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FOREWORD 

API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL NATURE . 
. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, AND FEDERAL 
LAWS AND REGULATIONS SHOULD BE REVIEWED. 

API IS NOT UNDERTAKING TO MEET DUTIES OF EMPLOYERS, MANUFACTURERS, 
OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP THEIR EMPLOYEES, 
AND OTHERS EXPOSED, CONCERNING HEAL TH AND SAFETY RISKS AND 
PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS UNDER LOCAL, STATE, 
OR FEDERAL LAWS. 

NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE 
MANUFACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT 
COVERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABILITY 
FOR INFRINGEMENT OF LETTERS PATENT. 
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Executive Summary 

The objectives of this study were: 

1) to determine whether certain organic substances (polynuclear 
aromatic hydrocarbons) present in a refinery process water are 
found in adjacent sediments and bivalves; and 

2) to determine the concentrations of the compounds detected. 

Sediments were selected as the primary target for analysis since they 

often contain concentrations of polynuclear aromatic hydrocarbons (PAHs) 

several orders of magnitude higher than those of the overlying water. 

1 

To determine the spatial variability of organic compounds in sediments 

near the refinery outfall, a sampling grid measuring 4 by 1.5 km was 

established around the outfall. Sediment samples were collected at 500 m 

intervals along the grid (36 stations). In order to estimate t_emporal 

variability, samples were collected at the same stations during March and 

December of 1983. 

Sampling sites for resident clams were determined by the results of the 

initial sediment sampling program. Clams were collected from 4 locations, 

covering a range of representative sediment PAH concentrations; samples were 

collected at the same locations in April and December of 1983. 

To characterize refinery process water, two 24-hour composite samples 

were collected several months apart. 

Sediments were characterized for percent solids, volatile solids and 

organic carbon. Generally the shallower inshore stations had high levels of 

total solids and correspondingly reduced levels of volatile solids. The 

deeper offshore stations had lower levels of total solids and higher levels 

of volatile solids. 
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Regressions of total resolved aromatic hydrocarbons in the sediment 

samples against volatile solids showed that as volatile solids increased so 

did the concentrations of aromatic hydrocarbons (Figures 10 and 11). 

Although considerable scatter in the relationship between volatile solids 

and aromatic hydrocarbons existed,some stations appeared to deviate 

significantly from the general trend lines. On both sampling dates, stations 

identified as exceeding the expected levels of total aromatic hydrocarbons 

were located relatively near the refinery pier and outfall. Except for 

station 1 located near the outfall the actual magnitude of the elevations 

observed were quite small, 1-2 ppm. 

Temp(?ral changes in sediment levels for most compounds were observed 

between the two surveys, concentrations decreasing at nearly all stations 

from March to December. Qualitatively the aromatic fractions were quite 

similar in composition between stations and sampling periods. Fluoranthene, 

benzofluoranthenes, pyrene and chrysene were usually the most abundant, 

followed by perylene, benzo(a+b)fluorene, benzo(a+e)pyrene, phenanthrene, 

benzo(ghi)perylene and C-2 (phenanthrene/anthracene). 

The moderately polar fraction of the sediment samples was found to 

contain mainly biogenic compound e.g. sterols and sterones. Other than 

these the major compounds detected were ketones or diketones, with 

anthroquinone being the most common and abundant. Also present in the 

sediments were carbazole and its derivatives. 

Residues of polynuclear aromatic hydrocarbons detected in resident 

clams were higher (x=819 ppb) in the April survey than in December (x=164 

ppb). In both surveys, lower molecular weight compounds accounted for a 

high percentage of the residues observed. Although these compounds were 
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also found in the sediment samples, their relative abundance in clams was 

much higher than in the sediments. 

3 

Qualitatively the two effluent samples collected were quite dissimilar. 

While the acid fraction of both consisted of relatively few resolved peaks 

and a large unresolved complex mixture (UCM), the base neutral fraction of 

the first sampling had a large number of low molecular weight resolved peaks, 

and the second sampling had fewer resolved peaks and a larger unresolved 

concentration. The total concentrations measured decreased by a factor of 

3.5, between the two samplings, in addition to the molecular weight shift 

noted above. The proportion of the total organics contained in the 

unresolved mixture increased from 48% in the first sampling to 89% in the 

second. Because the presence of an unresolved mixture is considered to be 

evidence of biodegradation of petroleum,this may be taken as evidence that 

the treatment ponds were operating more effectively at the time of the 

second sampling. 



INTRODUCTION 

The objectives of this study were: 

1) to determine whether certain organic substances 
(polynuclear hydrocarbons) present in a refinery 
process water are found in adjacent sediments and 
bivalves; and 

2) to determine the concentrations of the compounds 
detected. 

4 

Sediments were selected as the primary target for analysis since they 

often contain concentrations of polynuclear aromatic hydrocarbons (PAHs), 

pesticides, and metals several orders of magnitude higher than those of the 

overlying water (Neff, 1980 and Armstrong et al., 1977). In the case of 

PAHs, Neff estimated that sediments will always contain concentrations 

greater by a factor of 1,000 than the overlying water (Neff, 1980). He 

concluded that, "sediment samples have a substantial integrating effect on 

the temporal patterns of PAH input and offer good geographical resolution". 

A survey of organic compounds detected in Chesapeake Bay sediments 

indicated an influx of PAHs from the major tributaries to the Bay (Bieri et 

al., 1981). These authors extended their surveys of sedimen.ts into two 

highly industrialized sub-estuaries of the Bay, the Elizabeth and Patapsco 

rivers. 'lbey found concentration distributions which, in some cases, could 

be interpreted by the movement of pollutants from their sources. Within the 

dredged channel of the Patapsco River, for example, the concentration of 

total aromatic hydrocarbons in surface sediments ranged from several hundred 

ppm in the Baltimore Harbor area to about 20 ppm at the mou.th. In the 

Elizabeth River the concentration maximum of 440 ppm was in the sample 
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furthest upstream. A general decrease in concentrations towards the mouth 

of the river indicated export of pollutants from the Elizabeth River. 

5 

The ability of bivalves to retain hydrocarbons allows them to be used 

to: (1) monitor changes after a spill; (2) monitor levels of hydrocarbons 

in estuaries with continuous, low level inputs; (3) establish baseline 

levels of hydrocarbons; and (4) determine areas of impact from effluents. 

These molluscs, which filter large volumes of water while feeding, can 

accumulate petroleum hydrocarbons from solution and/or suspension (Anderson, 

1975; Boehm and Quinn, 1976; Neff, 1980). Depuration of accumulated 

hydrocarbons is dependent upon several factors, including: the length of 

exposure~ the existence of metabolic pathways for excretion; the 

physiological state of the animal (i.e., lipid content); and environmental 

factors, (e.g., salinity and temperature). Chronically exposed animals 

appear to depurate much more slowly than those from short term laboratory 

experiments. Boehm and Quinn (1977) showed that the clam Mercenaria 

mercenaria lost only 30% of accumulated hydrocarbons in 120 days after 

transfer from Narragansett Bay to clean sea water. Laboratory exposures 

have shown much shorter half-lives ranging between 1 and 10 days (Lee et 

al., 1972 and Jackim and Wilson, 1977). Stegeman and Teal (1973) showed 

that the lipid content of oysters influenced hydrocarbon uptake and Fossato 

et al., (1979) found that maxima for benzo(a)pyrene and perylene were 

influenced by lipid content and the spawning cycle in Mytilus edulis. 

Fucik et al., (1977) showed good correlation between the rates of 

naphthalene uptake by the clam Rangia cuneata and naphthalene levels in the 

sediments. In oiled areas burrowing bivalves (e.g., Mya arenaria or 

Modiolus demissus), have been found with higher concentrations than 
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epibenthic bivalves (e.g., Mytilus edulis or Crassostrea virginica), 

(Augenfeld et al., 1982; Lee et al., 1981; Vandermeulen and Gordon, 1976). 

As a comparison to the study of refinery organic contaminants, the 

environmental conditions in the lower York River were summarized by a review 

of existing data on the chemical, physical and biological characteristics of 

the estuary. A brief description of the estuary is given below. The 

complete summary can be found in Bender (1986). 

The York River is formed by the confluence of the Mattaponi and 

Pamunkey rivers at West Point, Virginia, approximately 50 km upstream from 

the refinery. The entire length of the York is tidal, with tides extending 

well up into the freshwater regions of the Mattaponi and Pamunkey rivers. 

Salinity stratification in the lower estuary varies with tidal phase 

and is ex~remely important in determining the chemical characteristics of 

the water column. Stratification of the water column in the summer months 

causes oxygen depletion in the deeper waters as nutrients are regenerated 

during these periods. The low oxygen tensions in the deeper portions of the 

river limit fish and crab populations in these areas and may cause 

mortalities in some benthic fauna. 

A bay wide decline in submerged aquatic vegetation has been observed 

over the last 15 yrs. and communities in the York have decreased in a 

similar manner. 

Benthic animal populations are dominated by polychaete worms. The 

type of substrate present plays and important role in determining community 

structure. Benthic populations near the refinery outfall have been studied 

and slight, although statistically significant, depressions in diversity 

were found in 1976 (Hinde, 1981). 



Oyster populations in the lower river are limited by diseases and 

predators. Commercial harvests come mainly from private grounds located 

0 
upstream where average salinities are less than 15 /00. 

The lower river supports a hard clam fishery of 10-20 patent tong 

boats. Landings reported for the river average about 200,000 lbs/yr. 

7 

Fish populations of the York are composed of resident, anadromous and 

catadromous species. As in the Bay proper, populations of many important 

species have shown dramatic fluctuations in abundance. The causes of these 

population fluctuations are known for only a few species. 

Finfish are harvested commercially in the York by pound nets, fixed 

and drift gill nets, fish traps and by haul seining. Major species include; 

bluefish, grey trout, croaker, spot, flounder, eels, striped bass and 

American shad. Large fluctuations in landings for individual species occur 

with time, with trends in harvest from the York following those observed 

from the state as a whole. 

The estimated dockside value of commercial fishery landings from the 

York was 1.6 million dollars in both 1980 and 1981. Finfish landings 

account for about one-third of the total value, blue crabs are usually the 

most economically important species followed by oysters and clams. 

To determine the spatial variability of organic compounds in 

sediments near the refinery outfall, a sampling grid measuring 4 by 1.5 Ian 

was established around the outfall. Sediment samples were collected at 500 

m intervals along the grid (36 stations). In order to estimate temporal 

variability, samples were collected at the same stations during March and 

December of 1983. 
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The hard clam, Mercenaria mercenaria, is abundant and is harvested 

both commercially and recreationally in the lower York River. It is the 

only shellfish found in the vicinity of the refinery that is consumed by 

humans. Sampling sites for resident clams were determined by the results of 

the initial sediment sampling program. Clams were collected from 4 

locations, covering a range of representative sediment PAR concentrations. 

As mentioned previously, several investigators have found that the 

physiological condition of bivalves (e.g., as determined by their spawning 

cycles), influences hydrocarbon uptake and retention. To provide 

preliminary data on these cycles in the York River, we determined PAH 

residues in clams during periods near expected maxima and minima 

concentrations (e.g., just prior to spawning and after spawning has 

occurred), respectively. To minimize the impact of individual variability 

due to factors such as sex, age, etc., composite of five individuals were 

grouped and four composite samples were analyzed from each station. 

To characterize refinery process water, two 24-hour composite samples 

were collected several months apart. 

• 
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METHODS 

Sediment Collection 

Sediment samples were collected on March 21, 1983 and December 2, 

1983 from the VIMS vessel R/V Captain John Smith. The sampling grid is 

shown in Figure 1. The distance between stations on any transect is 500 m. 

Navigation was done by LORAN C, with the first station established close to 

the Eastern end of the refinery pier in order to obtain accurate offsets for 

conversion of LORAN to latitude and longitude. The exact locations of the 

stations are shown in Table 1 along with their depths. Depth contours are 

shown on Figure 1. The LORAN C navigation system enabled reoccupation of 

stations to within approximately 100 ft. on the second sampling. Sediment 

samples were taken with a 0.1 m2 stainless steel Smith-MacIntyre grab 

manufactured at the University of Rhode Island. Before each deployment, the 

grab was washed with river water pumped from an intake 1.5 m. below the 

surface level and then rinsed thoroughly with methanol. The grab is 

equipped with stainless steel doors covering the top to maintain sample 

integrity while it is being retrieved. Methanol rinsed stainless steel 

scoops were used to transfer the top 3 cm. of sediment into precleaned glass 

jars, which were refrigerated on board and frozen immediately on returning 

to the laboratory. 

Clam Collection 

Because of the difficulty of collecting clams in the vicinity of the 

refinery, a commercial clammer was employed to sample them on April 27, 1983 

and December 12, 1983. The areas sampled are indicated by circles on Figure 

1 because the vessel had to drift several hundred feet while sampling. 



10 

Locations of the centers of the areas are given in Table 2 and Figure 1. 

Clams were sealed in plastic bags and refrigerated until they were returned 

to the laboratory and frozen. All samples remained frozen until analysis. 

Effluent Collection 

Effluent water samples were collected from the process stream at the 

refinery site 101, which is immediately down stream from the biological 

settling ponds, and before mixing with cooling water prior to discharge. 

Twenty-four hr. composite samples were taken on August 8-9, 1983 and April 

15-16, 1984 by collecting 500 ml of water each hour and combining the 

volumes in a pre-cleaned glass carboy. At the time of the second sampling, 

samples of the influent water and York River water from the VIMS pier were 

also collected. All water samples were extracted· within 8 hours of 

collection. 

Analysis 

Sediment samples from the "first sampling, and all clam samples were 

freeze-dried, ground in a mortar and pestle and stored in a freezer until 

extraction. The second set of sediment samples was dried with a 9:1 mixture 

of sodium sulfate and precipitated silica by mixing wet sediment with pre

extracted sodium sulfate+ silica mixture and refreezing. This mixture was 

then extracted in the same manner as the freeze-dried material. All samples 

were spiked with an internal standard before soxhlet extraction with 

methylene chloride for 24 hrs. 

Water samples were adjusted to pH 12 with 4N NaOH and then extracted 

with three separate, 100 ml portions of methylene chloride to yield a 

base/neutral fraction. These extracts were reduced in volume and treated 

the same as sediment and clam extracts. The water was then adjusted to 
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Figure 1 
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Table 1 

Sediment Sampling Locations 

Station Loran Latitude Depth 
Number Coordinates Lonsitude ( feet) 

" 
1 27314.3 37° 13.67' 35 

41438.0 76° 26.17' 

2 27313 .4 37° 13.67' 25 

41438.6 76° 25.83' 

3 27311. 7 ·37° 13.67' 18 

41439.1 76° 25.49' 

4 27310.3 37° 13.67' 6 

41439.7 76° 25.15' 

5 27308.9 37° 13.67' 10 

41439.9 76° 24.81' 

6 27309.5 37° 13.94' 35 

41443.4 76° 24.81' 

7 27311.0 37° 13 • 94 I 38 

41442.6 76° 25.15' 

8 27311 .9 37° 13.94 40 

4144 7 .4 76° 25.49' 

9 27313.5 37° 13.94 42 

41447.0 76° 25.83' 

10 27315.3 37° 13.94' 44 

41441.4 76° 26.17' 

11 27315.7 37° 14.21' 52 

41444.7 76° 26.17' :! 
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Table 1 (continued) 

Station Loran Latitude Depth 
Number Coordinates Longitude ( feet) 

12 27314.0 37° 14.21' 76 

41445.3 76° 25.83' 

13 27312.9 37° 19.21' 53 

41445 .6 76° 25.49' 

14 27311.5 37° 14.21' 42 

41446.2 76° 25.15' 

15 27309.8 37° 14.21' 42 

41446.6 76° 29.81' 

16 27317.0 37° 14.21 44 

41443.9 76° 26.51' 

17 27318.1 37° 14.21' 38 

41443.4 76° 26.85' 

18 27319.5 37° 14. 21' 38 

41442.8 76° 27.19' 

19 27321. 1 37° 14 •. 21' 36 

41442.4 76° 27.53' 

20 27320.5 37° 13. 94' 56 

41439.2 76° 27.53' 

21 27318.9 37° 13.94' 60 

41439.6 76° 27.19' 
~ 

22 27317.8 37° 13.94' 60 

41440.3 76° 26.85' 

23 27316.5 37° 13.94' 58 

41440.9 76° 26.51' 
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Table 1 (continued) 

Station Loran Latitude Depth ct 

Number Coordinates Longitude ( feet) 

24 27315.6 37° 13.67' 44 

41437.3 76° 26.51' 

25 27316.8 37° 13.67' 35 

41437.0 76° 26.85' 

26 27318.7 37° 13.67' 38 

41436.8 76° 27.19' 

27 27319.6 37° 13.67' 40 

41436.1 76° 27.53' 

28 27319.2 37° 13.40' 12 

41432.7 76° 27.53' 

29 27317.7 37° 13.40' 16 

41433.2 76° 27.19' 

30 27317.3 37° 13.40' 12 

41433.7 76° 26.85' 

31 . 27315 .o 37° 13.40' 16 

41434 .1 76° 26.51' 

32 27313.8 37° 13.40' 4 

41435.0 76° 26.17' 

33 27312.3 37° 13.40' 5 

41435.4 76° 25.83' 

34 27311. 2 37° 13.40' 4 

41435.9 76° 25.49' 
: 

35 27309.7 37° 13.40' 4 

41436.5 76° 25.15' 
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Table 1 (continued) 

Station Loran 
Number Coordinates 

36 27308.4 

41437 .8 

Latitude 
Longitude 

37° 13.40' 

76° 24.81' 

Depth 
( feet) 

3 

Sediment samples were collected at the above locations. This 
information is displayed in Fig. 1. 

15 
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Table 2 

Clam Sampling Locations 

Station Loran Latitude Depth 
Number Coordinates Longitude ( ft) 

1 27313.8 37° 13.55' 20 

41436.4 76° 26.01' 

4 27313.9 37° 13.90' 39 

41441.3 76° 25.80' 

6 27318.5 37° 13.45 15 

41433.7 76° 27.36' 

7 27318.5 37° 13. 74' 40 

41436.3 76° 27.47' 
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pH 2 with 4N HCl and extracted with three more 100 ml portions of methylene 

chloride to give an acid extractable fraction. This fraction was reduced in 

volume and analyzed by gas chromatography without further treatment. An 

aliquot of the effluent was analyzed for low molecular weight material by a 

purge and trap technique (Voznakova et al., 1978). Helium gas was used to 

strip volatile components which were trapped on a cartridge containing 

adsorption resin. The trapped compounds were thermally desorbed and 

analyzed by gas chromatography. 

The high concentrations of biogenic compounds in environmental 

samples necessitated a "clean-up" step to remove as many interferences as 

possible. The extracts were reduced in volume with a rotary evaporator and 

"cleaned" by gel permeation chromatography on a styrene/divinyl benzene 

copolymer, size exclusion resin using methylene chloride as the elution 

solvent. Most biogenic molecules, which are generally larger.than simple 

hydrocarbons, were unretained by the resin and eluted before identifying the 

molecules of interest (Bieri et al., 1981). Two fractions named Gl+G2 and 

G3 were collected. Aromatic hydrocarbons and many polar anthropogenic 

substances eluted in the G3 fraction, was then separated into six 

subfractions (G3.1 through G3.6) of increasing polarity using high pressure 

liquid chromatography (HPLC). HPLC fractionation was carried out on a semi

preparative cyano-amino normal phase column. The first, non-polar, 

subfraction was eluted with hexane, after which methylene chloride was added 

into the solvent mixture. Twenty five percent methylene chloride in hexane 

was used to elute the aromatic fraction, and 100% methylene chloride 

acetonitrile and methanol was used to elute sequentially the more polar 

fractions. Compound classes eluted in each fraction are given below: 



G3.1 aliphatic 

G3.2 polynuclear aromatic hydrocarbons (PAHs) 
polychlorinated biphenyls (PCBs) 
DDT 
DDD 
DDE 
mononitro-PAHs 

G3.3 cyano-PAHs 
ketones 
amines 
indole 
carbazoles 
azaarenes with blocked nitrogen atoms 

G3.4 hydroxy-PAHs 

G3.5 azaarenes and aldehydes 

G3.6 organic acids 

18 

Preliminary examination of several samples analyzed from the first sampling 

showed few compounds in the G3.3 and G3.4 fractions enabling these two 

fractions to be combined and later analyzed as G3.~+4. Further, there were. 

no identifiable compounds in the G3.5 fraction, and the G3.6 fraction was 

overwhelmed by straight chain fatty acids typical of natural biological 

activity (Wakeham et al., 1983). These two fractions together with the 

G3.1 fraction which contains no compounds of interest were not analyzed, but 

were archived in the event that their future study is desired. 

Gas Chromatography 

The two fractions of major interest, the G3.2 and G3.3+4 were 

analyzed by capillary column gas chromatography using flame ionization 

detection. A Varian 3700 gas chromatograph temperature programmed from 

75° C to 300° Cat 6°/min was used for all analyses. Persilated glass 

capillary columns coated with 0.2µof phenylmethyl silicone stationary phase 

were prepared in this laboratory according to the method of Grob (Grob and 
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Grob, 1982). Columns were approximately 25m x 0.32mm i.d. using Helium gas 

as a carrier at a linear flow of 27 cm/sec. Data was collected and stored 

on a Hewlett Packard 3354B laboratory data system. Peak identification on 

the G3.2 fraction was done using the Aromatic Retention Index system of 

Bieri (Bieri et al., 1981). Selected marker peaks from each chromatogram 

were identified by visual comparison with standard runs made on the same 

day. Using these markers, computer programs written in this laboratory 

allowed the stored data to assign each peak an Aromatic Retention Index 

(ARI). The ARI is calculated by the formula: 

ARI 
X 

T 
X 

T mp 

1mf 

ARI mp 

T - T 
= 

__ x ___ m2 __ 
X 100 + ARI T - T mp mf mp 

= retention t~e of peak x 

= retention t~e of the last marker preceeding peak x 

= retention t~e of tbe next marker following peak x 

= ARI defined for the last marker preceeding x (ARI of 
markers are defined as 000 = naphthalene; 
100 = biphenyl; 200 = phenanthrene; 300 = pyrene 
400 = chrysene/triphenylene; 500 = perylene; 
600 = bengo(ghi)perylene) 

the 

Using the calculated ARI, computer programs then identified peaks from an 

ARI library generated from previously injected standards and mass spectral 

identifications. Quantitation of these chromatograms was carried out using 

an internal standard added prior to extraction. This method corrects for 

extraction efficiency variations and losses of material during the 

analytical procedure. 

Selected samples were analyzed by gas chromatography-mass 

spectrometry using a Varian 2700 GC interfaced to a DuPont 21-492B magnetic 

sector mass spectrometer. Ionization was by electron impact at 70 eV energy 
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and a scan was taken every 2.3 sec. A reverse search computer program 

utilizing ARI's was used to aid in aromatic compound identification (Hein, 

1981). Mass spectral identifications were made by comparison to previously 

published spectra, or comparison to spectra of authentic standards run in 

this laboratory. 

Data Analysis 

In environmental sampling from a population,it can be expected that 

an extraneous factor or factors will sometimes influence the magnitude of 

the parameter we are attempting to measure. In the case of sediments and 

their corresponding chemical burdens we know that differences between 

samples for factors such as percent volatile solids and grain size will 

cause variations in many of the target compounds we are attempting to 

measure. If enough data are available on the effect of an extraneous factor 

on the concentration of the variable of interest we can 'normalize' the data 

to account for differences between samples caused by the external variable. 

Statistically we can often account for the effects of external 

variables on the parameter we are most interested in by pairing samples with 

like characteristics, this is frequently done on the basis of sex, age, etc. 

In the case of sediment samples the pairing can be done on the basis of 

sample location, given two sampling periods or on the basis of some other 

factor, e.g., grain size. 

