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Polynuclear aromatic hydrocarbons (PAH) are ubiqui tous environmen- 
ta l  po l l u tan ts  tha t  pose a po ten t ia l  hazard not only to human 
l i f e ,  but to the other forms of  l i f e  as we l l .  Some PAH's, namely 
benzo(a)pyrene (BAP! ard dibenzo(a,h)  anthracene, are h igh l y  po- 
tent  carcinogens, which have been associated to the e t i o l ogy  of 
some human cancers (Conney 1982). 

The purpose of t h i s  study is to determine the spat ia l  d i s t r i b u t i o n  
of PAH concentrat ions in the Saguenay Fiord surface sediments and 
to study the behavior of  these compounds in th i s  marir~ env i ron-  
ment. This 100 km r i v e r  is the major t r i b u t a r y  to the St-Lawrence 
estuary.  I t  is  h igh ly  i n d u s t r i a l i z e d  and a!uminium smelt ing p lant~ ,  
which dominate the i n d u s t r i a l  sec tor ,  are apparent ly the major 
source nf  PAH to the r i v e r .  Moreover, a study by Primeau and 
Goulet (1983) has shown high leve ls  of PAH qn the sediments of  
Bale des Ha! Ha! in the Saguenay Fjord. The b i o a v a i l a b i l i t y  of 
PAH and p a r t i c u l a r l y  that  of BAP in th i s  marine em, ironment was 
demonstrated in two studies wi th Myt i lus  edul is  L. (Cossa e t a l .  
1983; Picard-B#rub~ et a l .  1983). 

MATERIALS AND METHODS 

The samples were co l lec ted in ~ugust 1983. A sediment grab (0.2 
sauare meter) was used to sample the surface sediments at s ta t i ons  
along the Fjord (Fig.  I ) .  The top layer  (2-3 cm) of  the sediments 
was co l lec ted using a me ta l l i c  spoon. However, when hor izon ta l  
s t r a t i f i c a t i o n s  were observed in the top sediments, each layer  was 
c a r e f u l l y  sampled. The sediments were co l lec ted  in solvent-washed 
glass ja rs  and stored in a dark room at -15~ u n t i l  ana lys is .  

30 g of  each sample were used fo r  the ana lys is  of PAH. The sed i -  
ment was f o r t i f i e d  wi th  two in te rna l  standards (B,B ' -b inaphthy l  
and n - te t rapheny l )  and Soxh!et -ext racted wi th dichloromethane fo r  
15 h. The ex t rac ts  were concentrated under reduced pressure and 
successively  appl ied to copper, s i l i c a  gel and alumina chroma- 
tography columns. Blank samples were run p e r i o d i c a l l y  and no 
s i g n i f i c a n t  level  of coextracted conteminents was detected. 
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Figure ] .  Location of the sampling stations in the Sagupnay Fjord�9 

The extracts were si !y lated pr ior to analysis with a mixture of 
acetenitrile-BSTFA-THCS (80:20:1, v/v). The PAH containing frac- 
tions were analysed by c~pi l lary column (DB-5} gas chromatography. 
PAH were ident i f ied by their  relat ive retentior times�9 The ident i -  
ty of each chromatographic peak was veri f ied by gas chromatography- 
mass spectrometry analysis (table I ) .  Ouantitation of the PAH of 
interest was performed using the internal standard method�9 

Table 1. PAH detected in surface sediment samples from the 
Saguenay Fjord. 

No a NAMF No NAME 

! Fluoranthene (12,5) b 
2 Pyrene (12,9) 
3 Benzo(a)anthracene (7,8) 
4 Chrysene+tripherylene (7,6) 
5 Benzo(b)flunranthene (7,8) 
6 Benzo(j)fluoranthene+ 

Benzo(k)fluoranthene (6,9) 
7 Benzo(e)pyrene (B,2) 
8 Benzo(a)pyrene (7,2) 
9 Perylene (7,8) 

!0 Indeno(1,2,3-c,d)pyrene (10,4) 
]1 Dibenzo(a,h)anthracene (14,0) 
12 Benzo(g,h,i)perylene (11,1) 
13 Dibenzo(a,e)pyrene (23,6) 

SII B,B'-binaphthyl ( internal std) 
S12 M-tetraphenyle (internal std) 

