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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.

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

NOTHING CONTAINED IN ANY AP| PUBLICATION IS TO BE CONSTRUED AS
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE 7
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.



-2

(s

List of Tables. .
List of Figures .

Acknowledgments .

.

Executive Summary .

Introduction .
Methods . . . . .
Results . . . . .

Bibliography. .

Appendices
Appendix I

Appendix I-A

Appendix II

Table of

Contents

ii
iii

iv

25

85



(2]

Table

10

11

12

13

14

15

List of Tables

Sediment Sampling LocationS. . « « « + ¢ o+ ¢ o ¢ o o o o o
Clam Sampling LocationsS. . . « ¢ o « & ¢ ¢ « o ¢ ¢ o o o
Statistics on Replicate Sediment Extractions . . . . « . .

Statistical Comparison of Freeze Dried and Chemically
Desiccated Sediments . . . &« « o ¢ ¢ o o & o o o s o o+ .

Sediment Characteristics - ¥ Solids and Volatile Solids. .
Total PAHs in SedimentS. . . « + o« & o o « o o s « o o & &
Statistical Comparisons of March-December Sediment Samples
Total Aromatic Hydrocarbons in Clams . . . . . « « « « + &
Statistical Analysis of Clam Data. . . . . . « « « « . &

Compounds Identified by Mass Spectrometry in the G3.2
Fractions of Sediments and Effluent. . . . . . . . « « « .

Concentrations of Polar Compounds in Sediments ., . . . . .

Compounds Identified by Mass Spectrometry in the G3.2
Fraction of Clams. . . « « ¢ v ¢ ¢ ¢ ¢« v o o s o o o o o«

Polar Compounds Detected in Clams. . . . . . + + &« « « &
Polar Compounds Detected in Effluent Samples . . . . . . .

Aromatic Compounds Detected in Effluent Samples. . . . . .

ii

24

27

28

44

46

48

. 50-62

65

. 68-71

72
79

81



(e

Figure

10

11

12
13
14
15
16

17

18

19

List of Figures

Station Locations and Bottom Topography. . . . + . . .

Correlations Between Loss on Ignition - Percent
Solids - March Sediment Samples. . . . . . + & « « « &

Correlations Between Percent Organic Carbon and
Percent Solids - March Sediment Samples., . . . . . . .

Percent Solids Along the Sampling Grid - March . . . .
Percent Solids Along the Sampling Grid - December. . .
Loss on Ignition Along the Sampling Grid - March . . .
Loss on Ignition Along the Sampling Grid - December.

Total Resolved PAH in Sediments Along the Sampllng
Gr l.d - MarCh e o o o o & o e ® ° e e o e e o *« e e o

Total Resolved PAH in Sediments Along the Sampling
Grid - December. . . . . ¢ . ¢ ¢ 4 s e 4 4 e e e e oe

Regression of Total PAH vs. Volatile Solids in
Sediments = March. . . ¢ . ¢ ¢« ¢« ¢ ¢ ¢ ¢ ¢ ¢ o o o o« @

Regression of Total PAH vs. Volatile Solids in
Sediments — December . . . . ¢ + ¢ 4 ¢ 4 e 4 e e . 0 .

Location of Qutlying Stations - March., . . . . . . . .
Location of Outlying Stations - December . . . . . . .
Sediment Station Qutliers - Mean of March and December

Representative GC-Response G3.3+4 Sediment Fraction. .

GC-Response - Base/Neutral Extract of Effluent Sample 1.

GC-Response - Volatile Fraction of Effluent Sample 1
and Standards. . . « + + 4 4 4 s e 4 s e e e e e e

GC-Response - Volatile Fraction of Effluent Sample 1
and Standards. . . . . . . . 4 h e e e e e e e e e

GC-Response - Base/Neutral Extract of Effluent Sample 2.

iii

Page
11

29

30
31
32
33

34

35

36

37

38
40
41

42

74

75

76

78



(s

Acknowledgements

We would like to express our appreciation to the members of the
American Petroleum Institute review committee and Dr. David Chen of the
staff.

Technical assistance was provided by James Greene, Dwight Hunt and
George Vadas.

Special thanks are due to Phyllis Howard and Shirley Sterling for

preparing the many drafts and final reports.



(e

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.

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 temporal
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 locationms,
covéring 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.



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 datés,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.

Temporal changes in sediment levels for most compounds were observed
between the two surveys, concentrations &ecreasing 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(at+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

w
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also found in the sediment samples, their relative abundance in clams was
much higher than in the sediments.

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 é 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,

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). 1In 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, "sed iment 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 sediments into two
highly industrialized sub-estuaries of the Bay, the Elizabeth and Patapsco
rivers. They 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 mouth. 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.

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 envirommental
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




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 amd
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 extremely 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 porti§ns 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).
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Oyster populations in the lower river are limited by diseases and
predators. Commercial harvests come mainly from private grounds located
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.

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, vith 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 km
was established around the outfall. Sediment samples were collected at 500
m intervals along the grid (36 stations). 1In order to estimate temporal
variability, samples were collected at the same statioms during March and

December of 1983.



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

I

the initial sediment sampling program, Clams were collected from 4
locations, covering a range of representative sediment PAH concentratioms.

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 mz 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 VIﬁS 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 mi#ture 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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Station
Number

10

11

Table 1

Sediment Sampling Locations

Loran

Coordinates

27314.3
41438.0

27313.4
41438.6

27311.7
41439.1

27310.3
41439.7

27308.9
41439.9

27309.5
41443.4

27311.0
41442.6

27311.9
41447 .4

27313.5
41447.0

27315.3
41441 .4

27315.7
41444.7

Latitude
Longitude

37°
76°

37°

76°

.370

76°

37°

76°

37°

76°

37°

76°

37°

76°

37°

76°

37°

76°

37°

76°

37°

76°

13.67'
26.17°

13.67'
25.83'

13.67'
25.49'

13.67'
25.15°'

13.67'
24.81"

13.94°
24.81'

13.94!'
25.15'

13.94
25.49'

13.9
25.83'

13.94'
26.17'

14.21"
26.17'

Depth

(feet)

35

25

18

10

35

38

40

42

44

52

12



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 b4
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

o

41440.9 76" 26.51'



Table 1 (continued)

Station Loran Latitude Depth
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 . 27315.0 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

o]

41436.5 76~ 25.15'



Table 1 (continued)

Station Loran Latitude Depth
Number Coordinates Longitude (feet)
36 27308.4 37° 13.40' 3

' 41437.8 76° 24.81"

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



Station
Number

Table 2

Clam Sampling Locations

Loran

27313.8

41436.4

27313.9
41441.3

27318.5
41433.7

27318.5
41436.3

Coordinates

Latitude
Longitude

37°
76°

37°

76°

37°

76°

37°

76°

13.55'
26.01'

13.90'
25.80'

13.45
27.36'

13.74'
27.47"

16

Depth
(ft)

20

39

15

40

"
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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 envirommental
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
copolyﬁer, 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 Gl1+G2 and
G3 were collected. Aromatic hydrocarbons and many polar anthropogenic
substances eluted in the G3 fraction, was then separated into six
subfraciions (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:
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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

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 G3.3+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° ¢ to 300° C at 6°/min was used for all analyses. Persilated glass
capillary columns coated with 0.2 pof phenylmethyl silicone stationary phase

were prepared in this laborator& 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:

T - T
ARI, = -=%-——-TB—— x 100 + ARI
X T . ~-T mp
nf mp

T_ = retention time of peak x
Tmp = retention time of the last marker preceeding peak x
T¢e~ retention time of the next marker following peak x

ARI = ARI defined for the last marker preceeding x (ARI of the

P parkers are defined as 000 = naphthalene;
100 = biphenyl; 200 = phenanthrene; 300 = pyrene
400 = chrysene/triphenylene; 500 = perylene;
600 = bengo(ghi)perylene)

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 variatigns 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: (1)
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 ﬁo 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%Z. 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% %)
Paired 't'

DF

Table 3

Paired 't' Tests
of
Replcate Extractions

sample
2 n P z
38 40 108 90
35 47 80 89
8 8 35 11
2.5 2.4 11 3.6
-2.6 7.3 -28 -1.2
2 3 5 5
-0.2 1.80 -2.09 1.10
10 10 10 10

22

L)

105
100

12

1.20

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

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 NaZSO4 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 Nazso4 and silica, the
amount of desiccant mixture u;ilized 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, 02+C3



Table 4

Paired 't' Tests
Freeze Dried vs Chemically Desiccated

Sample

2 16 19 2
x F.D. 352 76 189 205
X Na, S0, +Q 368 66 169 230
Std. Div. of Diff. 108 36 63 59
Std. Error of Diff. 31 11 19 18
x Difference -16 10 -20 25
Dif. (¥ 5% of %) 17 3 9 11
Paired 't' -0.03 0.6 -0.6 0.8
D.F. 11 11 11 11

45
51

15
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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
concentrations 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. 1In 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 appear 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



Table 5

Sediment Sed iment
Station % Volatile Solids % Solids

Number 3/83 12/83 3/83 12/83
1 9.1 9.2 28.4 26.5
2 8.2 7.7 31.9 29.4
3 2.5 0.9 6l1.4 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 3l.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 ghe percent of dry sediment lost after heating it to
600 C.



Station
Number

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

Total and Pyrogenic PAHs (ppb dry wt)

Table 6

Sediments

Total Resolved*

3-83
9547
3235
888
43
368
2481
2580
2565
1910
2063
2170
2112

2233

1561
1970
623
1824
1834
1582
2022
714
2406
1292
272
1602
1620
1910
192
1440
328
3690
20
34
15
28
20

12-83

5715
1492
106
73
19
1020
880
782
452
1602
953
455
929
813
663
748
3038
970
764
702
640
852
1580
1753
2592
2270
2095
63
12
156
3101
51
41
4
344
35

Total Pyrogenic¥**

3-83

5240
1074
404
24
177
707
823
802
717
853
563
574
886
566
647
331
505
749
659
707
356
655
500
126
867
941
742
91
543
229
1600
13
32
4
10
8

12-83

3205
959
65
42
12
436
441
443
374
1031
493
383
414
371
398
341
1515
433
521
427
423
403
462
835
1191
1092
1003
37

5

90
1353
16
23

2
155
0

* Total resolved is the sum of all aromatic compounds

dok

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(1,2,3-cd)pyrene and benzo(ghi)perylene.

28
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Figure 2

Correlation between loss on ignition and percent solids
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% ORGANIC CARBON

Figure 3

Correlation between organic carbon content and percent solids
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Figure U

Percent solids in sediments collected in March 1983
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Figure 5

Percent solids in sediments collected in December, 1983
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Percent solids was measured in sediments collected at the nodes of the grid shown.
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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 shown.
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Figure T

Loss on ignition in sediments collected in December 1983
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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 March 1983
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Figure 9

Total resolved PAH in sediments collected in December, 1983

5000

5000

TOTAL RESOLVED PAH (PPB)

PAH concentrations were measured in sediments collected at the nodes of the grid shown.

9¢



(PPB)

TOTAL RESOLVED PAH

3500+

3000+

25001

2000 -

1500

1000 -

500 -

Figure 10

37

Regression of total PAH against volatile solids for sediments

collected in March, 1983

Station 3 ———» |7

2l

L] ¥ Ll v L4

2 3 4 5 6 7 8
% VOLATILE SOLIDS

Stations off the regression line are circled.

W 1
o



(PPB)

TOTAL RESOLVED PAH

3500+

3000+

2500+

2000 -

1500 1

1000 -

500 -

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 stations identified as
outliers in the regressions of percent volatilé 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 ffom 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
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Figure 13

Stations off of regression 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.
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Figure 14

Sediment station outliers for the mean of March and December

Stations numbered are above the regression line of total PAH vs. percent volatile
solids for an average of the two samplings. Stations inside the dotted line are
500 ppb to 2000 ppb above the regression line and stations inside the solid line
are more than 2000 ppb above the regression line.
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ppn. Sediments collected from the mouth of the York during the spring and
fall of 1979 had levels of approximately 1 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 ppm.

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
betﬁeen 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 petroleum and combustion sources in

sediments. Selected series of aromatics (unsubstituted compounds and their



x 3-1983

x 12-1983

Std. Div. Diff.
Std. Error of Diff.
x Difference

piff.('5% of x)

®i

Paired 't'

D.F‘

ilog transformation

sign, different at

Table 7
Paired t Tests

March with December Sediment Samples

'I'otal1
Res. Arom. Pyrogenics B(a)A B(a)pyrene Fla
6.65 659 43 38 129
6.18 538 34 33 98
1.10 447 36 28 131
0.19 75 6 5 22
-0.47 =121 -9 -5 =30
0.05 30 2 2 5
-2.20% -1.21 -1.2 -0.6 -1.3
35 35 35 35 35
a=0.05
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Cl-C3 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.
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 C,-alkyl homologue was almost as abundant, indicating

1
at least some contribution from petroleum. These calculations suggest that
the aromatic hydrocarbons identified in the sediments during the study were

of mixed origin.

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. 1In 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



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.
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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.

