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A B S T R A C T  Concentrations o f  a  range of polycyclia aromatic hydrocarbons (PAH) -were
determ ined by m eans o f coupled gas chrom atography-m ass spectrom etry (GC- 
MS). Water sam ples were collected, using a contam ination-free sampling device, 
at tw o depths ( Im  subsurface and 3 rn above the seabed) at each of the six sta­
tions established in the Dover Strait. The stations were occupied during June and 
O ctober 1990. and July 1991. C oncen tra tions o f  PAH were often close to  or 
below the limits o f detection for samples o f 1 0 . 8  1 volume, although a num ber of 
samples exhibited high concentrations (o f naphthalenes in particular) which were 
apparently  derived from  shipping inputs in the D over S trait. Future work will 
require the developm ent o f methods w ith lower lim its o f detection, and w hich can 
integrate concentrations over different tim escales in order to  obtain tim e-avera­
sed  concentrations o f PAH.

Oceanologías Aera, 1993. 16 ,5 -6 . 593-597.

RÉSUMÉ Détermination des niveaux d 'hydrocarbures  polyeycliques aroma­
tiques dans l 'eau  de m er à partir du transect Fluxm anche  (Pas-de- 
Calais)

Les concentra tions d 'u n  éven ta il d ’hydrocarbures polyeycliques arom atiques 
i HPA ! ont etc déterm inées en utilisant un couplage de Chromatographie en phase 
gazeuse et spectrom élrie de m asse (CG-SM  ). Des échantillons d ’eau ont été pré­
levés. en utilisant un d ispositif non contam inant , à deux profondeurs i I m sous 
la surface et 3 m au-dessus du fond  m arin) à chacune des six  stations situées 
dans le Pas de C ala is , dans le cadre du program m e Fluxm anche financé par la 
C LE. Les stations ont été occupées en juin et octobre 1990, et en ju illet 1991. 
Les concentrations de HPA étaient souvent proches des limites de détection dans 
les échantillons d e  1 0 . 8  1 de volum e, ou inférieures à ces lim ites; plusieurs 
échantillons présentaient cependant des concentrations élevées ten naphtalènes 
en particulier), provenant apparem m ent des déchets de navigation dans le Pas- 
de-Calais. Pour les travaux fu turs, il faudra mettre au point des m éthodes dont 
les lim ites de détection seront inférieures, et qui pourront intégrer les concentra­
tions à  différentes échelles de tem ps, pour fournir les moyennes tem porelles des 
concentrations de HPA.

Oceanolofiica A cta . 1993. 16. 5-6. 593-597.
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INTRODUCTION

Polycyclic arom atic hydrocarbons (PAH) are ubiquitous 
environm ental contam inants, and arise from  both natural 
and  anthropogenic sources, T he la tte r a re , how ever, the 
m ajor contributors ( Bartle e i  a i., 198 i s. PAI I enter the mari ­
ne environm ent from  rivers, from  the atm osphere (Wo 
atmospheric aerosols, precipitation and particulates), and as 
a result o f oil discharges from tankers and other ships. The 
majority o f studies o f PAH undertaken in the m arine env i- 
ronm ent (e .g ., K laraer e t a!.. 1990) have concentrated on 
their determ ination in sedim ents rather than in water, a-- 
PÂH (particularly those o f  h igher m olecu lar w eight) are 
hydrophobic, and concentrations are therefore considerably 
higher in sedim ents. There is also  som e evidence that PAH 
adsorbed to sediments are no longer a \ ai table for geochem i­
cal and biological processes, anti that re-equilibration with 
w ater therefore no longer occurs < Roadman et ai.. 1987).