Benzo(b)naphto(2,]-d)furane 
B Benzo(b)raphto(2,3-d)furane 
C Benzofluorenes 
D Methy!pyrenes 
E Benzonaphtothiophenes 
F Methylbenzoanthracenes or 

Methy!benzophenanthrenes 
G Phenylanthracenes 
H Methylbenzoaceanthrylenes 

a PAH 1-13 were quantitated by gas chromatography�9 PAH A-H were 
b ident i f ied by GC/MS analysis. 

experimental error (%). 
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Figure 2. Chromatograms obtained from organic extracts of the 
Saquenay Fjord surface sediments; a, s ta t ion 31; b, s ta t ion  4 and 
c, s ta t ion 12. The numbered and le t tered peaks correspond to PAH 
l i s ted  in Table !. 

RESULTS AND DISCUSSION 

The chromatographic data shown in Figure 2 indicate that  the levels 
of alkylated homologs of PAH are r e l a t i v e l y  low as opposed to that  
of unsubsti tuted PAH. The ra t ios  of alky!ated/non alkylated PAH 
are r e l a t i v e l y  constant throughout the sediment samples col lected 
in the Saquenay Fjord. This suggests that the dominant source for 
sedimentary P#H in the r i ve r  is anthrepegenic. 

Gas chromatographic pro f i les  cbtained from sediment samples col-  
lected at s ta t ion  3!,  4 and 12 respect ive ly  are shown in Figure 2. 
These p ro f i l es ,  which are h ighly  representat ive of the spat ia l  
d i s t r i b u t i o n  of PAH in the Saguenay F~ord, showed that  the concen- 
t ra t ions  of PAH are maximum near the aluminium smelting plants 
located in the Chicoutimi area (Fig. 2al and decrease with d is -  
tance from th is  indus t r ia l  zone (Fig. 2b). Qua l i t a t i ve l y ,  the PAH 
pro f i les  are very s imi la r  from onp sediment sample to another. 
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Figure 3. Spat ia l  d i s t r i b u t i o n  of  the to ta l  PAH concentrat ions 
through the Saguenay Fjord. The numbers on the curve correspond 

to the samplino s ta t i ons .  

The spat ia l  d i s t r i b u t i o n  of  PAH leve ls  in the Fjord sediments is 
presented in Figure 3. This d i s t r i b u t i o n  pat tern is  d i f f e r e n t  
~rom the one reported by Windsor and Hires (1979! in the sediments 
ef  ~4assachussetts Bay, U.S.A., where a logar i thmic  decrease of  the 
PAH concent ra t ions,  as a func t ion  of  the distance from the emis- 
sion source, was observed. There was a strong hydrodynamic e le-  
ment to the d i s t r i b u t i o n  e # PAH concentrat ions in Saguenay Fjord. 
In the upper sect ion of  th~ Fjord,  PAH levels  ~ncrease s t rong ly  
from sampling s ta t i on  20 which is located at about 16 km from 
Chicoutimi to s ta t ion  18, 7 km down stream. Previous studies by 
Smith and Walton (1980) have shown that  the sedimentation rate is 
very high in that  sect ion of the Fjord (approximately 7 cm/year). 

The high rate of sedimentation in the upper sect ion of  the Fjord 
was ra t i ona l i zed  by the in t roduc t ion  of  large pa r t i c l es  ( f ree of 
any PAH) o r i g i n a t i n g  from various sources such as s o i l ,  domestic 
and i n d u s t r i a l  wastes and wood products. A l a rge l y  reduced f low 
and the presence of  a s a l i n i t y  grad ient  in t h i s  sect ion of  the 
Fjord also con t r ibu te  to the high sedimentation ra te .  Consequen- 
t l y ,  such an increased sedimentation of  so l id  matter in the upper 
sect ion of  the Fjord d i l u t e s  the sedimertary PAH in a la rger  
volume of  surface sediments, thus decreasing t h e i r  r e l a t i v e  con- 
cen t ra t ions .  Down stream however, the sedimentation rate decrea- 
ses and PAH leve ls  increase accord ing ly  up to sampling s ta t ion  18 
(Fig.  3) .  S u r p r i s i n g l y ,  a s im i l a r  d i l u t i o n  ef  the surface sedi -  
ments occurs between sampling s ta t ions  18 to I0 where a s l i g h t  
decrease in the PAH levels  was observed (Fig.  3).  This phenomenon 
was a t t r i b u t e d  to supplementary input  of  sedimentary par t i cu les  
from Baie des Ha! Ha! (Fig.  1) where a paper m i l l  is  located. 
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F ina l l y ,  down stream from sampling s ta t ion ~0, in the lower sec- 
t ion of the Fjord, the PAH concentrations decrease l i nea r l y  as a 
function of the distance from sampling s ta t ion  (r = 0.9831. Compa- 
rison between the spat ial  d i s t r i b u t i o n  of PAH concentrations in 
the surface sediments and the corresponding sedimentary p ro f i les  
observed over the whole extent of the Saguenay Fjord c lear ly  i nd i -  
cates that ma~nr sources of PAH are located up stream, in the 
Chicoutimi v i c i n i t y .  