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. The 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 solution
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



48

Table 9

ANOVA-API Clams (Total Resolved Aromatics)

Sum of* Mean
Squares daf Square F
Sampling Time 34.35 1 34.35 17.98%%*
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
**gign at F 99(1,214»)=4.72



49

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

Sed iment

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 ubiquitous 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 petroleum 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



TABIE 10

Compounds Identified by Mass Spectrometry
Sediment - G3.2 and Effluent - G3.2
Nunbers are ARIs,

Sediment March 1983 Sediment December 1983
Molecular Effluent Effluent

Compound Weight 1A 3A 12A 134 21A 24A 31A #1 1c 6C 23 25C #2
C,~Benzene 106 - - - - - - - + - - - - -
C,-Benzene 106 - - - - - - - + - - - - -
§-Benmne 0 - - - - - - - + - - - - -
Cj-Benzene 120 - - - - - - - + - - - - =
, 118 - - - - - - - + - - - - -
czgl&me 134 - - - - - - - + - - - - -
Methyl thiobenzene 124 - - - - - - - + - - - - -
C,-Benzene 13 - - - - - - - + - - - - -
Sé:nenzene 134 - - - - - - - + - - - - -
c 132 - - - - - - - + - - - - -
Me-Col0 132 - - - - - - - + - - - - -
C, -Béniine 134 - - - - - - - + - - - - -
Naghthalene 128 000 - 000 000 000 - 000 000 000 000 000 000 000
Benzothioghene 13% - - - - - - - 4.9 - - - - -
C,CH, - 146 - - - - - - - 3.7 - - - - -
C,~CoHyg 146 - - - - - - - 7.2 - - - - -
1-BéniSthiophene 148 - - - - - - - 3.1 - - - - -

2-Me-Naphthalene 142 54.9 - 51.8 53.9 54.8 - 55.6 58.1 55.2 544 53.6 54.7 56.5
Me-Benzothiophene 148 - - - - - - - 60.3 - - - -
1-Me-Naphthal ene 142 62.7 - 60.7 624  62.3 - 62.9 - 63.4 631 °63.7  62.9 -
Biphenyl 154 100 - 100 100 100 - 100 100 100 100 100 100 100
Et-Naphthalene 156 103.2 - 103.9  103.7 - - 103.3  103.5 - - - - -

0s



Table 10 (continued)

Compourd

CZ—Naphthala'xe
C,—Naphthalene
02 -Benzothiophene
(,‘2 ~Napththalene
(I2 -Naphthalene
>-Naphthalene
Cg—Naphthalene
Acenaphthrylene
Cz-Napht:halene
ACenaphthene
4-Me-Biphenyl
3-Me-Biphenyl
C_-Naphthalene
ME-154
C,,~Naphthalene
Dibenzo furan
C_—Naphthalene

1%

C3-Naphthalene
C,—Naphthalene
(:3 -Naphthalene
known
C_-Naphthalene
C,-Biphenyl
3-Naphthalene

156

156
156
156
156
154
168
168
170
168
170
168
170
168
170
170

159
170
182
170

Sediment March 1983

Sediment December 1983

Effluent
12A 13A 21A 31A #1 1c
106.1 106.3  105.9 106.3 - -
106.9 - - - 107.2 -

- - - - 108.9 -
169.9 110.5 109.9 110.8 - -
111.2 - - - 111.0 -

- - - - 111.9 -
115.6 115.7 115.1 115.7 116 115.2
117.4 - - 117.7 - 117.5
119.3 - - 119.4  120.2 -
127.1 127.0 126.9 127.5 128.1 127.2
128.2 129.0  128.7 129.3 - -
130.8 130.9 - 131.9 131.6 -
133.3 133.7 133.3 133.7 - -

- - - - 133.7 -

- - - - 133.7 -
135.2 136.0 - 135.8 - 136.0
- - - - 135.8 -

- - - - 137.2 -

- - - - 137.2 -
139.0 138.8 - - 139.0 -
140.0 139.8 - 139.9 140.4 -

- - - 140.6 - -

- - - - 141.9 -
141.0 - 140.7 140.6 - 141.2
143.9 144.4 - - 142.9 -

6C

2 2
- 106.7
0.6 -
15.6 -
- 1215
1285 -
135..7 135.6

1s



Tsble 10 (continued)

Sediment March 1983 Sediment December 1983
Molecular Efflvent Effluent
Gompound eight 14 3 124 134 214 264 3lA #__ 1c 6 2%¢ 25 #
C,15 182 - 439 - 1431 - - - - - - - -
C2-Benzothiophene 176 - - - - - - - 4.8 - - - - 1449
C3-Naphthalene o W52 - 5.0 - - - 51 - - - - - -
3 -Naphthalene 170 - - - - - - - wa - - - - -
C-Naphthalene 10 149.1 -  148.9 148.8 - - 8.9 1514 - - - - 152.1
worene 66  152.8 -  152.7 15.1 152.4 -  15%.9 -  15.9 -  15.4 15.5 -
C,-Naphthalene 170 - - 1%6 - - - - - - - - - -
VE-15 168 - - - - - - - - - - - - 155.3
Fluwrene 166 - - - - - - - 155 - - - - -
C.-15 182 - - 15%.9 - - - - - - - - - 15.7
VB-Acenaphthene 68 1577 - - - - - 157.9 158.3 157.6 - - - -
C.-154 182 1577 - - - - - - - - - - - -
M-Acenaphthene 168 159.1 - - - - - 159.9 159.9 - - - -
C.-154 182 159.0 -  159.5 159.6 - - 1599 - - - - - -
CZ—Naptht.lene 184 - - - - - - 1623 - - - - - -
154 182 - - - - - - - - - - - - 162.5
M2-Dibenzo furan 182 163.6 -  162.7 163.1 162.3 -  163.2 -  16.3 - - 1629 -
Me-Dibenzofuran 182 1663 -  166.4 166.3 1662 -  166.8 166.4 167.1 -  165.6 165.9 -
G, Nephthalene 1% - - - - - - - 167.8 - - - - -
M-pibenzo furan 12 168.7 -  168.8 - - - 1694 - - - - 18.6 -
G, Naphthalens 184 - - - - - - 1709 169.8 - - - - 169.2
C,-154/
2e-Dibenzofuran 182 - - - - - - - 178 - - - - -
G, Naphthalene 1% - - - - - - - s - - - - -
G-15% 210 1734 175.0 1%.0 - 1B - - - - - - - -

(49



Table 10 (continﬂed)

CA-Naphthalame
9,10-Dihydroanthracene
CA—Naphthalene
Ca-Naliathalene
C.-Naphthalene
CZ—Na;i\thalene
2-Me-Fluwrene

03-154/ C_—Dibenzofuran
C‘}-Na;htgalene

C,-15%

l-z-bb—Fluorene

Unknown

Me-Fluorene

C.-154

Pé—Flmrene

C.-154/ C2-Dibenmfura1
Mleture

C.~Naphthalene
Pg-Flwrene

C3-154/ C,-Dibenzofuran
C -154/C§—Dibenzo furan
Vg-Fluorene

c A-Naphthala\e
C3-1 54/C.-Dibenzofuran
C3—1 54/ 2—Dibenzo furan

Sediment March 1983

124

JETY

24

Sediment December 1983

"Effluent Effluent
24A 31A #1 1c 6C 23C 25¢ R
- 176.4 174.9 - - - - -
- - 177.9 - - - - -
- - 179.4 - - - - -
- 179.4 - - - - - -
- 180.4 - - - - - -
182.3 - - - - -
- - 182.9 - - - - -
- - - - - - - 183.3
- 183.3 - - - - - -
- 183.3 - - - - - -
- - 18.5 - - - - -
- - - - - - - 184.8
- 185.8 186.3 - - - - -
- 185.8 186.3 - - - 184.9 -
- 187.7 187.5 - - - - -
- - 188.4 - - - - -
- - 188.4 - - - - -
- - 188.6 - - - - -
- 190.5 189.7 - - - 190.6 189.4
- 190.5 - - - - - -
- - - - - - 190.6 -
- - 192.0 191.6 - - - 192.6
- 192.0 - 192.9 - 192.4 192.3 -

139



Table 10 (continued)

Sediment March 1983 Sediment December 1983
Molecular Effluent

Ompound Seigh 1A A 1A 1A 24 24 A _#A 6 & 2%
C,-Naphthalene 18 - - - - - - - 1931 - - -
C-154/Me-Dibenzofiran 182 - - - - - - - 1931 - - -
Dbenzothiophene © 1% 198.9 - 193.8  1%.0 1%.0 -  193.6 1%.8 1%.2 19.3 -
C,15/C,-Dibenmfurmn 1% 1953 - - - 1954 -  19.8 1%.8 - - -
C3—154/ -Dibenzo furan 1% - - - - 196.2 - - 19%.3 - - -
04-154/ ~Dibenzo furan 210 - - - - - - - 196.3 - - -
C*-154/C-Dibenzofirmn 1% - - - - 182 - - 18.6 - - -
nanthfene 178 200 200 200 200 200 200 200 - 20 200 200
C,-Napiithalens 18 - - - - - - - 239 - - -
C,—154/C, Dibenmfuran 1% - - - - - - - 2039 - - -

Adthracen? 178 203.7 -  202.6 203.8 203.7 -  202.7 203.9 202.5 203.3 204.1
C,-1%4/C Dibenmfuran 210 - - - - - - 2066 - - - -
C3-154/Cg-Dibmmﬁmm 1% - - - - - - 206.6 - - - -

CO-Fluwréne 1% - - 2132 235 2a35 - 235 - - - 228
C2-Flwrene 1% - - 255 5.5 - - 258 261 - 256 -
C§-154/C2-Dibenmfuran 1% - - - - - - - 260 - - -

C-Flwréne 1% - - 275 7.9 - - 269 269 - - A714
Ci—lSﬁ/ -Dibenzo furan 210 - - - - - - 216.9 - - -
C,-154/C -Dibenzo furan 210 - - - - 218.0 - - - - - -
C.-Flworene 1% - - - - - - 221.2 219.7 - - -
02-154/ Dibenzmfirm 210 - - 206 - - - 211 297 - - -
_NaphtRalene 198 - - - - - - - 24 - - -
2154/, -Dibenzofuran 1% - - - - - - - 1.4 - - -

%S



Tsble 10 (continueds

Molecular
Compound Weight
C,.~Fluwrene 1%
b%—bibenznthio;hene 198

C4-154/ C,-Dibenzofuran 210

Me-Dibenzothiophene 198
1-Phenylnaphthalene 204
C4-154/ -Dibenzo furan 210
C, —Flwréne 194
4-154/ -Dibenzo furan 210
Me-Dibenzothioghene 198

C,-154/C_-Dibenzofuran 210

ME-Dibendthi phene 198
Me-Dibenzothiophene 198
3-Me-Phenanthrene 192
2-Me-Phenanthrene 192
Me-Phenanthrene 192
4-H-Cyclopenta(def)- 190
phenanthrene
Me-178 192
Me-178 192
C,-Acenaphthrylene/ 208
C_-Fluwrene
C -Bibenzothioﬂ‘nene 212
2-Dibenzothiophene 22
? ~Acenaphthrylene/ 208
C,-Fluwrene
C -Bibenzothi.ophene 212
C§-F1uorene 208

1A

Sediment March 1983

12A 13A 21A
223.6 2244 224.1
226.4  227.1 226.9
227.7 228.4 228.3
227.7 - -

- - 230.5
230.7  230.5 -
236.6 236.8 237.5
239.0 239.0 239.0
243.0 - 243.3
244 2449 248
245.9 2464  246.2
254.9 - -

- 255.3  256.3

Sediment December 1983

Effluent
31A #1 Ic 6C 23

- 21.4 - - -
224.2 - - - 223.8
225.9 - - - -

- 226.4 - - -
228.4 - 228.7 228.1 227.3
228.4  229.5 - - -

- 229.5 - - -
230.4 - - - -
230.4 - 231.3 231.6 231.0

- 232.0 - - -

- 232.0 - - -

- 233.4 - - -
237.6 - 238.1 237.5 237.9
239.0 240.7 239.6 239.1 239.3

- 242.0 - - -
242.5 - 243.8  243.8 243.4
244.0 - 245.2 .- 244.5
245.4 - 246.6 246.7 -
250.1 251.8 - - -
255.4 - - - 256.0
256.7  256.7 - - -

- 258.2 - - -

- 260.8 - - -

Effluent
25C {2
227.9 -

- 229.5
237.5 236.9
238.9 238.4
243.0 -
244.3  244.3
245.9 -

- 257 .8

- 261.6

119



Table 10 (continued)

Compound

2-FPhenylnaphthalene

C,-Dibenzothiophene
-Fluworene

C3 -Dibenzthiophene

178
-Dibenzothiophene

W

C,-178

02 -Dibenzothiophene

2178

02 -Dibenzothiophene

?-178

178

c?-178

?-178

2178

?-178

e -Dibenzothiophene
-Dibenzothiophene

C3 -178

02 ~Dibenzothiophene

178

F%mranthene

Molecular
Pbg’ ht 1A

204
22
208
22
206
22
240
206
212
206
212
206
206
206
206
206
226
226
206
226
206
202

261.1

Sediment March 1983

124 13A 214 %A
262.1  262.9  262.5  261.7
262.1 - - -
- - 27.3 -
- - ma4 -
273.0  273.3 - -
- - - ma
276.5  275.7 - -
- 279.8 279.1 -
281.5 281.2 281.8 -
282.6 283.3 - -
- 283.3 - -
2&’ 07 - - -
2&’07 - - -
287.6 285.4  286.5  285.9

31A

261.6

266.6
269.3
269.3

Effluent
#1

Sediment December 1983

Effluent
23C 25C #2
261.7 261.7 -

- - 263.0
262.1 - -
269.8 - 268.6
272.3 272.3 271.2
272.3 - -

- - 273.7
279.9 279.8 -

- - 2&)08
283.5 282.2 282.7
285.9 286.9 -

9¢
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Tsble 10 (continued)

Compound

C,-Dibenzothiophene
Bénzo(def)dibenzo-
thiophene
C,-178
b%-[i\enylnaphthalene
C3-Dibenzot.hi0phene
Pyrene
Cc,-178
C,Dibenzothiophene
Vg—cyclopenta(def)—
phenanthrene
Me-Phenylnaghthalene
c,-178
-Dibenzothiophene
Phenylnaphthal ene
Me-Phenylnaphthalene
G, -Dibenzothiophene
W
Me—Phenylnaphthalene
~-178
Phenylnaphthalene
Cc,-178
té—Phenylnaphthalene
c,-178
l*g-menylna(hthalene
c,-178

1B-202

a

Molecular

Weight

226

206
28
226
202

226
204

28

226
28
28
226
252
218
220
218

A8

28

216

293.7

293.7

302.2
302.2

306.5

312.1

317.8

320.2

3A

2%.8

Sediment March 1983

124 13A 21A 244
291.1  289.8 - 290.0
2%.1 - 295.0 2%.7
2%.1 - - 2%.7
300 300 300 300
304.1  303.7 303.9 303.4
306.3 - - -
308.6  308.1 309.3 -

- - - 310.6
313.2 314.0 313.8 -
313.2 314.0 313.8 -
3145  315.1 - 315.0

- - - 315.0
318.5 - - -

- 321.0 - -

A

290.1
2%94.8

Effluent

i#l

291.6
295.5
297.5
303.6

303.6
303.6

315.5

316.6

Sediment December 1983

e

- 290.4
295.7 295.6

- 295.6
300 300
303.5 304.6
309.8 310.6

- 315.5

23

290.3
295.6

III§III

Effluent
25C 2

290.2 289.7
295.8 -

- 296.2
300 300

- 300
ﬂ .4 -
309.6 -

- 308.8
315.7 315.7

LS



Table 10 (continued)

