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ABsTRAcr. The current study took place in the middle and northern parts 
of the Firth of Forth, Western North Sea. The main objective of this study is 
to determine the concentrations of total hydrocarbons (mg/1) in seawater 
(0.0 m and 1.0 m depths), fish eggs and larvae during the period March· 
May, 1988. Different concentrations of crude oil (0.124-2.480 mg/l) were 
used as standards. The intensities of each water sample were measured by 
an Ultra-Violet Fluorescence (UVF). Selected samples were then 
examined by gas chromatography. 

The highest mean values taken from surface water samples were found in 
March (0.34 mg/I), followed by May and April, with mean concentrations 
of 0.19 mg/I and 0.09 mg/I being recorded respectively. Similar patterns of 
distribution were found at 1.0 m depth. The mean values recorded were 
0.28 mg/l, 0.14 mg/I and 0.07 mg/I for March, May and April respectively. 
All values of hydrocarbons in March and May were higher at the surface 
than at 1.0 m. In April, higher concentrations were recorded at 1.0 m than 
at the surface. The results also show higher values of hydrocarbons in 
March than any other period. 

While the highest concentrations of hydrocarbons detected in fish eggs 
during March were 26.43 fJ-g/g, the lowest concentrations of hydrocarbons 
were 19.82 fJ-g/g. The highest concentrations of hydrocarbons recorded in 
April were 33.61 fJ-g/g, while the lowest values were 20.46 fJ-g/g. In May, the 
highest and lowest concentrations found in fish eggs were recorded as 30.82 
fJ-g/g and 4.08 fJ-g/g respectively. 

The concentrations of hydrocarbons in fish eggs may reflect those found 
in surface seawaters. Hydrocarbon concentrations in fish larvae could not 
be detected in all samples analysed during either March or May. The high­
est concentrations of total hydrocarbons were found in fish larvae collected 
during the month of April. 
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The overall results show that the concentrations in general decreased sig­
nificantly away from the source of contamination. This shows that concent­
rations of hydrocarbons decreased with increasing time and distance from 
the discharge point. 

Introduction 

Petroleum oils are important pollutants of the marine environment. Their impor­
tance, as stated by Hardy et al. (1977), stems from the damage they can cause to the 
marine environment and also to the high cost of their clean up. Their presence on the 
water surface can reduce the transmission of light and the diffusion of oxygen 
(Lacaze 1974). Crude oils can affect the ecosystem only at relatively high concentra­
tions (Gordon and Prouse 1973; Anderson et al., 1974; Pulich et al., 1974). 

Crude petroleum, as stated by Neff et al. (1976), is generally less toxic to marine 
organisms than refined products. The toxicity, which is directly correlated with the 
content of soluble aromatic derivatives, increases with increasing molecular size. Ex­
posure of marine fish to petroleum aromatic hydrocarbons may result in induction of 
mixed-function oxygenase activity (Payne 1976; Gruger et al., 1977; Kurelac et al., 
1977; Stegeman 1978; Walton et al., 1978). Short-term exposure of fish to petroleum 
hydrocarbons showed significant effects, even at the lowest exposure concentration 
of 0,45 ppm WSF (Heras et af., 1992). 

Petroleum is not the only source of hydrocarbons in the marine environment, a 
considerable amount comes from biochemical synthesis (Koons and Monaghan 
1976). According to Neff and Anderson (1981), alkanes, n-alkanes and branched al­
kanes are the predominant constituents of biogenic hydrocarbons. Grossling (1976) 
found that certain alkylated aromatic, naphtheno-aromatic, and naphthenic hyd­
rocarbons appear to distinguish petroleum from biogenic hydrocarbons. These com­
ponents are relatively abundant in most crude and seepage oils. However, they are 
not known to have been synthesized by marine organisms, besides they are restricted 
to biodegradation. 