A study of the spat ia l  d i s t r i b u t i o n  of ind iv idual  PAH concentra- 
t ions was performed and the data are presented in Figure 4. Two 
low molecular weight PAH (fluoranthene and pyrene) and one high 
molecular weight PAH (dibenzo(a,e! pyrene) exh ib i t  d i s t r i b u t i o n  
patterns which are very d i f f e ren t  to those of the other PAH. Fluo- 
ranthene and pyrene are among the most ve la t i l ~  PAH in the aquatic 
environment (Southworth 1979). !n add i t ion ,  losses from evapora- 
t ion may h~ve occurred during the ex t rac t ion and pu r i f i ca t i on  
procedures. On the other hand, the d i s t r i b u t i o n  pattern of diben- 
zo(a,e) pyrene might not be accurately representat ive of i t s  ac- 
tual concentrations in the marine sediments, ~ince i t s  gas chro- 
matographic quant i ta t ion was impaired by excessive peak broadening. 
The d i s t r i b u t i o n  pro f i les  of the other ind iv idual  PAH was s imi la r  
to that  of the to ta l  PAH concentrations with the exception of 
perylene concentration p ro f i l e .  Correlat ions between the levels 
of ind iv idual  PAH and that of the to ta l  PAH concentration were 
calculated. As expected, four PAH (f luoranthene, pyrene, dibenzo 
(a,e! pyrene and perylene) did not show a s i gn i f i can t  cor re la t ion 
factor  (~=  0.01). Hog,ever, these data can be rat ional ized on tile 
basis of t he i r  physico-chemical and gas chromatographic propert ies 
as described above, with the exception of perylene. The l a t t e r  
has a molecular weight s imi la r  to that  of benzofluoranthene and 
dibenzepyrene which d i s t r i b u t i o n  p ro f i l e  shows a pos i t i ve  corre la-  
t ion (r  = 0.97) with the to ta l  PAH concentrat io,  pattern. As shown 
in Figure 4, the d i s t r i b u t i o n  pattern of Derylene i~ much more 
constant than those of the other sedimentary PAH. This indicates 
that  perylene is uniformly and regular ly  released throughout the 
Saguenay Fjord and that  i t s  concentration in surface sediments is 
nnt dependent on a local ized anthropogenic source as, for  example, 
is benzo(a) pyrene. A source for  perylene d i s t i n c t  from that  of 
other PAH is c lear ly  indicated by the pro f i les  shown in Figure 4. 
The concentrations of PAH in sediments samples col lected in Bai~ 
des Ha! Ha! are summarized in Table 2. 

The PAH levels increase from the head toward the mouth of the bay 
(Fig. I ) .  An inverse re la t ionsh ip  was found between the organic 
matter and the PAH concentrations in the surface sediments. The 
high levels of oraanic matter found at s ta t ion 66 and 13 and the 
corresponding PAH levels indicates that  sedimentary PAH were d i l u -  
ted in these samples. This large input of organic matter in Baie 
des Ha! Ha! may account for  the spec i f i c  d i s t r i b u t i o n  of PAH 
levels in i t s  v i c i n i t y .  The organic matter which probably o r i g i -  
nates from the paper mi l l  located alongside the bay can be t rans-  
ported up to the mouth of the bay, where i t  induces a noticeable 
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Figure 4. Spatial var ia t ion  of the ind iv idual  PAH concentrations 
in the surface sediments thrnuqh the Saguenay Fjord. 

Table 2. Spatial va r ia t ion  of PAH in the Baie des Ha! Ha! 
sediments. 