This paper reports the results o f analyses o f water samples 
taken at tw o depths i i m subsurface and 3 m above the sea­
bed! at each of m \ stations established in the Dover Strait. 
Tuii details o f the physical charac teristics, hydrography. 
e tc ..  o f th is  area are g iven  in o th e r  con tribu tions to  this 
volum e. The stations w ere occupied  during June and 
O ctober 1990. and July 1991. To the best o f  o u r know (ed­
ge. no data com parable to our ow n exist for offshore w aters 
o f the North Nea or English Channel (Compaan and l.aane. 
1992). M easurem ents o f  th e  Total H ydrocarbon 
Concentrations in subsurface seaw ater at the South Varne 
station {Fluxmanche 4) in 1990 and 1992 using ultra-violet 
fluorescence spectrometry y ielded values of 0.4 and 0 . 2  jug 
1 - 1  fckofisk crude oil equ ivalen ts respectively typical of 
offshore seawater with a low particulate loading, and close 
to  the lim its o f  detection o f  the technique (M AFF, 1992 and 
unpublished data).

C om paan and l.aane i 1992 ' have roughly estim ated the 
order o f  magnitude o f the transport o f  PAH into the North 
Sea in North A tlantic w ater as I (XX) t per annum . The aim

of this study was to  estim ate the concentrations of a range 
o f PAI I in subsurface and hear bottom  seaw ater at the so. 
stations form ing the Fluxm anche  transect, to  assess whe 
ther the techniques currently  in use are adequate for flux 
m easurem ents to  be m ade. The num ber and  frequency of 
samples taken in this study w ould obviously be inadequate 
to fully describe a system  as com plex as the D over Strait 
Low -level ana lyses o f  trace m etals in seaw ater are more 
fully developed than those fo r organic com pounds, howe 
ver, and flux m easurem ents for a range o f  m etals are repor­
ted elsew here in this volum e (Statham  et a l., 199 3 *.

M ETHODS

Seaw ater sam ples w ere collected  in 2.7 i glass W inchester 
bottles, m ounted in a stainless-steel fram e anil tilted w ith 
rem ovable, spring-loaded PTFE stopper (Law et u l., 1988 
Tor subsurface samples the sampler was deployed by means 
of a  hand-held nylon rope, for sampling at depth it was atta­
ched to a K evlar hydrow ire w hich was also used for studies 
o f trace m etals in seawater. In this way sam ples may be 
taken at depths up to  50-60 m. An aliquot o f a dichlorome 
thane solution containing known quantities o f three deutera- 
ted internal standards tnaphihaiene-d8 . anthracene-dl() and 
pyrene-dlO ; A ldrich  C hem ical C om pany, G illingham . 
Dorset. England) was added prior to extraction of the unfil­
tered sam ples w ith diehlorom ethune (2 x 50 ml per bottle: 
glass d istilled  grade: R athbuni C hem icals. W alkerburn. 
Scotland), and each sam ple was a  com posite o f  the extracts 
from four bottles (total seaw ater volum e 10.8 I). Sample 
extracts were stored in glass hvpo-vials (P ierce and 
W arriner. Chester, England) at - 2 0 T  prior to  analysis. GC- 
MS w as conducted  in  the m ultiple-ion detec tion , electron 
impact m ode, utilising a Finnigan-M AT lncos-50 quadrupo- 
le instrum ent (Finnigan-M AT. Homei Hempstead. 
Hertfordshire, England). T he G C colum n 125 m \  0.32 mm 
lí)  with a  't  5 p¡tt film o f  5 ri phenyl methyl silicone (HP5-
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Hewlett-Packard. Winners!). Berkshire, hngland'i] was hou- 
sed tn an HP-5890 gas chromatograph and was directly cou­
pled to the GC ion source via a heated transfer line m aintai­
ned at 300 C . Sample extracts were reduced to  ca. 200 u! by 
means o f a stream of nitrogen .care  being taken not to allow 
the concentration to proceed to  dry ness. G C  injections ( I jil; 
cold on-colum n) w ere m ade » ’ia an H P7673a autosam pler 
into a 0.5 m \  0.53 mm ID retention gap connected to  the 
analytical colum n by means o f a press-fit zero dead volume 
connector. The injection temperature o f 60°C was held for I 
minute, then programmed to rise to 300 C at 5°C m in '1, the 
fina! tem perature being  held for e leven  m inutes. The MS 
cycle tim e was 1 second, and the ions utilised were the 
parent ions for each o f  the PAI I studied ( 128 for naphthale­
ne. 136 for naphthalene-d 8 ; 142 for C l-naph tha lenes, err. 
T he lim its o f  detection  for each o f the com pounds and 

