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A T ekm ar LSC-2000 Purge and Trap (P&T) apparatus was further modified in order to im prove the on-line P& T 
gas chrom atographic determ ination o f volatile organic com pounds (VOCs) in biological tissue. The standard 
needle sparger o f the Tekm ar was replaced by a system  consisting o f two needles (purge gas in- and outlet) and a 
m oisture trap. This modification allows a  rapid throughput o f  sam ples and minimises the risk  o f contam ination or 
losses. A ddition o f octan-l-o l proved successful in elim inating the severe sam ple foam ing tha t generally occurs 
w hen biological material is purged. For separation o f  the analytes a J& W  DB-VRX colum n (60 m X 0.25 m m  id,
1.4 pm  film ) was used, which allowed the elim ination o f the cryofocusing step prior to injection. The m ethod was 
tested for 13 priority VOCs and detection lim its w ere obtained ranging from 0.003 ng g -1  (tetrachlorom ethane) to
0.16 ng g _1 (m- and p-xylene) using single ion m onitoring-m ass spectrometry. The reproducibility  was around 
15% for m ost com pounds and the recoveries w ere better than 80% for all analytes except 1,1-dichloroethane 
(59% ). A lthough the method was originally validated for 13 VOCs, it was found to be applicable for a broader 
range o f  VOCs and was tested on an eel from the Scheldt estuary. A part from the priority V O C s several other 
V O C s turned up rather unexpectedly in these sam ples. T hey were identified on the basis o f  their mass spectra and 
quantified using selected ion monitoring.

There is relatively little information on the presence and 
distribution o f volatile organic compounds (VOCs) in m arine 
organism s. This is in part due to the assum ed low potential of 
the V O C s to b ioconcentrate1 and possibly also to the analytical 
difficulties that are encountered in this type o f  m onitoring. M ost 
VOCs are nonetheless im portant atm ospheric pollutants and a 
num ber o f them are recognised as com pounds w ith a high 
research priority by several international organisations.2̂ 1 A 
lim ited num ber o f authors5-8 have reported the presence of 
VOCs in m arine organism s, some o f them  as early as 1975. 
R ecent work revealed the presence o f VOCs in m arine 
organism s at levels o f  or above those o f  w ell know n 
contam inants such as polychlorinated biphenyls (PCBs).9 So 
far, the im plications for m arine organisms are unknown. As for 
PC Bs the levels are such that there w ill probably be no acute 
effects for organisms and man, but the effects o f  long-term  
exposure are o f som e concern.

VOCs are determ ined in organisms using sam ple-treatm ent 
techniques such as solvent extraction,5’8 static headspace,10 
vacuum  distillation11- ' 3 and purge and trap (P& T).14-16 The 
low est detection limits are generally reached with those 
m ethods that use dynam ic headspace techniques (vacuum 
distillation, P&T). They are less m atrix dependent than static 
headspace techniques and are readily used in com bination with 
gas chrom atography-m ass spectrometry (G C-M S). U sing such 
an analytical technique, detection lim its (LO Ds) better than 100 
pg g_1 have been obtained.9

In an on-going effort to study the concentration levels o f 
V OCs in organism s, a  previously reported m ethodology9 was 
further im proved. A lthough the latter was successfully used for 
the determ ination o f VOCs in organism s, a num ber o f 
shortcom ings gradually becam e apparent. T he P& T set-up was 
prone to leaking, especially after extended periods o f operation. 
F urthennore, sam ples had to be exposed to am bient air, 
although briefly, when sam ple vials were coupled to the system , 
w hich alw ays involves a risk o f sam ple contam ination or

analyte losses. Even a t the low  purge flows used, excessive 
sam ple foam ing som etim es occurred and inevitably resulted in 
contam ination o f the system  and, consequently, system  down 
time. The current w ork therefore aim s at im proving the 
robustness o f the m ethod fo r use in a more routine environment. 
T he method was tested by exploring the possibility of 
determ ining a larger num ber o f  VOCs in biota. In anticipation of 
a planned m onitoring program m e for yellow  eel (,Anguilla 
anguilla), eel from  the Scheldt estuary w ere used for this 
purpose. Eel is regarded as an excellent biom onitor for fresh 
w ater systems because o f  its non-m igratory behaviour, high fat 
content, wide distribution and absence o f spaw ning.17