Compoud

C3-178
C,-178
Pg-menylna[hthalale
Me-202
Me-208
Ca-Dibenzothio[iuene
p,p'-DDE
c,-178
Pé—ZOZ
Me-202
C._-Phenylnaphthal ene
Bénzo( a) fluorene/
Me-202
Retene
Benzo(b) fluorene/
Me-202
Me-Phenylnaphthalene
C,-Phenylnaphthalene
1202
Me-Phenylnaphthalene
~Phenylnaphthalene
202
Me-202
C -Phenylnaphthalene
18202
C, -Phenylnaphthalene
C,-Phenylnaphthalene
2-Pheny1napthtalene

[

316

216
232
216

216

BRREREERERRE

Sediment March 1983

124
320.2

320.2
32.6

13A 21A 24A

- 319.6 -

- 321.8 -
328.2 328.3 -
330.9 - 33002

- 331.6 -

- - 334.3
336.2 336.9 -

- - 336.3

- 340.2 -

- %0.2 -
343.2 343.6  343.2
343.2 - -
345.6 345.9 -

- %509 -

320.8

320.8
323.3
324.8
324.8
326.8
326.8
328.9
330.7

Sediment December 1983

& 2

- - 319.4
321.2 - -
323.5 323.9 323.9

- 330.9 -
332.0 - 332.2

- - 335.4
337.0 - -

- - 337.0
%0'9 - -
3448  344.5 344.7
352.2 - -

Effluent
25C #2
319.5 320.4
- 322 09
32403 -
331.6 331.1
334.6 -
337.6 -
341.5  341.6
- 344.0
345.4  346.5
- 351.6

8¢S
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Table 10 (continued)

Compound

Unknown
C,-202
(22 -178/Benzo-

anamtlnthiopene

%—2&

-202

?-208

2202

?-202

-202

Bénzonaphthothiophene

C,—-202

Bénzonaphthothiophene

Benzo(ghi) fluoranthene

Benzo( c) phenanthrene

C2—202

Bénzonaphthothiophene

Benzonaphthothiophene

C,~202

2202

B&zonaphthothio;hene

Benzonaphthothiohene

Unknown

Benzo( a) anthracene

Chrysene/ triphenylene

Tetramethyloctahydro-
chrysene

Unknown (Base 178)

Molecular
Weight

RREREEERER REER

SERRRREERRER

l§§I§§lll

1A

359.4

3&.9
369.8
376.1
376.1
379.3
379.3

383.0

Sediment March 1983

12

360.2

366.6

372.3

378.7

379.8
379.8
379.8

385.5

3%8.0
400

-

134

Effluent

21A 24A 31A #l

357.8 - - -
- - 360.0 361.7

-~ - 362.4 -
366.0 - - -
366.0 - - -
371.5 - 372.4 -

- - 377.7 377.7
376.9 - 377.7 -

- - 3&02 -
379.3 380.2 -
380.9 - 381.8 -
m.l - - -

- - 385.8 -

- - 385.8 -

- - 388.3 -
3% 07 - 391 -7 =

- 391.1 - -
3%09 397 09 3%02 . -
400 400 400 400
400.6 - 400 -

Sediment December 1983

Effluent
23C 25C #2
359.7 - -

= 3& . 1 3& 02
362.8 - -

- - %7 .9
373.0 372.6 -
379.0 378.9 -

- - 379.2
381.2 382.0 -

- - 3&).4
386.8 - -

- 386.7 387.5

- 388.9 388.7
397.4 398.6 -
400 400 400
398.7  400.7 -
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Table 10 (continued)

Gompound

Unknown
Tetramnethyloctahydro—-

chrysene
Tetramethyloctahydro—-

chrysene
Unknown
03-202
Unknown
Unknown
Me-234
C,-202
L%known
C,-202
18-228
Me-234
C,—202
123
Me-228
C,~202
Uglmom
Me-234
C,-202
18-228
Me-228
Me-234
C.-202

w (Base

peak 178)
Me-234
Me-234

[{]

Molecular
Weight

228
292

292

258
264
226
228
248
244
292
244
242
248
24
248
242
24
292
248
244
242
242
248
244

248
248

1A

4'03 .5

3A

Sediment March 1983

12A 13A 21A

404.4  405.6 -

- - 419.3
- - 419.3
420.1 - 419.3
- - 419.3
- - 427 .6

Sediment December 1933

Effluent
23C 25C #2

403.4 - -
404.5 403.6 -

- 407.6 -

- - 405/4
407 - -

- - 408.3

- 410.8

- - 412.8

- 412.9 -

- - 419.0
420.1 420.6 -

- - 420.9

09



Table 10 (continued)

Compound
C.-202

18-228

Me-228

Me-228

Me-226

ME-228

Unknown

Me-226

Me-226

C,-234

ufi-228

C,-234

12228

1-Phenyl phenanthrene

2,2'-Binaphthyl (spike)

Unknown

02-228

02—228

Benzo(j,b,& k-
fluoranthenes

C3-234

Benzo(e) acephenan—
thrylene

C,~234

2%

Benzo(e) pyrene

Benzo( a) pyrene

Unknown (Base peak 178)

Perylene

Me-252

Molecular
Weg’ ht

244
242
242
242

242
326
240
240
262
242
262
242

254
420
256
256
252

276
252

276
276
252
252
252
266

Sediment March 1983

124 13A 21A 24A
431.3 - 431.1  431.6
- - 433.2 -

- - 43406 -

- - - W%

- - 436.7 -

- - 440.7 -

- - 440.7 -
447.1 445.9 4448 447.0
458 415.2 452 476.4
491.0 492.1 491.1 491.2
495.1  494.8 495.0 4949

- 494.8 495.0 -

500 500

E)TY

428.2
431.3
433.5

Sediment December 1983

431.0

434.0

Effluent
23C 25C #2

- - 428.8
428.1 - -
431.4  431.0 4309
433.3  433.6 -

- - 435.0

- 438.0 -

- - 438.5

- 440.1 -

- M6.0 -
459.1  459.9  460.1

- - 462.9
475.1 4759 476.9

- 480.4
481.8 482.7 -

- - 484.0

- - 488.4
491.0 492.1 492.3
494.9  495.1  494.7
500 500 500

19



Tsble 10 (continued)

Gompound

Unknown
Me-252
ME-252
Hopanoid
Unknown
Me-258
Me-252
Unknown
Me-252
Me-252
Me-252
Unknown
Me-252
C,-252
l-igpanoid
C.-252

p-Z-Quaterphenyl (Spike)

02—252

Hopanoid

C-252

l-%pene

Indeno(cd) pyrene
Benzo(ghi ) perylene
Terpenoid

«

Molecular
_Weight

266
266

272
266

266
266
266
264
266
280

280
306
280
280

276
276

Sediment March 1983

12

13

2

507.7

Sediment December 1983

Effluent
24A 31A #1 1C
- 512.1 - -
- 524.6 - 524.6
- - - 530.7
- - - 535.1
- - - 538.2
- 560.6 - 558.7
- 5& . 3 - -
583 . 3 - - -
- 584.3 - 584.9
- 600 - 600
m - - -

6C

20

le

¢

Effluent
#2

508.0
510.5

515.5
525.8

538.1
549.0

29



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 tetramethyioctahydro-
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 det;rmined to consist of sterols and sterones, biogenic
compounds commonly found in the enviromment (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
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Table 11
Concentrations of Polar Compounds in Sediments (G3.3+ Fractions)

Station

Peak # Mlecular March 1983 December 1983
in Fig. 15 Compound Weight 1A 24 4A 5A 124 13A 19A 25A 314 2IC 23C 25C 3I1C 33C
1 Ortho or para cresol 108 -+ - - + + + - + - = - - -
2 Benzylmethyl ketone 120 - - - -+ s - - - - - - - -
3 Meta-cresol 108 + + - -+ o+ o+ -+ - - - - -

4 5,6,7,7a-tetrahydro—4 4, 7a-

trimethyl-2(4H)-benzo furanone 180 25 83 1.0 - 2.6 1.6 3.4 5.3 3.4 - - - - -
5 91-fluorene-9-one 180 1.2 1.6 1.0 - 23 <8 3.1 24 4 - - 60 - -
6 Methyl-9H-fluorene-9-one 1% -l - e - - . - - - - - - -
7 Carbazole 167 1 1.3 - - <9 .8 <.8 K.7 1.7 - = 37 31 -
Perinaphthenone (spike) 180 - = = =+ o+ o+ o+ o+ + O+ o+ o+ o+
8 Methyl carbazole 181 -4 - - - - - -4 - - - 4 -
Anthraquinone 208 12 17 0.7 4.2 6.2 .9 8.9 8.0 2.0 86 ~- 2 2 -
10 Aminonitrophenanthrene 240 - 22 - - - - - - - - - - - -
1 Ketone from PNA mw 190 204 3.4 40 <6 A4 <9 <8 K.8 2.1 & - - 69 26 -
1,1'Binaphthyl (standard) 254 + + + o+ o+ o+ o+ o+ + O+ o+ o+ o+
12 Ketone from PNA mw 216 230 2.0 4 - 17<9 - 13 1.0 - - - 3.0 33 -
13 Ketone from PNA mw 216 230 5.0 3.9 - - 2.1 2.3 3.6 3.2 6.8 - = 91 74 -
14 Benzocarbazole . 217 - - - A4 <9 2.1 <.8 1.7 2.7 - - 10 6.0 -
15 Ketone from PNA mw 216 230 - - = = 52 3.1 54 4.4 4.4 - = 25 35 -
16 Benzocarbazole 217 2.7 39 - 4 <9 1.0 2.2 46 - - 1.0 20 -

Numbers are approximate concentrations in ppb, + indicates that the compound was detected but not quantified.
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be emitted directly from combustion or formed by partial oxidation of the
parent PAH in the vapor phase, adsorbed on particles or in solution
(Nikolaou et al., 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 ketoﬁes, they have been found in other
areas of the Chesapeake 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 enviromment 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 C3-benzene to Clz-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 number 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



Table 12

Aromatic Compounds Detected in Clams (G3.2 Fraction)

Compound Name

C3-Be\zene

03-Benzene
Ca-Benzene

%—Benme

Ca-Benwne

CS-Bmzene
CS-Benmne

CA-Benmne

013-Benzene

Naphthalene
2-Me-Naphthalene
1-Me—Naphthalene
Biphenyl
G7-Benmne

C3-Naﬁ1thal ene
Cz-Naphthal ene

Phenyl thiophene
Cz-Naphthalme
C7-Benzene

Halogenated compound

C7-Benzene
Unknown

C.,-Be‘nzene

2,6-Di-t-butyl-p-quinone

Acenaphthene
CB-benzene

Me-154
Cs-benzene

Chloro campound
Me-154
Dibenzofuran
Bibenzyl

2,6~Di-t-but yl-4~-methyl phenol

Molecular

Waght 1A 1D 4B 7D
120 - + - +
120 - + - +
134 - + + +
134 - + + +
13 - + + +
148 - + + +
148 - - + -
134 - + - -
180 - + - -
128 000 000 000 000
142 51.7 45.0 5.7 544
142 60.0 5.7 65.3 61.9
154 100 100 100 -
176 - - 101.5 -
170 - 106.8 - -
156 - 110.2 - 110.0
160 - - 112.4 -
156 - 115.0 - -
176 - - 117.4 -
240 119.5 119.3 - 118.9
176 - - 119.6 -
208 - 122.3 - -
176 - - 122.2 -
220 - 124.8 - -
154 126.7 125.9 - 127
190 - - 126 -
168 - 127.9 - 128.5
190 - - 128 -

- - 127.9 - -
168 130.2 131.4 -
168 134.6 134.9 138.5 -
182 137.1 - 140.4 137.6
210 - 137.5 - -
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Table 12 (continued)

O:mEu'd Name
C3-Naphtha1ene
C3-Na1:hthalaxe
C.-benzene

9
ca—Naﬂ\thalene

Chloro campound
Fluorene
Cs-Naphthalene

02-154

Cg-benzzene

02-154

Me=Dibenzo furan
Me-Dibenzofuran
CA—Naphthalme

C3-1 S4/ Cz-Dibenao furan
C3-1 S4/ Cz-Dibenzn furan

Ca-,Na;hthalale
C9-benzene

C3-154/ C2-D1benzn furan
C4-Naphthala'xe

Cs-Nali\thalene

Clo—benzene
C,-Naphthalene
Cll-bmzene
Me-Flwrene

CS-Naphthalene
Cz-Dibenzo furan
Ca—Naphthalme
Cz-Dibenzo furan
Dibenzothiophene

Cm-bermene

Unknown (Base 181)
Phenanthrene
Anthracene
CS-Naphthalene

04-154/ C3—Dibenzo furan

Mlecular

Weight 1A 1D 4B 7D
17 - 195 - -
170 - W2 - -
0% - - w3 -

- - - - U84

166 152.2 152.9 154.8 -
170 - 154.2 - -
182 - 157.5 - 157
204 - - 158 -
182 - 159.4 - 160.4
182 162.6 163.6 166 -
182 165.6 - 168.1 -
18 - 166.3 - -
196 167.9 167.3 - -
19 - 168.7 - -
184 - 171.2 - -
204 - - 173.3 -
19% - 174.6 - -
184 - 177.1 - -
198 - 179.7 - -
218 - - 180.2 -
18 - 181.8 - -
232 - - 181.7 -
180 - 183.9 - -
198 - 186.3 - -
196 - 186.3 - -
184 - 191.3 - -
184 193.1 - - -
28 - - 195.9 -
210 196.5 - - -
178 200 200 200 200
178 - 203.6 - -
198 - 205.5 - -
210 - 205.5 - -
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Tsble 12 (continued)

C3-152/ Cz-Fluotene

Unknown (Base 253)

04-154/ C3-Dibenaoﬁxrm

C3-152/ Cz-Flwrene

Cu-benzene

C6-Nali1thala\e

C3-1 52/ CZ-Flmraxe
04-154/ C3-D1benzp furan
Chloro compound
C3-152/02-166

Unknown (No M-15)
Me-Dibenzothiophene
Cu-bmwne

C4-154/ Cz-Dibenzo furan
Ca-l."A/ C3-D1benm furan
C5~Naghthalene

c 4-156»/ C3-leenzo furan
Me-Dibenzothiophene
Cs-Naphthalene

Me-178
Me-178
Cyy-benzene

Cyclopentaphenanthrene
Me-178

05—154/ 04%mm furan

Me-178
C,-152/ Ca-Flwrene

02-152/63-F1mra1e
04-152/%-ﬂwrme
Cz—Dibenznthiolixene
Chloro campound
Cz-Dibenzothiophene
C,-Dibenzothiophene
C,-178