A large number of published papers concerning the acute toxicity of different 
crude and refined petroleum products to marine organisms are available. While Neff 
et at. (1976) reported the sensitivity of several representatives of marine organisms to 
specific hydrocarbons, Anderson et ai. (1974) and Rice et at. (1977) studied their sen-
sitivity to extracts of fuel and crude oils. ' 

The effects of petroleum on planktonic eggs and larvae vary differently with diffe­
rent species. While Corner et al. (1976) indicated that some species show high mor­
tality at low concentrations, others were able to withstand certain higher concentra­
tions. Similar findings were reported by von Westernhagen et al. (1987). The toxicity 
of hydrocarbons on eggs and larvae, as stated by Kuhnhold (1977), depends largely 
on how long these organisms have been in the contaminated water layer, strength of 
wind force, and their specific buoyancy. 
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There is no simple method of accurately estimating the concentrations of pet­
roleum in the open sea where the concentrations are low. However, the concentra­
tions of petroleum in the environment appear to exceed the estimated annual inputs. 
This may stem from the reflection of the size of other non-petroleum inputs, errone­
ous calculations of the size of petroleum inputs, and/or a greater stability of the pet­
roleum-like compounds in the ecosystem (Hardy et at., 1977). The different esti­
mates of petroleum concentrations introduced into the marine environment vary 
considerably (Zobell 1963; Blumer 1970). Although Kuhnhold (1977) emphasised 
that there is hardly any evidence of lethal toxicity of hydrocarbons to fish eggs and 
larvae in the sea, recent studies showed that pelagic fish eggs and larvae can be sig­
nificantly affected when they come in contact with the sea surface-microlayer (Kocan 
et aI., 1987; von Western hagen et ai., 1987). 

The current study took place in the middle and northern parts of the Firth of Forth 
since all the earlier studies (Whittle et ai., 1973,1974,1982; Mackie et at., 1976; Mas­
sie et al.. 1985,1987) were carried out along the southern shore. The main objective 
of this study is to determine the concentrations of total hydrocarbons (mg/l) in sea­
water (0.0 m and 1.0 m depths), fish eggs and larvae. 

Materials and Methods 

a) Study Area 

The Forth is considered to be a very important area for navigation, domestic and 
industrial activities. It lies between latitude 55°55'-56°15'N and longitude 2°50'-
3°50'W and extends from Alloa to the Isle of May, a distance of some 100 km 
(McLusky 1987). It is divided into the Fourth estuary, west of the road and rail 
bridges at Queensferry and the more saline outer firth east of the bridges (Fig. 1). 

The Firth of Forth is essentially a marine embayment of the North Sea with large 
sedimentary homogeneous areas which is approximately 50.0 km long and up to 60.0 
m deep in the outer saline areas (Dyke 1987; Elliot and Kingston 1987). It widens 
from less than 2.0 km at the Forth bridges, the narrowest point, to 9.0 km between 
Pettycur and Leith, then it widens to its maximum extent of 26.0 km between Largo 
Bay and Aberlady Bay (Fulton 1896; Thomson 1978). The total area of the Firth of 
Forth is approximately 1.3 x 103 km2 and the volume of water ranges between l.R x 
1010 m3 at low water and 2.2 x 1010 m3 at high water. 

The main source of hydrocarbons in the Forth are those of the British Petroleum 
Company (BP) at Grangemouth, along with other anthropogenic sources from in­
dustrial and urban sites around the Forth, such as The South of Scotland Electricity 
Board (SSEB), as Europe's largest coal-fired electricity generation plant at Longan­
net. The Forth also receives petrogenic hydrocarbons from water from oil field (Kin­
neil BP Development outfall), treated tanker ballast water, ethane/ethylene crack­
ing plant effluent (Braefoot Bay), along with occasional spillages, storm-water 
runoff and municipal discharges (Elliott and Griffiths 19R7). 
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FIG. 1. Location of the Firth of Forth on the east coast of Scotland. 
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b) Collection and Analysis 

Surface and 1.0 m water samples were taken from five stations (1,2,3,4,5) during 
the period March-May, 1988 (Fig. 2). A special device (frame) made of "Dexion" 
aluminium was especially designed for this study to hold two (2.8 I) Winchester bot­
tles (Plates 1 & 2). This device was similar to those described by Gordon and Keizer 
(1974). A long handle of the same material was attached to the frame to help im­
merse the bottles to the desired depth. A string was attached to the foil cap of the bot­
tle that collected water from the 1.0 m depth. 