Experim ental 

Reagents and chem icals

A ll m aterials used in this study w ere o f research-grade quality. 
The chlorinated hydrocarbons (CHCs), chloroform , tetrachloro
m ethane, 1,1-dichloroethane, 1,2-dichloroethane, 1,1,1-tri- 
chloroethane, trichloroethene and tetrachloroethene and the 
m onocyclic arom atic hydrocarbons (M AHs), benzene, toluene, 
ethylbenzene and the xylenes were all from M erck (Darmstadt, 
Germ any). They were used w ithout further purification. The 
standard mixture containing the 60 VOCs o f EPA  method 502.2 
was obtained from A lltech (Deerfield, IL, USA). Methanol 
(Baker, Instra-analysed, Philiipsburg, NJ, U SA) was used as 
solvent for the preparation o f  standard solutions. 1,1,1-Tri- 
fluorotoluene (Aldrich, M ilw aukee, WI, USA) was used as 
internal standard (IS). Vocarb 4000 traps (8.5 cm Carbopack C, 
10 cm  Carbopack B, 6 cm C arboxen 1000 and 1 cm  Carboxen 
1001) w ere obtained from Supelco (Bellefonte, W I, U SA) and 
used as adsorption traps (1/8 in od). W ater used for the 
preparation o f blanks and standards was obtained from  Baker
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and oc tan -l-o l used for the reduction o f sam ple foam ing was 
obtained from  M erck.

Equipm ent

A  m icroprocessor-controlled P& T system, the T ekm ar LSC- 
2000 (Tekm ar, C incinnati, OH, U SA), was coupled to a GC-MS 
(Finnigan M agnum  Ion Trap MS, Finnigan, San José, CA, 
U SA) via  a  heated transfer line terminating in a cryogenic 
focuser at the G C  end. The internal lines o f the P& T  are 
constructed from  glass-lined stainless steel, and the transfer line 
and internal lines are connected via a  heated 6-port sw itch valve. 
The standard needle sparger o f the Tekm ar w as replaced w ith a 
system  consisting o f  tw o needles (purge gas in- and outlet) and 
a  m oisture trap, w hich was a 40 ml vial cooled to —10 °C  (Fig. 
1). The 40 ml open w hole screw cap vials (m oisture trap and 
sam ple vials) and PT FE-silicone liners were obtained from 
Alltech.

A nalytical procedure

Preparation o f blanks. W ater specially prepared for the 
analysis o f VOCs (Baker) was used to prepare blanks and 
standard solutions (see below). W ater was continuously purged 
during storage w ith nitrogen. For the preparation o f  blank 
sam ples 1 pil o f the internal standard was added to 25 m l o f the 
treated w ater w hich was then treated as a sample.

Preparation o f standard solutions. A m ore detailed de
scription o f the preparation o f standard solutions is given 
elsewhere.9 F or calibration o f the procedure, 1 p i o f a 
m ethanolic solution containing 0.4—0.8 ng p i-1 o f the various 
target com pounds and 1 p i o f a m ethanolic solution containing 
the internal standard (about 0.4 ng p i“ 1) were added to 25 ml of 
blank w ater (see above). The water was then injected into a 40 
ml sam ple vial, w hich was connected to the on-line P& T set-up, 
pre-concentrated and analysed by GC-M S. T he procedure for 
spiked sam ples w as identical, but had an additional settling 
period o f 24 h.