lasses can He found in Table 2. A sim ilar analytical scheme 
has previously been successfully em ployed in the analysis 
o f industrial chem icals in seaw ater over a w ide volatility  
range (Lav. ci a!.. 1991 ).

RI SI LTS AND DISCUSSION

The locations o f the sampling sites ín the D over Strait (bete 
ween Folkestone and Cap G ris-Nez) are show n in Figure I . 
rabie 1 lists the surface salinity values determ ined for each 
sam pling occasion: all show sim ilar salinity  (in the range 
35.0 to 35.3) at stations I to 5. with a salue approximately 
0 .4  low er at station 6 . This presum ably reflects the larger 
freshw ater inputs on  the French side o f  the Channel; in this 
area primarily from the River Seine.

The determ ined concentrations o f PAH arc given in Table 
2. N aphthalene and phenanthrene w ere detec ted  in all 
sam ples an a ly sed , at concentra tions betw een  0 , 7  and 18; 
and 0 .9  and 9.3 ng  1 1 respectively. The h igher m olecular 
weight PAH analysed (com pounds w ith m olecular weights 
o f  22S. 252 and 276) w ere found in on ly  four sam ples 
(three o f  them  from near the sea-bed) and  probably reflect 
a som ewhat higher load o f  suspended particulates, as these 
com pounds arc readily adsorbed onto particles. The use o f 
dichlorom ethane as a solvent yields an  efficient extraction 
o f PAI! from  particu la tes as well as from  the d issolved

* i ' i  - 1 *r, V,
= o ' «  s? m
V V V V  V  V
rt *>* ' I  *» xi-v
S = Ä S 35 tt
V V V  V V V V V V V V V V V* V

V V V V V V V  V  V

V V V  V V V V  v  v

r- t>* r- *•* o  «  — '-i
~ i  m n  .n y y

—  —

V  V V V V

VVV 
r k r  i 

■ •

V V V  V

V V V  V V  V

V V V V  V V

V V V V  V V

V V V V

V V V V

v v v  V V

5 S
V V
"I *>l 

• 5 3? 37

•c o  —

A  X —

S. — J  _  _■
À 9 — — ~

V V V V V V  V V

V  V V V

-  ' I  t  — s e s
VVV — — v v v

c t cC 5 z v v v
l i l i
1  I I I
Ï .  7  <
V w U Ui

Í c

-■ -=

5 -  !
S  ? § :c — -

C

i  E E
a ï  

y  C

- T  ï  — --i
-  T  “  i  g g

595

s 
s 

; 
N.

. 
.Ir 

w
np

t«
 

I,«
?.

 
I 

i 
I 

XM
 

VM 
I I

f 
I 

t.;
 

S 
: 

%
ul

.s
ur

fa
cr

 
II 

: 
ii

ru
r-

ho
ll

on
i



R J. LAW. J.A WHINNETT

,-A •»..-i

Figure 2

C a p illa ry  G C F ID  chrom a­
to g ra m  o f  th e  sam ple  fro m  
s ta tio n  4 . Ju ly  1991. 
A sterisks indicate  ¡he peaks  
d u e  to  the  in te rn a i s ta n ­
dards, a n d  th e  peaks due to  
n -a lkanes  o f  cha in  lengths
with 14. 16, 27, II and 36
carbon  m om s arc a lso  indi­
cated .