Cc,-178

C,-178

N N NN

208.9

211.0
216.6

214.6
26.1
216.8
216.8
217.3

217.3
217.8

217.8
225.0

227.7
229.8
229.8
230.8

230.8
236.1

237.1
239.9

243.7
245.5
245.5

247 .O
250.3

253.0
ﬂ.s
256.5

256.5
262.5

269.7
275.0
279.0
282.1



Tsble 12 (continued)

Compound Name
C2-178
C3—Dibenmthiophene
Fluoranthene
C3-Diba\zothiophme

Chloro campound

C3-Dibelzothiophme

Pyrene
Cs-Dibenzothiophme
Me-Cyclopentaphenanthrene
cl S-Biphetyl

C3-178

C3—1 78

p,p'-IDE

Me-202

a S-bil'henyl

Me-202

CLsbiphenyl
Benzo(ghi) fluoranthene
Cl6-b~1'.phmy1
Benzo{c) phenanthrene
Benzo( a) anthracene
Cl.7-bili1eny1
Chrysene

Tetramethyloctahydrochrysene

Benzo(e) pyrene
Perylene

Mlecular
Weight 1A 1D 4B )
206 - 283.4 - -
226 - 283.4 - -
202 286.2 26.2 286.1 285.4
226 290.0 290.2 - 289.6

- - - - 289.6
226 - 295.5 - -
202 300 300 300 300
226 - 30 - -
204 - 303.5 - -
3% - - - 306.5
220 312.6 - - -
220 - 316.9 - -

- - - - 32403
216 33604 - - -
326 - - - 328.0
216 343.4 - - -

- - - - 3w
226 380.1 - - -
360 - - - 356.7
228 381.8 - - -
228 3%.7 - - -
3% - - - 3%8.9
28 400 400 - -
292 400 400 - -
252 491.2 - - -
252 500 - - -

Mumbers are ARI's and + indicates that the compound was detected but mo ARI is

defined.
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Polar Compourds Detected in Clams (G3.3+4 fraction)

Ortho or para cresol
Phenylmethyl ketone

1 phenyl-1,2-propanedione
Dibenzylanine

Carbazole
Perinaphthenone (std)

Cz-Carbazole

Mumbers are approximate concentrations in ppb, and + indicates that the campound was detected

but mot quantified.

148

197

167

180

181

Tsble 13

+

Is

+

Sampl
6A

47

+

4.8

e
n

+

1B4 4B2 6B4 7B2
- + + -
- + - -
15 42 22

- 19.1 - -
+ o+ + o+
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concentrations. This is unlikely because the most abundant compound in the
G3.3+4 sediment fractions, anthraquinone, was not detected in the clams
while carbazole was. If the clams do accumulate 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
accumulate 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 la;ge 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 fesolved 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
sampling makes this measurement unreliable.

The G3.3+4 fractions of the two sampling reflected these same trends.
Compounds identified in these fractions are listed in Table l4. 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). 1In contrast, carbazolé 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
sul fones 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

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

ComEgund

Cz-Aniline
Phenol '

C6H100

Ortho cresol/p-cresol
Me-aniline
m-cresol

Cz-phenol

Cz-phenol

Cz-phenol

Cz—phenol

Cz-phenol

Cz-phenol
C3-phenol
Cs-phenol

C3-phenol

C3-phenol

C3-phen01

1,3,5 Trithiane

CA-phenol

Methylsul fonylbeneze
l-methyl-4-methylsul fonylbeneze
(methylsul fonyl)methylbeneze

Carbazole

Molecular

Weight

121
9%
98

108

107

108

122

122

122

122

122

122

136

136

136

136

136

138

150

156

170

170

167

+

+ + + + + + + + o+ o+

+ + + + o+

2.2

2.0
8.0
2.4
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Table 14 (continued)

o-phenylbenezemethanol

Me-carbazole
Me-carbazole
Me-~carbazole
Me~carbazole

C.-carbazole

N

C,-carbazole
C
C,-carbazole
c

C.-carbazole

NN

-carbazole

~carbazole

N NN

C.—-carbazole

N

C_~carbazole

N

C,~-carbazole

w

C.,-carbazole

w

C.,-carbazole

W

C,-carbazole

w

C,-carbazole

w

C, -carbazole

P

C, -carbazole

'

C, ~carbazole

ES)

Numbers are approximate concentrations in ppb, + indicates that the

was detected but not quantified.

Com

und

Molecular
Weight

184
181
181
181
181
195
195
195
195
195
195
195
209
209
209
209
209
209
223
223
223

Sample
#1

2.0
0.8
0.9
1.1
0.5
0.5
0.5
0.5
1.1
0.8
0.5
0.2
0.5
0.2
0.4
0.4
0.4
0.4
0.3
0.2
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Table 15

Total Aromatic Compounds Detected in Effluent Samples

Fraction Resolved(ppm) Unresolved(ppm) Resolved+UCM Total (ppm)
H o o#  #H B # B A R
B/N(aromatic) 0.9 0.1 1.1 0.4 2.0 0.5
Acid 0.8 0.1 1.9 1.2 2.7 1.3 6.3 1.8
Volatile 1.6 - 0 - 1.6 -
#1 = lst sampling August 8-9, 1983

#2

2nd sampling April 15-16, 1984
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proportion of the total organics contained in the unresolved mixture
increased from 48% in the first sampling to 897 in the second sampling.
Because the presence of an unresolved mixture is considered to be evidence
of biodegradation of petroleum (Jones et a}., 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. The 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 0,002 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
similgr in composition between.stations and sampling periods. Fluoranthene,
benzofluoranthene, 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).

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 ARIs, with possible identifications, and concentrations
of the major peaks in fraction G3.2 of the Mdrch, 1983 sediment study.
Concentrations are in ppb - dry weight, calculated relative to the recovery

of the internal standard 2,2'-binaphthyl.

MRJOR PEAKS IM SAMPLE 91

RRI CONCCrRb) Passible Id

288.2 1388 Fluoranthene’

209 937.8 Pyrene

499 534 Chry¥ssne

397.2 485 Benz{a)anthracene

475.1 31,9 Benzof luoranthens

434,85 293.9 Benzolaltprrane

328.8 292.%9 Benzodasfluorene

393.7 272. 4 Mzthyl-phenylnaphthalene
338.2 a2rvi.7 Benzo(b)fluoren2

299 269.1 Phenanthrense

491.3 294.9 Benzo(elprrens

242.5 173.2 4-H Cvclopentaddefdehenanthrans
478.3 179 Bznzof luoranthene

599 122.3 Pervlane

404.1 112.3

282.1 193.9 :

283.1 99.7 Rnthracene

12S5.7 37.85 Rcenarhthene

173.1 95.5

322. 4 23.2
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MAJOR PEAKS IMN SAMPLE 92

ARI

439.5
431.3
343.8
383.3
385.1
412.3
331.1
413.7

MRJOR
ARI

473.2
285.8
331
429
494.8
337
491.4
336.7
3381.2
330.3
439.8
583.3
S90
437.95
299
439.95
599
355.1
Sig
431.5

PEAKS IM

CONC(ppPb)

179.1
164.3
143.5
99.5
84.3
72.9
V1.8
7¥B.3
58.9
39.7
93.1
33.4
49.3
43,7
49.2
45.8
44,2
42.5
41.7
41.5

SRMPLE 93
CONC<{prb)

Possible Id

Fluoranthen=2
Chrysene

' Pyrene

Benzof luoranthene
Bznzo(b)fluorene
Benzo(alpyrene
Benzo{a)fluorens .
Banz{adanthracens
Pervlene

"Phenanthrzne

Methyl-223

Benzol2lpyrens2
Methyl(pyrene/fluoranthsnse)
Methyl-phenylnarhthalsns

Mzthy1-223
Benzolclirhenanthr=n2

Possible Id

Benzof luoranthens=
Fluoranthene
Pyrene

Chrysene
Benzolaleryrene

Benz{aranthracens

Benzo(2)pyren=
Benzo{b)fluorene
Be2nzolclrhenanthran2
Benzo(a)fluorene
Methyl1-228 _
Indenolls2s3=cddpyran=2
Pervlene

Phenanthrene
1-Ph2nylrhenanthrzns2
Benzo{3hildpervlens

w

[y
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MARJOR PEAK3 IMN SAMPLE 94
COMC(prb>

ARI

390

283.8
499

S86.1
334.5
451.3
327.4
4393.9
421,.3
132

273.7
599

299

343.9
437.8
337.4
255.4
2993.2
498.9

"MAJOR
ARI

28S.8
1s])

499

47v4.9
299

337.1
315.7
397.4
S519.8
S99

494.5
Se7.2
491.4
431

279.8
590

252.3
394.3
343.9
S524.8
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PERKS IM SAMPLE 89S

CONCZ<{pPb)>

e ) £y}
—WW W 0w Lo e
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Possible Id

Pyrene

* Fluoranthene

Chrysene

Benz{alanthracene
Bznzoizlpvrrene

Methyl-223

C2=-({Phenanthrene-Anthracenes)
Pervlens=

Phenanthrene
Methvl(pyrenssfluoranthene)

Benzoi{b)fluorene

Poszible Id

Fluosranthene
Pyrene

Chrysane

Benzof luoranthene
Phenanthrene
Benzolbifluorene

Benz{al)anthracensz

Perylene
Benzoladpyrene

Benzo(e)pyrene

Methyl-228

C2=-{Phenanthrene RAnthracsane)
Bznzo{3hi’peryvlens

Methryl-rhenylnarhthalen2
Methyl(pyrene/fluoranthen2)



MAJOR PERKS IMN SAMPLE e

RAMK RRI CONC<(pRb) Possible Id
1 343.9 47S5.4 Methvl(pyrene/fluoranthene)
2 295.2 198 Fluoranthene
3 474.8 99.7 . Benzofluoranthene
4 390 35.86 Pyrene
S 499 38.2 Chrysene
8 171.8 57.1
7 598 38.9 Pervlene
3 232.2 55.5
3 4394, 4 44,93 Benzoladevrens
19 299 43 Phenanthrane
11 491.3 43 Benzoiedpvrene
12 589 ) 41.4 Benzo(shidpervlene
13 397.3 38 Benz{alanthracens
14 134.2 35.9
15 583.2 33.83 Indeno(l1:2y3-cdl)pyrene
15 335.9 33 B2nzolb)fluorasne
v 338.4 38.1 Beanzo{alfluorens
13 439.6 28.9 Methy1-223 :
19 381.4 28.3 Benzo{cirhenanthran=
2K 366.3 23.8 :
MAJOR PERKS IN SAMPLE @7 .
RAMK RRI CONC<(prb> Possible Id
475.1 129.3 Banzof luoranthene
285.9 115.2 Fluoranthene
200 187.3 Pyrene
400 30.2 Chrvsane
509 7.2 . Pervliene
491.4 38.1 B2nzole)pyYrene
394.4 57.8 Benzo{al)prrene
583.1 49 Ind2no(1:2;3-cd)pvyrene
209 47.2 Phenanthrene
B 336.95 : 43.8 Benzo(b)tluorene
1 600 44.8 Benzo(shildpervlene
2 185.2 42.2
3 39?7 41.9 Benz{(adanthracene
4 338 49.5 B2nzocadfluorene
S 430.3 35.38 Methyl-2283
Y 437.2 25.86
7 261 35.3 2-Phenvylnaphthalene
3 314.2 33.9
39 439.3 31.1 {=-Phenvlphenanthrens
5} 393.1 27.2 Methvyl-phenylnarhthalene
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MAJOR PEAKS IM SAMPLE 83
CONC<pPb)

ARI

474.8
399
2835.9
499
336.3
238.6
314.1
599
397.2
487
3532.9
5913
343.3
3381.1
383.9
421.2
424,3
433.3
339
2099

MAJOR

331.3
S93.3

PERKS IM

o8

45.7
45.5
44.2
43.3
43.4

42.2

42
38.7
38
3649
3643
335.8

SAMPLE 993
CONC¢PpPb)

Possible Id

Benzof lunranthene

Pyrene

Fluoranthene

Chrysene

Benzo(b)f luyor=ne
C2=-{Phenanthrene/Anthraczne)

Pervlens
Benz(alanthracsne

Indenodls2s3-cdlprrene
Benzodshilpervlens
Methyl{pyrene/fluoranthens)
Benzod{crrhenanthrene

Beznzo{elpyrens=
Benzodasmyrene
MHethyl-223 ,
Benzo{alrfluorsne
Phenanthrene

Pnssibles Id

Fluoranthen=

Pyrene

Benzof luoranthens
Chryzene

Pervlene
Indenn(ls2s3-cd)pPyrene
Phenanthrene
Benzo{e)mpyrene
Benzodalpyrene
Benzo(b)fluoresne
Benzo{shil)pervlene
Benzon<al)fluorene
Benz(adanthracene
Methvl-phenylnaphthalene

Methyl1-223
2-Phenylnaphthalene
C2-(Phenanthrene/Anthracene)
Benzolc)phenanthrang2
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MAJOR PERKS IN SAMPLE 19

ARIL

MAJOR
RRI

237
380
473
534.3
499
S00
289

133.
509.
3386.
329.
397.
171,
491.
509

494,
258.
314

183

NGW WONGUAN -

PEAKS IN

CONC(pPb)

187.4
157.93
189.2
77.4
35.3
33.3
47,3
47.2
47
43.7
39.3
33.3
33.4
38.7
30.4

}
®
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SRAMPLE ‘11
CONC<{prb)

121.9
193.7
191.1
98.1
3.3
43
46.3
48
39.8
39.4
38.2
37.5
35.8
34.8
33.6
33.5
33.2
38.8
29.4

23.2

Possible Id

Fluoranthene
Pyrene

Chrvsene
Phenanthrene
Benzof luoranthene
Pervlesne
Benzodaldf luorene

Benz{aranthracene
Benznib?fluorene
Benzoal2lpyrane
Benzolalpvrene
2=Phenvlinaphthalene
C2=-{Phenanthrene/Anthracsne)
Benzof luoranthens
Benzo(shidp2rylen2
Methyl-rhenylnarhthalene

Methy1-223
3-Methvlphenanthrene

Possibles Id

Fluoranthene
Pyrene
Benzof luoranthene

Chrysene
Pervlsne
Phenanthrane

Benzol{bl)fluorene
Benzola)fluorsne
Benz{alanthracene

Benzolel)pyrene
Benzo(3hil)pervlene
Benzolal)pyrense
2-Phenylnaphthalene
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MAJOR PEAKS IN SAMPLE 12