Fish eggs and larvae were taken by Bongo nets, with 0.250mm and 0.500mmmesh 
nets (Fig. 3, Plates 3 & 4), from the same stations in order to determine the total hyd­
rocarbon concentrations in these organisms. This gear is considered as the standard 
gear for the collection of fish eggs and larvae (UNESCO 1975). The nets were towed 
with a depressor weight of about 54 kg (100 lb), suspended beneath the net. This par­
ticular weight was considered by the UNESCO (1975) as sufficient to maintain stabil­
ity of the gear at towing speeds of about 3 knots. The nets were towed from the FRPB 
survey vessel, Forth Ranger (Plate 5), at towing speed of 2.5-3.0 knots for a mean 
time of 9 minutes. 

The stations were chosen according to their nearness and/or remoteness from the 
sources of contamination in the Forth. They were orientated in a west-east direction. 
All water samplers were acidified with 10.0 ml concentrated hydrochloric acid (conc. 
HC) prior to sampling. A piece of aluminium foil, previously cleaned with methanol 
and dichloromethane (DCM), was used to cover each bottle in order to help prevent 
any sort of contamination. 

All glassware and equipment was thoroughly cleaned and rinsed three times with 
50:50 DCM/methanol before use. Water samples were extracted following the 
methods employed by Grahl-Nielsen et a/. (1976, 1977) and Grahl-Nielsen (1987). 
Each water sample was extracted with 3 x 25.0 ml DCM in a 5.0 litre separating fun­
nel. The extracts were then collected in a 100.0 ml flask and reduced to about 5.0 ml 
under a gentle stream of nitrogen. Each extract was then transferred by a clean 
pipitte into a 10.0 ml volumetric flask. The 100.0 ml flask was washed three times 
with a few volumes of DCM and added to the volumetric flask. Each extract was then 
reduced to just dryness and hexane was immediately added to the 10.0 ml mark. A 
blank of the same solvent (75.0 ml DCM) was also prepared and treated as any other 
water sample. Different concentrations of crude oil (0.124-2.480 mgll) were used as 
standards. 

The intensities of each water sample were measured by an UItra-Violet Fluores­
cence meter (UVF) and then plotted against the intensities and concentrations ofthe 
crude oil standards. Selected samples were then examined by gas chromatography. 

The contents of the 0.500 mm net from each station were collected in jars, previ­
ously cleaned with methanol and DCM, and were preserved in methanol. Fish eggs 
and larvae from each jar were sorted, counted and transferred separately into a dean 
vial and covered with a foil cap. The contents of each vial were weighed to determine 
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PLATE .1. The frame of the water sampler is made of "de xi on" aluminium to hold two winchester bottles. 

PLATE. 2. The water sampler during collection of water samples from the surface ami 1.1) HI.. 
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BONGO NETS 

FIG.3. The Bongo nets as the standard gear for sampling ichthyoplankton. The nets used (0.250 mm and 
0.500 mm) were 0.4 m diameter. 

I he wet weight and then ground in a mortar and pestle with methanol. 

The extracts of each vial were then dried under a gentle stream of nitrogen and 
weighed again to estimate the extracted (dry) weight. A few volumes of DCM were 
added to each vial, the extracts then being filtered through a Whatman GF\C filter 
into a 10.0 ml volumetric flask and dried then hexane was added to the 10.0 ml mark. 
The intensities and concentrations were measured as previously stated. The concent­
rations (mgll) were then interpreted as j.Lg/g as follows: 

concentration of extracts x 0.01 (j.Lg) 
sample dry weight (g) 

j.Lg/g dry weight 

The concentrations of total hydrocarbons were obtained by plotting the intensity 
values of the samples against those of the standards. The values of the regression 
line, estimated for the intensities of crude oil standards, were calculated as 18.8 and 
98.1 at concentrations of 0.00 and 2.48 mgll respectively. 

Results 

1 Seawater 

}- March 

The highest concentrations of hydrocarbons in seawater taken from the surface in 
March were observed in station 1 (0.40 mgll). Relatively lower values (0.32-0.36 mg/ 
1) were recorded in stations 2, 3 and 4. The lowest concentrations (0.27 mg/I) , as seen 
in Table 1, were found in the outer station (5). At 1.0 m depth, the highest values 
were also recorded in station 1 (0.39 mg/I), followed by stations 2 and 3 with similar 
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PLATE. 3. The ichthyoplankton sampling gear during shooting. 