treated in an u ltra so n ic  bath (20 min at 0 °C) to further disrupt 
the tissue. The g la ss  vessel was then coupled to the P& T system 
by puncturing th e  sep tum  w ith the two needles. The volatiles 
were forced out o f  th e  sam ple by purging the sam ple for 34 min 
with a  20 ml m in- 1 stream  o f helium  at 70 °C  (w ater bath). The 
analytes were tra p p e d  onto a V ocarb 4000 sorbent trap mounted 
in the P&T appara tu s  at a tem perature of 45 °C. A fter purging, 
the trap was back flu sh ed  w hile being rapidly heated to 250 °C, 
and the analytes w e re  desorbed into a cryofocusing module 
connected to the analy tica l colum n. The cryofocusing module 
was either coo led  to  —120 °C for an analysis involving 
cryofocusing, or k e p t at a constant tem perature o f  250 °C for an 
analysis w ithout cryofocusing .

The analytes w e re  injected into the GC colum n by rapidly 
heating the c ryofocusing  m odule from —120 to 200 °C in 0.75 
m in or by direct tra n s fe r  to the GC column. Separation was done 
on a 60 m X 0 .25 m m  id J& W  DB-VRX colum n with a film  
thickness o f 1.4 p m . T em perature program m ing o f  the GC and 
data acquisition w e re  started simultaneously. T he tem perature 
o f  the GC oven w a s  held at 35 °C for 6 m in, then linearly 
increased to 200 °C  a t 4 °C m in- 1, and finally held at 200 °C for 
4 min. H elium  w as used  as the carrier gas w ith an inlet pressure 
o f  16 psi. The ta rg e t com pounds were identified on the basis o f 
their retention tim es  and m ass spectra, and quantified using the 
total m ass o f se lec ted  ions (see Table 1 below ). The ion trap 
detector was o p e ra ted  in the electron ionisation (E l) mode with 
the m ultiplier v o ltag e  set at 2400 V, the axial m odulation (A/M) 
am plitude at 3.5 V  and the emission current at 12 pA. The 
m anifold tem perature  was set at 220 °C. T he m ass range was 
50-250  u and the scan  rate 1000 ms. The filam ent delay was 180 
s, and a mass d efec t o f  50 m m ass/100 u and a background mass 
o f  55 u were selected .

A nalytical quality  assurance

A  detailed descrip tion  o f the analytical quality assurance is 
given elsew here.9 B lanks w ere run w ith each series o f samples 
and compared w ith  previously recorded blanks and the standard 
solution. Further m easurem ents included m onitoring the re
sponse factors o f  th e  standards and treating a standard solution 
as a sample.

Sam ples, sam ple pre-treatm ent and analysis

Eel sam ples, w ith a size between 20 and 40 cm, were collected 
in the industrial zone o f the Scheldt estuary near Antwerp. 
A pproxim ately 15 g o f  biological tissue were hom ogenised with 
an U ltra Turrax b lender at 0 °C and transferred to a 40 ml 
sam ple vial. A fter the addition o f 25 ml organic-free w ater, 1 pi 
o f the internal standard (1,1,1-trifluorotoluene) solution and 20 
pi o f oc tan -1 -ol, the vial was closed with an open hole screw  cap 
w ith a  PT FE -silicone rubber septum and the hom ogenate
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Fig. 1 On-line P&T set-up.