In our analysis of the chemical data from this study we have made 

extensive use of paired t-tests. These tests have been applied to: {I) 

replicate sample extractions; (2) different drying techniques; and, (3) 

different sampling times. 
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In addition, to reveal locations which might be influenced by the 

refinery outfall, we have plotted the concentrations of total resolved 

aromatic compounds, pyrogenic compounds and some individual compounds 

against percent volatile solids. On these graphs we have identified 

stations which appear to be outliers (i.e. not within the normal range for a 

constituent at a corresponding percent volatile solids level). 

Prior to statistical analysis, the distribution of the variable being 

analyzed was tested for normality by plotting the cumulative frequency 

distribution on normal probability paper. When deviations from normality 

occurred, logarthmic transformation of the data resulted in a normal 

distribution. 

Replicate Extractions 

In comparing the results between stations or sampling times it would 

be ideal to be able to extract each sample more than one time. However, due 

to the time and expense involved when performing relatively large numbers of 

analysis, this is not usually possible. In order to estimate the 

variability in extraction and subsequent analysis of samples, five samples 

were extracted in duplicate. The results of these extractions were compared 

with "paired t tests" which tested the variability between the 

concentrations of the eleven most abundant compounds in each pair. Similar 

tests were performed on the total resolved aromatics in each pair. The 

result of these tests are shown in Table 3. A provision was made in the 

tests for 'injection error' (the error expected on replicate injections of 

the same sample) of approximately 5%. As can be seen from the table, the 

replicate extractions were quite similar with the largest deviation being 



-
X Ext. 1 

-
X Ext. 2 

Std. D. of Dif. 

Std. E .. of Dif. 

x Dif. 

+ -Dif. (- 5% x) 

Paired •·t I 

DF 

Table 3 

Paired 't' Tests 
of 

Replcate Extractions 

Sam:ele 
21 22 25 - -
38 40 108 

35 47 80 

8 8 35 

2.5 2.4 11 

-2.6 7.3 -28 

2 3 5 

-0.2 1.80 -2.09 

10 10 10 

22 

' 

27 2 

90 105 

89 100 

11 12 

3.6 4 

-1.2 -5 

5 5 

1.10 1.20 

10 10 
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25% and the mean difference between samples being much less, 11%. None of 

the paired extractions were shown to be statistically different. 

Freeze Drying vs Chemical Desiccation 

23 

In an attempt to reduce loss of some of the lower molecular weight 

compounds during freeze-drying it was decided to try desiccation of the 

sediment samples with Na2so
4 

and precipitated silica, a technique utilized 

in pesticide analysis. Before adopting this procedure for use in the second 

grid sampling, we compared results obtained with this technique to the 

freeze-dried samples from the first sampling period and made comparisons 

using samples with higher contamination levels from the Elizabeth River. 

Differences between samples were tested with 'paired t tests' for the eleven 

most abundant compounds and on the total resolved aromatics. 

Samples were desiccated with a 9:1 mixture of Na
2
so

4 
and silica, the 

amount of desiccant mixture utilized varied depending on the moisture 

content of the sample, normally a 1:1 mixture was used. The desiccant was 

mixed with the sediment sample and the mixture was then refrozen to 

facilitate drying. After freezing, the sample was triturated and extracted 

as previously described. 

Results from the two methods of drying are shown in Table 4. For the 

five comparisons of the York River samples, none were shown to be 

statistically different (a= 0.05). 

Statistical comparisons of three Elizabeth River samples, for the 

eleven most abundant compounds. did not show significant differences between 

the two drying techniques. However, when the chemically desiccated samples 

from the Elizabeth River were compared to those freeze-dried, five lower 

molecular weight compounds (naphthalene, methyl naphthalene, c2+c
3 
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Table 4 

Paired 't' Tests 
Freeze Dried vs Chemically Desiccated 

e 

Sam2le 
2 16 19 25 30 - ·-

x F.D. 352 76 189 205 45 

-x Na2so4+Q 368 66 169 230 51 

Std. Div. of Diff. 108 36 63 59 15 

Std. Error of Diff. 31 11 19 18 4 

i Difference -16 10 -20 25 -6 

Dif. (! 5% of x) 17 3 9 11 3 

Paired 't' -0.03 0.6 -0.6 0.8 -0.8 

D.F. 11 11 11 11 11 

'l 
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naphthalenes and biphenyl) were shown to be higher in the chemically 

desiccated samples. Similar comparisons with the York River samples did not 

show significant differences between the two drying techniques. However, 

concentrations of these compounds in the samples tested were quite low, 

making meaningful comparisons difficult. 

Since no significant differences were detected in comparisons of the 

two drying techniques with the York samples, it was concluded that the use 

of the chemical desiccation technique would not bias the results of the 

second survey and perhaps even more accurate information on the 

concentr?tions lower molecular weight compounds could be achieved. 

Consequently, we decided to utilize the chemical desiccation technique in 

the second sediment survey. 

RESULTS 

Sediments 

Two characteristics (percent volatile solids and percent solids) of 

the sediments sampled along the grid during the two surveys are shown in 

Table 5. In comparing the _March and December sampling periods, most 

stations were quite similar, however, relatively large decreases in volatile 

solids were observed at stations 3, 5 and 29 while increases were noted at 

stations 16, 17, 24 and 35. These changes between sampling periods were 

reflected in corresponding decreases and increases in total resolved 

aromatic hydrocarbons. 

Correlations between percent solids and percent volatile solids are 

shown in Figure 2 for the March sampling period while Figure 3 shows the 
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relationship between percent organic carbon and percent solids. Similar 

relationships were observed between percent solids and percent volatile 

solids in the December samples. Organic carbon analysis were not conducted 

on the December samples, since the correlation with loss on ignition 

(volatile solids) gave such a good estimate of total organic matter in the 

March samples. 

Levels of total resolved aromatic hydrocarbons and the 14 most 

abundant pyrogenic compounds found during the two surveys are tabulated in 

Table 6. 

Three dimensional views of two sediment parameters along the sampling 

grid are shown in Figures 4 and 5 for percent solids and in Figures 6 and 7 

for loss on ignition. The figures show that the shallower inshore stations 

had high levels of total solids and correspondingly reduced levels of 

volatile solids. Station 31 located inshore of the refinery pier is an 

exception to this general trend. Deeper offshore stations had lower levels 

of total solids and higher levels of volatile solids. 

Figures 8 and 9 give three dimensional views of total resolved 

aromatic hydrocarbons along the sampling grid during the two surveys. While 

these figures ap_pear to show that some· stations have elevated levels, they 

do not consider the influence of volatile solids levels on the 

'contaminants' being measured. 

Regressions of total resolved aromatic hydrocarbons in the sediments 

samples against percent volatile solids are shown in Figures 10 and 11 for 

the March and December surveys. As can be seen from the figures, as percent 

volatile solids increase so do the concentrations of aromatic hydrocarbons, 

although considerable scatter is evident. On these figures we have noted 

I! 

e 
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Table 5 

~ 
Sediment Sediment 

Station % Volatile Solids % Sol ids 
Number 3/83 12/83 3/83 12/83 

9 

1 9.1 9.2 28.4 26.5 
2 8.2 7.7 31.9 29.4 
3 2.5 0.9 61.4 76.1 
4 0.9 1.0 71.9 72 .1 
5 2.6 0.7 57.8 73.4 
6 8.3 7.6 31.6 30.3 
7 7.9 7.3 32.8 28.1 
8 7.5 7.2 33.3 32 .8 
9 7.7 7.6 30.4 32.8 

10 7.9 4.6 31.9 31.4 
11 7.9 7.7 32.1 30.7 
12 8.7 8.2 29.1 29.6 
13 7.5 7.3 33.9 29.8 
14 6.7 6.8 37.4 35.5 
15 7.8 6.2 30.6 36.6 
16 3.5 6.4 53.0 36.4 
17 4.5 7.5 51.4 32.6 
18 8.7 7.3 25.7 32.6 
19 8.8 7.7 29.6 29.9 
20 8.7 8.1 29 .5 28.6 
21 8.1 8.0 31.4 29.3 
22 8.1 8.5 30.3 30. 7 
23 7.6 8.1 32.3 30.9 
24 5.7 7.8 45.4 32.1 
25 7.7 6.9 32.1 34.3 
26 9.1 7.6 29.2 33.5 
27 10.1 7.4 27.1 34.7 
28 1.3 0.8 71.3 73.8 
29 2.8 0.9 57.6 71.9 
30 2.0 1.1 62.4 72.0 
31 6.0 7.0 37.9 35.1 
32 0.6 0.7 74. 7 72.4 
33 0.9 0.8 71.3 72.8 
34 0.5 0.7 74 .3 73 .2 
35 0.4 2.4 77 .6 59.4 
36 0.6 0.6 73.6 74 .8 

~ 

Percent solids is the weight gercent of total sediment 
remaining after drying at 100 C. Percent volatile solids 
is the percent of dry sediment lost after heating it to 
600°C . 

• 
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Table 6 
Sediments 

Total and Pyrogenic PAHs (ppb dry wt) 

! 

Station Total Resolved* Total Pyrogenic** 
Number 3-83 12-83 3-83 12-83 

! 

01 9547 5715 5240 3205 
02 3235 1492 1074 959 
03 888 106 404 65 
04 43 73 24 42 
05 368 19 177 12 
06 2481 1020 707 436 
07 2580 880 823 441 
08 2565 782 802 443 
09 1910 452 717 374 
10 2063 1602 853 1031 
11 2170 953 563 493 
12 2112 455 574 383 
13 2233- 929 886 414 
14 1561 813 566 371 
15 1970 663 647 398 
16 623 748 331 341 
17 1824 3038 505 1515 
18 1834 970 749 433 
19 1582 764 659 521 
20 2022 702 707 427 
21 714 640 356 423 
22 2406 852 655 403 
23 1292 1580 500 462 
24 272 1753 126 835 
25 1602 2592 867 1191 
26 1620 2270 941 1092 
27 1910 2095 742 1003 
28 192 63 91 37 
29 1440 12 543 5 
30 328 156 229 90 
31 3690 3101 1600 1353 
32 20 51 13 16 
33 34 41 32 23 
34 15 4 4 2 
35 28 344 10 155 
36 20 35 8 0 

* Total resolved is the sum of all aromatic compounds ! 
resolved by the GC methods used. 

** Total pyrogenic is the sum of 14 selected compounds 
typically generated by combustion processes, these 
include: phenanthrene, fluoranthene, pyrene, 
benzo(b)fluorene, benzo(c)phenantherene, 
benz(a)anthracene, chrysene, benzofluoranthenes 
(j, b, k isomers), benzo(e)pyrene, benzo(a)pyrene, 
indeno(l,2,3-cd)pyrene and benzo(ghi)perylene. 
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Figure 2 

Correlation between loss on ignition and percent solids 
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Sediment samples collected in March, 1983. 
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Figure 3 

Correlation between-organic carbon content and percent solids 
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Figure 4 

Percent solids in sediments collected in March 1983 

75% 

% SOLIDS 

Percent solids was measured in sediments collected at the nodes of the grid shown. 



Figure. 5 

Percent solids in sediments collected in December, 1983 

75%. 

% SOLIDS 
Percent solids was measured in sediments collected at the nodes of the grid shown. 



Figure 6 

Loss on ignition in sediments collected in March, 1983 
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Loss on ignition was measured in sediments collected at the nodes of the grid showno 
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Figure 7 

Loss on ignition in sediments collected in December 1983 

10% 
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Loss on ignition was measured in sediments collected at the nodes of the grid shown. 
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Figure 8 

Total resolved PAH in sediments collected in ~arch 1983 

5000 

TOTAL RESOLVED PAH (PPB): 3-83 
PAH concentrations were measured in sediments collected at the nodes of the grid shown. 



Figure 9 

Total resolved PAH in sediments collected in December, 1983 
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TOTAL RESOLVED PAH (PPB) 
PAH concentrations were measured in sediments collected at the nodes of the grid shown. 
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Figure 10 

Regression of total PAH against volatile solids for sediments 
collected in March, 1983 
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Figure 11 

Regression of total PAH against volatile solids for sediments 
collected in December, 1983 
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stations which appear to deviate significantly from the general trend line. 

Identification of these outliers is somewhat subjective but more rigorous 

statistical treatment is precluded by the fact that a potential source is 

known. If we were sampling from a completely homogenous population, we 

could calculate a regression line by least squares utilizing all the data 

and identify the outliers with confidence intervals. However, when we 

suspect that a factor (e.g., an outfall or shipping activity), may be 

contributing to the variability, it is not statistically correct to include 

all the data points in a regression calculation. 

Figures 12 and 13 show the location of the stafions identified as 

outliers in the regressions of percent volatile solids and total aromatic 

hydrocarbons. On both sampling dates all stations identified as exceeding 

the expected levels of total aromatic hydrocarbons were located relatively 

near the refinery pier and outfall. Station 1 located near the downstream 

end of pier was much higher than the other stations in both surveys. 

Averaging the data from the two surveys produces the plot shown in Figure 

14. Stations 1 and 31 deviate most significantly from the expected levels, 

with all other 'outlying' stations being located relatively near the pier in 

deeper water with sediments high in volatile solids. 

We believe the method outlined above allows us to distinguish areas 

with unusual concentrations; however, the actual magnitude of the 

elevations observed appear to be quite small. Although few samples are 

available from the York to make comparisons, those collected by Voudrias 

(1981) in tributary streams where marinas were present had total aromatic 

hydrocarbons levels between 23 and 9.5 ppm. His control site, a tributary 

approximately 17 km upstream from the refinery, had a concentration of 2.5 



Figure 12 

Stations off of regression line of Figure 10 

Sediment samples from March, 1983 identified as outlying stations from the 
regression of total PAH vs. percent volatile solids. The stations circled are more than 1200 ppb above the regression line. 
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Figure 13 

Stations off of regreijsion line of Figure 11 
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Sediment samples from December 1983 identified as outyling stations from the 
regression of total PAH vs. percent volatile solids. The stations circled 
are more than 1200 ppb above the regression line. 



Figure 14 

Sediment station outliers for the mean of March and December 
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are more than 2000 ppb above the regression line. 
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ppm. Sediments collected from the mouth of the York during the spring and 

fall of 1979 had levels of approximately I ppm (Bieri et al., 1981). 

Unkulvasapaul (1984) analyzed sediments from two stations in the upper York 

River near West Point, where she found total aromatic hydrocarbon 

concentration of 3.6 and 2.7 ppn. 

During March of 1984 we collected 2 samples in the middle reach of 

the York River and analyzed them for total aromatic hydrocarbons. The 

concentrations found were almost exactly those predicted by the regression 

line for the December refinery survey •. 

Temporal changes in sediment levels for most compounds were observed 

between the two surveys, concentrations decreasing at nearly all stations 

from March to December. Statistical comparisons between the sampling 

periods were made with· paired 't' tests and some of these are shown in Table 

7. Although decreases were observed for all compounds tested, statistically 

significant differences were shown for only the total resolved aromatic 

hydrocarbons. 

The concentration of the 20 most abundant aromatic compounds with 

their ARis and tentative identifications for the two sediment surveys can be 

found in Appendix I. Qualitatively the aromatic fractions were quite 

similar in composition between stations and sampling periods. Fluoranthene, 

benzofluoranthenes, pyrene and chrysene were usually ranked at the top, 

followed by perylene, benzo(a&b)fluorene, benzo(a&e)pyrene, phenanthrene, 

benzo(ghi)perylene and C-2 (phenanthrene/anthracene). 

Recently, Sporstol et al., (1983), proposed a method which may be 

used to distinguish between PAHs from petrolewn and combustion sources in 

sediments. Selected series of aromatics (unsubstituted cG111pounds and their 



Table 7 

Paired t Tests 

March with December Sediment Samples 

X 3-1983 

i 12-1983 

Std. Div. Diff. 

Std. Error of Diff. 

x Difference 

- + -
X Di ff • ( - 5 % 0 f X) 

Paired 't' 

D.F. 

;1og transformation 

Total 1 

Res. Arom. 

6.65 

6.18 

1.10 

0.19 

-0.47 

0.05 

-2.20* 

35 

sign. different at a=0.05 

Pyrogenics 

659 

538 

447 

75 

-121 

30 

-1.21 

35 

B(a)A 

43 

34 

36 

6 

-9 

2 

-1.2 

35 

B(a)pyrene 

38 

33 

28 

5 

-5 

2 

-o .6 

35 

Fla -
129 

98 

131 

22 

-30 

5 

-1.3 

35 

44 

... 



.. 

c
1
-c

3 
alkyl homologs) are quantified and the ratios of their abundance 

calculated. Since petroleum contains a greater proportion of alkyl 

homologues for given series of aromatic compounds than combustion sources 

do, the finding of high ratios of the alkyl substituted compounds in 

sediments may be used to indicate a possible source of these compounds. 

We calculated these ratios for the phenanthrene/anthracene series at 

the various stations along the sampling grid, where they were identified. 

45 

At most stations the unsubstituted compounds ranked one, as would be 

expected if combustion processes were the major source. However, at 7 of 17 

stations compared the c1-alkyl homologue was almost as abundant, indicating 

at least some contribution from petroleum. These calculations suggest that 

the aromatic hydrocarbons identified in the sediments during the study were 

of mixed origin. 

Clams 

The levels of total resolved aromatic hydrocarbons found in clams 

during the two surveys are shown in Table 8. Concentrations at all stations 

were much lower during the December survey. In the April survey it appeared 

that station to station differences existed with the station located nearest 

the outfall, station 1, exhibiting the highest average concentration. 

However, an analysis of variance performed on the April survey data failed 

to reveal significant differences between stations. Even though composite 

samples were analyzed, considerable variation in the results within a 

station is evident from the data and this variability undoubtedly made 

detection of differences, if they exist, difficult. Increasing the number 
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Table 8 

Concentrations of Total Aromatic Hydrocarbons 
in Clams (ppb/dry weight) 

Station 
1 4 6 7 

415 585 230 165 
1,140 1,485 295 235 

April 1,950 550 170 1,255 
Samples 2,300 360 395 1,555 

X 1,450 745 275 805 

75 230 130 360 
185 310 170 20 

December 95 405 65 25 
Samples 110 70 115 250 

X 115 255 120 165 

Total resolved aromatic compounds for each of four 
composite samples (five individuals per composite) 
at each station. 



of analyses within stations to at least 10 would be required at this level 

of variation to detect between station differences. 

An analysis of variance on the total data set to detect differences 

either between sampling periods and/or stations is shown in Table 9. As 

expected, no differences between stations were shown by this test, but a 

highly significant difference between sampling periods was shown. 
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We hypothosized in the proposal that the clams spawning cycle with 

its corresponding lipid, build up and release, might cause variation in 

aromatic hydrocarbon residues. The data collected certainly seem to 

indicate that season plays an important role in determining the levels of 

aromatic residues in clams from the lower York River. Lowered metabolic 

rates of clams during the winter could also contribute to the lower residues 

observed by slowing the rate of uptake from the water and/or suspended 

solids. 

As discussed in the next section, the compounds found in clams at 

highest concentrations were of relatively low molecular weight (see Appendix 

II and Table 12). Although these compounds were also found in the sediment 

samples, their relative abundance in clams was much higher than in the 

sediments. 'lbe lower molecular weight aromatic compounds are more water 

soluble than those of higher molecular weight (MacKay and Shiu, 1977; May 

and Wasik, 1972); however, bioconcentration by animals from s9lution 

usually increases linearly with decreasing water solubility (Chiou et al., 

1977 and Yang & Sun, 1977). The differential partitioning of compounds 

between sediment and water may account for these observations. If the 

higher molecular weight compounds desorb less from sediments than those of 

lower molecular weight they might not be available for uptake if the uptake 
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Table 9 

AN0VA-API Clams (Total Resolved Aromatics) 

Sum of* Mean 
Squares df Square F 

Sampling Time 34.35 1 34.35 17.98-k-A-

Station 13.84 3 4.61 2.41 

Interaction 14.64 3 4.88 2.55 

Sub Total 62.83 7 

Within Groups 45.78 24 1.91 

Total 108.61 31 

*times 105 

**sign at r_ 99(1,24)=4.72 
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is primarily from solution. In addition, a relatively constant source of 

the lower molecular weight aromatics, e.g., from the effluent, might account 

for the uptake patterns observed. Although only two composite samples of 

the effluent were analyzed, the first sample showed an abundance of the 

lower molecular weight compounds. 

MASS SPECTRA ANALYSIS 

Sediment 

Compounds identified by mass spectral analysis of the G3.2 fractions 

are shown in Table 10. The identifications were made by comparison to 

previously published spectra, or comparison to spectra of authentic 

standards run in this laboratory as well as by ARI data. Correlations of 

these spectra with ARI data generated in this laboratory allow a great many 

of those compounds to be identified by the ARI computer program used with 

the GC/FID data. Many compounds identified in these extracts have been 

reported in aromatic fractions of sediment extracts from the Chesapeake Bay 

and adjoining waters (Bieri et al., 1981; Bieri et al., 1982; Smith et al., 

1979). Moreover, these compounds are ~biquitous to many widely separated 

aquatic sediments (Wakeham et al., 1980a; Laflamme and Hites 1978). 