RRI CONC(pPb)
227.5 194.9
308 - 193. ¢4
475 92
439 1.9
299 56.3
588 54.9
397 38.8
§83.2 37.3
699 37.7
424.4 37.2
23%.8 35.3
135.3 25.3
431.3 32.8
392.5 31.7
323.9 39.4
488.8 23.3
312.8 26.5
171.7 24
3793,.9 23.3
433.1 23.4
MAJOR PERKS IM SAMPLE 13
ARI CONC{pmrb)
389 153.5
479 122.8
235.6 115.3
439 7.2
S99 53.4
431.3 92
339.1 50.7
33S.6 S9.7
494.3 58.2
6808 43.7
S83 48.7
209 48.9
260.8 45.8
397 44.3.
303 33.1
384.8 31.9
313.7 23.9
3389.7 25.2
429.9 25.9
273.7 25.9

Possible Id

Fluoranthene

Pyr2ne

Benzof luoranthene
Chrysene

Phenanthrene

Pervlens
Bznz(alanthracen? .
Indeno(l1s2; 3=cd)pPYraene
Benzo{shildpervlzsne2
Benzolaieyrens

Benzol(elpyrene .
Methyl-prhenylnarhthalense
Benzolalfluorene

NethvllphenYInaphthulene

Benzo(3hi)fluoranthen:2
Methyl-223

Possible Id

Pyrene

Benzof lusranthen2
Fluoranhthensz

Chrvsene

Pervlene

Benzolel)pyrene
Benzo(alfluorene
Benzolb)fluorene
Benzo{adpyrene
Benzo(ghilperyvlene
Indeno(1s2;3-cdiPyrane
Phenanthrene
2-Phenvylnaphthalene
Benz{(alanthracene
Methyl-phenvlnarhthalene
Benzo(shil)fluoranthene
Methyl=-phenylnarhthalene

Methyl-228

C2-(Phenanthra2nz/Anthracan2)
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MAJOR PEARKS IN SAMPLE 14
ARI : CONC(pPb)
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MAJOR -PERKS IM SAMPLE 1S

ARI CONC{pPb)
236.95 119.1
380 239.3
474.9 35.5
133.4 61
499 68.7
509 31.2
383.1 44,3
397.3 43. 4
208 42.7
338.1 36.4
281.5 35
383.4 32.9
494.35 32.7
491.3 32.3
233.4 32.3
5080 29.4
260.9 28
314,3 ' 25.3
487.1 23.3

336.9 23.2

Possible fd

Benzof luoranthene
Pyrene
Fluoranthene
Chrysene

Pervylene
Banzo(3hidrervlena
Benzo{b)fluorene
Benzolalpyrane
Bznzoi2lipPvyrene
MHaphthalene

Benzolarflyorene
Phenanthrene
Benz(aranthraczane
Methyl-223
Ind2no{ls2s3=-cdIpPyrene

Benzolc)phenanthrane
1-Phenvlphenanthrane

Possible Id

Fluoranthene
Pvrane
Benzof lusranthan=

Chrysene

Pervlene
Indzno(ls2s3=cd)Pyrene
Benz{(a)anthracen=2
Phenanthrene
Benzolal)fluorene

Methvl-phenylnashthalene
Benzoladpvrene
Benzo(elpPyrene
Benzo{ghi)marylene
2-Phenylnaphthalene

Benzo(b)fluorene.
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MAJOR PERKS IM SAMPLE 16

ARI

285.6
389
474.8
499
509

- 339.6

494.3
299
338.38
431.2
L)

.8

487.5
533.1
397.1
278.9
3585.8
438.3
261.3

238.S.

MAJOR
ARI

475
499
235.7
309
330.5
386.7
337
279.2

PERKS: IM

497.6

491.3
439.4
238.4
509

494.4
680

S583.1

244. 2‘

437.4
236.7
397.1
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15.8
13.95
14.3

SAMPLE 17
CONC<(ppb)
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Possible Id

Fluoranthene
Pyrene

Benzof luoranthens
Chrysene

Pervlene
Benzo(a)fluorene
Benzo(al)pyrene
Phenanthrens=
Benzolbif luorene
Benzol2lpyrane
Benzo(shilperylens
Marhthalene

Indena(ls2s53=-cd)PYrene
Benz{aranthracen=
C2=-(Phenanthrene/Anthracene)

Methyl-223
2-Phenylnaphthalene

Possible Id

Benzof luoranthene
Chrysene
Fluaranthene
Pyren=
Benzo(a)fluorane

Benzo(b)fluorane
C2-(Phenanthren2-Anthracesne’

.Benzo(el)pyrene

Methy1-228
2-Methylphenanthrene
Perylene
Benzo{aldeyrene
Beznzo(3shidperylen=
Ind2no(1s2s3~cd)PyYrene
Methylphenanthrane

3-Methvlphenanthrane
Benzialdanthracsane
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MAJOR PERKS IN SAMPLE 18

ARI CONC<{pPb)
235.9 129.4
474.9 107.2
388 18S.9
409 86.6

290 S2.5

509 49. 4
491.3 43.3
397.1 48.9

8913 39.3

183 38

335.9 37.5
339.4 37

494.4 35.9

5383 34.1
av9.1 39.4
314.5 25.4
333.5 26.1
261.2 25.9
439.3 23.5
233.3 22.2
MAJOR PEAKS IN SAMPLE 19
RRI CONC<{ppb>
47S 115.2 )
287.2 113.2
309 111.1

489 32.6

S99 51.3
491.3 45.95
397.1 4S.1
$83.1 43.7
494,.3 42.8

609 42.1
335.4 36.7
329.6 35.7

299 34.7
134,4 32.5
313.7 28.3
260.35 28 ,
439,2 27.4

303 25.5
388.2 24.5
437.2 21

Poszible Id

Fluoranthene
Benzof luoranthene
Pyrene

Chrysene
Phenanthrene
Pervlene
Benzo{elprrene
Benz{alanthracene
Benzo{shiipervlen=

BenzolbXfluoren=2
Benzoialdfluorene
Benzolalpvrene2
Ind2no{ls2s3-cd)pyrene
C2=(PhenanthrznesAnthracene’ -

Benzo(shilfluoranth=sne
2-Phenylnarhthalene
Methyl=-223
2-Methylrhenanthransg

Possible Id

Benzof luoranthens2
Fluoranthene
Pvyrene

Chrvsene

Pervlene
Benzo(elpyrene
Benzd{a)anthracene
Indeno(l:2;3-cd)pPyrene
Benzo{a)ePyrene
Benzo{(shi)p2rylene
Benzo{b)fluorene
Benzola)fluorene
Phenanthrane

Methyl-rhenylnarhthalene
2-Phenylnaphthalen2
Methyl=-223
Methyl-phenvlnaphthalene
Benzol(shi)fluoranthene
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MAJOR PERKS IN
ARI

4735 :
286.2
300
400
3383.8
588
491.3
494.2
337
3356.5
699
299

- 995.9

330

314.1
438.2
260.8
333.4
S98.7
407.3

MARJOR PERK3 IN
ARI

283.9
388
4735.1
489
494.4
491.2
397.2
331.3
204.
568
337
182.1
983.3
323
Se9
439.9
279.9
262,95
304.3
242.7

W @ O

SAMPLE 29
CONC(prb)

117.6.
187.4
185
38.2
73.9
52.9
45.9
40.3
39.5
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SAMPLE 21
CONC{¢prh)
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Possible Id

Benzof luoranthene
Fluoranthene
Pyrene

Chrysene

Pervlene
B2nzo{edpyrene
Benzo(aldeyrene
Benz{a)anthracen=
Banzo(b)fluorene
Be2nzo{shilperylane
Phenanthrene

Benzalal)fluorene

Methyl-228
2-Phenrlnaphthalene :
Benzo(shi)fluoranthen=2

Passible Id

- > - — - =t

Fluoranthene
Pyrane

Benzof luoranthene
Chrysene
Benzolalpyrene
BenzoledpyYra2ne
Benz<al)anthracene
Benzo(al)fluorene
Phenanthrene
Benzo{ghid)pervrlane
Benzo(bl)f luorane

Indeno(l,2;3-cd)Pyrene

Pervylene
Methyl-223

C2-(Phenanthrene-Anthracsnes)

Methryl-phanylnarhthalens
4-H Cvclorentadldefirhznanthrane
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MRJOR PEAKS IN SAMPLE 22

ARI CONC<(pPb)
287.2 162.8
3009 : 142
474.9 181.83
4009 36.2
2009 S7.4
589 933.1
336.2 38.3
134.1 43
329.7 47.3
397 44,4
313.8 33.5
987.8 38.3
491.3 38.1
494,3 37.2
392.8 358.7
599,95 38.1
163.2 35.4
258.4 34

- 398.3 32.4
584.5 30.4
MARJOR PERKS IN SAMPLE 23
ARI CONC<PrbY
475.1 S4.8
236.8 74.5
390 579
499 B87.2
S99 58.3
589.7 49.9
494,2 37.7
491.2 33.3
397.3 30.4
209 26.9
182.8 24.9
430.6 23.8
523.98 23.2
583.95 22
335.7 21.9
338.6 « 21:8
589 28.2
439.7 15.9
437.4 13.5

283.2 13.5

Posszible Id

Fluoranthene
Pyrene

Benzof luoranthene
Chrysene
Phenanthranes
Perrlene
Benzo{b)fluoresne

Benzolalfluorsne
Benz{a)anthracene
Methy¥l=-prhenylnarhthalens

Benzol{2)prvrene
Benzofalrpyrene
Methvl-prhenvlnarshthalene

2-Phenvlnaphthalene
Benzo(3hi)fluoranthene

Possible Id

Benzof luoranthene
Fluoranthen2
Py¥rene

Chrysene

Parvlene

Benzo{alpyrene
Benzo(epyrane
Benz(adanthracene
Phenanthrene

Methvyl-229

Benz=o(b)fluorene
Benzo{al)fluorene
Benzo{ghi)pervlene
1-Phenylehenanthrene
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MARJOR PEARKS IM SAMPLE 24

ARI

1% 1%)
474.8

399

283.7
409

435.3
311.5
391.1
431.2
397.3
299

434,35
av3.9
333.8
337.3
599

431.3
499

342

262.4

MAJOR
ARI

2835.7
389

474.9
439

2909

397.1
S1t.8
$34. 4
331.1
491.3

PERKS IN
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COMC<{pprb)

G D= NN N4

SAMPLE 2S
CONC<pPb)

205.5

'165. 2(

1838.2
10a.?7
83.7
4.7
31.5

Possibles Id

Perylene

Benzof luoranthene
Pyrene
Fluoranthene
Chrvysene

Banzonarhthothiosrhene
Benzof2)pvrene :
Benz{(aJanthracszn2
Phenanthrsne

Benzolaldpyren=2
C2-(Phenanthrene Anthracen2?

BenzolbXfluorens
Benzo{shidpervlene
Methyl=22

Possible Id

Fluoranthene
Pyrene

Benzof luoranthene
Chryvsene
Phenanthrene
Benz<{a)anthracsne

Ba2nzoladpyrane

Benzo(a)f luorene
Benzolel)pyrene
Pervlene -
Benzo{b)fluorene
Methyl-shenylnarhthalene
Methyl1-223

Methvyl(mvrene/fluoranthene)
C2=-{Phenanthr2n2/Anthracenes’
Benzo(shi)pervlane
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MAJOR PEAKS IN SAMPLE 26

ARI

285.8
300
474.9
489
299
397.3
331.2

431.3 -

494.5
337
262.3
431.2
599
394.4
689
343.8
583.3
279.38
413
384.9

MAJOR
ARI

28s.7
3188
474.9
409

S

200
588
491.4
339.4
303.3
336.9
583
314.7
494.4
5§09
397.3
261.4
279.1
274.3
438.3

PERKS IN

COMC{prb)

224.2
178.3
124.1
113.9
67
5S.S5
49.2
45.9
45.1
43.3
41

L)

7.3
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SAMPLE 27
CONC<{pprb)>

Possible Id

Fluoranthene
Pyrene

Benzof luoranthane
Chrysene
Phenanthrane
Benz(ajranthracene

‘Benzoalfluorene

Benzo{elpyrene
Benzodlaleryrene
Benzo(bifluorene

Mzthyl1=-223

Pervlene
Methyl=-phenvlinarhthalene
Benzo{shil)pervlene
Methyl(pyrena/fluoranthzne)

C2-({Phenanthre2n2/Anthracane)
Methvl-2239 -

Possible Id

Fluoranthene
Pyrene

Benzof luoranthens2
Chrysene

Phenanthren=2

Pervlene

Benzoe)rpyrane
Benzo(a)fluorene
Methyl-phenylnarhthalene
Benzo(b)f luorene
Indeno{1s2s3-cd)pYrene

Benzolaleyrane
Benzolshidpervlene
Benz{a)anthracene
2=-Phenylnaphthalene
C2=¢{Phenanthrene Anthracane)
C2-Phenanthrene

Methyl1-223
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MRJOR PEAKS IM SAMPLE 23

RRI

474.7
23835.5
309

493

4368.2
491.2
494,5
397.2
509

439.4
343.8
254.9
337.1
283

388.93
282.2
323.2
282.3
339.38
296.2

MAJOR

. ARI

474.9
309

28S.6
499

898

397.2
494,.3
491.4
335.9
200

496.6
430.3
582.9
437.4
412.8
339.4
383.6
439.5
5009

366.1

PERKS IN

CONC(ppPb>
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SAMPLE 29
CONC¢PPb)
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Possible Id

Benzoaf luaranthene
Fluoranthen=2
Pyrense

Chryzene
Methyl-228
Benzo{=2)pyrans2
Benzo(al)ryrene
Benz{a)anthracen=z
Pervlene

Methvyl(pyrene/fluoranthens2)

Benzocbifluorans
Phenanthreane

Benzolalfluorene

Possible Id

B2nzof luoranthene
Pryrene
Fluoranthene
Chrvsene
Benzo{3ahilprervlene
Benz{aranthracen2
Benzodalevrane
Banzolelpyrane -
Benzol(b)tluorene
Phenanthrane

Methvy1-223
Indeno(1s2y3=-cd)pPYra2n2

Methy1-228
Benzo{a)fluorene
Methyl-phenylnaphthal2ne
1-Phanylrhenanthrene
Pervlene