Results and discussion 

A nalytical data an d  methodology

T he first m ajor m odification o f our previous P& T  procedure9 
was the elim ination o f  the spargers with W heaton connectors in 
favour o f the system  presented in Fig. 1. T he spargers were 
prone to leaking after a period of intensive use, because the 
PTFE liner o f  the W heaton connector deform ed at the 
tem peratures and pressure used. Sam ple vials are now con
nected to the system  simply by puncturing the septa. This 
connection virtually  elim inated the occurrence o f leaks during 
purging. Also, there is no longer any need to open the sam ple 
vials in order to  connect them to the on-line P&T, which 
essentially prevents losses due to volatilisation o f  the analytes 
and contam ination by laboratory air. The latter is a well known 
problem  in the field  of VOC analysis and was thoroughly 
discussed in our previous work.9 D uring this work, both the 
blank levels, w hich ranged from 1 to 90 pg m l- 1 , and their 
variability, w hich varied betw een 10 and 120%, were sim ilar to 
the earlier reported results. In the light o f these and previous 
results, contam ination during hom ogenisation and equipm ent 
background is still considered to be prim ary cause of the 
observed blank levels. The new set-up also uses larger vials, 
w hich perm it a  larger sam ple intake and, consequently, improve 
analyte detectability. An additional benefit o f  the larger vial is
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the possibility o f hom ogenising the biological tissue in the vial 
itself, w hich keeps the sam ple handling, w ith all its associated 
dangers, to a minimum.

In earlier studies, sam ple foam ing has caused som e problem s 
w hen biological tissues were purged at elevated tem pera
tures.9-18’19 Contrary to what is reported by M ichael et al.,9 
addition o f oc tan-l-o l totally eliminated sam ple foam ing and 
allow ed an increase o f the purge flow to 20 ml m in- 1 . A  higher 
flow  was im possible due to technical restrictions o f the T ekm ar 
P& T, but in an off-line set-up no sam ple foam ing was observed 
at flows o f  up to 40 ml m in- 1 . Such a  higher flow  would 
certainly further decrease the purging tim e by at least 50%  and, 
consequently, reduce the overall analysis time. This aspect 
needs to be further investigated.

A s there were p rac tic a lly  no changes in the operational 
param eters o f the o rig inal set-up, only the purge tim e for the 
new volum e o f 40 ml a n d  purge flow o f 20 ml m in-1 was 
evaluated. Since the tw o -fo ld  increase in the sam ple volum e is 
compensated for by the tw o-fo ld  increase in  purge flow , it was 
assumed that the original p u rg e  flow could be m aintained. This 
was confirm ed by a re c o v e ry  test for those VOCs that are 
considered priority h aza rd o u s  com pounds.2-4 The results are 
given in Table 2. The reco v eries  were better than 80%  for all 
analytes except 1 ,1-dichloroethane (59% ), which is the most 
volatile m em ber o f th e  group . These results are fully sat
isfactory when com pared  w ith  the recoveries reported in the 
literature, which vary fro m  40  to  130% .1 i-14-16 W ith the original 
method, the recoveries w e re  betw een 63 and 115%, however,

T ab le  1 Sequence number, selected ion masses, retention time and LOD (for 40 g sample) for the VOC m ix tu re  determined in the eel samples