Sources for these hydrocarbons are difficult to assess since most 

aromatic hydrocarbons have several potential sources. In general, the major 

sources are combustion and petroletnn input. Many compounds (substituted and 

unsubstituted) found in these sediments have been reported in both crude 

oils and in combustion products from a variety of fuels (Ramdahl 1983a; 

Grimmer et al., 1983; Yu and Hites 1981). Therefore, the presence of the 



M>lecular 
Chnp>tni ~ht 1A 3A 

c2-Benzene 106 - -
~-Benzme 

106 - -
-Benzene 120 - -
-Benzene 120 - -
~~ 118 - -
~4- zene 134 - -
~thyl thiobenzene 124 - -
c
4
-Benzene 134 - -

~Benzene 134 - -
~~~~o 

132 - -
132 - -9 0 

~4-Benzene 134 - -
NaJilthalene 128 000 -
Benmthiopiene 134 - -
ci-c~o 146 - -
l~9 o 146 - -

Benmthiopiene 148 - -
2-M?-Naphthalene 142 54.9 -
M?-Benmthiopiene 148 - -
1-M?-Naphthalene 142 62.7 -
Bipienyl 154 100 -
Et-Naphthalene 156 103.2 -

(l 

TABIE 10 

Chnpnnis Identified by Mass bpectranetry 
Saiiment - G3.2 am Effluent - G3.2 

N.mbers are ARis. 

Sediment March 1~3 

12A 13A 21A 24A 31A 

- - - - -
- - - - -
- - - - -
- - - - -
- - - - -
- - - - -
- - - - -
- - - - -
- - - - -
- - - - -
- - - - -
- - - - -

000 000 000 - 000 
- - - - -
- - - - -
- - - - -
- - - - -

51.8 53.9 54.8 - 55.6 
- - - - -

60.7 62.4 62.3 - 62.9 
100 100 100 - 100 
103.9 103.7 - - 103.3 

Sediment JB:arber 1983 
Effluent Effluent 

/il lC 6C 23C 25C 12 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

000 000 000 000 000 000 
4.9 

33.7 
37.2 
53.1 
58.1 55.2 54.4 53.6 54.7 56.5 
60.3 
- 63.4 63.1 · 63.7 62.9 

100 100 100 100 100 100 
103.5 

V1 
0 

IS ~ 



Table 10 (continued) 
' • 

Sediment M:lrch 1983 Sediment December 1983 
1-blecular EffllBlt Effluent 

Clmp:nnl leight IA 3A 12A 13A 21A 24A 31A III IC 6C 23C 25C 12 

c2 -Naphthalene 156 106.2 106.1 106.3 105.9 106.3 106 106.7 106.5 

2-Naphthalene 156 106.9 107.2 
-Benzothioinene 162 108.9 

~-Naplthalene 156 109.9 109.9 110.5 109.9 110.8 110 110.6 
-Naphthalene 156 111.2 111.0 

~-Naplthalene 156 111.9 

2-Naphthalene 156 115.3 115.6 115.7 115.1 115.7 116 115.2 115.6 
.Acenapithrylene 156 117.2 117.4 117.7 117.5 
c
2 
-Naphthalene 156 119.8 119.3 ~ 119.4 120.2 119.1 

.Acenaphthene 154 127.5 127.1 127.0 126.9 127.5 128.1 127.2 127.5 126.9 
4-M:!-Biphenyl 168 129.3 128.2 129.0 128.7 129.3 128.5 129.l 
3~Biinenyl 168 131.0 130.8 130.9 131~9 131.6 
~Naphthalene 170 133.5 133.3 133.7 133.3 133.7 

154 168 133.7 
~~-Naphthalene 170 133.7 133.0 
D enzofuran 168 135.4 135.2 136.0 135.8 136.0 135 •• 7 135.6 
~Naphthalene 170 135.8 

154 168 137.2 
c
3
-Naphthalene 170 137.2 

2-Naphthalene 170 139.0 138.8 139.0 138.6 
~-Naphthalene 170 140.0 139.8 139.9 140.4 139.6 

kmwi 159 140.6 
c
3
-Naphthalene 170 141.9 

C -Bitfienyl 182 141.4 141.0 140.7 140.6 141.2 
~-Naphthalene 170 143.9 144.4 142.9 143.6 



'Iable 10 (continll:!d) 

Sediment Mlrch 1983 
M:>lecular 

0:mJX?lm \eight 1A 3A 12A 13A 21A 

C -154 182 143.9 143.1 
~-Ben:wthioJhene 176 

-Napithalene 170 145.2 145.0 ~ 

~-Napltbalene 170 
rl-Napithalene 170 149.1 148.9 148.8 

wrene 166 152.8 152.7 152.1 152.4 
~Naphthalene 110 154.6 

154 168 
Flwrene 166 
C -154 182 156.9 
~.Acenapithene 168 157.7 
C -154 182 157.7 
~kenapithene 168 159.1 
C -154 182 159.1 159.5 159.6 
~!-Napthtlene 184 
C -154 182 
~Dibenzo fur an 182 163.6 162.7 163.1 162.3 
~Diben20fura1 182 166.3 166.4 166.3 166.2 
~4 -Napithalene 184 
!e-Dibenmfuran 182 168.7 168.8 
c4-Naphthalene 184 
C -154/ 
2t;:nibenmfuran 182 

~4-Naphthalene 184 
C -154 210 173.4 175.0 174.0 173.7 4 

(I • 

Effhett 
24A 31A ill 

144.8 
145.1 

147.1 
148.9 151.4 
152.9 

155.5 

157.9 158.3 

159.9 159.9 
159.9 
162.3 

163.2 
166.8 166.4 

167.8 
169.4 
170.9 169.8 

170.8 
172.5 

Sediment ~enber 1983 

lC 6C 23C 

152.9 152.4 

157.6 

163.3 
167.1 165.6 

25C 

152.5 

162.9 
165.9 

168.6 

Effltent 
12 

144.9 

152.1 

155.3 

156.7 

162.5 

169.2 

VI 
N 



• 
'Dlble 10 (continued) 

Sediment March 1983 Sediment ll:!canber 1~3 
M:>lecular •Effluent Effbent 

O:mpn.n:l \eight 1A 3A 12A 13A 21A 24A 31A 111 lC 6C 23C 25C 12 ---
c4-Naphthalene 184 175.6 176.4 174.9 
9,10-Dih)droanthracene 100 176.9 
~4-Naphthaleoe 184 177.9 
~4 -Na{ilthalene 184 179.4 
?,-Na{ilthalene l~ 179.4 
q-Na{ilthalene 184 179.7 100.4 

2~Flmrene 180 182.3 181.9 182.5 182.3 
c3-154/C,Dibenmfurm 196 182.3 
~4 -Napit lene 184 182.9 
C -154 182 183.3 
l~Flmrene 100 183.8 183.6 183.8 183.3 
thkn:n,n 183.3 
~Flmrene 100 184.5 
C -154 182 184.8 
~Flmrene 18> 185.4 185.8 186.3 
~154/C2-Dibenmfurm 196 185.4 185.4 185.6 185.3 185.8 186.3 184.9 

ture 187 .7 187.5 
~Naphthalene 1~ 188.4 

Flmrene 18> 188.4 
c3-154/2-Dibenmfurc11 196 188.6 
~154/ 2-Dibenmfuran 196 l~.8 1~.8 1~.5 189.7 1~.6 189.4 

Flmrene 180 1ro.5 
~4-Naphthaleoe 184 190.8 1ro.6 
c3-154/2-Dihenmfuran 196 191.3 191.5 192.0 191.6 192.6 
c3-154/ 2-nibenmfuran 196 192.2 192.3 192.2 192.4 192.0 192.9 192.4 192.3 



'I.able 10 (continued) 

Sediment March 1983 Sediment ~eober 1983 
M:>lec u1. ar EffllBlt Effluent 

CbnJX>lni \eight 1A 3A 12A 13A 21A 24A 31A /Fl IC 6C 23C 25C 12 

~4-Napithalen:! 184 193.1 
~,154/!e-Dibe.nm fur an 182 193.1 
D e.nmthiopiene 184 193.9 193.8 1~.o l~.O 193.6 l~.8 l~.2 193.3 193.7 
c3-154/i-DibEl12Dfurai 196 195.3 195.4 195.8 194.8 195.5 195.0 
c3-154/ -Dibenmfurai 196 196.2 196.3 195.9 
~4 -154/ -Dibenm fur an 210 196.3 
~154/ 2 -Dibe.nmfuran 196 198.2 198.6 198.1 

nanthrene 178 200 200 200 200 200 200 200 200 200 200 200 
c5-Napithalene 198 203.9 
c3-154/~-Dibenmfuran 196 203.9 
Aiithra:ene 178 203.7 202.6 203.8 203.7 202.7 203.9 202.5 203.3 2~.1 2C1..5 203.4 
~4-154/2-nibenmfurm 210 206.6 
c3-154/ 2-Dibenmfuran 196 206.6 
~-Flmrene 1~ 213.2 213.5 213.5 213.5 212.8 

-Flmrene 1~ 215.5 215.5 215.8 216.1 215.6 214.8 
s-154/C2-Dibenmfuran 196 216.1 215.8 
C -Flmrene 1~ 217.5 217.9 216.9 216.9 217.4 216.8 
c!-154/~ -Dibenm fur an 210 216.9 
~4-154/ -Dibenmfuran 210 218.0 
C -Flmrene 1~ 221.2 219.7 
c!-154/l-Dibenm furan 210 220.6 221.1 219.7 
~-Napit lene 1~ 221.4 

3-I54/c2-Dibenmfuran 196 221.4 220.5 

(I " 



i 
,, 

Table 10 (continl.12d) 

Sediment Mlrch 1983 Sediment D:!cenber 1 ~3 
M:>lecular Effluent Effluant 

Omp>urd I-eight 1A 3A 12A 13A 21A 24A 31A #1 lC 6C 23C 25C 12 

C -Floorene 194 221.4 
~Dibenmthiopiene 1~ 223.4 223.6 224.4 224.1 224.2 223.8 
~4-154/C3-Dibenmfura1 210 226.4 227.1 226.9 225.9 
M:!-Dibenmthiopiene 1~ 226.4 
1-Phenylnaptthalene 20!. 227.3 227.7 228.4 228.3 228.4 228.7 228.1 227.3 227.9 
c4-154/C:3-Diben20 fur an 210 227.3 227.7 228.4 229.5 229.5 
C -Floorene 194 229.5 
~ -154/s-Dibenmfurai 210 230.5 230.4 
M!-Dibenmthiopiene 1~ 230.1 230.7 230.5 230.4 231.3 231.6 231.0 
clf.-154/c3-Diben20fura1 210 232.0 
M:!-Dibeoothiphene 1~ 232.0 
~Dibenmthiophene 1~ 233.4 
3-i-2--Phenanthrene 192 236.6 237.6 236.6 236.8 237.5 237.2 237.6 238.1 237.5 237.9 237.5 236.9 
2-Me-Phenanthrene 192 239.1 239.0 239.0 239.0 239.6 239.0 'JA0.7 239.6 239.1 239.3 238.9 238.4 
:te-Phenanthrene 192 242.0 
4-H-Cyclopenta(def)- 190 241.9 243.3 243.0 243.3 242.5 243.8 243.8 243.4 243.0 

phenanthrene 
~178 192 244.2 244.4 244.9 244.8 244.0 245.2 ' - 244.5 244.3 244.3 
~178 192 245.8 246.5 245.9 246.4 246.2 245.6 245.4 246.6 W,.7 245.9 
c
4 
-Acenaplthrylene/ 208 250.1 251.8 
C -Fll.Drene 

2 ~ibenmthioihene 212 254.9 
-Dibenmthiopiene 212 256.2 255.3 256.3 255.5 255.4 256.0 
~ -Acenafhthrylene/ 208 256.7 256.7 257.8 

C -Floorene 
2~en20thioihene 212 260.3 258.2 

3
-Floorene 208 200.8 261.6 



'D:lble 10 (continuad) 

SedimEnt Mn-ch 1983 Sediment ~anber 1 ~3 
M>lecular Effluent Effluent 

Cbnp>uni Q!ight IA 3A 12A 13A 21A 24A 31A :/JI IC 6C 23C 25C 12 

2-Phenylnaphthal.eoe 204 261.1 262.5 262.1 262.9 262.5 261.7 261.6 262.5 261.7 261.7 

2-oibenmthiopiene 212 262.5 262.1 
-Floorene :m 263.1 263.0 

~-oibenzthioptene 212 265.7 
-178 206 266.0 267.3 266.6 262.1 
~ -oibenmthioitJene 212 269.3 269.7 270.0 269.8 268.6 

koo'f.tl'l 240 269.3 
C -178 206 269.2 
~ -oibenmthioitJene 212 270.4 

-178 206 271.3 272.2 272.4 272.3 272.3 272.3 271.2 
~-Dibenmthiojhene 212 272.3 

-178 206 273.0 273.3 272.9 273.7 
~-178 206 273.2 274.l 274.4 

-178 206 276.5 275.7 275.8 277.2 275.2 
~-178 206 278.8 279.1 279.8 279.1 279.3 279.7 28>.4 279.9 279.8 

-178 281.5 281.2 281.8 28>.8 281.8 28>.8 
2-178 206 282.6 283.3 282.8 283.9 283.2 283.5 282.2 W..7 
~-Dibenmthioptene 226 283.3 282.8 

2
-Dibenmthiopiene 226 284.7 
-178 206 284.7 285.1 

~ -oibenmthioitJene 226 285.1 
-178 206 287.0 

rtmranthene 202 286.4 285.8 287 .6 285.4 286.5 285.9 286.8 287.0 285.9 286.2 285.9 286.9 

(t ',I 



Table 10 (continued) 
.. 

Sediment M!lrch 1983 Sediment D:?cenber 1 ~3 
M>lecular Effhent Effhent 

CbnJX)lm \eight 1A 3A 12A 13A 21A 24A 31A tn lC 6C 23C 25C 12 

c3 -Dibenzothiophene 226 291.1 289.8 290.0 290.1 291.6 290.4 290.3 290.2 289.7 
Benzo(def)dibenzo- 208 293.7 294.8 296.1 295.0 294.7 294.8 295.7 295.6 295.6 295.8 

thiophene 
C -178 206 295.5 
~pienylna[hthalene 218 293.7 296.1 294.7 294.8 295.6 
c3-Dibenmthiophene 226 297.5 296.2 
Pyrene 202 D) 300 300 300 300 300 300 300 300 300 300 300 300 
c3-118 220 300 300 
C -Dibenzothiopiene 226 300 
~Cyclopenta(def)- 2~ 302.2 303.6 

Jitenanthrene 
~Phenylna[hthalene 218 302.2 :l>3.8 n.1 303.7 303.9 303.4 n.o 303.5 30!..6 30!..2 ~-4 
c3-178 220 306.3 303.6 
~Dibenmthiopiene 226 303.6 

Phenylna[hthalene 218 306.5 
~Phenyl naphthalene 218 309.1 308.6 308.1 309.3 309.4 309.8 310.6 310.4 309.6 
~:zothi.opiene 226 309.1 309.8 308.8 

252 310.6 
~Phenylnaphthalene 218 312.1 
i178 220 313.2 314.0 313.8 

Phenylnarhthalene 218 313.2 314.0 313.8 314.0 
C -178 220 315.3 314.5 315.1 315.0 315.4 315.5 -315.5 315.3 315.7 315.7 
~Phenylna[hthalene 218 315.0 316.1 
C -178 220 316.6 
~Phenylna[hthalene 218 317.8 
~178 220 318.5 ~ 318.4 

202 216 320.2 321.0 



'.lable 10 (contime:l) 

Sediment March 1983 
M>lecular 

Omp:>lDI \eight 1A 3A 12A 13A 21A 

c3-178 220 320.2 319.6 
C -178 220 
~Phenylnapithalene 218 320.2 
Me-202 216 323.0 322.6 321.8 
~208 222 
c
4
-Dibenmthio(hene 240 

p,p'-DIE 316 326.3 
~178 220 

202 220 328.2 328.3 
Me-202 216 329.7 l'31.5 330.1 330.9 
c
2 
-Phaiylnaphthal.ene 232 329.7 

Benm( a) flmrene/ 216 331.5 331.6 
Me-202 

Retene 234 334.2 
Benzo(b)floorene/ 216 336.3 336.2 336.9 

Me-202 
M:?-Phenylnapithalene 218 337.6 
~Phenylnaphthal.ene 232 337.6 

202 216 336.4 
Me-Phatylnaphthal.ene 218 340.2 
~Phenylnapithal.ene 232 340.2 

202 216 341.8 
Me-202 216 344.1 343.5 343.6 343.2 343.6 
i-Phenylnapithalene 232 344.1 343.2 

202 216 345.8 345.9 345.6 345.9 
c
2
-Phenylnaphthalene 232 345.9 

C -Phenylna(itthalate 232 349.2 
s-Phenylnapthtalene 232 352.0 

(t 

Effluent 
24A 31A ll 

320.8 320.4 
321.9 

320.8 
323.3 
324.8 
324.8 
326.8 
326.8 
328.9 

330.2 330.7 

334.3 334.5 

336.3 337.0 
341.1 

343.2 344.0 344.6 

346.3 346.8 
346.3 

Sediment D!cenber 1983 

lC 6C 23C 25C 

319.4 319.5 

321.2 
323.5 323.9 323.9 324.3 

330.9 

332.0 332.2 331.6 

335.4 
337.0 334.6 

337.0 337.6 
340.9 341.5 

344.8 344.5 344.7 

345.4 

352.2 

'·' 
,. 

Effluent 
//:2 

320.4 
322.9 

331.1 

341.6 

344.0 

346.5 

351.6 

U1 
00 



'lable 10 (continued) 

Sediment 'ttlrch lg'i3 Sediment Il2caober 1983 
~lecular EffltEnt Effluent 

O:mp>u:d le~ht IA 3A 12A 13A 21A 24A 31A 11 IC 6C 23C 25C 12 

lhkmwt 244 357.8 
C -202 230 359.4 359.7 
c!-178/Benm- 234 3&>.2 360.0 361.7 360.1 360.2 

napith>thiopene 
2-202 230 362.4 362.0 362.8 

-202 230 364.9 366.6 367.7 366.0 367.5 367.4 
2-208 236 366.0 367.9 
~-202 230 369.8 

-202 230 372.3 371.5 372.4 372.8 372.3 373.0 372.6 
2-202 230 376.1 377.7 377.7 
~nmna[hth>thio(hene 234 376.1 377.8 378.7 377.4 376.9 377.7 378.9 379.0 378.9 
C -202 230 379.2 
Jn20napith>thio(hene 234 380.2 
Benzo(ghi)flooranthene 226 379.3 381.1 379.8 379.9 379.3 380.2 381.9 380.5 381.2 382.0 
Benm(c)[henanthrene 228 379.3 381.1 379.8 381.5 lm.9 381.8 
C -202 230 381.1 379.8 380.4 
~20napiUnthiopiene 234 383.0 383.1 
Benmnaphth:>thiopiene 234 385.5 385.8 385.7 386.8 
C -202 230 385.8 386.7 387.5 
2-202 230 388.3 388.9 388.7 
~20napith:>thiopiene 234 387.5 
Ben20napithothiopiene 234 389.9 3~.7 391.7 3~.4 
lhkmwi 295 391.1 
Ben20(a)anthracene 228 396.7 396.4 398.0 396.7 396.9 397.9 398.2 397 .6 397.7 397.4 398.6 
0:arysene/triphenylene 228 400 400 400 400 400 400 400 400 400 400 400 400 400 
'letranethyloctahydro- 292 400.8 398.7 400.7 

chrysene 
lhkrDm ( Base 178) 401.6 400.6 400 



'D:lble 10 (contim.al) 

Sediment March 1983 
M:>lecular 

0:mP? lJ'd \eight lA 3A 12A 13A 21A 

lhkn:>Wl 228 403.5 ·403_4 
Tetranethyloctah)dro- 292 ~-4 405.6 

chrysene 
'letranethyloctah)dro- 292 

chrysene 
lhkno\,11 258 ~-4 
C -202 2'44 
~knowi 226 
thkm\,11 228 
M!-234 248 406.5 
C -202 2'44 
~knoWl 292 409.1 410.2 
~202 244 

228 242 411.6 411.8 
M!-234 248 411.6 411.8 
C -202 2'44 
~234 248 414.4 413.0 
Me-228 242 414.1 
~-202 244 

knom 292 
Me-234 248 417.1 
C -202 244 
~228 242 419.3 
Me-228 242 419.3 
M?-234 248 420.1 419.3 
C -202 244 
~m (Base 419.3 

peak 178) 
M?-234 248 
Me-234 248 427.6 

(f 

Effluent 
24A 31A 411 

~-5 

408.2 

404.5 
~-5 
404.5 

409.0 

411.4 

415:6 

420.2 

426.3 

Sediment IRcanber 1983 

lC 6C 23C 25C 

403.4 
~-5 403.6 

407.6 

405.1 
405.1 

407 

412.9 
413.2 

420.l "20.6 

424.5 

\f '* 

Effluent 
/12 

405/4 

408.3 

410.8 

412.8 

417.6 

419.0 

420.9 

(J'\ 

0 



'lable 10 (contin~) 

Sediment March 1~3 Sediment ~enber 1~3 
t-t>lec ular Effluent Effluent 

Cbnpllm \eight IA 3A 12A 13A 21A 24A 31A #1 IC 6C 23C 25C /12 

C -202 244 - 428.8 
~228 242 429.1 429.7 428.2 428.1 
!e--228 242 431.1 431.3 431.1 431.6 431.3 431.0 431.4 431.4 431.0 430.9 
M!--228 242 433.2 433.5 433.3 433.6 
!e--226 240 434.1 434.6 434.0 
ME-228 242 435.0 
lhkmw 326 434.4 
M!--226 240 435.5 436.7 
M!-226 240 438.0 437.8 437.6 
C -234 262 437.5 437.8 438.0 
Mt-228 242 438.5 
C -234 262 440.1 
~228 242 440.7 440.1 439.5 440.1 
1-Pheny~(henanthrene 254 440.7 
2,2'-Binaphthyl (spike) 254 443.6 446.3 447.1 445.9 444.8 447.0 446.1 446.0 446.7 446.0 
Unknowi 420 457.1 
c2-228 256 458.7 459.8 460.9 459.1 459.9 460.1 
C -228 256 463.0 462.9 
~nm( j ,b ,& k)- 252 475.8 474.8 475.8 475.2 475.2 476.4 474.6 476.4 476.9 475.1 475.9 476.9 

flooranthenes 
C -234 276 48>.4 
3 252 '"31.5 482.0 482.4 481.8 482.7 Benm(e)a:eplenan-
thrylene 

C -234 276 484.0 
2-234 276 488.4 
3 Benm(e)pyrene 252 4~.7 493.9 491.0 492.1 491.1 491.2 491.0 491.6 492.5 491.0 492.1 492.3 

Benzo(a)pyrene 252 494.7 496.7 495.1 494.8 495.0 494.9 493.9 495.7 494.8 494.9 495.1 494.7 
lhknowi ( Base peak 178) 4~.8 495.0 
Peryle.ne 252 500 500 500 500 500 500 500 500 500 500 500 500 
M:!--252 266 506.1 



'!able 10 (continued) 

Sediment March 1~3 Sediment ~ember 1~3 
M>lecular EffllBlt Efflt.e1t 

Cbnp>lRi \eight 1A 3A 12A 13A 21A 24A 31A 411 lC 6C 23C 25C 12 

lhkmwn 306 ':IJ7.7 
Ma-252 266 ':IJ8.4 508.0 
!£-252 266 510.5 
lbpanoid 510.9 
lhkmYl 511.9 
Ma-258 272 512.1 
Ma-252 266 516.0 516.2 517.5 515.5 
lhkmwi 306 522.8 
~252 266 525.7 524.6 524.6 524.3 525.1 525.8 
~252 266 530.7 529.3 
~252 266 534.1 535.1 
lhkmwi 264 534.1 
Ma-252 266 537.0 538.2 537.7 537.0 538.1 
c2-252 2al 549.0 
Ii>pamid 553.4 
c2-2s2 2al 560.6 558.7 560.1 558.3 558.3 559.3 
p=Quaterpienyl ( Spike) 306 567.8 566.9 570.8 571.0 567.0 568.3 
c2-252 2m 578.0 
Ii>panoid 578.5 
~-252 2al 580.7 

pene 583.0 583.3 
Imem(cd)pyr~ 276 583.3 584.4 585.6 582.9 584.3 584.9 585.0 583.9 583.5 
Benzo(ghi) perylene 276 600 600 600 600 600 600 600 600 600 600 (00 

Terpernid 600 

(t 1, 10 



63 