PLATE. 4. The ichthyoplankton sampling gear during hauling. 
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PLATE. 5. The Forth Ranger, an 18 m inshore research vessel. 

TABLE 1. The concentrations of total hydrocarbons (mg/I) detected in water samples collected from the 
Firth of Forth (March-May 1988). 

March April May 

Stn. 0.0 m 1.0 m 0.0 m 1.0 m 0.0 m i 1.0 m 

1 OAO 0.39 0.24 0.07 0.09 0.08 
2 0.32 0.31 0.02 0.08 0.74 0.60 
3 0.36 0.31 0,07 0.03 0.07 NO 
4 0.36 0.20 0.06 OJI 0.06 NO 
5 0.27 0.19 0.07 

i 
0.05 NO NO 

Mean 0.34 0.28 I 0.09 0.07 0.19 0.14 

ND : Not Detected. 

values (0.31 mg/l) being recorded. The lowest concentrations were recorded in sta­
tions 4 (0.20 mg/I) and 5 (0.19 mg/I). 

ii - April 

In April, the highest concentrations of hydrocarbons were also recorded at the sur­
face of station 1 (0.24 mgll). Lower concentrations were found in water samples 
taken from stations 3, 4 and 5 (range 0.06-0.07 mgll). The lowest concentrations were 
found at station 2, with only 0.02 mg/l being recorded. Unlike surface water samples, 
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the highest concentrations recorded in water samples taken from 1.0 m depth were 
found at station 4 (0.11 mg/l). Nearly similar values were recorded in stations 1 (0.07 
mg/l) and 2 (0.08 mg/I). The lowest concentrations were taken from stations 3 and 5, 
with hydrocarbon concentrations of 0.03 and 0.05 mg/I being recorded respectively. 

iii - May 

Unusually high values were observed in surface water samples taken from station 
2 in May (0.74 mg/I). This was fuUowed by stations 1,3 and 4, which contained 0.09, 
0.07 and 0.06 mg/I respectively. No trace of hydrocarbons was detected in the outer 
station (5). At 1.0 m depth, hydrocarbon concentrations from only two stations 
could be detected. The highest and the lowest concentrations were recorded in sta­
tions 2 and 1, where hydrocarbon concentrations of 0.60 mg/I and 0.08 mg/l were de­
tected respectively. 

The highest mean values taken from surface water samples were found in March 
(0.34 mg/I) , followed by May and April, with mean concentrations of 0.19 mg!1 and 
0.09 mg/I being recorded respectively. Similar patterns of distribution were found at 
1.0 m depth. The mean values recorded were 0.28 mg!1, 0.14 mg!1 and 0.07 mg/I for 
March, May and April respectively. 

2 - Eggs and Larvae 

March 

The highest concentrations of hydrocarbons detected in fish eggs during March 
were found in station 1 (26.43 jJ.g/g). The highest numbers offish eggs (62) were also 
collected from this station (Table 2). About the same concentrations were recorded 
in eggs taken from stations 2 (19.82 jJ.g/g) and 4 (19.96 jJ.g/g). No traces of hydro car­
bons were detected in eggs taken in stations 3 and 5. The lowest numbers of eggs 
were also occurred in these stations. Although all fish larvae taken from stations 1,2, 
3 and 5 were analysed for hydrocarbons, none were detected. 

TABLE 2. The concentrations of total hydrocarbons (f.Lg/g dry WI) detected in fish eggs and larvae col­
lected from the Firth of Forth (March-May 1988). 

March 

Eggs 

Stn. No. fLg/g 

1 62 26.43 
2 12 19.82 
3 51 ND 
4 47 19.96 
5 13 ND 

ND : Not detected. 
: Not analysed. 