MARJOR PERKS IM SAMPLE 39

RAMK ARI CONC(rprb) Possible Id
1 283.6 38 Fluoranthen=
2 390 34.7 Pyrene
3 490 33.5 Chrysane
4 474.8 32.1 Benzof luoranthen=2
S 397.2° 15.1 Benz{a)anthracen=2
8 378.1 13.1 Benzo(b)qaphtho(zy1-d>thiophene
? 2909 13.1 Phenanthrane
3 439.3 12.7 Methvl1-223
3 494.4 11.4 Benzolalpyrene
193 431.3 11.2 Benzoai2)pyrene
1t 539 19.3 Benzo{shiipervlene
12 . 337.1 19 Benzolb)fluorene
13 331.1 3.4 Benzodlclirhe2nanthrens
14 439.4 3 1-Phenvlphenanthrzne
15 598 3.4 Pervlensz
15 333.1 3.2 Indeno{ls2s3=-cdlpyrane
1? 393.7 8.2 Methyl=-phenylnarhthalzne
13 4938.7 7.8
19 459.8 7.5
29 437.3 7.4
MARJOR PERKS IN SAMPLE 31 A
RAMNK ARI ' CONC<{ppPb) Possible Id
1 286.1 349.5 Fluoranthene
2 399 287.9 Pyrene
3 209 132. 4 Phenanthrene
4 4509 185.1 Chrysene
3 475.2 1863 Benzof luoranthene
5 335.S5 3S.7 Benzol(b)fluorsn=
7 397 35 Benz{a)anthracane
3 260.86 7S.8 2=-Phenylnashthalene
9 302.7 75.2 Methyl=-phenylnaphthalene
19 491.6 9.8 Benzo(e)pyrene
11 313.6 63.6 Methyl-phenylnaphthalene
12 329.8 82.7 Benzo{a)fluorane
13 494,.6 6t.5 Benzoladpyrens=
14 600 36.3 Benzo(shi)perylene
15 279.4 51.1 C2=-{Phenanthren=s/RAnthracene)
15 343.2 47.7 Methyl(pyrane/fluoranthene)
1?7 380.4 45.3 Benzo(3hi)fluoranthens
13 496.5 45,2
13 363.6 42.5

29 532.8 41.5 Ind2nndls2y3~-cdipyrene



MRJOR PERKS IM ZRMPLE 32

RAMK RRI LONC(PPb) Possible Id

1 389 3 Pyrene

2 236 2.6 Fluoranthene

3 4289 2.1 Chrvysene

4 439 2.1

] 495.9 1.4 Benzofaleryrene

8 S99 1.4 Pervlene

7 492,.7 1.2 B2nzole)pPyYrene

] 321 1.1 )

Q (15]"] 9 Benzo{shilperyvlene

19 379.1 .8 Benzo(shi)fluoranthene

11 452.9 .3

12 397.5 .8 Benz({alanthracene

13 S591.8 5

14 S49.2 .8

13 475 .3 Benzof luoranthens

15 132.2 3
MAJOR PERKS IH SAMPLE 33

RAMK RRI CONCC(prb) Poszible Id

1 409 18.1 Chrysene

2 285.86 3 Fluoranthene

3 399 7.6 Pyrene )

4 299 2.3 Phenanthran2

S 420.4 2.5 Methyvl1-223

5 491.1 2.9 Benzo(e)ryrene

v 530 1 Benzo(shil)peryvlene
MAJOR PERKS IN SAMPLE 34

RAMK ARI COMC<(pPb) Posszible Id

1 296.8 1.8

2 437.8 1.8

3 498.6 1.4

4 4909 1.2 Chrysene

] 285.7 1.1 Fluoranthene

) 494,7 1.1 Benzolal)pvyrene

7 215 7

8 427.4 o7

9 180.1 -]

13 249.2 -]

11 261.6 3 2-Phenvlnaphthalene

12 314.4 .9

13 S.7 .3

14 338.1 ot

13 185.1 -4 -

15 278.4 .4 C2-(Phenanthren2-Anthrac2ne)

17 399 ) Pyrene

13 , 437.58 .4

13 273, 2 C2-Phenanthrene2

29 275.4 .2



MAJOR PEAKS IMN SAMPLE 35 ‘
RANK ARI CONC(ppPb)> Possiblz Id

1 286.9 2.4 Fluoranthene
2 487.2 2.1
3 494.6 1.7 Benzola)ryrene
4 309 1.4 Pyrene
S 491.9 1.2 Benzo(2)pyYrene
8 265.7 t.1
7 426.5 9
3 173.4 .8
9 191.6 .8
19 196.8 .3
1t 21S.1 .3 .
12 5382.1 o3 Indeno(ls2y3-cdlpvrrane
13 389 .3
14 429.2 B8 Methyl-223
15 299.8 .8
18 476.93 8
17 274.9 .6 C2-Phenanthrene
13 415.1 .8
13 543.7 .S
29 480 .5 Chrysene
MARJOR PERKS IM SAMPLE 386
RAMK : ARI CONC<(ppPb) Possible Id
1 251.4 3 2-Phenylnaphthalane
2 235.3 2.1 ‘Fluoaranthene i
3 475.4 1.6 Benzof luoranthene
4 494,.8 1.8 Benzo{a)pyrene
S 407.3 1.4
5 206.4 1.4
7 240 .9
S 273.3 .3 C2-Phenanthrene
9 399 .9 _Pyrene
19 $03.5 .9
11 S44.1 .9
12 499 7 Chrvysane
13 426.4 7
14 491.6 .7 Benzo{e)PYrane
‘1S 534.4 o7 :
16 389 .
1? 397.3 -] Benz{aldanthracens2
13 481.8 .2

END OF FILE



Appendix I-A

Listing of ARIs, with possible idencificatious; and concentrations
of the mﬁjor 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 Lrace amount of
&i-octylphthalate at ARI ~431, was confirmed by mass spectrometry, we suspect

that laboratory contamination was responsible.

1 HRJOR PERK3 IM SAMPLE 8i1C
RENK ARI ' COHCCpRb) Posszible Id.
445,.9 . 1207.7 . ISTD
2 238 - . 543,9 - Fluoranthene
3 378.1 353.95 ISTD
4 309 471.3 Fyrene
S 473.1 - 383.7 Benhzof luoranthene
[ 299 359.2 Phenanthrene
7 489 331.5 Chryzene
3 397.2 273.3 Benzdalanthracene
3 434,95 194.3 Benzo{aiprrene
19 331.1- 139.2 Benzodalr luorens
11 338.5 172.3 Benzodlbh2fluyorsne
12 491.3 ~ 193.8 Benzodelprrane
13 394,1 139 Me-rhenvlnarhthalene
14 242.6 32.3 4=H Crclopentaldef dphenanthrane
15 583.3 31.3 Indenodls2s3=cd)PyYrane
18 293 7.4 Anthracezne
17 343.5 73.6 M2-~292
13 6909 3.5 Benzo(shilpervlsne
19 262. 4 71.8 .
29 494, 2 55.9 Polymethylhydrochrvsens
21 125.4 53.3 Acenashthene
22 - 377.8 51,4 Benzodbinapht hn{2s 1-ddthiorhene
23 151 59.1 Fluorens
24 438.3 33.3 Di-=octvlmhthalate
239 434.5 55.3
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MAJOR PERKS IM 3RMPLE B2C

ARI COMC<{prb3
446, 9 978.9
378.95 572.7
474.9 . 155.8
285.98 147.3
399 123.7
339 - 121.3
434.4 53.3
397.3 82.3
491.3 57.3
589 57.1
299 53.%9
533.3 43.1
337.1 43
599 38,5
438.1 33.1
512.2 32.7
431.1 31.8
394.5 24.9
239 23
263 29.1
239 : 19.3
582.5 173
572.5 18.7
181.5 17.1
237.35 15.3
MRJOR PERKS IN SAMPLE a3C
ARI CONC{prb)>
445.7 449.95
378.2 193.9
599 14.9
235.7 14.1
369 13.95
490 3.9
263.8 7.9
439.3 5.9
397.3 5.5
689 6
433.8 S.7
473.,7 4,3
3492.9 4.1
337.3 3
532.? 2.5
299 2.2
266.7 2
439.5 1.7
273.9 1.4
331.3 1

Pozsible Id

ISTD _

ISTD

Benzof luoranthens
Fluoranthene

Pyrene

Chrysene
Benzolalpryrane
Benz{aldanthracens:
Benzoiedpyrens
Benzol3hilperylene
Fhenanthrene
IndenoCl 2y 3-cdipvrens
Benzoibl)fluorene
Pervlene
1-Phenvlehenanthrene
Me-2352
Di-octvlrhthalats
Me=rhenylnarhthalens
C2-173

ﬂe-l?s

Dibenzo{defsanolchrysens
2=Methvlfluorene
Ne-173

Possible Id

[5TD

I3TD
Perylene
Fluoranthene
Pyrane
Chrysene

Benzo(2)pyrane
Benz(aldanthracene
Benzo(shil)pervlens2

Benzof luoranthens
Benzo(2)pyrans
Benzolb)f luorene
Indeno(ls 2y 3=-cdiprvrens
Fhenanthrene

Di-octvlphthalate
c2-173

Ezrnzodialflyorsns
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MAJOR PEAKS IH SAMPLE 94C

ARI COMHC(prb>
447.3 291.7
375.3 ' 138.7
283.7 14.2
369 14.2
399 19.4
434.4 9.2
299 . 4.9
431.5 4.8
499 4.7
397.3 3.8
2656.7 3.4
131.4 2.1
237.86 1.5

MAJOR PERKS IM SAMPLE 950

RRI COHC (ppeb)
445,7 §53.7
373.7 296.1
238 3
992.1 6.7
398 4,7
MARJOR PERKS IM SRMFPLE BsC
ARI ' CONC(pPb)
447.86 1126.1
376.3 2258
133.S 132.4
474.9 795.92
389 73.3
235.5 57.4
499 52.4
494, 4 39.2
159.7 29.2
397.4 23.8
197.6 28. ¢
491.3 27.7
689 27.6
$83.3 22

589 21.1
337.2 18.7
331.4 18. 4
111.8 18.1
S11.9 7.1
$31.1 1S
273.8 1S

255 1S
279.2 14.2
S2S.1 13.2
251.4 ’ 11.2

Possible Id

ISTD
ISTD
Fluoranthene

Pyrene

Phenanthrene
Benzo{el)pyrene
Chrvysene
Benz{a)anthracsene

2=-Methylfluorene
Me-173

Possible Id

ISTD
ISTD
Fluoranthene

Pyrene

Possible Id

ISTD

I3TD
2-Methylfluorsne
Benzof luoranthens
Pyrzne
Fluoranthene
Chrvsen=
Benzoladpyrens

Benz(adanthracene

Benzol{a)pyrene
Benzo(shi)pervlene
Indeno(1:2s3-cdd)pPyrene
Pervlene
Benzolb>fluorsne
Benzola)fluorane

Me=-252
Di-octylehthalate
c2-178

£2-178

2=Fhenylnarhthalezns+Anthraauinems
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MRJOR
RRL

447.4
376.2
132.8
389
283.9
400
474.9
600
431.2
289
397.4
494. 4
383.3
161.4
235.8
S
337.3
112.8
431.1
238, 1
591.3
433.5
)
262.8
384.86

MAJOR

PERKS IN

PERKS IN

SO L s e et et e e e 1D 1D §D O 10 1O 1O U3 O O O T

SAMPLE &7C

CoOMC{prbl

S oo
[ 3
PN

B OOVWO

WO WUAUG N[O
QUYL OGA N -

SAMPLE 930 _

CONC<¢pRb)

C W UIUNODOYWE & NN W~ 0.0:]
e
A ENDWODWOWE oW WIONW D0

[0 YR

ISTD

ISTD
2-Methylfluoren=
Pyrene
Fluoranthene
Chrysene

Benzof luoranthene
Benzo(shiperylzsne
Benzo(2)pyrens
Phenanthrene
Benz{(aanthracsne
Benzolarpyrens
Indeno{1:2s3=cdiryrzne
Me=-dibenzofuran

Perylens .
Benzoihifluorens

Di-octvlrhthalate
c2-173

Maprhthalzne

Me-phenylnarhthalene

Possible Id

ISTD

ISTD

Fluoranthene
Pyrene

Chrysene

Benzof luoranthene
2-Methylfluorene
Benz{aanthracene
Benzo{e)pyrene
Benzo{shil)perylane
Benzoalrpvyrane
Pervlene
Phenanthrene
Benzolal)fluorens
Benzo(b)fluorene

Ind2no{l:2;3-cdipvrene
Di-octylphthalate
Me-232
Me-nhenvlnaphthulepe

-
L2=1vs

"~ - -
L2-173

Me-173

W



e = G ONGVU B OO

303 re po b it gt e
WWONNT AN WD

S0
V-

23

MRJOR PERKS IN SAMPLE 43C

ARI

445.3
376.3
308
233.9
474.8
499
337.4
509
491.2
397.3
$34. 4
333.3
2899
263.3
434
237.5
S89
2392.1
238.1
344.1
431
255.9
131.3

MAJOR
ARI

447.8
235.3
399
375.1
475
499
209
494, 4
331
491.3
397.3
338.8
S99
539

DY (W (VI N
(VR |
DOCRdT Y 18 ]

=1 Wy 0D

PEAKS3 IM

COMC{PPb)

LW

¢ [OGITi~d D+
4’-4"‘17)‘\30"0010'1(0"’ L

(DX N NN RN R N ol R R AN (VI Y

SAMPLE -18C
CONC<{rPb)

1999
231.3

137. 4

Possible Id

I3TD

ISTD

Pyrene
Flusranthene
Benzof luoranthene
Chrysene
Benzo(b)fluorene
Bznzo(shil)pervlen=
Benzo{edpyrens
Renz(al)anthracsne
Benzotalreyrane
Indeno(ls2s3-cdrpyrene
Phernanthrene

Me=-173

Pervlene

Me=-173

c2-173

Me=-292
Di-octylrhthalats

2-Methylfluorsne

Possible Id

ISTD

Flunranthenes

Pvrene

ISTD

Benzof luoranthens
Chrvssne
Phenanthrene
Benzolaldevrens
Benzolalfluorene
Benzo(e)pvyrene
Benz{a)anthracene
Me=phenvylnarhthalene
Benzolb)fluorene
Pervylene
Banzol{shilrperylene
Ind2nn(l,2:3-cd)prrene
2=-Methylfluorzne
Me=232

Me=-292

Me=173

Di-octvlephthalate
Me=-173

Eznzoibinmaehthol 2y l=dithicehene
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MRJOR PERK3S IM 3AMPLE 11C