compounds identified by mass spectral analysis does not give a positive 

indication of their origin. There are also low levels of some compounds, 

notably retene and the tetramethyloctahydrochrysenes, that are considered to 

be of natural origin (Wakeham et al., 1980b). The tetramethyloctahydro

chrysenes have been found in sediment cores at depths preceeding 

anthropogenic inputs and are believed to derive from the amyrin family of 

plant products. Retene is believed to be a degradation product of abietic 

acid, a predominant component of pine resin (Simoneit, 1977). 

A typical chromatogram of the moderately polar G3.3+4 fraction is 

shown in Figure 15. The large group of peaks eluting between 30 and 40 

minutes was determined to consist of sterols and sterones, biogenic 

compounds commonly found in the environment (Gagosian, et al., 1982). Other 

than these natural products, concentrations of compounds eluting in this 

fraction were quite low. Since the mass spectrometer system has a detection 

limit five times greater than the FID used for these chromatograms, 

identifications could only be made on peaks which were relatively 

concentrated. Identifications are given in Table 11 along with approximate 

concentrations. Concentrations are approximate because FID response factors 

for hetero-atom containing hydrocarbons may be significantly different from 

that of the binaphthyl used for quantitation. Of the compounds listed, 

5,6,7,7-tetrahydro-4,4,7a-trimethyl-2(4H)benzofuranone is believed to be a 

natural product, although its origin is unknown. Seven of the compounds 

identified are organic ketones or diketones, with anthroquinone being in the 

most samples and in the highest concentration. These ketones have been 

identified from a variety of combustion related sources and also in air 

samples (Yu and Hites, 1981; Konig et al., 1983; Ramdahl, 1983b). They can 



8 

SAMPLEr API 19A 63.3+4 

SCALE FACTOR• .04 

RAW FILE, FM2SFR 

PLOT SPEED1 I 

Figure 15 ~ 
~ 

Representative sediment G3.3+4 fraction. Peak identifications are in Table 10, 
unlabeled peaks are unknowns. 



t. 

'Dmle 11 

Cbncentrations of R>lar O:mix>tnis in Sediments (G3.3-t4 Fra::tions) 

Station 

Peak II M>lecular March 1983 Decanber 1983 

in Fig. 15 Cbnp>tni Waight IA 2A 4A SA 12A 13A 19A 25A 31A 21C 23C 25C 31C 33C ----- -----
1 Orth> or para cresol 108 + + + + + 

2 Benzylmethyl ketone 120 + + 

3 M:!ta-cresol 108 + + + + + + 

4 5,6,7,7a-tetrahydro-4,4,7a-

trimethyl-2(4H)-benm furaoone 180 2.5 8.3 1.0 - 2.6 1.6 3.4 5.3 3.4 

5 9H-fluorene-9-one 180 1.2 1.6 1.0 - 2.3 <.8 3.1 2.4 <l - 6.0 -
6 M:!thyl-9H-flwrene-9-one 1~ - <I 

7 Catbazole 167 <1 1.3 <.9 .8 <.8 <.7 1.7 3.7 3.1 

PerinarJlthenone (spike) UI> + + + + + + + + + + 

8 M:!thyl carbamle 181 - <l - <I - <1 

9 Anthraquimne 208 12 17 0.7 4.2 6.2 .9 8.9 8.0 2.0 8.6 - 21 20 

10 /mimnitrorJlenanthrene 240 - 2.2 -
11 Ketone fran ~ mw 190 204 3.4 4.0 <.6 <l <.9 <.8 <.8 2.1 <l - 6.9 2.6 

1,l'Binaptthyl (standard) 254 + + + + + + + + + + + + + + 

12 Ketone fran ~ mw 216 230 2.0 <I 1.7 <.9 - 1.3 1.0 - - 3.0 3.3 -
13 Ketone fran PNA mw 216 230 5.0 3.9 - - 2.1 2.3 3.6 3.2 6.8 - 9.1 7.4 -
14 Benzocatbazole 217 - <1 <.9 2.1 <.8 1.7 2.7 1.0 6.0 -
15 Ketone fran PNA mw 216 230 - 5.2 3.1 5.4 4.4 4.4 - 2.5 3.5 -
16 aertzocatbazole 217 2.7 3.9 - <I <.9 1.0 2.2 4.6 <1 1.0 2.0 -

Nlmbers are approximate concentrations in ppb, + indicates that the canix>\Di was detected but mt cpantified. 0\ 
U1 
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be emitted directly from combustion or formed by partial oxidation of the 

parent PAR in the vapor phase, adsorbed on particles or in solution 

(Nikolaou et alo, 1984). Some of these ketones have also been found in 

other sediments from the Chesapeake Bay area (Bieri et al., 1981; Bieri et 

al., 1982; and unpublished work in this laboratory) indicating that they are 

not unique to sediments near the refinery. Since the concentrations of 

aromatic ketones from pyrogenic sources are on the same order as those of 

the parent PAHs emitted, it is unclear why the concentrations are so low in 

sediments, but it is likely that the oxygen functionality gives them a 

greater reactivity and results in faster degradation after deposition. More 

research in this area is needed. 

Also present in these sediments are carbazole and several of its 

derivatives • Like the aromatic ketones, they have been found in other 

areas of the Chesapea~e Bay (Bieri et al., 1982 and unpublished work in this 

laboratory). Carbazoles and other nitrogen heterocycles have been found in 

petroleums (Albert, 1978), in coals (unpublished work in this laboratory) 

and in coal tars (Burchill et al., 1983). A complex mixture of nitrogen 

containing heterocycles has been isolated from urban air (Dong and Locke, 

1977), automobile exhaust and street dust (Wakeham, 1979). While these 

studies did not analyze for carbazoles specifically, it may be assumed that 

carbazole and its derivatives are also widespread in the environment with 

origins from many sources. 
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Clams 

There were far fewer compounds identified in the aromatic fractions 

of the clam extracts than in those of the sediments. Results are presented 

in Table 12. One noticeable point in these data is that primarily low 

molecular weight compounds are present. Most of the compounds identified 

were also identified in sediment extracts. Because most of the higher 

molecular weight substances found in the sediments were not found in the 

clams, it is possible that uptake by the clams occurs primarily from 

dissolved components and not from particulates or sediments. Hydrocarbons 

are relatively insoluble in water with the solubility decreasing rapidly 

with increasing molecular weight (Mackay and Shiu, 1977; May and Wasik, 

1978). Thus, the lower molecular weight species with the higher 

solubilities would be expected to be more available in the dissolved state, 

producing the observed trend. One clam sample, 4B contained many isomers of 

alkylated benzenes from c
3
-benzene to c12-benzene. These alkylbenzenes have 

been detected in other marine systems (Eganhouse et al., 1983) and are 

considered to be trace contaminants in alkyl sulfonate surfactants and 

detergents used domestically and industrially. The clams analyzed during 

the second sampling period had concentrations too low for mass spectral 

analysis. 

The G3.3 + 4 fraction of the clams reflected the low nwuber of 

compounds found in the G3.2 fractions. Compounds identified are listed in 

Table 13. Except for carbazole in samples 4B and 6A, there were no 

compounds found that were also in the sediment samples. There are two 

possible explanations for this observation. One is that the lack of ketones 

and higher carbazoles reflects their relatively low sedimentary 
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'D.i>le 12 

Aranatic Omp>mis Detected in Cl.ans (G3.2 Fraction) 

M:>lecular ~ 

Omtx>uri Nane leight IA 1D 4B 7D - - - -
C -Benzene 3 

13> + + 

s-Benzene 120 + + 

C -Benzene 134 + + + 
i. 

c4-Benzene 134 + + + 

c
4

-Benzene 134 + + + 

c5-Benz.ene 148 + + + 

Cs-Benzene 148 + 

C -Ben7.ene i.. 134 + 

Cl -Benzene 3 18> + 

Naptthalene 128 CXX) CXX) CXX) 000 
2-M!-Naphthalene 142 51.7 45.0 54.7 54.4 
l ~Natitthalene 142 m.o ':A.1 65o3 61.9 
Bipienyl 154 100 100 100 
C,-Benzene 176 101.5 

S-Napithalene 170 106.8 

c2 -Napithalene 156 110.2 110.0 

Phenyl thi.oi:flene 160 112.4 
c
2
-Naphthalene 156 115.0 

C.,-Benzene 176 117.4 

Halogmated canp>uri 240 119.5 119.3 118.9 
~-Benzene 176 119.6 

Unkoowi 208 122.3 
C -Benzene 7 176 122.2 

2,6-Di-t-butyl-p-qui.none 220 124.8 
Acenaphthene 154 126.7 125.9 127 
Cg-benzene 1~ 126 

1-2--154 168 127.9 128.5 
c8-benzene HO 128 

~ 
Chloro canp>tni 127.9 
1-2--154 168 130.2 131.4 
Dihenmfuran 168 134.6 134.9 138.5 
Bibenzyl 182 137.1 140.4 137.6 
2, 6-Di-t-butyl-4-methyl tflenol 210 137.5 
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'Dible 12 (contin\Ed) 

M>lecular 
CbnJX>mi Nane leight IA 1D 4B 7D 

c3-Naphthalene 170 139.5 - . 

c3-Naplthalene 170 144.2 

C9-ben7ate ~ 147.3 

~ -NaJi'lthalene 170 148.1 

Ollom canp>mi 148.4 
Floorene 166 152.2 152.9 154.8 
S-Naplthalene 170 154.2 

C -154 2 
182 157.5 157 

c
9
-benzene ~ 158 

C -154 2 182 159.4 160.4 

~Dibenmfuran 182 162.6 163.6 166 
Me-Dibenmfurai 182 165.6 168.1 
c
4 
-Naplthalene 184 166.3 

c3-154/c2-Dibenmfuran 196 167.9 167.3 

c3-154/C2-Dibenmfuran 196 168.7 

c
4 
~plthalene 184 171.2 

Cg-benzene ~ 173.3 

c3-154/S-Dibenmfuran 196 174.6 

c
4 
-Naplthalene 184 1n.1 

c
5
-Naplthalene 198 179.7 

c10-benzene 218 1m.2 

c
4
-Naplthalene 184 181.8 

c
11

-benzene 232 181.7 

Me-Flwrene la> 183.9 
c5-Naphthalene 198 186.3 

c2-oibenm furan 196 186.3 

c
4 
-Naplthalene 184 191.3 

c
2 
-Dibenmfuran 196 192.7 

Dibenmthiopiene 184 193.1 
c

10
-benzene 218 195.9 

Unkmwi ( Base 181) 210 196.5 
Phenanthrene 178 200 200 200 200 
.Anthracene 178 203.6 

~ c5-Naphthalene 198 205.5 

c4-154/S-Dibenmfuran 210 205.5 



'Dible 12 (contimm) 
70 

M>lecular 
OmJX>ml Nsne leight 1A 1D 4B 7D - - - -

c3-1S21c2-Floorene 1~ 208.9 

Unkmm ( Base 253) 346 211.0 
c4-1.54/c3-Dibenmfurat 210 216.6 ~ 

c3-152/s-Floorene 1~ 214.6 

c
11

-benzene 232 216.1 

c6-Naptthalene 212 216.8 

c3-152/C2-Flt1>rene 1~ 216.8 

c4-l.54/S-Diben20furan 210 217.3 

Chlom canix>ml 256 217.3 
C -152/C -166 3 2 1~ 217.8 

Unkmm (N:> M-15) 210 217.8 
M!-Dibenzothiophene 198 225.0 
c

11
-ben?.ene 232 225.3 

c
4
-154/C2-Diben20furan 210 227.7 

c4-154/S-Diben20furan 210 229.8 

c5-Natitthalene 198 229.8 

c4-154/S-Diben20furan 210 230.8 

~Diben20thioJhene 198 230.8 
c5-Naphthalene 198 236.1 

M!-178 192 237.6 237.1 238 
M!-178 192 238.9 239.9 

S2-benzene 246 240.9 

Cyclopentapienanthrene 1~ 243.7 242.8 
M!-178 192 244.9 245.5 245.5 
c5-154/c4 -Diben20furan 224 245.5 

M!-178 192 247.0 
c4-152/C3-Floorene 208 250.3 

c4-152/S-Floorene 208 253.0 

c4-1s2/s-Floorene 208 254.5 

c
2
-Diben20thioplene 212 256.6 256.5 

Chlom canix>ml 2~ 256.5 
c2-Dibenzothiophene 212 262.5 

c2-Diben20thiopiene 212 269.7 ~ 

c2-11a 206 275.0 

c2-11a 206 2S>.4 279.0 278.3 

c2-178 206 282.1 
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'Dahle 12 (continued) 

M>lecular 
Qmp>um Nane ~ight 1A 1D 4B 7D -

c2-11a 2~ 283.4 

c3-Dibenmthiopiene 226 283.4 

Flooranthene 202 286.2 286.2 286.1 285.4 
c3-Dibenmthiophene 226 290.0 290.2 289.6 

Quoro canp>tnl 289.6 
c3-nibenmthiophene 226 295.5 

Pyrene 2D2 300 300 300 300 
c3-Dibenmthiophene 226 300 

~lopentaptena[lthrene V. 303.5 
Cl.

5
-Biphenyl 326 306.5 

s-11a 220 312.6 

c3-118 220 316.9 

p,p'-JDE 324.3 
~202 216 336.4 
Cl 

5
-bipienyl 326 328.0 

Ma-202 216 343.4 
Cl.6-biphenyl 342 

Benm(ghi) flooranthene 226 380.1 
Cl -b-iphenyl 6 300 356.7 

Benm(c)pienanthrene 228 381.8 
Ben?.O( a) anthra:ene 228 396.7 
Cl.

7
-biphenyl 394 398.9 

Cllrysene 228 400 400 
Tetranethyloctah)drochrysene 292 400 400 
Benm(e)pyrene 252 491.2 
Perylene 252 500 

Nunbers are AR.I's am + indicates that the canp>um was detected but m ARI is 
defina:l. 
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Table 13 e 

Polar Cbnp>unis Detecte:l in Clans (GJ.3+4 fraction) 

! 

M>lecul.ar Sanple 
Cbnp>ml li:!

0 

ht 1A 1D 4B 6A 7D 1B4 4B2 6B4 7B2 I lg - - -- - -
Orth> or para cresol l<S + + + + 

:Alenylmethyl ketone 120 + + + 

1 phenyl-1,2-ptopane:lione 148 6.2 10 15 15 4.2 22 8.2 

Dibenzylanine 197 19. 1 

Carbamle 167 22 47 

Perinapithenone ( std) 18> + + + + + + + + + 

c
2
-caxbazole 181 4.8 -

Nuobers are approximate cqrr:entrati.ons in ppb, md + imi.cates that the canp>tni was detected 
but mt quantifie:l. 
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concentrations. '!his is unlikely because the most abundant compound in the 

G3.3+4 sediment fractions, anthraquinone, was not detected in the clams 

while carbazole wa.s. If the clams do accwnulate hydrocarbons primarily from 

a dissolved phase, the absence of the ketones may reflect a combination of 

low abundance and low solubility. Unfortunately, solubility data on those 

ketones is lacking. It is possible that the ketones found in the sediment 

are metabolized more rapidly than PAHs by the clams and thus do not 

accwnulate in the tissue. Further study is needed to clarify this point. 

Effluent 

Qualitatively the two effluent samples collected were quite 

dissimilar. While the acid fraction of both consisted of relatively few 

resolved peaks and a large unresolved complex mixture (UCM), the base 

neutral fraction of the first sampling had a large number of low molecular 

weight resolved peaks and the second sampling_had fewer resolved peaks and a 

larger unresolved concentration. Mass spectral identifications of the 

base/neutral (B/N) aromatic fractions are included in Table 10 along with 

the compounds identified from the sediment. No identifications could be 

made on the acid fraction. The B/N aromatic fraction of the first sampling 

is shown in Figure 16. The range of compounds is primarily low molecular 

weight with many isomers of substituted benzenes and naphthalenes identified 

by mass spectrometry. The volatile fraction can only be interpreted by 

coinjection of a standard of known composition. The sample and the sample 

plus standards are shown in Figures 17 and 18 with compounds identified. 

The range of compounds identified is similar to those reported for water 

soluble fractions of both crude and refined petroleums (Dimock et al., 1980 

and McAuliffe, 1977). Solvent extraction of the second effluent sampling 
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showed a different pattern for the same fraction (Figure 19). Besides the 

far lower number of resolved peaks and the higher UCM, the range of 

molecular weights is shifted higher. Because of this shift, volatile 

analysis was not undertaken on this sample. There are far fewer total 

compounds identified, and fewer substituted isomers. The ratio of 

substituted aromatics to the unsubstituted parent compound has been used to 

assess sources of aromatic compounds (Youngblood & Blumer, 1975; Sporstol et 

al., 1983). For the first sampling, the total of substituted naphthalenes 

are greater than naphthalene by a factor of 3.8 for monosubstituted, 6.8 for 

disubstituted and 4.4 for trisubstituted isomers, giving a clear indication 

of petroleum input. The low levels of individual peaks in the second 

samp~ing makes this measurement unreliable. 

The G3.3+4 fractions of the two sampling reflected these same trends. 

Cqmpounds identified in these fractions are listed in Table 14. Besides the 

many substituted phenols in the first sampling, there are carbazole and many 

substituted carbazoles. Phenols are produced in the refining process 

(Jenkins et al., 1979) and were detected in the sediments (Table 11). The 

large number of substituted carbazoles is similar to that in petroleums 

(Albert, 1978). In contrast, carbazole and its derivatives are not detected 

in the second sampling, and there were few compounds detected in this 

fraction. The presence of ketones suggested oxidation, either combustion or 

chemical modification of parent compounds. The origin of the family of 

sulfones is unknown. 

A summary of the total concentrations found in both samplings is 

given in Table 15. The total concentration measured decreased by a factor 