Compound
Sequence
number

Selected0
masses

Retention
time/min

LOD/ 
Pg g“ ‘

Trichlorofluoromethane 1 101/103/66 4:13 40
1,1-Dichloroethene 2 61/63/96 4:59 6
Methylene chloride 3 84/86/49 5:56 9
trans-1,2-Dichloroethene 4 61/96/98 6:26 7
1,1-Dichloroethane 5 63/83/97 6:58 6
c is-1,2-Dichloroethene 6 61/96/98 8:18 5
2,2-Dichloroprupane 7 77779/97 9:03 7
Bromochloromethane 8 130/128/49 8:42 10
Chloroform 9 83/85 8:53 3
1,1,1 -Tri chi oroethane 10 97/61/99 11:15 8
Tetrachloromethane 11 117/119 12:40 4
Dichloropropene 12 39/110/77 12:04 10
Benzene 13 78 12:57 1
1,2-Dichloroethane 14 62/64 10:57 3
Trichloroethene 15 130/95/60 16:28 40
1,2-Dichloropropane 16 62/63/76 16:08 20
Dibromomethane 17 174/172/93 15:47 20
Bromodichloromethane 18 83/85/47 16:41 30
Trifluorotoluene IS 146/127/96 18:24 naö
cis-1,3-Dichloropropene 19 75/110/39 20:27 2
Toluene 20 91 24:04 1
trans-1,3-Dichloropropene 21 75/110/39 22:45 2
1,1,2-Trichloroethane 22 97/61/99 23:13 10
Tetrachloroethene 23 166/129/94 27:08 2
1,3-Dichloropropane 24 76778/41 24:23 9
Dibromochloromethane 25 129/127/48 25:12 2
1,2-Dibromoethane 26 107/109/27 26:11 3
Chlorobenzene 27 112/114/77 29:58 1
1,1,1,2-Tetrachloroethane 28 131/133/95/122 29:42 3
Ethyl benzene 29 91/105/106 31:03 2
i7i-Xylene 30 91/105/106 31:55 1
p-Xylene 31 91/105/106 31:55 1
o-Xylene 32 91/105/106 33:24 2
Styrene 33 103/78/51 33:08 2
Bromoform 34 173/171/175 34:13 3
Isopropylbenzene 35 105/125/77 34:54 1
1,1,2,2-Tetrachloroethane 36 83/85/131/133 33:21 6
Bromobenzene 37 158/156/77 35:25 1
1,2,3-Trichloropropane 38 75/110/39 33:53 20
n-Propylbenzene 39 91/100/125 36:35 2
2-Chlorotoluene 40 91/126 36:44 4
1,3,5 -T rimethy lbenzene 41 105/125/77 37:55 4
4-Chlorotoluene 42 91/126 37:03 6
tert-Butylbenzene 43 91/119 38:45 3
1,2,4-Trimethylbenzene 44 77/105/125 39:18 5
sec-B utylbenzene 45 134/105 39:36 20
1,3-Dichlorobenzene 46 146/111/75 39:34 10
p-Isopropyltoluene 47 119/91/39 40:26 10
1,4-Dichlorobenzene 48 148/146/111/75 39:52 10
1,2-Dichlorobenzene 50 146/111/75 41:06 2
1,2-Dibromo-3-chloropropane 51 157775/57 43:24 4
1,2,4-Trichlorobenzene 52 180/145/109 46:59:00 90
Hexachlorobutadiene 53 260/225/190 49:14:00 2
Naphthalene 54 128/102 48:46:00 3
1,2,3-Trichlorobenzene 55 180/145/109 49:29:00 9

a In order to relative abundance. h na = not applicable (IS).
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the variability o f the recovery data then was higher. This 
indicates the increased robustness o f the current set-up, a 
conclusion w hich is confirm ed by the precision data now 
obtained (Table 2). For ten out o f twelve test analytes, the RSD 
values w ere 14-17%  whereas previously reported repeat
abilities varied betw een 5 and 30%.9’n ~14-16 In sum m ary, the 
analytical data fo r the test set are o f  good quality.

Extending the application range

For an exploration o f the feasibility o f analysing a larger 
num ber o f VOCs and to determine the separation pow er o f  the 
analytical colum n, a standard mixture o f VOCs had to be chosen 
that w ould cover a  large num ber o f VOCs with m utually sim ilar 
physicochem ical properties. To this end, the standard m ixture of 
60 VOCs specified in EPA method 502.2 was selected. M ethod 
502.2 is routinely used for the determ ination o f a large num ber 
o f volatile organic com pounds in drinking w ater by P& T. A 
typical GC-M S trace o f the standard mixture at the concentra
tions used in this study is shown in Fig. 2. The current set-up is 
seen to allow the separation o f m ost VOCs with the exception of 
m- and p-xylene, o-xylene and 1,1,2,2-tetrachloroethane and 
sec-butylbenzene and 1,3-dichlorobenzene. H owever, o-xylene 
and 1,1,2,2-tetrachloroethane have totally different m ass spec
tra and the sum  o f  their most prom inent peaks (m/z 83, 85, 131, 
133 and m iz  91, 105, 106, respectively) can be used for