ARI

447.5

376
286.5
369

475

490
2008
397.2
331
182.3
491.3
434.4
232
2s2.5
598
6089
336.9
383.3
S81.7
434.1
384.2
431.1
237.2

©282.9

Sit.8
MAJOR
ARI

445,.7
376.2
309

283.9

- 474.8

488
600
337.3
491.2
494.4
268.9
397.3
200
583.5
589
434
289.2
344.1
211.2
131.4
237.8

PERKS IM

COMC<(rrb)

934.5
139
38.8 -
32.1
63.8
31.5
35.6
31.38
31.5
39.1 -
27.6
26.2
23.7
24.2
23.3
21.?
21.3
20.9
17.5
14.4
13
12,3
12.3
12.4
12.4

SAMPLE 12C
CONC<{prb>

LU T D = = O
L]
NN (O

Possible Id

- s o = = e " -

ISTD

ISTD

Fluoranthene
Pyrens2

Benzof luoranthene
Chrysene
Phenanthrene
Benz{alanthracene
Benzoladfluorane
2=-Methylfluorane
Benzo(2)pyrens
Benznalalpyrene

Perylene
Benznishidperylen2
Benzn{b)fluorsn=
Indeno{ls2s3=cdd)pryYrane

Me=-phenvlnarhthalene
Di-octvlerhthalate
Me-178 ‘

Me-232

Possible Id

ISTD

ISTD

Pyrene
Flunranthene
Benzof luoranthene
Chrysene
Benzo{shi)perylene
Beznzo(b)fluorane
Benzo{edpvren2
Benzoaldpyrene

Benz(aldanthracane
Fhenanthrene
Indeno(l,2s3-cddpPyrene
Pervlens

C2-173

Me-292
L2-Fluorene
2-Methvlfluorens
Me=17v3 '
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23

MARJOR PEAKS IM SAMPLE 130

ARI

443.1
376

473.1
236.2
399

490

509

494.3
491.3
203

1382.5
9383.1
397.3
589

262.3
238.7
431.1
3ra.5
329.3
331.3
337.2
434.4
524.9
238.8
472.9

"MAJOR

ARI

447.5
373.9
473.2
399

236.3
409

494.6
491.5
397.1
299

338.9
336.7
333.2
S00

698

367

288.3
322.7
439.8
132.3
377.8
518.5
371.5
387.3

3432.9

PEAKS IN-

.
A0 D D D s s e e e e e e = B P

CONC{prb)

s s L~
[ve It 3

£ WDFHENDWLO=NDAN O

= a o e ®© o 0o & e & Y
he at ]

Lol o adeed ot anl et R e L (VI VT DR VIYE AT AR T UK YNy
L ]
— Jy = = 02

O W UNTC T~ WE D f £ WD+ W =

SAMPLE t14C
COMC(prb)

D - 10 B G €0 0O D = D
g e e .
Wt AN G-

Possible Id

- e e = - - -

ISTD

ISTD:

Benzof luoranthene
Fluoranthene
Pyrezne

Chrysene

Pervlene
Benzolalpyrene
Benzo(elpyrene
Phenanthrene
2=-Methylfluorane
Indenn{1s2:3-cddpyrens
Benz{aanthrac=sne
Benzo(shilrpervliens

C2-173
Di-octylphthalate

Benzocalrfluorene
Benzo(alfluorens
Benzo(b)fluorene

M2=-173
Benzof luoranthen=.

Possible Id

ISTD

ISTD

Benzof luoranthzne
Pyrene
Fluoranthens2
Chryssne
Benzolalpyrane
Benzolel)pryrane
Benz(adanthracene
Phenanthrene
Benzo(al)f luorene
Benzo(b)fluorene
Indeno(1:2s3-cd)pvyrene
Pervylene .
Benzo{shidpervliene

C2-173

Me~-f luaranthene
Di-octvlphthalate
2-Methylfluorsne
Benzoiblnaphtho(2sl-dd)thiophene

Cholezztadizne or DCB

Mg=282
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MARJOR PERKS IN SAMPLE 15C

RARI COMC<{prb)
447.8 333.3
376.3 176.1
398 6l.6
285.9 39.6
47S 55.7
490 44,2
491.3 25.5
397.4 24.9
589 22.4
494.4 21.6
299 20.2
599 17.7
337.3 17.8
533.3 17.5
431 12.9
511.9 12.7
239 12.5
497 19.9
576.7 16.3
472.9 9.7
394.8 3.9
252.8 3.7
239 3.2
343.9 3.2
237.4 3.7
MAJOR PERKS IN SAMPLE 16C
RARI . CONC{perb)
447.3 322.5
376 89.5
399 S7.5S
286.1 S4.1°
475.1 44,8
499 36.5
331.2 23.3
899 23.1
494.4 22.3
289 22.2
491.3 20.7
397.2 18.3
337 16.3
132.7 1S.9
262.5 14.6
983.2 13.9
367.3 13.3
599 12.1
238.7 11.3
431 11
237.2 19.2
322.9 2,9
343.8 .4
229. 4 B

%] 3.7

Prrene
Fluaranthene
Benzof luoranthene
Chrvysene
Benzo(a)pyrene
Benz{alanthracense
Perylene
Benzo{aldpyrene
Ph2nanthra2ne
Benzo{(shi)p2ervlene
Benzod(b)fluorene
Indenn{ls2y3-cdipvrens
Di-octvlrhthalatsz
Me2=-2952

£2-173

Dibenzodldefrmwnodchrysene
Benzof luoranthene
Me-prhenvylnaphthalzsne

Me=-173
Me=-292
Me-173

Possible Id

ISTD

I3TD

Pvrene
Flusranthene
Benzof luorantheane
Chrysene
Benzo(a)fluorene
Benzo{ahil)perylene
Benzo(alryrene
Phenanthrene
Benzol2)pyra2ne
Benz{aJsanthracane
Benzo{b)fluorene
2-Methylfluoresne

Indeno(1s2y3-cdiryrane

Perylene

Me=-173
Di-octvleshthalats
Me=173

Me=f luoranthene
Me=-282

£2=-173

Haphthalens
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MRJOR PERK3 IM SAMPLE 17C

RRI CONMC{prRb) Possible Id

447.2 1128.1 ISTD

389 252 Pyrene

236 245,1 Fluoranthene
473.1 222.1 Benzof luoranthene
375.3 1338.8 ISTD

489 142.4 Chrysene

494.4 189.4 Benzolal)ryrene
132.5 26.3 . 2-Methylf luorene
331.2 96 Benzo{a)fluorzane
609 39 Benzo{3hil)peryvlene
397.2 91 Benz(alanthracene
491.3 99.2 Benzolerpyrene
259 a3 Phenanthrane
3356.9 74,4 Benzolbrfluorene
933.2 5%.8 Indenodls2y3=-cdlprrene
262.8 35

233.1 53.79 £2-173 -

322.3 52.3 Me=f luoranthsne
3B7.2 49.3

233.8 42,2 Me-173

589 49 Pervlene

372 45.1

438.83 44,9 1-Phenylphenanthrene
237. 43 Me-=173 )
431 48 Di-octvlphthalate
‘MRJOR PERKS IN 3SAMPLE 13C

ARI LOMC<{prb)> Possible Id

447.95 332.2 ISTD

399 74.3 Pvrene

238 53.3 Fluoranthene
475.2 52.4 Benzofluoranthens
489 47.3 Chrysene

375.9 45.3 ISTD

434.5 31.3 Benzodal)eyrane
299 25.3 Phenanthrene
331.2 25.3 Benzo(a)fluorene
397.2 29.3 Benz(a)anthracene
491.3 24.4 Benzo(edpyrene
583.1 21.2 Indenn(l:2,3=-cd)PyYrene
335.9 29.2 Benzol(b)fluorene
599 19.3 Pervlene

683 19.3 Benzon(shil)peryvlene
262.4 18

387.1 16.7

322.9 15.2 Me=fluoranthene
239 14.1 C2-173

438.9 13.3 Di-nctylrehthalat2
433.3 12.4

343.7 12.4 Me-283

132.8 Cl2al 2=-Methylfluorene
233.3 11.3 Me=-173

237.3 11.5 Me=-173



MARJOR PERKS IM SAMPLE 15C

RAMK ' ARI CONMC<prb) Possible Id

1 447.5 925.9 ISTD -

2 375.8 174.7 ISTD

3 308 33 Pyrenz

4 287 - 79.6 Fluosranthene

S 4735 73.6 Benzof luoranthene

8 409 35.8 Chrysene

? 600 .38.83 Benzo(shi)p2ryvlene

8 491.3 32.1 Benzolel)pyrene

9 397.3 27.8 Benz{al)anthracane

19 494.4 27.5 Benzo{al)pyrane

1t 1517) 23.4 Pervlens

12 290 23 Phenanthrene

13 533.3 22.9 Indenodl 2y 3=-cdipyYraens

14 331 . 21.9 Benzodal2fluorene

15 338.9 29.1 BenzolbXfluorzn2

18 132.8 15.8 2-Methylfluorene

17 282.5 11.9 ‘

13 284.2 11.9 Fluoranthene

19 394,22 11.9 Me=-phenylnarhthalene

29 S511.7 11.3 M2=-252

21 343.6 18.9 Me-282

22 449 19.83

24 : 473 19.2 Benzof luoranthene

2S 322.8 ) 19.1 Me-fluoranthens
MRJOR PERKS' IN SRMPLE 29C

RANK RRI CONC<{pPb) Possible Id

1 447.7 243.4 ISTD

2 375.1 125.3 ISTD

3 399 54,1 Pyrens

4 235.1 583.3 Fluoranthene

S 474.9 "82.6 Benzof luoranthane

Y 499 47.5 Chrvysene

i . 397.3 29.3 Benz(al)anthracesne

3 491.2 238.4 Benzole)pyrene

9 15]%) 26.2 Benzo(ahidperylene

19 1381.3 23.9 2-Methylfluyorene

11 289 22.5 Phenanthrane

12 44,3 21.5 Benzo(al)pyrene

13 583.2 29.9 Indeno(l:2y3=-cdipyrene

14 331.2 19 Benzo(a’fluorene

1S 337 18.5 Benzo(b)>fluor=ne

18 989 17.3 Pervlene

17 262.6 1?7 .

13 431 13 Di-nctylphthalate

13 489.9 12.3

29 S11.7 12.2 M2=-252

2 232.1 11

22 472.3 18.7 ’ Benzof luoranthene

23 434.4 19,7

24 284, 4 19.5 Me-phenvlnarhthalzne

S 228.95 .3 L2=-172
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MRJOR PERKS IN SHAMPLE 21C

RRI CIHCprb) Possible Id

447.6 952.4 ISTD

376.1 1355.3 ISTD

474.9 8.2 Benzof lusranthene
283.9 61.9 Fluoranthene

399 6l.5 ' Pyr2ne

400 46.5 Chrysene

491.3 31.8 Benzo(ei)pyrene
3%97.3 27.3 Benz(adanthracane
689 2S.4 Benzo(shidpervlene
494.3 23.8 Benzonlalryrens
583.2 29 Indeno{ls2y3=-cdlipyrene
131.7 i8.3 2-Methvlfluorene
2839 17.9 Phenanthren2

589 17.5 Pervlene

331.3 _ 7ed Benzol{al+tluorsne
337.1 18.1 Benzolbif luorene
441,86 13.3 ISTD

St11.7 13 Me-252

268,93 11.9

262.7 11.3

472.8 t1 Benzof luoranthens
278.2 18.8 c2-173

384.4 18.3 Me-phenylnarhthalene
343.8 3.7 Me-282

MAJOR PERKS IM SRMPLE 22C

ARI CONC{prb)> Possible Id

446.2 343.4 I3TD

373.3 227.8 ISTD

236.5 1.9 Flucranthene

399 58.7 Pyrene

475.2 52.4 Benzof lusranthsne
499 52.7 Chrysene

231.9 27.7

159.3 27.1

491.2 26.56 Benzo(e)ryrene
397.S 24.7 Benz(axdanthracene
494.8 24.7 Benzo{alpyrene
331.3 22.7 Benzo{a)fluorane
699 21.8 Benzoishi)perylene
5849 21.7 Perylene

299 29.3 Phenanthrene

132.2 13.5 2-Methylf luorane
337 13 Benzoib)fluorene
367.7 17.3

584 15.3 Indenndls2s3-cdiryran2
439.5 14.4 Di-nctrlehthalate
432.7 14.4

283.2 13.5

204,85 . ¥ Mz-rheny lrnaphthalzne
282.8 11.2

44,3 18.3 Palvmethy lhvdrochrysens
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MAJOR PERK:S IM :SAMPLE 23C

ARI COMC{prb> - Poszible Id

447 423.7 - ISTD

163.9 283

1690.7 134.5

237.1 196.1 Fluoranthene

389 , 28.3 Pyrene

375.4 79.3 ISTD

473 67.3 . Benzofluoranthene
499 59.4 Chrysen=

200 43.8 Phenanthrane

494.4 35 _ Benzo(alpPyrene

397.3 32.3 Benz(adanthracane
491.2 32.2 Be2nzolelpyrene

339.9 29.3 Benzodalfluorsne

699 2 Benzo{(shirpervlene
131.3 . 22.9 2=Methvylfluorene
338.7 22.7 Bznzolb)f lyorzne
533.2 28.5 Indennl1:2s3-cddprrene
589 19.3 Pervlene

19.8 16.3

77.2 1S.¢ -

383.9 14.92 Me-phenvylnarhthalene
281.3 14.8

262.2 13.3 ,

438.9 13.3 Di-octylphthalate
242.95 13.3 4-H CvyclomentaddefIrhenanthrens
MAJOR PEAKS IM SAMPLE 24C

RRI CONC<ppPb> Possible Id

447 353. ¢4 ISTD

235.9 142.7 Fluoranthene

399 113.9 Pyrene

475.3 113.1 Benzof luorant hene
439 187.4 Chrvsene

375.7 36.4 ISTD

397.1 38 B2nz{a)anthracane
494,86 S57.6 Benzodlalpyrene

2890 52.9 Phenanthrzne

331.1 4S5.7 Benzo(al)fluorene
491.4 49,1 Benzo(elryrene

336.6 39.3 ; Benzo(b)fluorene
S83.1 33.8 Indeno1s2s3-cd)prYrene
699 31.2 - Benzo{shilperyvlen=z
203.1 30.1 Anthracene