of 3.5 in addition to the molecular weight range shift noted above. The 
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Table 14 

0 
Polar Compounds Detected in Effluent Samples (G3.3+4 Fractions) 

Molecular Sample 

Compaund Weight 11 tn 

c
2
-Aniline 121 + 

Phenol 94 + 

c6a10o 98 + 

Ortho cresol/p-cresol 108 + 

Me-aniline 107 + 

m-cresol 108 + 

c2-phenol 122 + 

c
2
-phenol 122 + 

c2-phenol 122 + 

c
2
-phenol 122 + 

c
2
-phenol 122 + 

c
2
-phenol 122 + 

c
3

-phenol 136 + 

c3-phenol 136 + 

c
3

-phenol 136 + 

c
3

-phenol 136 + 

c
3

-phenol 136 + 

1,3,5 Trithiane 138 + 

c
4 

-phenol 150 + 

Methylsulfonylbeneze 156 2.0 

1-methyl-4-methylsulfonylbeneze 170 8.0 

(methylsulfonyl)methylbeneze 170 2.4 

Carbazole 167 2.2 
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Molecular Sample 

Compound Weight /Fl 112 

a~phenylbenezemethanol 184 2.5 

Me-carbazole 181 2.0 

Me-carbazole 181 0.8 

Me-carbazole 181 0.9 

Me-carbazole 181 1.1 

c
2
-carbazole 195 0.5 

c
2
-carbazol e 195 0.5 

c
2
-carbazole 195 0.5 

c
2
-carbazole 195 0.5 

c
2
-carbazole 195 1.1 

c
2 
-carbazo 1 e 195 0.8 

c
2
-carbazole 195 0.5 

c
2
-carbazole 209 0.2 

c
3
-carbazole 209 0.5 

c3-carbazole 209 0.2 

c
3
-carbazole 209 0.4 

c
3
-carbazole 209 0.4 

c
3
-carbazole 209 0.4 

c
4 

-carbazole 223 0.4 

c
4 
-carbazole 223 0.3 

c
4 

-carbazole 223 0.2 

Numbers are approximate concentrations in ppb, + indicates that the compound 

was detected but not quantified. 

~ 



Table 15 

Total Aromatic Compounds Detected in Effluent Samples 

Fraction Resolved( ppm) Unresolved( ppm) 
f>I 4/2 fH 

B/N(aromatic) 0.9 0.1 1.1 

Acid 0.8 0.1 1.9 

Volatile 1.6 0 

II= 1st sampling August 8-9, 1983 
12 = 2nd sampling April 15-16, 1984 

f/2 

0.4 

1.2 

Resolved+UCM Total 
4H 4fo2 fH· -

2.0 0.5 

2.7 1.3 6.3 

1.6 

81 

(ppm) 
tn 

1.8 
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proportion of the total organics contained in the unresolved mixture 

increased from 48% in the first sampling to 89% in the second sampling. 

Because the presence of an unresolved mixture is considered to be evidence 

of biodegradation of petroleum (Jones et al., 1983; Atlas et al., 1981), 

this may be taken as evidence that the treatment ponds were operating more 

effectively at the time of the second sampling. 'Dle changes observed in the 

effluent may help explain the differences in the clams between the first and 

second sampling. If the amount of low molecular weight dissolved 

hydrocarbons available to the clams decreased as it did in the effluent, 

their body burden would also decline. A continuous monitoring program of 

clams and effluent would be needed to adequately address this point. 

Two possible sources of input water to the refinery, York River and 

Newport News City water, were examined for organic compounds. Total 

extractable organics were O.OQ2 ppm for the Newport News City water and 

0.010 ppm for the York River. All of the compounds in these samples 

appeared to be of biological origin. Aromatic concentrations in the B/N 

fraction of both effluent samplings are comparable to those found in some 

municipal sewage effluent. Barrick (1982) reported aromatic totals up to 3 

ppm while Eganhouse and Kaplan (1982) found total aromatics up to 1.2 ppm. 

Summary and Conclusions 

Temporal and spacial variations in the concentrations of polynuclear 

aromatic hydrocarbons in sediments and clams were observed during the study. 

Levels of total resolved aromatic hydrocarbons, in sediments, ranged 

from 15 to 9550 ppb (dry-wt) in March and from 4 to 5240 ppb in December of 

! 
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1983. Concentrations of PAHs in sediments during both sampling periods were 

correlated to the volatile solids levels of the sediments sampled. The 

shallower inshore stations usually had high levels of total solids and 

correspondingly reduced levels of volatile solids. The deeper offshore 

stations had lower concentrations of total solids and higher levels of 

volatile solids. Regressions of total resolved aromatic hydrocarbons 

against volatile solids suggested that some stations deviated substantially 

from the general trend lines. On both sampling dates,stations identified as 

exceeding expected levels of PAHs were located relatively near the refinery 

pier and outfall. However, except for station 1, located near the outfall, 

the actual magnitude of the elevations observed were quite small, 1 to 2 

ppm. 

Qualitatively the aromatic fractions of the sediments were quite 

similar in composition between.stations and sampling periods. Fluoranthene, 

benzofluoranthene, pyrene, and chrysene were usually the most abundant 

followed by perylene, benzo( a&b) fluor·ene, benzo( a&e)pyrene, phenanthrene, 

benzo(ghi)perylene and C-2 (phenanthrene/anthracene). 

Sterols and sterones of biogenic origin were the most abundant 

compounds identified in the moderately polar fraction of. the sediment 

extracts. Other major compounds detected were ketones or diketones with 

anthroquinone being the most common and abundant. Carbazole and its 

derivatives were also present. 

Residues of polynuclear aromatic hydrocarbons detected in resident 

clams were higher in the April survey than in December. In both surveys, 

lower molecular weight compounds accounted for a high percentage of the 

residues observed. Although these compounds were also found in the sediment 
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samples, their relative abundance in clams was much higher than in the 

sediments. Statistically significant station to station differences in PAH 

residues were not observed on either sampling date. However, in the April 

survey residues were higher in clams collected from the station nearest the 

out fall. 

Qualitatively the two effluent samples collected were quite 

dissimilar. While the acid fraction of both consisted of relatively few 

resolved peaks and a large unresolved complex mixture (UCM), the base 

neutral fraction of the first sampling had a large number of low molecular 

weight resolved peaks and the second sampling had fewer resolved peaks and a 

larger unresolved concentration. 
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Appendix I 

Listing of AR.Is, with possible identifications, and concentrations 

of the major peaks in fraction G3.2 of the March, 1983 sediment study. 

Concentrations are in ppb - dry weight, calculated relative to the recovery 

of the internal standard 2,2'-binaphthyl. 

MAJCJR PEAKS IN SAMPLE 01 
. 

ARI 1:0NC(Pt>b) P,,ssible Id 

--------- ---------
286.2 1366 Fluora.nthene 
3~30 •3:37. 6 PYrene 
400 534 ChrYsene 
:397. 2 466 Benz(~)a.nthrQcene 
475. 1 :361 • '3 Benzofluoranthene 
4'~4. 6 2·~·~. "3 Benz,:i <a.) f)·t rene 
330.9 29:3. '3 Benzo(a.)fluorene 
303.7 272.4 MethYl-iohenYlnaPhthalene 
336.2 271. 7 Benzo(b)fluorene 
200 260.1 Phenanthrene 
491.3 204. '3 Benz,,< e) PY rene 
242.5 173.2 4-H CYcloioentd(def)iohenanthrene 
476.3 t 7i) Benzo,luoranthene 
500 122.8 PerYlene 
404.1 112. :3 
262.1 109.9 
203.1 '39. 7 Ant h r,1cene 
125.7 •;7. 6 Acen•1Phthene 
173.1 95.5 
322.4 93.2 



MA.JOR PEAKS IM SAMPLE 02 

RANK ARI CONC(ppb) Possible Id ~ 

--------- ---------
1 285.9 179.1 Fluora.nthene 
2 400 164.3 ChrYsene 
3 300 143.5 · PYrene , 
4 475.2 99.5 Benzofluora.nthene 
5 336. •3 84.5 Bem:o ( b), l uo rene .• 4•34_ 5 72.9 Benz•~ (a.) PY rene ~ 

7 330.9 71.6 Benzo(a.)fluoriine 
:3 3~7.2 70.3 Benz(d)anthrdcene 
'3 500 60. •3 PerYlene 
10 ·172. 5 59.7 
11 437.7 5:3. 1 
12 200 SS.4 Pheno.nthrene 
1:3 4:30. 6 49.8 Met h·t 1-22:3 
14 4•31.3 4"3. 7 Benzo(e)PYrene 
15 34:3. 6 4Q . ., 

~ . "- MethYl(PYrene/fluoranthene) 
16 303.5 46.6 MethYl-PhenYlna.Phthalene 
17 366.1 44.2 
18 412.8 42.6 Methyl-228 
1'3 3:31. 1 41.7 Benzo(c)Phenanthrene 
20 41"3. 7 41.6 

MAJOR PEAKS I H SAMPLE 0:3 

RANK ARI COHC(PPb) Possible Id 

--------- ---------
1 475.2 67.6 Benzofluoranthene 
2 285.8 ss Fl•.~•:. r,1nt hene 
3· 300 54.2 PYrene 
4 400 53.6 ChrYsene 
5 494.,S 32. •3 Benzo(a)PYrene .• 397 28 Benz(a.)anthra.cene t) 

7 491.4 23.6 Benzo(e)pyrene 
8 336.7 19.5 Benzo(bH luorene 
9 381.2 17,6 Benzo(c)Phenanthrene 
10 338.8 16.4 Benzo(a.)f luorene 
11 430.6 16.3 MethYl-228 
12 583.3 16.2 Indeno(l,2,3-cd)PYrene 
1 . ., 

•,J 500 1S.6 PerYlene 
14 437.S 14.1 
15 200 t'3. •3 Phen,1nthrene 
16 439.5 12. '3 1-PhenYlPhena.nthrene 
17 600 11.a Benzo<~hi)PerYlene !. 

18 36,S.1 11.8 
1 •3 510 11. 4 
20 451. 5 11.4 



MAJOR PEAKS HI SAMPLE 04 

RANK ARI COMC(ppb) P,,s:sible Id 

--------- ---------! 

1 300 6.6 PYrene 
2 283.8 6.3 . Fluora.nthene 
3 400 5.4 ChrYsene 
4 506.1 4.4 
5 :334. 5 2.8 
6 451. 3 2.1 .., 397.4 1. 9 Benz(a.)anthra.cene ' :3 4'30. 9 1. 9 Bi:·nz,J { e) f)Y rene -~ 4:30. a 1. 8 MethYl-228 
10 1:32 1. 4 
11 27"3. 7 1. 2 C2-(Phenanthre-ne/Anthracene) 
12 500 r ~ . '- PerYle-ne 
1:3 20i3 1.1 Phenanthrene 
14 343.9 1. 1 MethYl(PYrene✓lluoranthene) 
15 437.6 1 
16 337.4 .8 Benzo(b)fluorene 
17 255.4 .7 
t:3 290.2 .7 
1 ·, 408.9 .7 .,, 

MA·JOR PEAKS H~ SAMPLE 05 

RAMK ARI COHC(ppb) P,:,ssible Id 

--------- ---------
1 285.8 40.6 F 1 u,:, r,1nt hene 
2 :300 :32. 6 PYrene 
-~ ..., 400 24.9 ChrYsene 
4 474.9 22.8 Benzofluoranthene 
s 200 15.4 Phen,1nt h rene 
6 337.1 ·3. 6 Benzo(b)rluorene 
7 315.7 9.5 
:3 397.4 9 Benz(a)anthra.eene 
9 510.8 8.9 
10 500 8.8 PerYlene 
11 494.5 a Benzo(a.)pyrene 
12 507.2 7.8 
1:3 491.4 7 Benzo(e)pyrene 
14 431 6.9 MethYl-228 
15 279.8 6.3 C2-<Phenanthrene/Anthra.cene) 
16 · 600 6. 1 Benzo<~hi)PerYlene 
17 262.3 6 
18 304.5 5.S MethYl-PhenYlnaPhthalene 
1 '3 343.9 5.1 MethYl(PYrene/fluoranthene) 

'! 20 524.8 5.1 



MAJOR PEAKS IN SAMPLE 06 

RANK ARI CONC(PPb) Possible Id 

--------- ---------
1 343.9 475.4 MethYl(PYrene/lluordnthene) 
2 286.2 108 Fluoranthene 
3 474.8 99.7 Benzofluoranthene 
4 300 95.6 PYrene 
5 400 88.2 ChrYsene 
6 171.6 57.1 
7 500 56.9 PerYlene 
8 282.2 55.5 
';I 4'34. 4 44.5 Benzi:, ( o.) PY rene 
H) 200 43 Phen,1nt h rene 
11 491.3 43 Benz•J < e > PY rene 
12 600 41.4 Benzo<~hi)Perylene 
1:3 397.3 :39 Benz(o.)anthracene 
14 184.2 35.5 
15 583.2 :33.8 Indeno(l,2,3-cd)PYrene 
16 336.9 33 Benzo(b)f' luorene 
17 330.4 30.1 Benzo<a.H luorene 
1:3 430.6 28.9 MethYl-228 
19 381.4 26.8 Benzo(c)Rhena.nthrene 
20 366.8 23.6 

~\AJOR PEAKS IH SA~1PLE ·07 

RANK ARI COHC(PPb) Possible Id 

--------- ---------
1 475.1 129.8 Benzofluordnthene 
2 286.5 115.2 Fluoro.nthene 
:3 :300 107.8 P)"rene 
4 400 90.2 ChrYsi:ne 
5 500 77.2 PerYlene .- 491.4 58.1 Benzo(e)PYrene 0 ., 494.4 57.8 Benzo<a.)PYrene I 

8 583.1 49 Indeno(l,2,3-cd)pyrene 
9 200 47.2 Phenanthrene 
10 336.5 43.6 Benzo(b)fluorene 
11 600 44.6 Senzo(9hi)perylene 
12 185.2 42.2 
1:3 397 41.9 Benz(a)anthracene 
14 330 40.5 Benzo<a.H luorene 
15 430.3 35.8 MethYl-228 
16 437.2 :35.6 ~ 

17 261 35.3 2-PhenYlnaPhthalene 
1 :3 314.2 33.9 
1 '3 439.3 31.1 1-PhenYlPhen~nthrene 
:20 :303.1 •')~ ·~ '-' . _. MethYl-PhenYlnaPhthnlene 



MAJOR PEAKS IH SAMPLE 08 

- RANK ARI t:OHC<Ptob) P,,ssible Id 

--------- ---------
~ 1 474.8 113. 8 Benzofluoro.nthene 

2 300 110. 7 PYrene 
3 285.9 106.1 Fluoro.nthene 
4 400 97.2 

. 
ChrYsene 

5 336.3 59.1 Benzo(b)fluorene 
6 280.6 52 C2-(Pheno.nthrene/Anthra.cene) 
7 314.1 50.3 
8 500 50 PerYlen'3' ·, 397.2 46.7 Benz(a)anthra.cene 
10 407 46.5 
11 582.9 44.2 IndenoCl,2,3-cd)royrene 
1 ""' ' 6~30 43. :3 Benzo(~hi)roerylene 
1:3 343.3 43.4 MethYl(royrene/fluora.nthene) 
14 381.1 42.2 Benzo(c)tohenanthrene 
15 365.9 42 
16 4'31.2 38.7 Benzo(e)royrene 
17 494.3 :38 Benz,:,< a.) PY rene 
18 430.3 :36. 5 MethYl-228 
1 '3 330 36.5 Benzo(a)fluorene 
20 200 35.8 Phen,1nt h rene 

MAJOR PEAKS IH SAMPLE 09 

RAMK ARI CO~U:(PPb) P,:,ssible Id 
--- --------- ---------

1 285.8 113.9 F 1 uo r,1nt hene 
2 300 111.8 PYritne 
3 474.9 ·~4. 3 Benzofluoranthene 
4 400 74.5 ChrYsene 
s 500 65. '3 PerYlene ... 583.4 54.5 Indeno<1,2,3-cd)toYrene ,:, 

7 200 45.2 Phen,1nt. h rene 
8 491.2 41.'3 Benzo(e)pyrene 
9 494.3 39.3 Benzo(a.)pyrene 
10 336.9 36.6 Benzo<b)lluorene 
11 600 36 Benzo(~hi)PerYlene 
12 330.3 33.7 Benza(a.)rluorene 
13 397.2 31.7 Benz(a.)a.nthra.cene 
14 303.5 27.9 MethYl-PhenYlna.Phtha.lene 
15 314.6 27. '3 
16 430.4 24.6 MethYl-228 .. 17 261.2 24.4 2-PhenYlnaphtha.lene 
18 279.1 24.1 C2-<Phenanthrene/Anthracene) 
1 -~ 381.:3 21.:3 Benzo(c)Phenanthr~ne 

" 
20 509.3 21.1 



MAJOR PEAKS IN SAMPLE 10 

RANK ARI CONC<PPb) Possible Id ___ ,aai ______ 

---------
1 285.9 187.4 Fluort1nthene 
2 300 157 .. 9 PYrene 
3 409 100.2 . ChrYsene 
4 200 77.4 Phent1nthrene 
5 475 55.8 Benzolluoranthene 
6 500 53.5 PerYlene 
7 330.9 47 .. 3 Benz,J < o.) f l uo rene 
:3 510.9 47.2 
·~ 397.2 47 Benz(a)o.nthro.cene 
10 336.8 43.7 Bet-.z1J ( b H 1 uo ri:ne 
11 491.5 :39. :3 Benz,J < e) F:tY rene 
12 494.3 :3·;. :3 Bi:nzo ( o.) P)' rene 
1:3 261. 7 35o4 2-PhenYlnt1Phtht1lene 
14 279.5 30.7 C2-<Pheno.nthrene/Anthro.cene) 
15 476.2 30.4 Benzofluoro.nthene 
16 600 28.9 Benzo(~hi)PerYlene 
17 303.7 28.5 MethYl-PhenYlnaPhthalene 
1:3 238.5 27.4 
l '3 430.7 26.4 MethYl-228 

. 20 236.9 25 3-MethYlPhenanthrene 

MAJOR PEAKS IN SAMPLE 11 

RAMK ARI CONC(PPb) Possible Id 

--------- ---------
1 287 121. 9 FluoriJnthene 
2 300 103.7 PYrene 
3 475 101. 1 Benzofluoranthene 
4 584.3 90.1 
s 400 73.3 Chn'sene 
6 500 48 Per~'lene 
7 200 46.8 Phent.1nthrene 
8 507.3 40 
9 183.1 39.6 
10 509.2 39.4 
11 336.5 38.2 Benzo(b)fluorene 
12 329.8 37.6 Benzo(a)lluorene 
13 397.2 35.6 Benz<~)Qnthracene 
14 171.8 :34, 6 
15 491.3 33.6 Benzo(e)PYrene 
16 600 :33.6 Benzo(~hi)Perylene 
17 494.3 :33. 2 Benzo(a.),oyrene 
18 260.7 30.6 2-PhenYlno.Phth«lene 
1 ·3 314 29.4 
20 163 25.2 



MAJ•JR PEAKS IH SAMPLE 12 

9 RANK ARI COHC(PPb) Possible Id 
--- --------- ---------

~ 1 287.5 104.9 Fluor,1nthene 
2 300 103.4 PYrene 
3 475 92 Benzolluoranthene 
4 400 71. 9 ChrYsene 
s 200 56.3 Phent1nthrene 
6 500 54.9 PerYlene 
7 397 38.9 Benz(a)anthrdcene 
:3 583.2 :37. '3 Indeno(1,ZJ3-ed)PYrene 
'3 600 37.7 Benzo(~hi)Perylene 
10 4'34. 4 :37. 2 Benzo ( ,1) PY rene 
11 259.6 :36. 8 
12 185.3 35.:3 
1 ... -~ 491. 3 :32. 6 Benz,J ( e) PY rene 
14 302.5 31.7 MethYl-PhenYlnaPhthalene 
15 328.9 30.4 Benzo(a.)f'luorene 
16 406.8 28.8 , 

17 312.8 26.6 MethYl-PhenYlnaPhthalene 
18 171.7 24 
19 379.9 23.8 Benzo(~hi)fluoranthene 
20 430.1 23.4 MethYl-228 

MAJOR PEAKS IN SAMPLE ·13 

RANK ARI COHC(PPb) Possible Id 

-----~--- ---------
1 300 153.6 PYr•-'ne 
2 475 122.8 Benzofluora.nthene -~ -~ 285.6 115.8 Fl lJ•J r•~t hene 
4 400 •37, 2 ChrYsene 
5 500 63.4 PerYlene .• 4'31. 3 52 Benzo<e)PYrene ~ 

7 330.1 50.7 Benzo(a.)fluorene 
8 335.6 50.7 Benzo(b)fluorene 
9 494.3 50.2 Benzo(a.)PYrene 
10 600 49.7 Benzo(~hi)PerYlene 
11 583 48.7 Indeno(l,2,3-cd)PYrene 
12 200 46.9 Pheno.nthrene 
13 260.8 45. a· 2-PhenYlnQPhtho.lene 
14 397 44. 3. Benz(a)anthracene 
15 303 33.1 MethYl-~henYlnaPhthalene 
16 380.8 :31. 9 Benzo(~hi)fluoranthene 
17 313.7 28.5 MethYl-~henYlnaPhthalene 
1:3 585.7 26.2 
1 '3 429.9 25.9 MethYl-228 

t' 20 278.7 25. '3 C2-<Phenanthrene/Anthrac~ne) 



MAJOR PEAKS IH SAMPLE 14 
-~ 

RANK ARI COHC(PPb) Possible Id 

--------- ---------
1 475.1 89.3 BenzofluorQnthene 
2 300 86.2 PYrene 
3 285.7 71.8 Fluora.nthene 
4 400 62.6 ChrYsene 
s 500 40.8 PerYlene 
6 600 36.8 BenzoC~hi)PerYlene 
7 33702 35.3 Benzo<b>,1uorene 
a 494.5 33o4 Benzo(o.)PYrene 
'3 4'31. 2 33.1 Bi:-razo(e)PYrene 
10 0 32.:3 ~~•1Phtha 1 ene 
11 508.8 32.2 
12 3:30. S 31.6 Benzo(a)f"luorene 