Table 2 Recovery and repeatability data for the target compounds0

Compound
Concentration/
ng g“ 1

Recovery (To) 
n = 5

RSD
(%; n  =  5)

1,1 -Dichloroethane 0.49 59 17
Chloroform 0.45 88 16
Trichloroethane 0.52 97 17
T etrachloromethane 0.29 99 17
1,2-Dichloroethane 0.49 97 23
Benzene 0.29 92 4.3
Trichloroethene 0.54 95 16
Toluene 0.29 86 17
Tetrachloroethene 0.58 92 15
Ethylbenzene 0.29 82 14
m  and p-Xylene 0.42 82 14
u-Xylene 0.39 81 14

° P&T-GC-MS analysis o f spiked sample.

quantification, w h i le  scc-butylbenzene can be distinguished 
from 1 ,3-dichlorobenzene on the basis of m/z 1 4 6 ,1 4 8 ,7 5 , 109. 
Or, in other w ords, only  the m -xylene-p lus-p-xylene pair could 
not be d is tin g u ish ed  even w hen applying selected ion m on
itoring.

T he use o f th e  lo n g  D B-VRX  colum n requires a high inlet 
pressure. W ith th e  norm al inlet pressure o f 24  psi, a shift o f the 
ion m asses w ith o n e  mass unit was noted and attributed to an 
insufficient a m o u n t o f  He entering the ion trap. Increasing the 
inlet pressure to  2 8  psi indeed solved the problem . The most 
prom inent fea tu re  o f  using the DB-VRX colum n is that it allows 
analysis w ithout cryofocusing. This was tested by desorbing the 
analytes from th e  tra p  directly into the analytical colum n while 
the cryofocusing m odule was kept at 250 °C. Fig. 3 clearly 
show s that e lim ina ting  the cryofocusing step had no influence 
on the separation , as peak shapes and retention tim es were not 
altered at all. D ue to  a  com bination o f  colum n dim ensions, film 
thickness and o v e n  tem perature the analytes are sufficiently 
focused at the beginning o f  the colum n, which makes 
cryofocusing superfluous. This sim plification further improves 
the robustness o f  th e  method, because a constant supply of 
liquid nitrogen is n o t required any more. W ith the previous set
up, the liquid n itro g en  supply occasionally becam e depleted 
during a  run, w h ic h  resulted in the loss o f tim e as well as 
sample.

T he com bined resu lts obtained so far indicate that 54 out of 
the 60 VOCs rou tin e ly  analysed in w ater w ith EPA method 
502.2, can be determ ined  in biological tissue using the present 
procedure. E xcep tions are the most volatile compounds, 
d ichlorodifluorom ethane, chlorom ethane, vinylchloride, bro- 
m om ethane and chloroethane, w ith boiling points in the —29 to 
12 °C range, and n-butylbenzene. A lthough the insufficiency of 
the present p rocedure  for the volatile com pounds is probably a 
result o f the m ethodology used, this is not the case for n- 
butylbenzene. T h e  latter analyte coelutes w ith an interfering 
peak that was fo und  to be invariably present in our P& T GC-MS 
system  and canno t be distinguished from it even w ith selected 
ion monitoring.

A nalysis o f eel sam ples

Three eel sam ples from  the Scheldt estuary were used to test the 
practicality o f the present approach. Com pounds were identified 
on the basis of th e ir  mass spectra and their concentrations were

too

e
S
cOí
c

45/46

30/31
32/36

38137

30:00 40:0020 :0010:00
3000
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Retention time/m in

Fig. 2  Full-scan GC-MS separation o f 56 VOCs on a 60 m X 0.25 mm id J&W  DB-VRX column (film 1.4 pm). For details, see Experimental section.
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calculated on the basis o f selected ion m asses. Limits o f 
detection (LODs) w ere calculated on the basis o f a signal-to- 
noise ratio  o f  3 or the blank + 3 s. All relevant data are presented 
in Table 1. T he results show that all target com pounds o f Table 
2 except 1,1-dichloroethane were present (Table 3). A lthough 
the m ajority  o f the other VOCs (i.e. 15 out o f 44) was not 
detected in any of the samples, several additional VOCs were 
found such as, e.g. trichlorofluoromethane, brom inated m eth
anes, styrene and chlorinated benzenes (Table 3).