Larvae 

No. f.Lg/g 

11 ND 
4 ND 
2 ND 
0 
7 ND 

April 

Eggs 

No. I-Lg/g 

729 28.93 
97 33.61 

1013 22.88 
112 23.59 
957 20.46 

May 

Larvae Eggs Larvae 

No. f.Lg/g No. fl.g/g No. fl.g/g 

! 
1 497 30.82 16 ND 
3 117 ND 1 -

239 16.41 3812 4.08 13 ND 

551 36.82 101 ND 11 ND 
44 11.60 161 I ND 3 
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ii - April 

The highest concentrations of total hydrocarbons recorded in April were found in 
eggs taken from station 2 (33.61 J.Lg/g), followed by station 1 (28.93 J.Lg/g). Relatively 
lower values were recorded in eggs taken from stations 5,3 and 4 respectively. Only 
larvae from stations 3, 4 and 5 had been analysed, since there were only 4 larvae 
taken from the other two stations and therefore they were neglected. Higher con­
centrations of hydrocarbons were recorded in larvae taken from station 4 (36.82 J.Lgl 
g). Slightly higher values were found in station 3 (16.41 J.Lg/g) than station 5 (11.60 
J.Lg/g). 

iii - May 

In May, the highest and lowest concentrations found in fish eggs were recorded in 
stations 1 (30.82 J.Lg/g) and 3 (4.08 J.Lg/g) respectively. No hydrocarbons were de­
tected in fish eggs collected from stations 2, 4 and 5. Very few fish larvae were taken 
in stations 2 and 5, and therefore they have not been analysed. However, no hyd­
rocarbons were detected in fish larvae collected from stations 1, 3 and 4. 

Discussion 

The mean values of hydrocarbons in March, April and May were higher at the sur­
face than at 1.0 m, which indicated that most of the oil present had not yet reached 
the 1.0 m level. Monaghan et al. (1973) and Corner (1975) also reported higher con­
centrations of hydrocarbons at the surface. Since most anthropogenic hydrocarbons, 
petroleum and chlorinated hydrocarbons enter the marine environment through the 
surface layer, higher concentrations are usually found in the surface-microlayer of 
the sea than at any other depths (Swinnerton and Linnenbom 1967; Duce et al., 1972; 
Gordon and Keizer 1974; Whittle et ai., 1974; Marty and Saliot, 1976; Kattner et al., 
1983; Hardy and Apts 1984; Hardy et ai., 1987; Kocan et ai., 1987; von Westernha­
gen et al., 1987). The content of hydrocarbons, according to Mackie et al. (1974), is 
considerably lower in middle depths than that of the surface water. Gordon et ai. 
(1974) reported higher concentrations of hydrocarbons at the surface (20.4 J.Lg/I) 
than at 1.0 m depth (0.8 J.Lg/l) in water from the northwestern Atlantic Ocean. 

In April, higher concentrations were recorded at 1.0 m than at the surface only in 
stations 2 and 4. Similar results were recorded by Iliff and Calder (1974), where they 
observed higher concentrations of hydrocarbons at 1.0 m depth than at any depth in 
the Yucatan Strait. However, Cormack and Nichols (1977) indicated that the highest 
concentrations of oil are usually found when oil spills occur. They reported concent­
rations of 0.79-3.95 mg/l at 2.0 depth beneath a small slick of Ekofish oil. 

Unusual high values were observed at all depths (0.0 and LOrn) in station 2 during 
May. Chromatographic analysis of the 1.0 m water sample indicated a definite hyd­
rocarbon contamination at that particular station. The chromatograph (Fig. 4) 
clearly shows an homologous series of n-alkanes, which is characteristic of many pet­
roleum products (Gundlach etal., 1983), ranging from CI2-C30, no odd carbon pre­
ference and -the presence of an unresolved complex mixture (UCM). Hites and 
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FIG. 4. Gas chromatogram of total hydrocarbons from a surface water sample obtained in May 1988 from 
station 2 in the Firth of Forth. 

Biemann (1972) detected much higher values (3.4 mg/I) of aromatic hydrocarbons 
after an oil spill in the Charles River, Boston. Therefore, the source of pollution de­
tected in this study may be oil released from ships operating or passing through. 

The results also show higher values of hydrocarbons in March than at any other 
period. This may be due to either low microdegradation which coincides with the low 
temperatures observed during that time (Table 3) or presence of large concentra­
tions of phytoplankton at that particular time. Zsolnay (1973) and Mackie et al. 
(1974) concluded that when phytoplankton is present in large concentrations, a very 
large increase in hydrocarbon content occurred in the seawater. 