1 .-. -~ 200 3L:3 Phenanthrene 
14 397.3 2•3. :3 Benz(o.)o.nthracene 
1S 430.3 29.1 MethYl-228 
16 583 27.6 Indeno<t,2,3-cd)PYrene 
17 437.1 23. •3 
18 381.2 23 Benzo<c)Phen«nthrene 
19 439.3 22. 1 1-PhenYlPhendnthrene 
20 418. 8 . 21.5 

MAJOR-PEAKS IH SAMPLE 15 

RANK ARI COHC(PPb) Possible Id 

--------- ---------
1 286.5 110.1 F 1 uo r,1nt hene 
2 300 "39. 3 PYrene 
3 474.9 85.6 Benzolluoro.nthene 
4 183.4 61 
5 400 60.7 ChrYsene 
6 S00 51.2 Per~tlene 
7 583.1 44.5 Indeno(l,2,3-cd)PYrene 
8 397.3 43.4 Benz(o.)anthra.cene 
9 200 42.7 Phenanthrene 
10 330.1 36.4 Benzo(Q)fluorene 
11 281.5 35 
12 303.4 32.9 MethYl-PhenYlnaPhthalene 
1:3 494.5 32.7 Benzo(a.)PYrene 
14 491.3 32.S Benzo(e)PYrene 
15 283.4 32.3 
16 600 29.4 BenzoC~hi)PerYlene ~ 

17 260.9 28 2-PhenYlna.Phthalene 
18 314.3 25. :3 
1 '3 407.1 23.3 
20 336.9 2'"' -~ -.) .... Benzo<b)fluorene. 



MAJIJR PEAKS IN SAMPLE 16 
,. 

·RANK ARI CONC(PPb) Possible Id 

--------- ---------
! 1 285.6 49.6 Fluora.nthene 

2 300 45.4 PYrene 
3 474.8 45 Benzofluoranthene 
4 400 40.3 ChrYsene 
5 500 24.6 PerYlene 
,s 330.6 22.·3 Ben:zo(a)fluorene 
7 4'34. S 21.4 Ben:zo(a.)PYrene 
:3 200 21.4 Phen,1nt h rene 
9 336.8 18.9 Ben:zo(b)fluorene 
10 491. 2 18.3 Benzo(e)PYrene 
11 600 18.1 Benzo(~hi)Perylene 
12 0 17.9 Mo.Phthalene 
1:3 407.5 17.4 
14 583.1 17.4 Indeno(l,2,3-cd)PYrene 
15 397.1 t? ., ' . '- Benz(a)anthracene 
16 278.9 17 C2-(Phenanthrene/Anthracene) 
17 :3,s,;. 6 17 
18 430.3 15.8 MethYl-228 
19 261.3 15.5 2-PhenYlnaPhthalene 
20 238.5, 14.5 

MAJOR PEAKS· IN SAMPLE 17 

RANK ARI COHC(PPb) Possible Id 

--------- ---------
1 475 79 Benzofluoranthene 
•') - 400 76.7 ChrYsene 
:3 285.7 ss.a Fl u,:a rant hene 
4 300 SS.3 PYrene 
s 330.5 46.4 Benzo(a)fluorene ,. 366.7 45.2 0 
7 337 37.9 Benzo(b)fluorene 
8 279.2 37.4 C2-(Phenanthrene/Anthracene) 
9 407.6 33. 1 
10 491.3 32.1 -Benzo(e)PYrene 
11 430.4 31. 5 MethYl-228 
12 238.4 31 2-MethY1Phen4nthrene 
13 500 30.8 PerYlene 
14 494.4 :30. :3 Ben:zo •:a) PY rene 
15 600 29.5 Benzo(~hi)Perylene 

.. 1,s· 583.1 28.3 Indeno(l,2,3-ed)PYrene 
17 244. 2- 27.8 MethYlPhenanthrene 
18 437.4 25 
19 236.7 24.2 3-MethYlPhenanthrene 

,,, 20 397.1 24 Benz<a>anthracene 



MAJOR PEAKS IN SAMPLE 18 

RA~tK ARI CONC(ppb) Possible Id ~ 

--------- ---------
1 285.9 129.4 Fluoranthene 
2 474.9 107.2 Benzofluordnthene 
3 300 105.9 PYrene 
4 400 86.6 ChrYsene 
5 200 52.5 Phena.nthrene 
6 500 49o4 PerYlene 
7 491.3 43.3 Benz1J < e) PY rene 
:3 39701 40.9 Benz<a)a.nthr«cene 
'3 600 39.3 Benzo(9hi)PerYlene 
10 183 38 
11 :336. 9 37.5 Benzo(bYfluorene 
12 330.4 37 Benzo(a)fluorene 
1:3 494.4 :35o 9 Benzo(a.)pyrene 
14 583 34o1 Indeno<l,2,3-cd)P~rene 
15 279.1 30o4 C2-<Phena.nthrene/Anthracene) 
16 314.5 26.4 
17 :380. 5 26.1 Benzo(9hi)fluora.nthene 
18 261.2 25.'3 2-PhenYlnaPhthalene 
1·~ 430.3 23.5 MethYl-22:3 
20 238.3 22.2 2-MethYl~henanthrene 

MAJOR PEAKS IN SAMPLE 1"3 

RAHK ARI COHC(ppb) Possible Id 

--------- ---------
1 475 115.2 _ 

1
Benzofluoranthene 

•') 287.2 113. 2 F 1 U•J ro.nt hene ,:. 

3 300 111. 1 PYrene 
4 400 :32. 6 Chn·sene 
5 500 61. 3 PerYlene 
6 491. 3 45oS Benzo(e),:,yrene 
7 397.1 45.1 Benz(o.)anthro.cene 
:3 583.1 43.7 Indeno(l,2,3-cd)PYrene 
9 494.3 42.6 Benzo(o.)PYrene 
10 600 42.1 Benro(9hi)PerYlene 
11 335.4 36.7 Benzo(b)fluorene 
1 •') 
'- 329.6 35.7 Benzo(o.)fluorene 

13 200 34.7 Phena.nthrene 
14 184.4 32.5 
lS 313.7 2s.·3 MethYl-PhenYlna.Phtha.lene 
lo 260.5 28 2-PhenYlnaPhtha.lene 
17 430.2 27.4 MethYl-228 
1:3 303 25.5 MethYl-PhenYlna.Phthalene 
1 '3 380.2 24.5 8enzo(9hi)fluoranthene 
20 437.2 21 



MAJOR PEAKS IH SAMPLE 28 

'Ir RANK ARI CONC(PPb) Possible Id 
----- --- --------- ---------
1 475 117. 6- Benzofluor~nth~ne 

.! 2 286.2 107.4 Fluor~nthene 
3 309 185 PYrene 
4 409 88.2 ChrYsene 
5 583.8 73.9 
6 500 62.5 PerYlene 
7 491.3 45.9 Benzo(e)PYrene 
8 494.2 40.3 Benzo<o.)PYrene 
9 3·~7 39.6 Benz(o.)~nthro.cene 
10 :)36. 5 38.6 Benzo(b)fluorene 
11 600 :38. 6 Benzo(~hi)PerYlene 
12 200 38.3 Phen,1nt h rene 
13 506. •3 36.6 
14 330 33.8 Benzo(o.)fluorene 
15 314.1 30.3 
1a5 430.2 28.3 MethYl-228 
17 260.8 27.7 2-PhenYlno.Phtho.lene 
18 380.4 27.2 Benz0(9hi)fluoro.nthene 
1 '3 508.7 26.7 
20 407.3 26.7 

MAJIJR PEAKS IM SAMPLE 21 

RAHK ARI CONC(ppb) Possible Id 

--------- ---------
1 28S.9 56.6 F 1 •Jo r,1nt hene 
2 300 54.5 PYrene 
3· 475.1 51. 6 . Benzofluoro.nthene 
4 400 42.8 ChrYsene 
5 494.4 26.5 Benzo(o.)PYrene 
.• 491.2 23.S Benzo(e)PYrene b 
7 397.2 21.7 Benz(o.)o.nthro.cene 
8 331. 3 19.8 Benzo(o.)fluorene 
9 a00. 18.7· Pheno.nthrene 
10 600 17.5 Benzo(~hi)perYlene 
11 337 17.1 Benzo(b)lluorene 
12 182.1 15 
13 583.3 14.4 Indeno(l,2,3-cd)PYrene 
14 323 12.8 
15 500 12.a PerYlene .. 16 430.9 10.3 Me1.hYl-228 
17 279.9 9 C:2-(Pheno.nthrene/Anthrac~ne) 
18 2G2.5 8.7 
1 "3 304.3 8.6 M~thYl-PhenYlno.Phth~lene , 
20 242.7 • a. 1 4-H CYc loPent ,1(det) r.>hen,1nt_hrene 



MAJOR PEAKS IN SAMPLE 2"') 
'-

RANI< ARI COHC(PPb) Pc,ssible Id 
~ 

--------- ---------
1 287.2 162.8 Fluor11nthene 
2 300 142 PYrene 
3 474.9 101.8 Benzofluoranthene 
4 400 86.2 ChrYsene 
5 200 S?.4 Phenanthrene 
6 500 53.1 PerYlene 
7 336.2 50.3 Benzo(b)fluorene 
8 184.1 4•3 
'3 :329. 7 47. :3 Benz,:,< a) f l u•::> rene 
10 :397 44.4 Benz(a)anthracene 
11 313.8 :38. 5 MethYl-?henYlnaPhthalene 
12 507.6 :38. :3 
t:3 491. 3 38.1 Benzo(e)PYrene 
14 494.3 37.2 Benz,:, (a)?). ri:'ne 
15 30208 36.7 MethYl-PhenYlnaPhthalene 
16 509.5 36.1 
17 163.2 35.4 
18 260.4 34 2-PhenYlnaPhthalene 
1·3 · 380. S 32.4 Benzo(~hi)fluora.nthene 
20 584.5 30.4 

MAJOR PEAKS lH SAMPLE 23 

RANI< ARI COHC(PPb) Possible Id. 

----- ---------- ----------
1 475.1 84.8 Benzofluoranthene . ., ... 286.6 74.5 Fluora.nthene 
3 300 67.4 Pirene 
4 400 67.2 ChrYsene 
5 500 58.8 PerYlene 
6 509.7 40. ·3 
7 4•34. 2 37.7 Benzo<a.)PYrene 
8 491.2 33.3 Benzo(e)PYrene 
9 397.3 30.4 Benz<a)a.nthracene 
10 200 26.9 Phena.nthreni 
11 182.8 24.9 
12 430.6 23.8 MethYl-228 
13. 523.8 23.2 
14 583.5 22 
15 336.7 21.9 8en%o(b)fluorene 
16 339.6 21.8 Ben%o(a)f"luorene 
17 600 ·20. 2 Benzo<~hi)PerYlene 
18 439.7 15.9 1-Phi:'nYlPhenanthrene 
1 •3 437.4 15.6 
20 283.2 15.S 



MA.JOR PEAKS IN SAMPLE 24 

RAHi< ARI CO~IC(PPb) Possible Id 

" ---- --------- ---------
1 500 42.1 PerYlene 
2 474.8 24.S Benzolluora.nthene 

!! 3 300 21.7 PYrene 
4 285.7 21.s Fluora.nthene 
5 400 28.7 ChrYsene 
6 435.3 17.6 
7 511 .s 16.1 
8 391.1 7.3 BenzonaPhthothioPhene 
'3 4"31.2 . ., 

I Benzo ( ~) p~.-, rene 
10 397.3 6.7 Benz(a)anthra.cene 
11 200 6.4 Phen,1nt h rene 
12 4'34. 5 S.5 Benzo < 11) PY rene 
1 •"'t . ., 27•;. 9 S.4 C2-CPhenanthrene/Anthracene) 
14 5:3:3. 6 S.4 
15 :337. 3 4.7 Benzo < b), 1 •.H) rene 
16 600 4.6 Benzo(9hi)roerYlene 
17 431.3 4.6 Met.hYl-228 
18 409 4.1 
1 ·~ 542 3.9 
20 262.4 3.6 

MAJOR PEAKS H4 SAMPLE 25 

RANI< ARI . COHC(PPb) Possible· Id 

---------- ---------
1 285.7 205.5, Fluora.nthene 
2 300 ·165. 2 PYrene 
·-\ .J 474.9 108.2 Benzofluoranthene 
4 400 100.7 Chn"sene 
5 200 63.7 Phent1nthrene 
6 397.1 54.7 Benz<a)a.nthracene 
7 511.6 51.5 
·s 4'34. 4 48.9 Benzo(a)PYrene 
'3 331.1 47.2 Benzo(a.)fluorene 
10 491.3 46 Benzo(e)PYrene 
11 500 43.2, PerYlene 
12 336.9 41.6 Benzo(b)f'luorene 
13 304.1 28.7 MethYl-PhenYlnaPhthalene 
14 430.9 28.4 MethYl-228 
15 262.2 27.6 
16 366.4 23.1 
17 343.7 22.9 MethYl(PYrene/fluoranthene) 

0 18 279.5 21.s C2-(Phenanthrene✓Anthrdcene) 
l '3 600 20 •. 6 Benzo(~hi)PerYlene 
20 583.5 20.6 

!'· 



MAJOR PEAKS IN SAMPLE 26 

RANK ARI CmlC(ppb) Possible Id 
! 

--------- ---------
1 285.8 224.2 Fluora.nthene 
2 300 178.3 PYrene 

,. 3 474.9 124.1 Benzofluora.nthene 
4 400 113.9 ChrYsene 
s 200 67 Phenainthrene .• 397.3 S5a5 Benz(a.)anthracene I:) 

7 331.2 49.2 ·Benzo(a.)fluorene 
8 491. 3 · 46.9 Benzo(e)roYrene 
'3 494.5 46.1 Benzo ( ,1) PY rene 
10 337 43.3 Benzo(b)fluorene 
11 262.3 41 
12 431.2 40.8 Met hY 1-22:3 
13 500 38.2 PerYlene 
14 304.4 34.6 MethYl-PhenYlna.Phtha.lene 
15 600 32.6 Benzo<~hi)PerYlene 
16 343.8 27.8 MethYl(PYrene/fluo~a.nthene) 
17 583.5 26.8 
18 279.8 22.4 C2-(Phena.nthrene/Anthra.cene) 
1 ·~ 413 22.4 MethYl-228 
20 584.9 21.4 

MA~OR PEAKS IN SAMPLE 27 

RANK ARI COHC(ppb) Pos:iible Id 

--------- ---------
1 285.7 136.1 Fluora.nthene 
:2 300 117.6 Pvrene 
3 474.9 106.6 Benzofluora.nthene 
4 400 77.9 ChrYsene 
5 5 58.7 
6 200 53.7 Phen,1nt h rene 
~ S00 47.5 PerYlene ' 8 491.4 42.3 Benzo(e)PYrene 
9 330.4 41.6 Benzo(a.)fluorene 
10 303.S 40.r MethY1-PhenYln4Phthdlene 
11 336.9 39.5 Benzo(b)fluorene 
1 :2 583 37.1 Indeno<1,2,3-cd)PYrene 
13 314.7 36.5 
14 494.4 35.6 Benzo(o.)PYrene. 
15 600 33o9 Benzo(9hi)P~rYlene 
1,; 397.3 33.9 Benz(Q)Qnthrdcene 
17 261.4 . 33 2-PhenYln«Phthalene 
18 279.1 27.2 C2-<Phena.nthrene/AnthrQcene) ~ 

19 274.3 24.6 C2-Phen,1nt h rene 
20 430.3 22.7 MethYl-228 



MA.JIJR PEAKS IN SAMPLE 28 

RAHK ARI COMC(p,ob) Possible Id 
--------- ---------,r 

1 474.7 2:3.2 Benzorluoranthene 
2 285.5 14.7 Fluor,1nthene 

!! 3 300 12.4 PYrene 
4 400 10.6 ChrYsene 
5 430.2 7.1 M\?\hYl-228 
6 491 .2 6 Benzo(e)PYrene 
7 494.5 6 Benzo(a.)pyrene 
8 397.2 5,5 Benz(a)anthra.cene 
"3 500 5,1 PerYlene 
10 450.4 4·, 1 
11 343.8 3.7 MethYl(PYrene/fluoranthene) 
12 264.9 3o2 
1:3 337.1 3.2 Ben::,:s < b H 1 w:- rene 
14 200 .... •') -.,. ,_ Phen,1nt h rene 
15 :366.5 3 
16 262.2 3 
17 323.2 3 
18 282.3 2.8 
19 :330. 8 2.8 Benzo(a.H luorene 
20 206.2 2.5 

MA"JOR PEAKS IN SAMPLE 29 

RANK . ARI eoMC<PPb> Possible Id· 

--------- -----------
1 474.9 78 Benzofluora.nthene 
2 300 77.2 PYrene 
3 285.6 76.8 Fluora.nthene 
4 400 64 Chr;'sene 
5 600 37.4 Benzo(~hi)perYlene .• 3•37. 2 36.4 Benz(a.)anthracene 0 
":l' 494.5 32.7 Benzo<a.)PYrene I 

8 491.4 32.5 Benz,J(e)pyrene • 
9 336.9 :31. 1 Benzo<bH luorene 
10 200 . 28.6 Phenanthrene 
11 406.6 25,3 
12 430.3 25.1 MethYl-228 
13 582.9 24.1 Indeno(l,2,3-cd)PYrene 
14 437.4 20.9 
15 412.a 20.6 MethYl-228 
16 330.4 20.4 Benzo(a.H luorene 

-17 303.6 19.5 MethYl-PhenYlnaPhthalene 
18 439.5 19 1-PhenYlPhen~nthrene .. 19 500 17 Pertlene 
20 366.1 16.7 

... 



MAJOR PEAKS IN SAMPLE 30 

RANK ARI CONC(PPb) Possible Id ! 

--------- ---------
1 285.6 38 Fluor,1nthene 
2 300 34.7 PYrene 
3 409 33.5 ChrYsene 
4 474.8 32.1 Benzofluo~anthene 
5 397. 2. 15.1 Benz(a)anthracene 
6 378.1 13.1 Benzo(b)~aPhtho(2,1-~)thio10hen~ 
7 200 13.1 Phena.nthrene 
8 430.3 12.7 MethYl-228 
'3 494.4 11.4 Benzo(a)PYrene 
10 4"31. 3 11.2 Benz•J ( e) PY rene 
1 1 600 10.:3 Benzo(9hi)Perylene 
12 337.1 10 Benzo(b)fluorene 
1 ..... . :, 381.1 9.4 Benzo(c)Phena.nthrene 
14 439.4 '3 1-PhenYlPhenanthrene 
15 500 8114 PerYlene 
16 583.1 8.2 Indeno<l,2,3-cd)PYrene 
17 303.7 8.2 MethYl-PhenYlna.Phthalene 
18 406.7 7.8 
1 "3 450.8 7.6 
2~3 437.3 7.4 

MAJOR PEAKS IN SAMPLE 31 

RANK ARI COHC(PPb) Possible Id --- --------- ---------
1 286.1 349.6 Fluora.nthene 
•:) 
.:. 300 287.9 PYrene 
3 200 182.4 Phenanthrene 
4 400 165.1 Chr-:.'sene 
s 475.2 163 Benzofluora.nthene .- 335.5 85.7 Benzo(b)fluorene 0 
7 397 85 BenzCa.)a.nthra.cene 
8 269.6 78.8 2-PhenYlnaPhtha.lene 
9 302.7 75.2 MethYl-PhenYln«Phtha.lene 
10 491.6 69.8 Benzo(e)PYrene 
11 313.6 63.6 MethYl-PhenYlnQPhthalene 
12 329.8 62.7 Benzo(a)fluorene 
13 494.6 61.5 Benzo(Q)PYrene 
14 609 56.3 Benzo(~hi)perylene 
15 279.4 51.1 C2-<Phenanthrene✓Anthracene) 
16 343.2 47.7 MethYl(PYrene/fluoranthene) 
17 380.4 46.3 Benzo(9hi)fluoranthene 
18 406.5 45.2 
1 ·~ 365.6 42.5 
20 582.8 41.5 Indeno(l,2,3-cd)PYr~ne 



MAJOR PEAKS IH SAMPLE 32 

RANK ARI •:OHC(PPb) Possible Id 

--------- ----------
1 300 3 PYrene 
2 286 2.6 Fluoranthene 

• 3 400 2.1 ChrYsene 
4 409 2.1 
s 495.9 1. 4 Benzo(a.)pyrene ,. 500 1. 4 PerYlene 0 

~ 7 492.7 1. 2 Benzo(e)PYrene 
8 521 1. 1 

"9 600 .9 Benzo(~hi)Perylene 
10 379.1 .a Benzo(9hi)tluoranthene 
11 452.9 .a 
12 397.5 .6 Benz(t1)a.nthracene 
13 501.6 .6 
14 540.2 • 6 . 
15 476 .3 Benzofluort1~thene 
16 1 :32. 2 .3 

MAJOR PEAKS IN SAMPLE 33 

RAMK ARI CONC(PPb) P1lssible Id 

--------- ---------
1 400 10.1 ChrYsene 
2 285.6 :3 Fluora.nthene 
3 :300 7~6 PYrene 
4 200 2. '3 PheneJ.nthrene 
s 430.4 2.5 MethYl-228 .- 491.1 2.5 Benzo(e)pyrene I!) 

7· 600 1 Benzo(9hi)perYlene 

MAJOR PEAKS IN SAMPLE 34 

RANK ARI CONC(PPb) P,:,ssible Id 

--------- ---------
1 206.8 1. 6 
2 401 • .s 1. 6 
:3 498.6 1. 4 
4 400 1.2 ChrYsene 
5 285.7 1. 1 Fluora.nthene .- 494.7 1. 1 Benzo(a.)pyrene t) 

7 215 .7 
8 427.4 .7 
9 160.1 .5 
10 240.2 .s 
11 261.6 .s 2-PhenYlnarohthalene 
12 314.4 .s 

~ 13 5.7 .5 
14 536.1 .4 
15 185.1 .4 
16 278.4 .4 C2-<Phena.nthrene✓Anthracene) 

• 17 :300 .4 PYrene 
1:3 4:37. 6 .4 
1 '3 273. :) . ., . '- C2-Phenanthrene 
2~3 275.4 . ., . '-



MAJOR PEAKS IH SAMPLE 35 

RAHK ARI CONC(ppb) Possible Id 

---------- ---------
1 286.9 2.4 Fluoranthene 
2 407.2 2.1 
3 494.6 1. 7 Benzo(a.)PYrene .. 
4 / 300 1. 4 PYrene 
5 491.9 1 ~-... Benzo(e)PYrene 
6 265 .. 7 1.1 
7 426.5 .9 
8 173.4 .a 
9 191 .. 6 .a 
10 196118 .a 
11 215.1 .a 

' 12 582.1 a8 Indeno(l,2,3-cd)pyrene 
13 389 .8 
14 · 429.2 .• Meth'>' 1-22:3 .~ 
15 209.8 .6 
16 476.5 .6 
17 274.9 .6 C2-Pheno.nthrene 
1:3 415.1 .6 
19 543.7 .5 
20· 400 .5 Chrysene 

. 
MAJOR PEAKS IN SAMPLE 36 

RANK ARI CONC(ppb) Possible Id 
---- --- --------- ----------
1 261.4 3 2-PhenYlno.Phtha.lene 
2 285.8 2.1 · Fl U•l r,1nt hene 
3 475.4 1. 6 Benzo,luora.nthene 
4 494.6 1.·6 Benzo(e1)PYri?ne 
s 407.3 1. 4 
6 206.4 1.4 
7 240 .9 
8 273.3 .9 C2-Pheno.nthrene 
9 300 .9 . PYrene 
10 503.5 .9 
11 544.1 .9 
12 ·409 .7 ChrYsene 
13 426.4 .7 
14 491.6 .7 Benzo<e>PYrene 

· 15 534.4 .7 
16 389 .5 
17 397.3 .5 Benz<e1)0.nthro.cene 
19 481.8 .2 

EHD OF FILE 
• 
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Appendix I-A 

Listing of ARis, with possible identifications, and concentrations 

of the major peaks in fraction G3.·2 of the December, 1983 sediment study. 

Concentrations are in ppb-dry weight, calculated relative to the recovery 

of the internal standard 2,2'-binaphthyl. The presence of trace amount of 

di-octylphthalate at ARI -431, was confirmed by mass spectrometry, we suspect 

that laboratory contamination was responsible. 

f1AJOR PEAKS IM SAMPLE 01C 

ARI COMC(PPb) P1:iss ib le Id. 

--------- -------~-
446.9 12~37. 7 ISTD 
286 640.9 · FltJ•:ir,1nt .. hene 
376.1 553.5 ISTD 
300 471. :3 P·1rene 
475.1 :363. 7 Benzofluoranthene 
200 :350. 2 Pher,,1nt h rene 
400 331.6 ChrYsene 
397.2 27:3. :3 Benz(a)anthracene 
4•34_ 5 1 '34. :3 Benzi:, ( ,1) io·i rene 
:331. 1 · 1 s•3. 2 Benzo(a)fluorene 
336.5 17•;1. 8 Senzo(b)fluorene 
4'31.3 153.8 Senz,J ( e) PY re nit 
304.1 13•3 Me-PhenYlnaPhthalene 
242.6 •32. 3 4-H CYcloioent«<def)Phen~nthrene 
583.3 81. 3 Indeno<1,2,3-cd)PYrene 
203 77.4 Ant h r,1cene 
343.5 73.6 Me-202 
600 73.5 Benzo<~hi)perylene 
262.4 71.6 
404.2 65. •3 Pc, l .._...,.·,e~- hy 1 hYd roch.rYsP.ne 
125.4 63.5 A,:.enaPht hene 
377.6 61.4 B~nzo(b)na~htho(2,1-d)thio~hene 
151 5•3. 1 F 1 w:, ri:·ne 
430.8 5:3. 8 Di-octYl~hthalate 
4:34. S 56.3 



MAJOR PEAKS IN SAMPLE 02C 

RANK ARI CONC(i;,pb) Possible Id ! 

--------- ---------
1 446.9 97009 ISTD 
2 376.S 672.7 ISTD 
3 474.9 155.8 Benzofluor4nthene . .4 285 .. 8 147.3 Fluoro.nthene 
s 300 129.7 PYrene 
6 -400 121.3 ChrYsene 
7 494.4 68.8 Benzo(a.)pyrene 
8 3•~7. 3 62.5 Benz(a.)anthracene 
·3 4'31. 3 57. :3 Be-nzi:, < e) PY rene 
10 600 57.1 Benzo(~hi)PerYlene 
11 :200 53. ·~ Phen,1nt h rene 
12 S:33.3 43.1 Indeno(l,2,3-cd)PYrene 
1 •"'t •.l 337.1 4:3 Benzo(bH lwJri:"ne 
14 500 :36. 6 Perllene 
15 438.1 :33. 1 1-PhenYlPhenanthrene 
16 512.2 32.7 Me-252 
17 431.1 31.6 Di-octYlPhthala.te 
18 304.6 24.S Me-PhenYlna.Phthalene 
1·3 280 23 c2-17:3 
