene (m/z 204, 203,
202% and methyl dibenzothiophene (m/z 198, 197).
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Fig. 34. Reconstructed gas chromatogram (RGC) of

sample CMAILl. Major peaks are: pristane (scan
118,0.72), a nitrogen compound, probably nitrile
(scan 131,0.80), and DEHP (scan 223,1.37). The two
partly resolved peaks in scans 157,0.96 and 161,0.98
have not been identified.
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Fig. 35. Mass spectrum of scan 130,0.80 corrected
for background in scan 129. Major ions are at m/z
69, 71, 82, 96, and 110 (see also Fig. 36).
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Fig. 36. Mass spectrum of scan 131,0.80 corrected
for background in scan 129. Only ions above m/z 118
are displayed (see also Fig. 35). VNote that all
major ions have even masses (124, 138, 152, 166},
indicating the presence of nitrogen. Tentatively
interpreted as an aliphatic nitrile.
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Fig. 37. Mass spectrum of scan 157,0.96 corrected
for background in scan 154. Base ion is m/z 54,
which is quite uhcommon, may indicate a nitrile.
Other major ions appear to form two series (81/83,
95/97, 109/111 and 121, 135, 149). Unidentified.
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Fig. 38. Mass spectrum of scan 161,0.98 corrected
for background in scan 159. A mixture of compounds.
The strong ions at m/z 96 and 54 may indicate a
nitrile. The ion at m/z 202 is due to fluoranthene
(peaking in scan 163). A tetrachlorobiphenyl is
also present (cluster at m/z 290).
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Fig. 39.
for background in scan 138. Major ions are at m/z
55, 70, 83. Possibly a 2-unsaturated aldehyde. The
ion at m/z 192 is probably due to a methyl-
phenanthrene.

Mass spectrum of scan 140,0.87 corrected
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Fig. 40. Mass spectrum of scan 146,0.90 corrected
for background in scan 145. Base ion is at mfz 71.
Unidentified.
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Fig. 41. Mass spectrum of scan 11,0.07 corrected
for background in scan 10, presented to illustrate
the performance of the mass spectrometer on this
sample. A dichlorobenzene {m/z 146 and 111). Also
contains a compound yielding ions at w/z 105 and 70,
probably a pentyl benzoate. Compare with Fig. 20.
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Fig. 42. Mass spectrum of scan 178,1.09 corrected
for background in scan 175, presented to illustrate
the performance of the mass spectrometer on this
sample. p,p'-DDE (clusters at 316 and 246).
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Fig. 43. Mass spectrum of scan 174,1.07 corrected
for background in scan 171, presented to illustrate
the performance of the mass spectrometer on this
sample. trans-nonachlor (cluster at m/z 405).
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Fig. 44. Mass spectrum of scan 97,0.59 corrected
for background in scan 95. Very intense ion at m/z
71. A number of compounds yield a similar spectrum,
not specific enough for identification.
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Fig. 45. Mass spectrum of scan 104,0.64 corrected
for background in scan 103. Resembles a polyun—
saturated fatty acid methyl ester (compare with Fig.
25, 26), but has a very short retention time.
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Fig. 46. Reconstructed gas chromatogram of sample
LOB~2. Major peaks are: BHT (scan 55,0.42),
pristane (scan 91,0.69), DEHP (scan 194,1.47), and a
hydrocarbon, possibly squalene (scan 234,1.77).
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Fig. 47. Mass spectrum of scan 234,1.77 corrected
for background in scan 230. Major ions at m/z &9
and 81. Interpreted as squalene (2,6,10,14,18,22~

" tetracosahexaene,2,6,10,15,19,23~hexamethyl) or a

similar hydrocarbon.
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Fig. 48, Mass spectrum of scan 50,0.38 corrected
for background in scan 49. Base ion at m/fz 161,
molecular ion m/z 218. 2,6~di-tert-butyl~b-methy-
lene-2, 5~cyclohexadienone, a metabolite of BHT.
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Fig. 49. Simulated gas chromatographic profile of

Aroclor 1254, Compare to Fig. 50.
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Fig. 50. Simulated gas chromatographic profile of

PCB in sample LSWAZ.