As an illustration, a GC-MS trace for eel sam ple no. 1 is 
show n in Fig. 4. The m ost striking observation is the occurrence

20:001 6 : 4 0

20:001 6 : 4 0
R eten tion  t im e/m in

o f trichlorofluorom ethane at concentrations o f 40-^400 ng g - ] 
fresh weight, especially  s in ce  the com pound was not detected in 
the blank so that con tam ination  cannot have played a role. 
Trichlorofluorom ethane o r Freon 11 was prim arily released to

Table 3
blanks

VOC detected in  ee l from the Scheldt estuary and laboratory

Fig. 3 Effect o f eliminating cryofocusing on performance: (A) with 
cryofocusing; (B) without cryofocusing. For peak numbers see Table 1.

Compound
VOC levels (ng g-> 
fresh weight) in:

Sequence 
number Name Eel 1 Eel 2 Eel 3

Blank 
level/ 
ng g - '

1 Trichlorofluorom ethane 170 396 42 nd"
2 1,1 -D ichloroethene nd nd 15 nd
3 Methylene chloride 8.3 nd nd nd
9 Chloroform 82 12 4.0 0.15

14 1,2-Dichloroethane 0.39 0.35 0.17 0.004
10 1,1,1 -Trichloroethane 1.6 2.1 1.2 0.005
11 Tetrachloromethane 1.0 1.1 nd 0.006
13 Benzene 2.0 2.4 1.2 0.09
17 Dibromomethane 1.5 1.1 0.74 nd
15 Trichloroethene 6.5 7.7 5.1 nd
22 1,1,2-Trichloroethane 0.53 nd nd nd
20 Toluene 3.8 3.2 1.3 0.06
25 Dibromochloromethane 0.29 0.17 0.09 0.003
23 Tetrachloroelhene 15 16 11 0.06
27 Chlorobenzene 0.34 0.41 0.24 0.01
29 Ethylbenzene 0.71 0.71 0.40 0.04
34 Bromoform 1.2 0.70 0.60 nd
30/31 m-Xylene and p -xy lene 0.92 0.74 0.41 0.03
33 Styrene 1.2 0.54 0.37 nd
32 o-Xylene 1.1 0.99 0.65 0.02
35 Isopropylbenzene 0.42 0.56 0.36 nd
37 Bromobenzene 0.16 0.13 nd 0.008
40 4-Chlorotoluene nd nd 1.3 nd
41 1,2,4-Trimethylbenzene nd 0.33 nd 0.03
46 1,3-Dichlorobenzene 1.6 nd 0.37 0.06
48 1,4-Dichlorobenzene 3.3 0.82 1.7 0.05
50

a nd =
1,2-Dichlorobenzene 

below detection limit.
1.6 0.41 0.83 0.03

100-,

w u

600
10:00

1200
20:00

1800
30:00

2400
40:00

3000
50:00

Scan num ber  
R etention  tim e/m in

Fig. 4 GC-MS chromatogram of eel no. 1 (cf. Table 3) from the Scheldt estuary (box enlarged as insert). For conditions, see Experimental section.
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Fig. 5 Comparison o f VOC the concentrations in water, sediment and e e l from  the same area.