The overall results show that the highest concentrations of hydrocarbons in seawa­
ter were almost always found in station 1, as the nearest location to the oil and pet­
ro�eum-related product industries located in the Forth estuary. The lowest values 
were mostly recorded in the outer station (5). Ajayi and Pox ton (1987) concluded 
that the Forth estuary was heavily polluted. This occurs partly as a result of the resus­
pension and redistribution of polluted sediments by the action of current", and 
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through constant dredging and dumping. Therefore, the concentrations in general 
decreased significantly away from the source of contamination. Similar findings have 
been reported by Whittle et ai. (1973), Mackie et at. (1978), Massie et al. (1985) and 
Mohd-Long (1985). While Whittle et al. (1982) indicated that the concentrations of 
hydrocarbons in the Forth decreased towards the open sea, Anon (1985) concluded 
that concentrations of hydrocarbons decreased with increasing time and distance 
from the discharge point, primarily due to evaporation and dispersions. 

It is expected, as stated by Hardy et al. (1977), that the actual values obtained by 
different groups vary widely. While Law and Blackman (1981) reported the highest 
concentrations of hydrocarbons in the North Sea as 6.6 fLg/l, Massie et al. (1985) re­
ported values of 11.4 and 33.1 ,....g/1. Hardy et at. (1977), on the other hand, detected 
hydrocarbon concentrations of 4.5 ,....g/l. The variability between the results of the 
current study and those of many others are probably due to the effects of tides, cur­
rents and the time of sampling. Such values also vary with different areas. MartY'md 
Saliot (1976) reported concentrations of 15.0-114.0 fLg/l and 3.3-7.2 fLgl1 in the sur­
face waters of the eastern North Atlantic and western Mediterranean respectively. 
While Carlberg (1973) reported concentrations of 0.2 fLg/l in Swedish coastal waters, 
Levy and Walton (1973) recorded values of 1.0-10.0 fLg!! in the coastal waters of the 
western Atlantic. 

TABLE 3. The temperature (OC) and salinity (S%o) measurements taken from the Firth of Fourth during 
the period March-May 1988. 

March April May 

Temp. Sal. Temp. Sal. Temp. Sal. 
Stn. CC) (S%o) (0C) (S%o) CC) (S%o) 

I 6.0 33.2 6.5 32.5 R.O 33.0 
2 6.5 33.5 6.5 33.0 8.0 33.5 
3 6.0 33.5 6.5 33.5 8.0 i 33.5 
4 6.5 33.5 6.5 33.6 8.5 33.5 
5 6.0 33.7 7.0 33.7 8.0 

I 
33.7 

Higher concentrations of hydrocarbons in fish eggs were found in station 1 during 
March and May. However, slightly higher concentrations were found in station 2 in 
April. This may also be due to the nearness of station 1 from the different sources of 
oil companies. Although high numbers of fish eggs taken from station 3 in March 
were analysed, the hydrocarbon concentrations could not be detected probably due 
to the fact that this station, along with station 5, was distant from the sources of con­
tamination. 

The concentrations of hydrocarbons in fish eggs may reflect those found in surface 
seawaters, because fish eggs can be affected only when they contact the surface 
micro-layer (von Western hagen et al., 1987). One of the difficulties in this experi­
ment is the lack of any information with which one can compare the results. How-
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ever, Anderson et al. (1977) reported concentrations of 12.0 p.,gll crude oil in cod 
eggs. 

Hydrocarbon concentrations in fish larvae could not be detected in all samples 
analysed during either March or May. It may be due to the low numbers of larvae 
analysed. Higher values of hydrocarbons in fish eggs and larvae during the month of 
April than any other time indicates the presence of higher concentrations of hyd­
rocarbons in water deeper than 1.0 m and therefore fish eggs and larvae were con­
taminated. The highest concentrations of total hydrocarbons were found in fish lar­
vae collected from station 3 during April. This may come from their food (phyto­
plankton). Many studies confirmed that phytoplankton organisms are capable of 
producing hydrocarbons (Clark and Blumer 1967; Blumer et al., 1971; Youngblood 
et at., 1971; Zsolnay 1973). 
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