20 263 20. 1 
21 239 19.8 Me-178 .,., -- 502.6 1'3 
23 579.5 18.7 libenzo<def,~no)chrYsene 
24 181.5 17.1 2-Met hY 1 f 1 U•J rene 
25 237.S 15. ·~ Me-178 

MAJOR PEAKS IN SAMPLE 03C 

RAMK ARI COHC<PPb) P,Jssible Id 

---------- ---------
1 446.7 440.S I:3TD 
2 376 •. 2 103. ·3 ISTD 
3 500 14.9 PerYli:ne 
4 285.7 14.1 Fluora.nthene 
5 300 13.S PYrene 
6 400 8.9 ChrYsene 
7 268.8 7.5 
8 489.8 6.9 Benzo(e)pyrene 
9 397.3 6.6 Benz(a)~nthr~cene 
10 600 6 BenzoC9hi)PerYlene 
11 433.8 5.7 
12 473.7 4.3 Benzolluora.nthene .,, 

13 492.9 4.1 BiinZ•J < e) PY rene 
14 337.3 :3 Benz,J(b)f luorene 
15 582.7 •') .-

'-• ~ Indeno(t,2,3-cd)PYrene 
16 200 •') •') 

'-• ... Phen,1tH. h rene 
17 266.7 2 
1:3 430.5 1.7 Di-octYl~hthalate 
1 '3 27·~. ·~ 1.4 C2-17:3 
2t) :3:31. 5 1 Ben=o<~)fluor~ne 



MAJOR PEAl<S IN SAMPLE 04C 

RANK ARI CONC(PPb) P,:>ssible Id 
-------~- ---------

1 447,S 591.7 ISTD 
,.. 2 376.3 180.7 ISTD 

3 285.7 14.2 Fluoro.nthene 
4 26"3 14.2 
5 300 10.4 PYrene .. 6 434.4 9.2 
7 200 4.9 Pheno.nt.hrene 
8 491.5 4.8 Benzo(e)PYrene 
-·~ 400 4.7 ChrYsene 
10 ;397. 3 3.8 Benz(a)anthracene 
11 266.7 3.4 
12 t:31.4 2.1 2-MethYlfluorene 
1 · ... . :, 237.6 1. 5 Me-178 

MAJOR PEAKS IM SAMPLE 05&: 

RAMK ARI CONC(ppb) P1:>ssible Id 
--------- ---------

·1 446.7 558.7 ISTD 
2 375.7 206.1 ISTD 
:3 2:36 8 Fluoranthene 
4 502.1 6.7 . 
s 300 4.7 PYrene 

MAJl)R PEAKS IM SAMPLE 06C 

RAMK ARI CONC(PPb) P,,ssible Id 
--------- ---------

1 447.6 1126.1 ISTD 
2 :376. 3 226 ISTD 
:3 180.5 182.4 2-MethYliluorene 
4 474.9 75. '3 Benzofluoro.nthene 
s 300 73.S PYrene .- 285.S 67.4 F 1 u,:> rant hene ~ 

7 400 52.4 ChrYsene 
8 494.4 30.2 Benzo(a.)PYrene 
'3 159.7 29.2 
10 397.4 28.S Benz(a)o.nthracene 
11 197.6 28.4 
1:2 491. 3 27.7 Benzo<e)PYrene 
13 600 27.6 Benzo(~hi)Perylene 
14 583.3 22 Indeno<t,2,3-cd)PYrene 
15 500 21. 1 PerYlene 
16 337.2 18.7 Benzo(b)fluorene 

0 17 331.4 18.4 Benzo(a.H luorene 
1:3 111. 8 18.1 
1 '3 511.9 17. 1 Me-252 
20 431.1 15 Di-octYlPhthalate 

• 21 27"3, 6 15 C2-178 
·::-·::, 255 15 --2:3 275.2 14.·3 C2-178 
24 525.1 1 .-. ., " ..... 
25 261. 4 11.2 2-F'hi:·r1Y l ri 1:r.r.-ht.h,11 i;rii:·+t=tr·,·t. h r,:r.o:t.1.~ i r-1,.:•n~ 



MAJOR PEAK!3 IN :;AMPLE 071: 

RANK ARL COru:;(ppb) P,Jssible Id 

--------- ---------
1 447.4 1126.1 ISTD 
2 376.2 222.7 ISTD 
3 182.tS 150.1 2-MethYlrluorene 
4 300 76.1 PYrene 
5 285.9 70.4 Fluor«nthene ~ 

6 400 54.6 ChrYsene 
7 474.9 54.3 Benzotluoranthene 
8 600 39.9. Benzo(9hi)PerYlene 
9 491.2 25.8 Benzo(e)ioYrene 
10 200 25.4 PhentJ.nthrene 
11 397.4 25.4 Benz(a)anthracene 
12 49404 24. '3 Benzo(o.)?Yrene 
1 .... •:i 58:3. 3 24. :3 Indeno(l,2,3-cd)PYrene 
14 161.4 23.3 Me-di benz1:ir u r,1n 
15 256.8 21.'3 
16 500 18. '3 PerYlene-
17 337.3 17.2 Benz,J ( b) f" l uo rene 
1:3 112.8 17.2 
19 431.1 14.6 Di-octYl10hthalate 
20 280.1 13.2 C2-178 
21 501.8 12. '3 .,., -- 433.5 11.3 
23 0 10.7 Naphthalene 
24 262.8 10.5 
25 304.6 9.9 Me-PhenvlnaPhthalene 

MAJOR PEAKS IN :3AMPLE 08C 

RANK ARI CO~4C(PPb) Possible Id 

-----~---- ---------
1 447.5 1020.4 ISTD 
2 376 185.4 ISTD 
:3 286 69.5 Fl1Jor11nthene 
4 300 67.6 PYrene 
s 400 66.8 ChrYsene 
6 474.9 66 Benzofluor4nthene 
7 181.8 31. '3 2-MethYliluorene 
8 3•~7. 2 28.7 Benz(a)anthracene 
9 491.3 28.2 Benzo(e)PYrene 
10 600 25. :3 Benzo(~hi)PerYlene 
1 1 494.3 25.1 Benzo(a)PYrene 
12 500 24.9 PerYlene 
1:3 200 24.2 Phenanthrene 
14 331.2 20.1 Benzo(a)rluorene 
15 337 19.4 Benzo(b)rluorene 
16· 262.6 18. •3 
17 434.2 17.9 
18 583.2 15. ·~ Indeno<l,2,3-cd)PYrene 

~ 1 ·3 430.9 15.8 Di-octYlPhthalate 
20 511.9 12.7 Me-252 
21 :304. 4 12.4 Me-~henYlnaPhthalene 
22 26·;'. 1 11.5 
2:3 277. •3 11. 1 1:2-17~:: 
24 2:30. 4 ·,. ·, ,::2-17!:: 
25 2:37. 4 -~. 5 t·li:· -1 7::: 



MAJ1JR PEAKS IN SAMPLE 09C 

RANK ARI CONC(ppb) P,:,ssible Id 

--------- ---------
• 1 446.8 1020.4 ISTD 

2 376.3 540.3 ISTD 
3 300 64.2 PYrene 
4 285.9 56.8 F 1 uo r,1nt hene 
5 474.8 49.9 Benzofluoranthene 
6 400 41 ChrYsene 
7 337.4 34.4 Ben%o(b)fluorene 
a 600 27.2 Benzo<~hi)PerYlene 
9 491.2 26.1 Benzo(e)pyrene 
10 397.3 21.3 R~nz(a)anthracene 
11 4'34. 4 1 ·~. :3 Benzo(a)PYrene 
12 S:3:3. :3 17. :3 Indeno(l,2,3-cd)PYrene 
13 200 16.S Phen,1nt h ri:-t-.e 
14 26:3.:3 13 
15 434 12.7 
16 237.5 :3. 2 Me-17:3 
17 500 7.6 PerYlene 
18 23"3. 1 7."6 Me-17:3 
19 2:30. 1 7.6 C2-17:3 
20 :344. 1 7.2 Me-202 
21 431 s. -~ Di-octYlPhthalate 
.,? -- 266.9 5.4 
23 181.3 2.4 2-Met h)"' H l U•J rene 

MAJOR PEAKS IM SAMPLE ·t0C 

RAHK ARI t:ONC(PPb) P,:,ssible Id 

--------- ---------
1 447.6 10,30 I:3TD -~ .:::. 286.3 251.3 F 11..,,:, r,1r1 t hene 
3 300 187.4 PYrene 
4 376.1 172.2 ISTD 
5 475 13"3. :3 Benzofluoranthene 
6 400 111.S 1:hr~1sene 
7 200 74.S Phen,1nt h rene 
8 494.4 53.9 Benzo(a)PYrene 
9 :331 50 Benzo(a)fluorene 
10 491.3 47.1 Ben:zo(e)pyrene 
11 397.3 45.4 Benz<~)anthr~cene 
12 :304. 2 33. •3 Me-PhenYlnaPhthalene 
13 336.8 33. '3 Benzo<bH luorene 
14 500 29.S PerYlene 
15 600 28.6 Benzo(~hi)PerYlene 
16 5:33~2 27.8 Indeno(l,2,3-cd)PYrene 

II 17 181. 7 25. '3 2-MethYlfluorene 
1:3 511.8 22.2 Me-252 
1 '3 :34:3. S 20.2 Me-202 
20 238.8 20.1 Me-17:3 
21 371.3 1 '3. :3 
·::-·, 4:31. 1 1 '3. 1 Di-octYl~hthalate --. 2:3 ., . .,.., -') 

;..•J ( • '- 1 '? •=a 
I • •• t•1i:-1 7:3 

24 262.S P' •=a I • •' 

25 .•,~~ .~ 
.;,. I a· • •:• 16.S 8~nzo(b)na~htho(2,1-d)thioPh~ne 



MAJOR PEAKS IN SAMPLE 11C 

RANK ARI CONC(PPb) Possible Id 
---- ---------- ---------
1 447.5 934.6 ISTD 
2 376 139 I:3TD 
3 286.5 88Q8 · Fluora.nthene 
4 300 82. 1 PYrene 
5 . 475 63.8 Benzofluoranthene 
6 400 51.5 ChrYsene 
7 200 35.6 Phenanthrene 
8 397.2 31.8 Benz(a)anthracene 
9 331 31.5 Benzo<a)fluorene 
10 18203 30.1 2-MethYlfluorene 
11 4•31.3 27.6 Benzo(e)PYrene 
12 4'34. 4 26.2 Benzo < ,1) PY rene 
13 282 2So7 
14 262.5 24.2 
15 500 23.8 Per~llene 
16 600 21.7 Benzo(~hi)~erYlene 
17 336.9 21o5 Benzo(b)fluorene 
1:3 583.3 20.5 Indeno<1,2,3-cd)PYrene 
19 501.7 17.6 
20 434a1 14.4 
21 304.2 13 Me-PhenYlnaPhthalene 
22 431.1 1-, Q '9 o ~ Di-octYlPhthalate 
23 237.2 12. •3 Me-178 
24 282.9 12.4 
25 511o8 12.4 Me-252 

MAJOR PEAKS IN SAMPLE 12C 

RAHK ARI CONC(PPb) Possible Id 

--------- ---------
1 446.7 •~47 ISTD 
2 376.2 3·35. 8 I:3TD 
3 300 sa.1 PYrene 
4 285.9 57.3 F 1 u,:, r 11nt hene 
5 474.8 55.7 Benzofluoranthene 
6 400 42.5 ChrYsene 
7 600 33 Benzo(~hi)perylene 
8 337.3 32.1 Benzo(b)tluorene 
9 491.2 27.1 Benzo(e)PYrene 
10 494.4 23.5 Benzo(a.)pyrene 
11 268.9 2") .• 

'-•b 
12 397.3 21. 3 Benz<a)anthrdcene 
13 200 20.8 Phenanthrene 
14 583.S 12.3 Indeno(t,2,3-cd)PYrene 
15 500 11. 1 PerYlene 
16 434 ·3. 2 
17 280.2 :3.2 C:2-178 
18 344.1 6.4 Me-202 
1 "3 211.2 5.5 C2-F l •.~o rene 
20 181.4 5.5 2-MethYlfluorene 
21 237.6 3 Me-17:3 



MA.J•JR PEAKS IM :3AMPLE 13C 

RANK ARI CONC(p,=.b) Possible ld 

--------- ---------
1 448.1 917.4 ISTD 
2 376 11·~.:3 ISTD· 

0 3 475.1 61.6 Benzofluora.nthene 
4 286.2 59.4 Fluora.nthene 
s 300 58.5 PYrene 

II 6 400 47.8 ChrYsene 
7 580 31. 5 PerYlene 
8 494.3 30.1 Benzo(a.)pyrene 
9 491.3 29.9 Benzo(e)PYrene 
10 200 24.4 Phenanthrene 
11 182.5 24.3 2-MethYlfluorene 
12 583.1 22.8 Indeno<l,2,3-cd)PYrene 
1 •'"\ .:J 397.3 20.7 Benz·(«) a.nth r,1cene 
14 600 l '3. 6 Benzo(~hi)PerYlene 
15 262 .. 5 17.8 
16 2:30. 7 17.4 c:2-17:3 
17 431.1 17 Di-octYlPhthalate 
1:3 372.5 16.7 
1 '3 32"3. 5 16.7 Benzo(a.)fl~orene 
20 331.3 16 Benzo<a.)fluorene 
21 33?.2 15.8 Benzo(b)fluorene .,., -- 434.4 14.1 
2:3 524.9 1:3. 1 
24 238.8 12.6 Me-178 
25 472.9 12.1 Benzofluora.nthene• 

.MAJOR PEAKS IH·SAMPLE 14C 

RAMK ARI CONC(ppb) Possible Id 

--------- ---------
1 447.5 313.S ISTD 
2 :375. 9 61.9 ISTD 
3 475.2 56.2 Benzofluora.nthene 
4 300 S3 PYrene 
s 286.3 52. '3 Fl uo r 11n t hene 
6 400 40.4 ChrYsene 
7 494.6 32.,S Benzo(a.)PYrene 
8 491.5 27.3 Benzo(e)pyrene 
9 397.1 22.2 Benz(a.)anthr~cene 
10 200 22.1 Pheno.nthrene 
11 330.9 21.3 Benzo<a)fluorene 
12 336.7 19.1 Benzo(b)fluorene 
13 583.2 18.6 Indeno(1,2,3-cd)PYrene 
14 500 18.4 PerYlene 
15 600 16.2 Benzo(9hi)PerYlene 
16 367 14.5 

~ 17 280.5 14 C2-17:3 
18 322.7 12.4 Me-, l •J•J r,1nt hene 
1 ·3 430.8 11.4 Di-octYlPhthalate 

., 20 t:32. 8 10.3 2-MethYlfluorene 
21 377.8 ·;. 8 Benzo < b) no.10ht h•J < 2, · 1-d) th i ,,iohene 
22 518.5 ·;.. 7 
2:3 :371. 6 ·3. 6 
24 507. :3 . '3. 1 Ch,) 1 ~st 1:i.d i ene ,:ir DCB 
25 :34:3. S ·;. Me-2~~t2 



MAJIJR PEAKS IN SAMPLE 15C 

RANK ARI CONC(PPb) Possible Id 
--------- ---------

1 447.6 :333.3 ISTD 
2 376.3 176.1 ISTD 
3 300 6106 PYrene 
4 295.9 59.6 Fluoro.nthene 
5 475 55.7 Benzorluoranthene 
6 400 44.2 ChrYsene 
7 491.3 25.5 Benzo(e,)pyrene 

\ 8 39704 24,9 Benz(d)anthracene 
9 500 22.4 PerYlene 
10 4'34. 4 21.6 Benzo(a)pyrene 
11 200 20.2 Phena.nthrene 
1:2 600 17.7 Benzo(~hi)P~rYlene 
13 33703 17.6 Benzo(b)fluorene 
14 583.3 17.6 Indeno(l,2,3-cd)PYrene 
15 4:31 1., •:. -· .. Di-octYlPhthalate 
16 511.9 1 •') -, 

'-. ' Me-252 
17 2:30 1., .-

- • b C:2-17:3 
18 407 10 .. '3 
1 •3 576.7 10 .. 8 Dibenzo<def,Mno)chrYsene 
20 472.9 9. '3 Benzo,luoranthene 
21 304.6 9. •3 Me-PhenYln~Phthalene 
22 262.8 ·3. 7 
23 239 9.2 Me-178 
24 343.9 :3. '3 · Me-202 
25 237.4 8 ~ • I Me-178 

MAJt)R PEAKS IH SANPLE 16t 

RANK ARI. CONC(ppb) Possible Id 

--------- ---------
1 447.3 :322. 6 ISTD 
2 :376 69.5 ISTD 
3 300 57.5 PYrene 
4 286.1 54. 1 · Fl u,J rant hene 
5 475.1 44.8 Benzofluoranthene 
6 400 36.6 ChrYsene 
7 331.2 23.3 Benzo(,1).f luorene 
8 600 23.1 BenzoC~hi)Perylene 
9 494.4 22.3 Benzo(a.)pyrene 
10 200 22.2 Phendnthrene 
11 491. 3 20.7 Benzo(e)PYrene 
12 397.2 18.3 Benz(a.)a.nthra.cene 
13 337 16.3 Benzo(b)fluorene 
14 182.7 15.9 2-MethYlfluorene 
15 262.5 14.6 
16 583.2 13.9 Indeno<l,2,3-cd)pyrene 
17 367.3 13.3 
18 500 12.1 PerYlene 
19 238.7 11.5 Me-178 
20 431 11 Di-octYlPhthalate 
21 237.2 10.2 Me-178 
22 :322. 9 ~ ·~ ., ... Me--rluoranthene 
2:3 :34:3. 8 ·;t. 4 Me-202 
24 2:30. 4 • ·,. :3 C2-17:3 
25 0 ·=- ? '.J • I M,:.t.r.oh t. h•l l t:"rie 



MA.JtJR PEAKS IN SAMPLE 17C 

RAMK ARI CONC(JOPb) Possible Id 

--------- -------~-
1 447.2 1126.1 ISTD 
2 300 252 PYrene 

9 3 2:36 246.1 Flw:,ranthene 
4 475.1 222.1 Benzofluoranthene 
s 375.9 188.8 ISTD 
6 400 14•;. 4 ChrYsene 

Q 7 494.4 109.4 Benzo(a.)pyrene 
\. 8 182.5 96.3 2-MethYllluorene 

9 331.2 96 Benzo<a)lluorene 
10 600 •35 Benzo(~hi)perYlene 
11 3•37. 2 91 Benz<a)anthracene 
12 4•31. 3 ·,0. 2 Benzo(e)pyrene 
1:3 200 76 Pher111nt h rene 
14 336.9 74.4 Benz,:-< b) r l •.~o rene 
15 58:3. 2 69.6 Indeno(l,2,3-cd)PYrene 
16 262.6 56 
17 ;2:30. 1 53. '3 C2-178 
1:3 322. ·, 52.8 Me-t' 1 uo r,1nt hene 
1 '3 367.2 49. :3 
20 238.8 4-:e ., ~. - Me-17:3 
21 500 4'3 PerYlene ..... , ,_ 3-,? ,_ 46.1 
23 438.8 44. '3 1-PhenYlPhenanthrene 
24 237.3 43 Me-178 
25 431 40 Di-octYlPhtha.late 

·MAJIJR PEAKS n~ SAMPLE 18C 

RANK ARI co~~C<PPb) Possible Id 

---~----- ----------
1 447.5 :332. 2 ISTD 
2 300 74.3 PYrene 
3 2:36 68.8 F 1 w:i r,1nt hene 
4 475.2 62.4 Benzotluoranthene 
5 400 47.5 ChrYsene 
6 375. •3 45.:3 ISTD 
7 4'34. 5 31.:3 Benzo(a.),:,yrene 
8 200 25. •3 Phena.nthrene 
9 331.2 25.3 Benzo<a)fluorene 
10 397.2 25.3 Benz(a)anthrdcene 
11 491.3 24.4 Benzo<e)aoYrene 
12 583.1 21.2 Indeno(l,2,3-cd)PYrene 
13 336.9 20.2 Benzo<b)fluorene 
14 500 19.3 PerYlent? 
15 600 19.3 Benzo(9hi)PerYlene 
16 262.4 18 

~ 17 367 .1 16.7 
18 322.9 15.2 Me-, h,o r,1r1t hene 
1'3 280 14. 1 C2-17:3 
20 430.9 13.3 Di-octYl~htha.la.te 

• 21 4•"'1•""\ •""\ 12.4 .:,~.~ 
22 34:3. 7 12.4 Me--202 
·'j•""\ 

__ ., 
1:32. 6 12. 1 2-MeUn .. If' 1 w:i ren'3' 

24 2:3:3. :3 11. ·;. t-1€-17:3 
25 ·-=··-=·~ ... -·-·• . -~ 11.6 Mi:-1 7:3 



MAJOR PEAK:3 IN SAMPLE 19C 

RANK ARI CONC(PPb) P,Jss ib le Id 

--------- ---------
1 447.5 925.9 ISTD t 

2 375.8 174.7 ISTD 
3 300 83 PYrene 
4 287 79.6 Fl •Jo rant hene 
5 . 475 75.6 Benzo,luorQnthene .. 
6 400 55.8 ChrYsene 

.. 7 600 .38. 8 Benzo(9hi)PerYlene 
8 49103 32.1 Benzo(e)PYrene 
9 397.3 27.8 Benz(Q)anthracene 
10 494.4 27.6 Benzo(Q)PYrene 
.11 500 23.4 PerYlene 
12 200 23 Pheno.nthrene 
13 583.3 22. '3 Indeno<l,2,3-cd)PYrene 
14 :331 21.5 Benz,:-< •l), 1 uo rene 
15 :336. 9 20.1 Benzo ( b) f' l •Jo rene 
16 182.6 16.6 2-MethYlf'luorene 
17 262.5 11.'3 
18 284.2 110 "3 Fluorant.hene 
1 "3 304.2 11. 9 Me-PhenYlnaPhthalene 
20 511 a 7 11.s Me-252 
21 343.6 10.9 Me-202 
22 440 10.8 
23 237.2 10.3 Me-178 
24 473 10.2 BenzofluorQnthene 
25 322.8 10. 1. Me-fluoranthene 

MAJOR PEAKS·IN SAMPLE 20C 

RANK ARI CONC<P.Pb) Possible Id 

--------- ---------
1 447.7 ·~43. 4 ISTD 
2 376.1 126.3 I:3TD 
3 300 64.1 PYrene 
4 286.1 63.3 Fluor,1nthene 
5 474.9 · 62. 6 BenzofluorQnthene 
6 400 47.5 ChrYsene 
7 397.3 29.3 Benz(a.)a.nthrdcene 
8 491.2 28.4 Benzo<e)pyrene 
9 600 26.2 Benzo(9hi)perYlene 
10 181.8 23.9 2-MethYllluorene 
11 200 22.5 Phenanthrene 
1 ., .. - 4'34. 3 21. 6 Benzo(a)PYrene 
13 583.2 20. •3 Indeno<t,2,3-cd)PYrene 
14 331.2 19 Benzo(a)fluorene 
15 337 18.6 Benzo(b)fluorene 
16 500 17. '3 PerYlene 
17 262.6 17 
18 431 13 Di-octYlPhtha.late 
1 "3 409. '3 12. :3 ~ 

2i3 511. 7 -12. 2 Me-252 
21 282.1 11 .,., 472.:3 10.7 Benzofluoranthene --2:3 4:34. 4 . U).7 
24 :3~J4. 4 10.6 Me-Ph~nYlnaPhthal~ne 
25 2:30. 5 '3. :3 1:2-17::: 



MAJ1JR PEAKS IM SAMPLE 21C 

RAMi< ARI CJNC(PPb) P,Jssible Id 
~-------- ---------

0 1 447.6 952.4 ISTD 
2 376.1 155. "3 ISTD 
3 474.9 70.2 BenzofluorQnthene 
4 285.9 61.9 F 1 uo r,1nt hene 

Q s 300 61.5 PYrene 
6 400 46.6 ChrYsene 
7 491.3 31.8 Benzo(e)pyrene 
8 397~3 27.3 Benz(4)anthracene 
'3 600 25.4 Benzo(9hi)Perylene 
10 494.3 23.8 Benzo(a.)PYrene 
11 583.2 20 Indeno(l,2,3-cd)PYrene 
12 181.7 l8o5 2-MethYlf' luorene 
13 200 17. ·;a Pheno.nthrene 
14 500 17.5 Per-:tlene 
lS 331. 3 17.5 BenzoC~)fluorene 
16 337.1 16. 1 Benzo(bH luorene 
17 441.6 13. :3 ISTD 
t:3 511. 7 13 Me-252 
1 "3 268.9 11.9 
20 262.7 11.3 
21 472.8 t1 Benzofluora.nthene 
22 276.2 10.6 i:2-17:3 
23 304.4 10.3 Me-PhenYlnaPhtha.lene 
24 343.8 8.7 Me-202 
25 237.4 s.s Me-178 

MAJOR PEAKS IH SAMPLE 22C 

RA~~K ARI co~~•: ( PPb) Possible Id 

--------- ---------
1 446.2 '34:3. 4 ISTD 
2 375.3 227.6 ISTD 
:3 286.S 71.9 F 1 uo r,1nt hene 
4 300 68.7 PYrene 
s 475.2 62.4 Benzofluora.nthene 
.• 400 52.7 ChrYsene b 
7 281.9 27.7 
8 159.8 27.1 
9 491.2 26.6 Benzo(e)PYrene 
10 397.5 24.7 Benz(a)a.nthra.cene 
11 494.6 24.7 Benzo(a.)PYrene 
12 331.3 22.7 Benzo<a.H luorene 
13 600 21.8 Benzo(~hi)PerYlene 
14 500 21.7 PerYlene 
15 200 20.3 Phenanthrene 
16 182.2 1'3. 5 2-MethYlrluori!ne 
17 337 18 Benzo(b)f"luori!ne 
1:3 367.7 17.8 

II 1 '3 584 16.8 Indeno(l,2,3-cd)~Yrene 
20 430.5 14.4 Di-octYl~hthala.te 
21 432.7 14.·4 
.-. .... 
_;-:., 26·~. 2 13.5 
2·~: :304. 6 12 Me-PhenYlnQPhthalene 
24 262.6 11. :3 
25 404.:3 10.:3 PolYMethYlhYdrochrYsene 



MAJOR PEAKS IM :3AMPLE 2:3c 

RANK ARI CONC(Pf:'b) Possible Id 

--------- ---------
1 447 423.7 ISTD 
2 163.9 288 4 

3 160.7 134.S 
4 287a1 106.1 Fluoranthene 
5 300 98. :3 PYrene 
6 375.4 79.8 ISTD 
7 475 67.8 Benzofluoro.nthene 

.. 8 400 59.4 ChrYsene 
9 200 43.8 Pheno.nthrene 
10 494.4 35 Benzo(a.)PYrene 
11 397.3 32.3 Benz<a.)a.nthracene 
12 4'310 2 32.2 Benzo(e)pyr.;,l"le 
13 330. •3 29.3 Benzo<a)fluorene 
14 600 25 Benzo(~hi)PerYlene 
15 181. 8 22. '3 2-MethYlfluorene 
16 :336. 7 22.7 Benzo(b)fluorene 
17 5.83. 2 20.6 Indeno(l,2,3-cd)~yrene 
18 500 1"3. 3 PerYlene 
1 '3 1006 16o3 
20 77o2 15.4 
21 303.9 _14. ·;e Me-PhenYlna.Phthalene 
22 281.3 14.6 
23 262.2 13.8 
24 430.9 13.8 Di-octYlPhthdlate 
2S 242.5 13.5 4-H CYcloPenta(de1)Phenanthrene 

MAJOR' PEAKS IN SAMPLE 24C 

RANK ARI COHC(PPb) Possible Id 
--- --------- ---------

1 44? 35:3.4 ISTD 
2 2:35.9 142.7 Flu•:J r,1nt hene 