the environm ent when it  was used as an aerosol propellant. 
O ther sources o f  em ission include its use as a refrigerant, 
foam ing agent, solvent and degreaser.1 The bioconcentration 
potential of trichlorofluorom ethane is assum ed to be negli
gible. 1 D ickson and R iley6 reported concentrations o f trichloro
fluorom ethane o f  0 .1 -5  ng g -1 on a dry w eight basis in various 
m arine organism s and 2 -20-fo ld  enrichm ent com pared to the 
w ater colum n. The concentrations reported here for eel are 
m uch higher, w hich certainly raises questions about the 
exposure o f the eel to  this com pound. The brom inated 
com pounds m ay w ell be linked to inadvertent form ation during 
chlorination o f drinking water.20 Helz and H su21 defined 
transfer from the atm osphere, in situ  biosynthesis, in situ 
chem ical synthesis and industrial or m unicipal w aste discharge 
as the four m ain w ays in which volatile halocarbons are 
introduced into coastal waters. In this case the latter can be 
expected to be the predom inant source. The presence of 
chlorinated benzenes is probably due to the various industrial 
processes in and around the harbour area. H ow ard1 quotes 
concentrations reported by several authors for fish and seafood, 
which are generally in the low ng g ~ ' range on a fresh w eight 
basis. The present results are o f the sam e order o f m agnitude. 
Styrene em issions are typically caused by spilling during 
production and/or use; styrene is also present in autom obile 
exhausts.1 H owever, although the com pound is one o f  the m ost 
widely used raw  m aterials in the polym er industry,22 concentra
tions com parable to those in Table 3 have not been reported in 
the literature.

Finally, the average V OC concentrations in eel were 
com pared w ith the average concentrations in sedim ent, deter
m ined by using the sam e procedure, and average concentrations 
for water, covering a period o f two years, which w ere reported 
by D ew ulf et a l.23 Fig. 5 shows that the concentrations o f the 
target VOCs are several orders o f m agnitude higher in eel, 
which again raises questions about the potential to b io 
concentrate VOCs and the exposure o f fish to these. All 
com pounds discussed during this study are considered to have a 
low tendency to be bioconcentrated and are therefore not 
regarded as a potential threat to organisms. Y et during the 
present and a previous study,9 V OC concentrations occasionally 
were m uch h igher than expected on the basis o f their 
bioconcentration factor (BCF). An overview  o f calculated and 
reported BCFs is given in  T able 4. The B CF for chloroform , for 
instance, is 6 ,24 or in other words, the concentrations in the

T able 4 Comparison between calculated (BCFca,c) and reported bio
concentration factors (BCF[it)

Compound BCFcalc BCF„,«

Chloroform 620 6.0
Trichloroethane 30 8.9
T etrachlorom ethane 640 17
Benzene 95 13
Trichloroethene 150 17
Toluene 250 8.3
T  etrachloroethene 105 49
Ethylbenzene 125 15
m- and p-X ylene 50 15
o-Xylene 85 21
1,2-Dichloroethane 25 2.0

“ Data from  references ref. 1, 10 and 24.

organism  were abou t 6-fold higher than the concentrations in 
water. Yet the data  o f  Table 4 show an approxim ate 100-fold 
difference. S im ilarly , the BCFs o f tetrachlorom ethane and 
toluene calculated from  our data are 40-fold and 30-fold higher, 
respectively, than published BCF data. F or the other VOCs the 
discrepancy betw een published and calculated BCFs is smaller,
i.e. 2 -10-fold . M oreover, one should consider that for most of 
the VOCs in Fig. 5, the concentration levels are com parable to 
those of w ell-know n contam inants such as individual CB 
congeners.25 T he observed levels w ill probably not cause acute 
toxic effects, and therefore pose no im m ediate threat to 
organisms. The danger lies in the continuous, i.e. long-term, 
exposure o f organism s to low levels o f contam inants.21 
A ctually, several compounds detected in the organisms are 
e ither proven or suspected carcinogens.26

Conclusion

To conclude, the environmental significance o f low levels o f 
VOCs in organism s deserves further attention. The present 
analytical m ethodology o f P& T combined on-line w ith GC-MS 
can significantly contribute in this field because it provides a 
robust, sensitive and highly selective way o f determ ining a large 
range o f VOCs in  biological tissues.
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