. ■ ■

R e te n tio n  tim e  in m in u te s

phase, at least when the concentration o f  suspended parti­
culate material is relatively low. as is usually the case in the 
Eastern Channel where fine sedim ents are uncom m on. 
Concentrations o f individual PAH and groups o f  alkylated 
PAH ranged from not detected (lim its o f  detec tion  in the 
range 0.2 to 2 ng 1 ! > to  410 ng I '1; w ith alkylated naphtha­
lenes predominating in the majority o f sam ples.

Total hydrocarbon concentrations were not determ ined in 
these samples; however during sam pling surface oil sheens 
and small slicks were often apparent, and capillary GC with 
flam e-ionisation detection (GC-F1D) o f  the sam ples after 
GC-M S analysis yielded chrom atogram s which w ere gene­
rally sim ilar to that given as Figure 2. T his show s a chrom a­
togram of the subsurface sample from station 4  (July 1991 ! 
and clearly  indicates the presence <4 petroleum -derived 
hydrocarbons, in the boiling ranges n -C ji to  n-C jg , and n- 
( '2 1 to  W-C3 6 . The latter g roup {n-Cs t to  n - C ^ )  probably 
arise from  medium  or heavy fuel oils as are used in ships; 
tlie former, lighter, group lie w ithin the range of kerosenes 
and light diesels, and may derive from  the sm aller ferries 
operating  across the Channel (such as hovercraft and je t- 
foils). Although, unresolved hydrocarbons within the range 
C |t  to  Cy; and n-alkanes in the range C 13 to Cs;, have been 
found in atmospheric particulates and ascribed to degrada­
tion products o f  algal lipids (M azurck and Sim onei!, 1984; 
Simonei! et ul.. 1977). it is unlikely that som e contribution 
may derive from th is  source. T hese results m ainly suggest 
that sign ifican t local inputs o f  oil from passing shipping 
occur in the Straits o f Dover. The Dover Strait is one o f the 
w orld’s busiest shipping areas, w ith major traffic lanes run­
ning betw een the southw est and the northeast connecting 
the North Atlantic with the main European harbours such as 
E uropoort, and a thriving ferry traffic across th e  English 
C hannel between port*-. >uch as Dover. R am sgate. C alais 
and B oulogne, it is estim ated tha t, on average. 500 ships 
pass through this stretch of w ater each day ; 300 through and 
2 Ori across the Strait tC antain  W IM  H arsreaves.

D epartm ent o f Transport; personal com m unication). The 
concentrations o f  PAH determ ined in this study therefore 
presumably reflect those present in English Channel water, 
with an additional com ponent derived from inputs o f oil 
from ships operating in the Dover Strait These latter inputs 
may be highly variable both spatially and temporally, and it 
would therefore be necessary to  sam ple regularly across the 
transect in order to make good estim ates o f  average concen­
trations o f PAH and petroleum -derived hydrocarbons, and 
so to  estimate fluxes into the North Sea.

CONCLUSIONS

This study has show n the feasibility o f determ ining PAH 
concentrations in w ater from the English Channel with cur­
rent techniques, although the m ethod utilised  here is not 
sufficiently sensitive to  yield positive values for all samples 
and determ inants. In order to im prove the sensitivity  and 
repeatability o f current methods it will probably be necessa­
ry to utilise integrating sam plers processing larger volumes 
o f  w ater (vee Ehrhardt e t a l., 1991). These could be 
deployed on varying tim escales from hours to weeks to gain 
inform ation on temporal as well as spatial variability. As a 
large proportion of the PAH (especially those o f high m ole­
cular w eight) is probably associated with particulate mate­
rial. it is also desirable to determine dissolved and particula­
te PAH concentrations separately. This study has ario 
dem onstrated that oil inputs from passing shipping in the 
Straits o f  D over, one o f  the busiest sea-lanes in the world, 
cannot be neglected in an  assessm ent o f  the flux o f  PAH 
from the English Channel to  the North Sea.
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