Distance from Vi l !e  % organic 
Stations de ia Baie (km) carbon 

Total PAH con- 
centrat ion (ppb) 

66 1,5 4,26 2046 
13 2,5 3,90 2140 
67 8,0 2,01 3783 

decrease in the PAH concentrations namely at stat ions ]7, 12 and 
15 (Fig. 3). Our resul ts are in accordance with those previously 
reported by Primeau and Goulet (1983). 

In selected sediment samples, horizontal s t r a t i f i c a t i o n s  were 
present and the resul ts  of the corresponding PAH analysis are 
presented in Figure 5. The data show that for the stat ions located 
up stream to the mouth of the bay (s tat ions 15, 19, 31 and 20), 
the PAH levels increase as a funct ion of the sediment depth. 
S l igh t  var ia t ions were observed in the sediment layer from samples 
col lected w i th in  the bay (stat ioNs 13 and 66). On the contrary in 
the sediments col lected at the mouth of the bay (s ta t ion 67) and 
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Fiaure 5. Fluctuat ion of the to ta l  PAH concentrations in the 
surface sediment layers. 

down stream the Saguenay Fjord (s ta t ion ]0 ) ,  the concentrations of 
P~H decrease with depth. These data can be ra t iona l ized i f  one 
cnnsiders the re la t i ve  sedimentation rates charac te r i s t i c  to each 
sector o~ the Saguenay Fjord and Bale des Ha! Ha!. Thus, upstream 
to the Baie des Ha! Ha!, where the sedimentation rates are r e l a t i -  
vely high (4 to 7 cm/year), the PAH levels measured as a funct ion 
of depth re f lec t  t he i r  accumulation for about the las t  10-15 years 
(Fig. 5, stat ions 15 to 20}. These data indicates a de f i n i t e  
recent decreasing trend for PAH input in the Saguenay Fjord. In 
fac t ,  th is  trend appears to coincide with the stopping in 1976 of 
e f f !uer t  discharaes from the aluminium smelting plants to the 
Saguenay Fjord, upstream the sampling stat ions (~Ican, personal 
communication). On the other hand, downstream to Bale des Ha! Ha!, 
where the sedimentation rates are as low as 0.1 to 0.2 cm/year, 
the PAH levels in the surface sediments correspond to PAH accumu- 
la t ion for  about the las t  30 to 60 years. Consequently, the 
decreasing trend in PAH year ly input observed upstream in recent 
sediments cannot be detected in these older sediments. On the 
contrary,  in sample !0 and 67 (Fig. 5), an increase of PAH levels 
from deep ( >100 years old) to top sediments was observed. These 
data also indicates that  PAH accumulation in the Saquenay Fjord 
sediments is d i r ec t l y  related to the establishment of aluminium 
smelting plants in the v i c i n i t y  of Chicoutimi (Fig. ] )  in the late 
1930. 

In a study by Laflamme and Hites (1978), i t  was reported that  the 
background level of tota l  P#FI in <<uncontaminated sediments~ is 
about 55 ppb. In comparison, the PAH concentrations found in the 
Saguenay Fjord sediments are 9 to 80 times higher than normal PAH 
background l~vel .  In the Saguenay Fjord, i t  appears that  the r i ve r  
is not the main route of entry of PAH. On the basis ef the par t ia l  

139 



data presented herein and data to be published short ly ,  i t  seems 
that a large proportion of PAH are atmospherically transported to 
the r iver .  In addit ion, the highly active hydrology observed in 
the Fjord and the spreading of a fresh water layer on top of the 
water column are l i ke ly  to favor the widespread d is t r ibu t ion  of 
PAH in the sediments throughout the Fjord. 

In conclusion, the nature of the PAH found in the sediments of the 
Saguenay Fjord is strongly suggestive of localized and anthropo- 
genic inputs. A source for perylene d is t inc t  from that of other 
PAH is clearly indicated by i ts  d is t r ibu t ion  pattern through the 
Fjord. Although PAH are di luted by excessive organic matter inputs 
in some sediment samples, the mean level of contamination is rela- 
t i ve l y  high in this marine environment. A decreased PAH input was 
observed in recent surface sediments. I t  is not certain,  however, 
whether this decrease in sedimentary PAH levels is suf f ic ient  to 
protect marine l i f e  from the adverse effects ef these toxic pollu- 
tants. Complementary studies on the temporal variat ions and fluxes 
of PAH in the Saguenay Fjord sediments are in progress. 
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