3 300 11:3.·3 PYrene 
4 475.3 113.1 Benzofluoranthene 
s 400 107.4 ChrYsene ... 375.7 86.4 ISTD t) 

7 397.1 58 Benz(a)anthr~cene 
a 494.6 57.6 Benzo(tt)PYrene 
9 200 52.9 Phenanthrene 
10 331.1 45.7 Benzo(«)fluorene 
11 491.4 40ol Benzo(e)PYrene 
12 336.6 39.3 Benzo(b)fluorene 
13 583.1 33.8 Indeno(l,2,3-cd)PYrene 
14 600 :31. 2 Benzo(9hi)PerYlene 
15 203.1 30.1 Ant h r,1cene 
16 500 :30 PerYlene . 
17 366.2 28.7 
18 377.5 26.1 Benzo(b)naPhtho<2,1-d)thioPhene 
1 •3 371.6 25.7 
20 182.4 24.6 2-Met hY U 1 uo rene 

. '! 

21 4:30. 8 23.4 Di-octYlPhthal~te 
22 :303. 9 23.3 Me-PhenYlnaPhthalene 
2:3 262.3 2:3. :3 
24 404.2 . 1 '3. S PolYMethYlhYdrochrysene 
25 412.S 1:::. :3 M1:·t h·:t l-22:3 



MAJOR PEAKS IH SAMPLE 25C 

RAHK ARI COHC(,o,:,b) Possible Id 

---------- ---------
1 446.8 396.8 I:3TD 

11 2 286.3 260 Fluoro.nthene 
3 300 184.9 PYrene 
4 475.5 165.1 Benzofluoranthene 
5 400 12·;. 8 Chr-:, .. sene 

u 6 375 74.4 ISTD 
7 200 69.7 Pheno.nthrene 

. "8 491.5 66.S Benzo(e)PYrene 
·~ 494.6 66 Benzo(o.)F>Yrene 
10 336.4 60.8 Benzo(b)fluorene 
11 397.1 54.2 Benz(a)anthracene 
12 371.6 45.4 
1 -~ -~ 430.6 44.7 Di-octYlPhthalate 
14 365.8 44.3 
fS 432.9 42.4 
16 600 . 40.4 Benzo(9hi)PerYlene 
17 43·3. 5 40 1-PhenYlPheno.nthrene 
1:3 437.5 39.8 
1 •3 343.2 38.7 Me-202 
20 377.5 38.6 Benzo(b)naPhtho<2,1-d)thio,ohene 
21 583.1 _:37. 9 Indeno<l,2,3-cd),oyrene 
22 330.6 36 Benzo<aH luorene 
23 303.7 :32.6 Me-~henYlno.Phthalene 
24 280.1 29. 6 · C2-178 
25 345.2 28.·2 Me-202 

MAJciR PEAKS IH SAMPLE 26C 

RAHi< ARI CONC(,opb) Possible Id 

~-------- ---------
.1 447.1 425.S ISTD 
2 286 202. •3 F 1 Wl r 11nt hene 
:3 300 17:3. 1 PYri:ne 
4 475.5 132.6 Benzofluoro.nthene 
5 400 · 114.6 ChrYsiine 
6 200 74.2 Phen,1nthrene 
7 494.6 71. 7 Benz,J <a) PY rene 
8 397.1 71.1 Benz(a)anthracene 
9 37S.1 68 ISTD 
10 491.5 59.6 Benzo(e)PYrene 
11 330.8 54.4 Benzo(a)fluorene 
12 336.2 54.3 Benz,J(bH luorene 
13 600 52.:3 Benzo(~hi)PerYlene 
14 303.6 39.8 Me-PhenYlno.Phthalene 
15 583.1 38.1 IndenoCl,2,3-cd),oyrene 

!; 16 437.3 37.2 
17 433.1 33.5 
18 500 :30. 2 Pen··lene 
1 •3 :366. 4 27.4 

D- 20 343.2 27.4 Me-2~32 
21 430.6 26. '3 Di-octxlPhthalate 
22 377.4 26.5 Benzo(b)no.~htho<2,1-d)thioPhene 
2:3 262 25. '3 
24 :371. S · 25. 6 
.•,c-
~.;,, 20:3 24.7 Ar-, ~- h r- i:1. ,:. i:· n e 



MAJOR PEAKS IN SAMPLE 27C 

RANK ARI COHC(PIOb) Possible Id 
--- ---------

_ _,, _________ 

1 446.9 387 .. 6 ISTD "t 

2 286 184.1 Flu·or,1nthene 
3 300 143.4 PYrene 
4 400 11308 ChrYsene 
5 475.3 93.5 Benzofluoranthene ~ 

6 494.6 71.2 Benzo(a.)py,eoene 
7 397 6& Benz(a.)anthraeene 
8 375.3 65.5 ISTD 
9 200 61.9 Phena.nthrene 
10 491. 5· 59.3 Benzo(e)pyrene 
11 331 48.6 Benzo(a.)fluorene 
12 600 47.4 Benzo(~hi)perYlene 
13 336.6 44.2 Benzo(b)fluorene 
14 476.4 44.1 Benzofluoranthene 
1.5 583.2 :36. 2 Indeno(l,2,3-cd)~yrene 
16 404.4 34.6 PolY~ethYlhYdrochrYsene 
17 500 29. '3 PerYlene 
1:3 279 .. 6 25 .. 9 C2-178 
1 '3 30307 2506 Me-DhenYlnaPhthalene 
20 430 .. 6 25 Di-octYllOhthalate 
21 377 .. 5 24.7 Benzo(b)naPhtho(2,1~d)thio10hene 
22 262a3 22.s 
2:3 182 22a7 2-MethYU luorene 
24 3G7 22.7 
25 371.8 21.6 

MAJOR PEAKS IN SAMPLE 28C 

RANK ARI CONC(PPb) Possible Id 

--------- ---------
1 447.4 225.2 ISTD 
2 375.7 30.4 ISTD 
3 285.8 7.2 F 1 uo r,1nt hene 
4 300 7 PYrene 
5 475.2 4.7 Benzo,luoranthene 
6 400 4.4 ChrYsene 
7 471.8 4.3 Benzofluoro.nthene 
8 268.8 3a5 
9 500 3.5 PerYlene 
10 433.5 3.4 
11 ·397.3 2.6 Benz(a.)a.nthro.cene 
12 600 2.5 . Benzo(,ghi )perYlene 
13 200 2.3 Pheno.nthrene 
14 4'34. 4 2 Benzo(a.)pyrene 
15 491.1 2 Benzo(e)PYrene 
1Ei 181.6 1. 9 2-MethYH luorene 
17 430.7 1. 7 Di-octYlPhtho.late 
18 583.3 1. 6 Indeno(l,2,3-cd)~Yrene 
19 337.3 1. 3 Benzo(bH luorene 
20 262.3 1. 1 
21 1 Ei0. 1 .9 .,., -- 343.9 .a Me-202 
23 279.8 .6 C2-178 
24 176. :3 .5 J 

25 161.6 .s r·ti:--d i b.;-r,z,:,f •J r,,.n 



MAJOR PEAKS IN SAMPLE 2~C 

RANK ARI CONC(ppb) Possible Ia 
'I, --- ---------

____ ,_ ____ 

1 446.8 230.4 ISTD 
2 375.1 38.1 ISTD 
3 472 4.3 Benzo,luora.nthene 
4 433.1 3 
5 286.1 2 Fl•J•Jr,1nt hene 
6 300 1. 5 PYrene 
7 400 1. 4 ChrYsene 

MAJOR PEAKS IN SAMPLE 30C 

RAMK ARI CONC(prob) P•Jssible Id 

---------- ---------
1 447 227.8 ISTD 
•"\ .::. 376.1 51. 6 ISTD . 
3 285.9 18 F 1 uo r,1nt hene 
4 300 16.2 PYrene 
s . 474. 7 11.6 Senzo,luoranthene 
6 400 11.3 ChrYsene 
7 433.9 9.S 
:3 3•~7. 2 6.5 Benz(a)anthra.cene 
9 200 6.4 Phena.nthrene 
10 4'30. 8 5.4 Benzo<e)royrene 
11 181.7 5 2-Met hY 1 r l •Jo rene 
12 430.7 4.3 Di-octYlPhtha.la.te 
13 337.3 4.3 Benzo(bH luorene 
14 494 4.2 Benzo(a)PYrene 
15 511.2 3.6 Me-252 
16 600 3.5 Benzo(~hi)perYlene 
17 343.9 3.1 Me-:202 
18 304.6 3.1 Me-PhenYlna.Phtha.lene 
19 572.3 2.8 
20 412.8 2.7 MethYl-228 
21 583.1 2.4 Indeno(1,2,3-cd)pyrene .,., -- 378.1 2.2 Benzo(b)na.Phtho<2,1-d)thioPhene 
23 246.2 2.1 Me-178 
24 268.8 2.1 

II 25 237.5 2 Me-178 



MAJIJR PEAKS IN SAMPLE 31,: 

RAMK ARI COHC<totob) P,:,ssible Id 

--------- ---------
1 446.6 389.1 ISTD 
2 286.4 269 Fluoro.nthene 
3 300 259.9 PYrene 
4 400 168.9 ChrYsene ! 

5 200 139.6 Phena.nthrene 
6 47503 129.9 Benzofluoranthene 
7 330.6 99.1 Benzo(a)fluorene 
8 336.1 92.4 Benzo(b)fluorene 
9 279.7 84.5 C2-178 
10 375.1 76.4 ISTD 
11 437.4 72.4 
12 3'36. 9 66.2 Benz<a)anthracene 
1:3 34204 62.3 Me-202 
14 303.6 55. :3 Me-PhenYlnatohthalene 
1S 4·;'40 6 . 54. •3 8enzo(a)PYrene 
16 365.8 53 
17 4•31. S 52.4 Benzo(e)toYrene 
18 377.5 47.,:3 Benzo(b)naPhthoC2,1-d)thiotohene 
1 -~ 371. 2 41. S 
20 600 40.3 Benzo<~hi)Perylene 
21 430.6 38.3 Di-octYlPhthal~te 
22 262.2 38.3 
23 295.1 33.2 C3-DBT 
24 320 33 Me-f .1 uo rant hene 
25 583.1 30.4 Indeno(1,2,3-cd)~yrene 

MAJOR PEAKS IN SAMPLE 32C 

RANK ARI COHC(PPb) Possible Id 
--- --------- ---------

1 447.5 221.2 ISTD 
2 376 29.5 ISTD -~ 
~ 434 ·3. 1 
4 300 3.1 PYrene 
5 285.8 2. ·3 Fluoranthene 
6 474.7 2.6 Benzofluoranthene 
7 500 2.4 PerYler,e 
8 268.6 2.1 
9 400 2 ChrYsene 
10 100 1. 7 BiPhenYl 
11 181.5 1. 7 2-MethYllluorene 
12 134.8 1. 6 Dibenzolura.n 
13 174.2 1. 5 
14 160.2 1. 4 • 
15 161.6 1. 3 Me-dibenzoruri1n 
16 490.5 1.2 Benzo(e)PYrene 
17 200 1. 2 Phenanthrene 
18 397.3 1. 2 BenZ(Q)i1nthri1cene ~ 

19 216.8 1.2 C2-F 1,.,0 rene 
20 50 1.2 2-MethYlnaPhth4lene 
21- 451. 2 1. 1 
-::,·, :37:3. 9 1.1 Benzo(9hi),l~or'1nthene --2:3 4"34. 1 . 1 E:e-nz,:, (a) f:t'l rene 
.24 1:37.1 1 
25 :36 • ·;I 



MAJOR PEAKS IN SAMPLE 33C 

RANK ARI CONC(PPb) Possible Id 

--------- ---------
1 446.5 226.2 ISTD 
2 375.6 51. 5 ISTD 
3 285.7 7.5 Flu-Jr,1nthene 
4 300 6.6 PYrene 
s 200 6.3 Phenanthrtine 
6 500 6.3 PerYlene 
7 4:33. 4 4.4 
8 268.5 2. 7, 
9 400 2.1 ChrYsene 
10 136.8 1. "3 
11 397.3 1 Benz(a)anthracene 
12 181.4 1 2-MethYlfluorene 
13 242.7 .7 4-H CYeloPenta(def)~henanthrene 
14 174 

,,. . ~ 
15 278.4 .5 C2-178 

MAJOR PEAKS IN SAMPLE 34C 

RANK ARI CONC(PPb) Possible Id 

--------- ---------
1 446.5 222.2 ISTD 
2 375 42.1 ISTD 
3 433 1.9 
4 286.6 1. 1 Fluor,1nthene 
5 400 .9 ChrYsene . . . . . 

• 



!. 

MAJOR PEAKS IH SAMPLE 35C 

RANK ARI COHC(PPb) Possible Id 

--------- ---------
1 447.6 248a8 ISTD 
2 375.9 36a7 ISTD 
:3 2:36 33.1 F 1 ui, r,1nt hene 
4 :300 27 PYrene 
5 200 21.1 Phenanthrene ... 474.·~ 17.7 Benzofluor~nthene t) 

7 400 17.5 ChrYsene 
8 434a2 13o'7 
9 261.2 12.7 2-PhenYlnaPhtha.lene+Anthra~uinon~ 
10 182.3 9.5 2-MethYlf luorene 
11 397.2 8.6 Benz(a.)a.nthracene 
12 331. 3 8.S Benzo(a.)fluorene 
13 494.5 .- .~ ~.o Senzo<a.)pyrene 
14 491.4 6.3 Benzo(e)PYrene 
15 337.1 6 .Benzo(b)fluorene 
16 343.6 5.8 Me-202 
17 · 279.9 4. '3 C2-178 
18 304.3 4.9 Me-PhenYlnaPhtha.lene 
1·~ 500 4.8 PerYlene 
20 430.9 4.6 Di-octYlPhtha.la.te 
21 583.1 4 Indeno(l,2,3-cd)PYrene .,.:, -- 511.8 4 Me-2S2 
23 600 3. :3 Benzo<~hi)PerYlene 
24 378 :3. 6 Benzo(b)na.Phtho<2,1-d)th~oPhene 
25 237.3 3.6 Me-178 

MAJOR PEAKS IN SAMPLE 36C 

RANK ARI CONC(ppb) Possible Id --- --------- ---------
1 446 216 ISTD 
2 375.2 56.7 ISTD 
3 432.8 32 
4 160.6 2.1 
5 500 1. 4 PerYlene ~ 
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:3 
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5 
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5 .-0 
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8 
9 
10 

;: 11 
12 
13 
14 

" 1S 
16 
17 
1:3 
1 ·~ 
2(1 

Appendix II 

Listing of ARis, with possible identifications, and concentrations of . 

the major peaks in fraction G3.2 of the April, 1983 clam study. Concentrations 

~re in ppb~ry weight, calculated relative to the recovery of the internal 

standard 2,2'-binaphthyl. 

MAJOR PEAKS IN SAMPLE CL1A 

ARI- 1:0HC(ppb) Possible Id 

--------- ~--------
2:35. 8 57. '3 Fluori1nthene 
300 56.7 PYrene .. 
500 40.6 PerYlene 
200 38.3 Phen,1nt h rene 
137 :315. 2 
21. 3 35.7 
400 30.5 ChrYsene 
600 27.3 Benzo(~hi)PerYlene 
187.4 19.7 
196.4 17 
167 ·13. 9 
280. 10. 6. C2-(Phenanthrene✓Anth~acene) 
118.7 8 
242.9 7.7 4-H CYcloPenta<def)Phenanthrene 
381.8 7.5 Benzo(c)Phenanthre~e 
52 5.8 2-MethYlnaPhth«lene 

MA.JOR PEAKS IN SAMPLE CL18 

ARI t:ONC(ppb) Possible Id 
-----~-- ---------

137.1 369.6 
268.3 47.8 
190.4 40.1 
200 35.3. Phen«nthrene 
19.4 :32.1 
285.8 28.7 Fluoranthene 
300 27.5 PYrene 
266.4 21.a 
s00· 20.1 PerYlene 
226.7 19.8 
221.3 18.3 
600 17.9 Benzo(9hi)PerYlene 
142.8 17.8 
178.2 16. '3 
246.2 16.4 
228.8 16.3 
234. '3 16.2 
400 15. '3 Ch n'::-i:-ne 
224 15.7 MethYl-dibenzothioPhene 
244.S 15.6 MethYlPhenanthrene 



~ 

MAJOR PEAKS IN SAMPLE CL1C 

RANI< ARI COHC(PPb) Possible Id ~ 

--- ---~---,.ai- ---------
•. 1 200 75.7 Pheno.nthrene 

2 19005 75.7 
3 262~8 53. 1 
4 26605 47.1 
s 224.1 45.1 MethYl-dibenzothioPhene 
6 226.9 43.9 
7 17So3 42.3 , 
:3 175.3 42.2 
9 22105 42.2 
10 180.2 41.2 2-Met hY 1; 1 LH) rene 
11 185.1 38 
12 228.9 38 
13 471.7 37.5 Benzofluor«nthene 
14 21103 36.3 
15 230.8 36.3 MethYldibenzothioPhene 
16 100 36.2 BiPhenYl 
17 279.9 .34.5 C2-<Phenanthrene/Anthrac~ne) 
18 244.7 33.8 MethYlPhenanthrene 
19 26802 33.7 
20 269.6 33.3 · 

MAJOR PEAKS IN SAMPLE CL1D 

RANK ARI COHC(PPb) P,,ssible Id 

--------- ---------
1 137.3 218.9 
2 200 84.S 

I Phenanthrene 
3 190.4 67.3 
4 217.5 tS6.4 
5 268.3 65.2 
;a 262.6 58 t) 

7 285.9 55.1 Fluora.nthene 
8 244.6 51.6 MethY1Phen4nthrene 
9 100 51 BiPhenYl 
10 224 49 MethYl-dibenzothiophene 
11 254.4 48.1 
12 221.4 48 
13 300 41.7 PYri!ne 
14 471.7 41.6 Benzofluoranthene 
15 86.6 41.5 
16 246.2 41.1 
17 175.2 40.1 :'_. 

1:3 215.8 39.4 
1 "3 257.3 :39 .• 7 
20 226.8 38.1 



, 

MAJOR PEAKS IN SAMPLE CL4A 
• 

RAHi< ARI COHC(ppb) Possible Id --- --------- ---------
1 500 161.7 PerYlene 
2 510.5 120.3 
3 100 ·~3. 6 BiPhenYl 
4 8607 45.1 
5 467.1 32.3 
6 269.2 29.4 
7 524 2:3. 6 
8 514.2 17.5 

. '3 504.2 10.9 
10 593.7 10. 1 
11 267.4 '3. 5 -
12 382 9.5 Benzo<c)Phenanthrene 
13 118. 9 8.4 
14 258.1 5.6 

MAJOR PEAKS IN SAMPLE CL4B 

RANK ARI COHC(PPb) Possible Id 
---- ---------- -~-------
1 510.7 230.4 
2 100 151.3 BiPhenYl 
3 86.4 119.2 
4 500 102.6 PerYlene 
5 117.8 97.4 
6 198.6 68.5 
7 467 59.2 
8 ·115.9 49.7 C2-Na.Phtha.lene 
9 217.9 49.5 
10 212.4 42.8 
11 121.8 41.3 
12 524.2 40.6 
13 514.5 27.6 
14 584.5 25.5 
15 540.2 25.2 
16 126.3 24.7 Aceno.Phthene 
17 478.9 24.5 

: 19 202.2 20.6 Ant h r,1cene 
19 172.1 19.3 
20 433 18.8 

" 



MAJOR PEAKS IH SAMPLE CL4C 

RAHi< ARI CONC(ppb) Possible Id 

--- --------- --------- ~ 

1 194.3 133118 
,. 2 137.2 58.6 

3 268.3 35.8 
4 24508 33 MethYlPhenanthrene 
s 300 31.5 PYrene 
6 210.8 31 
7 285.9 17.1 Fluoro.nthene 
:3 514.7 13.3 
·;, 544.1 13 
10 262 .. 4 12.6 
11 400 12 .. s ChrYsene 
12 190.4 12.4 
1:3 223.9 12al MethYl-dibenzothioPhene 
14 255.5 12.1 
15 100 11.a BiPhenYl 
16 257.2 11.3 
17 266.4 11.3 
18 200 10.9 Phenanthrene 
19 279.8 10.9 C2-(Phenanthrene/Anthra.cene) 
20. 593.9 9,5 

MAJOR PEAKS IN SAMPLE CL4D 

RANK ARI" COHC(ppb) Possible Id 

~-------- ---------
1 211.3 30.6 
2 100 30.4 BiPhenYl 
3 194.9 29.3 
4 500 23.8 PerYlene 
5 300 25.2 PYrene 
6 86.7 17 .. 1 
7 285.9 '16.2 Fluora.nthene 
8 257.3 15.2 
9 395.2 13 
10 400 12.6 ChrYsene 
11 5°10.2 12.1 
12 268.5 11.9 
13 517a5 11.7 
14 262.8 11 
15 543.8 10.7 
16 280 10.2 C2-CPheno.nthrene✓Anthracene) 
17 472.5 9.1 Benzofluordnthene 
18 514.2 8.6 ~-
19 380.9 7.8 Benzo(~hi)fluoranthene 
20 489.7 7.5 Benzo(e)PYrene 



] 

MAJOR PEAKS IN SAMPLE CL6A 
e . 

RAHi< ARI COHC(.,Pb) Possible Id 
t ---- --~------ ~--~-----

1 268.1 53.2 
2 511 35.3 
3 500.7 22.s 
4 100 18.1 BiPhenYl 
5 13.8 13.5 
6 51:3. 2 13.4 
7 815. :3 12.7 
:3 210.9 10.8 
'3 514.8 10.4 
10 0 9.3 Ho.Phtho.lene 
11 266.3 a.s 
12 137.1 6.3 
1:3 194.7 6.3 
14 473 5 Ben:ofluoro.nthene 
15 204.9 2.2 
1.6 117.6 1. 6 

MAJOR PEAKS IN.SAMPLE CL68 

RANK ARI COHC(ppb) Possible Id 

-·------- ---------
1 300 35.4 P·trene 
•') - 1 '34. 3 34.1 DibenzothioPhene 
3 268 23.1 
4 210.s 20.8 
5 285.8 20.7 Fl U•~ r 11n t hene ,. 245.5 19.4 MethYlPheno.nthrene r., 

7 400 16.1 ChrYsene 
8. 279.8 13.3 C2-<Pheno.nthrene/Anthro.cene) 
9 262.4 12.5 
10 290.6 11. 8 
11 500 9.1 PerYlene 
12 391.4 7.8 Benzono.PhthothioPhene 
13 432.8 6.3 MethYl-228 
14 266.3 6.1 
15 293.3 5.7 

~ 
16 223.7 5.6 MethYl-dibenzothioPhene 
17 100 5.6 BiPhenYl 
18 281.5 5.5 
1 '3 321.1 5.4 

f 20 381 5.3 Benzo<c)Pheno.nthrene 



/ 

MAJOR PEAKS IN SAMPLE CL6C 

RANK ARI COHC(PPb) Possible Id 
---

,_ ________ 
---------

1 210.s :37. 7 
•:, ... 267.8 27.4 
3 514.2 25.9 
4 300 15.8 PYrene 
5 400 14 Chn--sene 
6 543.8 13.8 
7 500 12.7 PerYlene 
8 266.2 :3. ·~ 
9 577 5.4 Indeno<l,2,3-cd)PYrene 
10 194.5 4.8 
11 0 4.3 Na.Phiha.lene 

_MAJOR PEAKS I H SA~1PLE CL6D 

RANK ARI . COHC(PPb) P,Jssible Id 

--------- ---------
1 211.2 53.8 
2 1·34. 9 50.8 
3 300 44 PYrene 
4 245.9 43.8 MethYlPhenQnthrene 
5 286 31.6 Fluoranthene 
6 593.4 23.6 
7 266.5 22.6 
8 400 18.8 ChrYsene 
9 514.1 17.4 
10 268.4 15.6 
11 343.7 15.2 
12 224.3 14. 8· MethYl-dibenzothioPhene 
13 500 14.8 PerYlene 
14 290.7 11.6 
15 279.9 10.8 C2-(Phenanthrene/AnthrQcene) 
16 200.5 7.2 



J 

. 

MAJOR PEAKS IN SA.MP LE CL 7A 

RANK. ARI COHC(PPb) Possible Id 

--------- ---------
1 43.6 22o7 
2 300 18.3 PYrene 
3 285.8 17.7 Fl uo r,1nt hiine 
4 89.7 13.9 
s 595.5 13 . 
6 210.8 11.9 
7 18. 4. 11.2 
8 200 11. 1 Phenanthri!ne 
9 51. o 10.5 2-MethYlnaPhthalene 
10 545.4 a.a 
11 581.Ei 8.4 
12 118.3 7.5 
1:3 49.8 .6.1 2-MethYlnaPhthalene 
14 381.6 5~5 Benzo(~)Phenanthrene 

MAJOR PEAKS IM SAMPLE CL7B 

RANK ARI CONC(PPb) Possible Id 

--------- ---------
1 588.9 61. -~ ., 594.2 :30. 3 -3 267.6 27.4 
4 500.1 25.2 PerYlene 
5 544 21.4 
6 51. 9 18.9 2-MethYlnaPhthalene 
7 88.6 18.2 , 
8 100.7 12.4 
9 44 10.9 
10 299.3 7.5 

; 

C 



MAJOR PEAKS IH SAMPLE CL7C 

RANK ARI CONC(ppb) Possible Id -. 

--------- ---------" 
1 500 163.9 PerYlene 
2 100 144.6 BiPhenYl 
3 471.7 117. 2 Benzofluor~nthene 
4 22.3 90.1 
5 87,1 89 
6 :39.8 87 
7 257 58.7 
a 268.1 45.3 
9 514.4 :30, 2 
1~ 101.2 27.7 
11 300 27. 4 - PYrene 
12 266.3 27.1 
13 285.8 24.6 Fluoranthene 
14 544 23.4 
15 210.8 22 
16 594.2 21. 9 
17 200 21.2 Phena.nthrene 
13 46.6 20.2 
1·~ 388.9 18.6 
20 249.7 17.3 

MAJOR PEAKS IN SAMPLE CL7D 

RAMK ARI COHC(paob> Possible Id 

--------- '-'--------
1 100 444.7 BiPhenYl 
•') - 86.8 :355. 5 
3 89.6 137.7 
4 22.3 128.l 
5 471.8 88.5 BenzofluorQnthene 
6 500 62.7 PerYlene 
7 256.9 34.3 
:3 268 32.9 
9 46.5 26.9 
10 0 26.2 Na.Pht"h~ 1 ene 
11 432.7 16.4 MethYl-228 
12 266.2 16.2 
13 300 1s. 1 PYrene 

.,._ 14 285.8 14.5 F 1 uo r,1nt hene 
15 118.6 13. '3 
16 249.6 13.6 
17 308.9 13.4 

~ 18 400 12.2 ChrYsene 
1 '3 200 10. :3 Phenanthrene 
20 12.1 '3. 4 
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