589 :B Perylene

388.2 23.7

377.5 26.1 BenzolbXnaphthof{2s1-d)thisphene
371.8 25.7

132. 4 24.5 2-Methylfluyorene
439.3 23.4 Di-octylphthalate
283.9 23.3 Me-phenylnaphthalzne
262.3 23.3

$34.2 13.35 Falvazthylhvdrochryzens
412.9 (2.3 Methvl=-2233
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MRJOR PERKS IM SAMPLE 25C

ARI

446.8
286.3
340
475.95
439
379
209
491.35
4%4.6
336.4
397.1
371.86
430.5
363.38
432.9
599
432.3
437.3
343.2
377.95
983.1
338.8
383.7
238.1

3435.2 -

MAJOR
ARI

PERKS IN

COMCC(pprb?»

s o
O T ~J W

IS LI LIL L
0O I 0w~ W O

-
POV O

SAMPLE 26C
CONC(prb)

423.9
282.9
173.1
132.5

74.2

1.7

Y]
w

3

AT RN NDWO~NOD
L . L]
=JF UYL U~

P2 Do G §o3 103 B0 10 OO G2 OO WD O

Possible Id

I3TD

Fluoranthene
Pyrene

Benzof luoranthens2
Chrysene2

ISTD

Phenanthrene

. Benzo{elpyrenes

Benzolalreyrens
Benznlb?flyoren=
Benz{al)anthracene

Di-octvlrhthalate

Benzol{shiitmervylene
1-Phenvlehenanthrene

Me-292
Benzolbinaphtho(2:1~-dd)thiophene
Indeno(ly2s3-cdiPyrene
Benzotal>fluorene
Me-phznvlnarhthalene

C2-173

M2=-282

Possible Id

ISTD

Fluoranthene

Pvrene

Benzof lusranthene
Chrysene
Phenanthrene
Benzoarpvrene
Benz{adanthraceshne
ISTD

Benzolelpyreane
Benzolal)fluoran=
Benzoib?f luorane
Benzo{shil)peryvlene
Me-phenvylnarhthalene
Indeno(ls2s3~cd)pvrene

Mez-292
Di-octylirhthalate :
Benzodbinamrhthol(2s 1-dXthiophenes

Aot klracens
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MAJOR PERKS IMN SAMPLE 27

ARI

445.9
238
3049
489
473.3
494.6
397
375.3
299

491.5

331
688
336.6
476.4
9383.2

404. 4

388
279.6
383.7
439.6
377.3
262.3
182
367
371.8

" MAJOR

PERKS IN

o e e e e = PO D D TV W W G e e £ N D D

AR O L @ ¢ o o

CONC(pPb?

387.6
184.1
143.4
113.8
93.5 .
71.2
66
65,9
61.9
59.3
48.85
47.4
44,2
44.1
36.2
34.5
29.3
25,9
25.8
as
24.7
22.8
22.7
22.7
2i.8

SAMPLE 28C
CONC(prb)

s SN
(3]

WVUIOKhSUOAWENN N

- WA N

Possible Id

ISTD

Fluoranthene

Pyrene

Chryzene

Benzof luoranthene
Benzolalpyrane
Benzi{alanthracens

ISTD

Phenanthrene
Benzo{2)pyrene
Benzo{a)fluorene
Benzo(shil)pervlene
Benzo(b>f luorane
Benzof luoranthene
Indeno{ls2y3=-cdirvrene
Polrmethvlhvdrochrysens
Pervlene

c2-173
Me-rhenvlnaphthalens
Di-octvlrhthalate
Benzo(blnarhtho(2s i-d)thiorhens

2-Methylfluarzne

Possible Id

ISTD

ISTD

Fluoranthsne
Pvrene

Benzof luoranthens
Chrvsene

Benzof luoranthene

Pervlene

Benz{a)anthracene

. Benzo(ghildpervlene

Phenanthrene
Benzoadeyrene
Benzo(e)pyrane
2-Methylf luorene
Di-octylphthalate
Indeno(ls2s3-cdiprrens
Be2nzo(b)fluorsne

Me-202
C2-178

Me=dibsnzofuran



MAJOR PEAKS IN SAMPLE 29C

ARI

446.8
375.1
472
433.1
235.1
389
499

MAJOR
ARI

447
376. 1
285.9

- 300
'474.7

499

433.9
337.2
209

439.8
131.72
430.7
337.3
494

911.2
609

343.9
384.6
372.3
412.8
S33.1
378.1
246,2
268.8
237.5

FPERKS INM

FO RO 0O D 1O RO 1O 0 W €3 () 6 4= 2 U1 U1 Oy G4 \D += 1= 1= = ) FO

CONC<{ppb)>

SAMPLE 38C
CONC{prb)

s~
Ty e

LI R o T o [V
(AN ) o))

SRR NDE AW W iUl o -

Possible Id

ISTD
ISTD
Benzof luoranthene

Flusranthene
Pyrene
Chrysene

Possible Id

ISTD -
ISTD
Fluoranthene

Prrene

Benzof luoranthen2
Chrysene

Benz{(adanthracens
Phenanthrene
Benzo(2)pyra2ne
2-Methylfluoren=2
Di-octylrhthalat2
Benzoc(b)fluorene
Benzodadpyrene
Me2-252
Beznzolshidpervlene
Me-202

Me-phenylnarhthalzne

Methy1-223

Indeno(1:2:3-cdd)prrene
Benzo(blnaphtho(2s1-dXthiorhene

Me-173
Me-173
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MAJOR PERKS IM SAMPLE 31C

RARI

445,86
236.4
3089

490

209

473.3
338.6
336.1
279.7
373.1
437.4
376.9
342.4
383.6

434.6 -

353.38
491.95
3?77.5
371.2
688

438.5
282.2
29S5.1
329

S83.1

MRJOR
ARI

447.5
378
434
399
235.3
474.7
569
268.6
400
190
181.35
134.8
174.2
169.2
161.6
499.5
299
397.3
216.8
58
431.2
373.9
4394,1

-

XX o

1 L

PERKS IN

G e s e e e e e e e et 0 e s 3 1O U O 1O OO D B [0

o

CONC(ppPb3

- - s - -y - - -

389.1
269
259.9
1638.9
139.6
129.9
99.1
92.4
24.95
76.4
?2 L] 4
65.2
52.3
55.3
34.9
33
J2.4
47,3
41.3
49.3
338.3
38.3
33.2
33
38.4 .

SAMPLE 32C
CONC<rprb)

o o s o o YIV
SR NWARUORNN = aGiDre s

Possible Id

ISTD

Fluoranthzne
Pyrene

Chrysene
Phenanthrene
Benzof luoranthene

- Benzo(aldfluorene

Benzo(b)fluorene
£2~-173
ISTD

Benz{a)anthracsne
Me=-292
Me-phenylnarhthalene
Benzocaleryrene

Benzn{elpyrzne )
BenzolbXnaphtho(2s 1-ddthiocphene

Benzo(shi)peryvlene
Di-octvlphthalate

C3-DBT
Me=flusranthene
Ind2no(ly2s3=-cd)rryrene

Possible Id

ISTD
ISTD

Pyresne
Fluoranthen=
Benzof luoranthene
Per?lene'

Chrysane
Birhenyl
2-M2thylfluorene
Dibenzofuran

Me=-dibenzofuran
BenzolelpPyrene
Phenanthrane
Benz(aldanthracene
C2-Fluaorene
2-Methylnaphthalens

Bznzo(3hidfluoranthene
EBznzodlalevrens

n
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MAJOR PEAKS IN SAMPLE 33C

ARI

446.95
373.6
283.7
389
299
588
433. 4
263.3
489
135.8
3%7.3
131.4
242.7
174
2738.4

MRJOR
ARI

446.95
373
433
286.6
490

PERKS IN

CONC(pPb)

e & o o o & Y
W WL odle O

o 0o 0 e+ VT NUIINY

N oy

SAMPLE 34C
CONC(prb)

Possible Id

ISTD

ISTD
Fluoranthene
Pyren2
Phenanthrene
Perylene

Chrysene

Benz{adanthracens
2-Methylfluorene '
4-H Cyclopentadldefiphenanthrane

c2-178

Possible Id

ISTD
ISTD

Fluoranthene
Chrvsene
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MAJOR PERKS IM SAMPLE 3SC

MAJOR
ARI

446
375.2
432.3
169.8
Sg3

PERKS IN

CONC{(pprb)>

243.8
358.7
33.1
a7
21.1
17.7
17.5

12.7

—
w
LY

~

TWWWWw WoUgu

WWWH b bbode NG00 WO
a

.
Ty Ty OO

SAMPLE 36C
CONC(ppb>

216
36.7
32
2.1

1.4

Possible Id

ISTD

ISTD

Flusranthen=2
Pyrene
Phenanthrene
Bznzof luoranthense
Chrysene

2=-Phenylnaphthalene+Anthraauinons
2=-Methylfluyorane
Benz(aldanthracane
Benzod(a)fluorane

Benzodladprrene

Benzo(el)pPyrene

Benzolb)fluorens

Me-292

C2-178

Me-phenylnarhthalene

Perylene

Di-octrlrhthalate
Ind2no(l1:2s3-cd)pPyrene

Me-252

Benzo{shi)parvlens
Benzo(bXnaprhthao(2s 1=d)thiophene
Me-178 :

Possible 1ld

1STD
I1STD

Pervlene
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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

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

standard 2,2'-binaphthyl.

MAJOR PEAKS IN SAMPLE CL1IR

ARI. CONC{ppPb)> " Possible Id

235.3 57.% . Fluoranthene

399 ) S8.7 Pyrene”

588 48.5 Pervlens

299 33.3 Phenanthrens

137 38.2

21.3 35.7 .

499 30.5 Chrvsen2

5938 27.3 Banzo{shilpsrvlen:

137. 4 13.7

196.4 17

157 13.9

230.? éa.é- C2-(Phenanthran2-Anthracen=2?
113. : .
242.9 7.7 4-H Cyclopentaldef)lphenanthrens
381.8 7.3 Benzo{(c)rhenanthrane -
52 5.8 2-Methylnaphthalene
MR.JOR PERKS IM SRHMPLE CL1B

ARI CONC<{prb)> Possible Id

_— D mme—— = ememmm—aa=

137.1 389.8

268.3 47.8

198.4 40.1

2069 35.3, Phenanthrene

19.4 32.1

285.8 28.7 Fluoranthene

389 27.3 Pyrene

266.4 21.8

S99 20.1 Pervlene

228.7 19.8

221.3 18.3

5009 17.9 Benzo(ghil)pervlene
[42.8 . 17.8

1738.2 18.3

246,2 16.4

228.8 16.3

234.9 15.2

4939 15.9 Chrysene

224 15.7 Methvl-dibenzothiophene

244.53 15.% Mzthvlephenanthrane



MAJOR PERKS IM SAMPLE CLIC

ARI CONC(pPb) Possible Id

200 7S5.7 Phenanthrene

199, 5 75.7

262.8 53.1

266.5 . 47.1

224,1 45.1 Methyl-dibenzothiorhene
2258.9 - 43.9

173.3 42.3 .

175.3 42,2

221.5 42.2

189.2 41.2 : 2-Methvylfluorene2

13S.1 38

2238.9 338 '

471.7 37.5 Benzof luoranthene
211.3 38.3

238.8 36.3 Methvldibenzothiorhzne
189 36.2 Bimhenvl .

279.9 34.S C2-{(Phenanthrzn2/RAnthracene)
244,7 33.38 Methylphenanthrene
263.2 33.7 : .

269.6 33.3"

MARJOR PERKS IN SAMPLE CL1ID

ARI CONC<¢prb) Possible Id

137.3 218.9

209 84.5 ‘ Phenanthrens2

198.4 67.3 '

217.5 86.¢

263.3 59.2

262.6 S8 .

285.9 39.1 Fluoranthene

244,.8 S1.8 Methylphenanthrene

189 . 51 Biphenyl

224 - 49 Methyl-dibenzothiorhene
254. 4 48. 1 . ’
221.4 48

300 41.7 Pyrene

471.7 41.8 Benzof luoranthene

86.5 41.5 ’ '

248.2 41.1

175.2 40.1

215.3 39.4

25? e 3 38'- ?

228.83 38.1
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MAJOR PERKS IN SAMPLE CL4R

ARI

509
S18.S
108
36.7
457.1
259.2
924
Si4.2
994.2
593.7

257.4

382

113.9
258.1
MAJOR

ARI

PEAKS IM

CONC<(pPb)

161.7
128.3

42 O
e e s HONDONAW
L DU W~

Ul CO O WO = = [0 PO 0 $
G » = =

SAMPLE CL4B
CONC<{prb)>

239.4
151.3
119.2
182.5
27.4
58.35
59.2
49.7
49.35
42.8
41.3
40.6
7.6
25.3
23.2
24.7
24.5
28.6
19.3
13.3

Possible Id

Pervlzsne

Birhenvyl

Benzo{cdphenanthrane

Possible Id

Birhenyl

Pervlene

c2-MNaphthalene

Ace2nophthene

Anthracene
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MAJOR PERKS IN SAMPLE CL4C

ARI

194.3
137.2
268.3
245.8
308

219.8
283.9
314.7
S44.1
252.4
490

199.4
223.9
233.3
108

257.2
266.4
200

279.8
593.9

MAJOR
ART

PERKS IN

CONC(pPb>

133.8
8.6
33.8
33
31.5
31
17.1
13.3
13

SAMPLE CL4D
CONC(prb)

e o p

OO, NN OUANUIAVES ®

QIO Tires o
NN NV PO WSO

NN CO \D = st et bt gt 4t Pt Pt Pt 3=t 0= O FO O O O

Possible Id

Methylphenanthrene
Pvrene

Fluoranthene

Chrysene
Methyl-dibenzothiophane

Birhenyl

Phenanthresne

. C2={Phenanthrene/Anthracsne’

Possible Id
Birhenyl

Pervlene
Pyrene

Fluoranthane

Chrysene

L2-(Phenanthrzne Anthrac2ne)
Benzof luoranthene

Benzod(shi)fluoranthene
Benzo(2)pyrene

¢
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MAJOR PEAKS IN SAMPLE CL&A

RRNK " ARI CONC<mpb> Possible Id
1 2638.1 $S.2
2 511 35.3
2 S89.7 22.5
4 199 18.1 Birhenvl
S 13.3 13.5
Y 513.2 13.4
4 S5.3 12.7
3 219.9 18.3
3 S514.8 18.4
13 3 9.3 Narhthalene
11 285.3 3.5 ‘
12 137.1 6.3
13 194.7 8.3
14 473 | 3 Benzof luoranthane
135 294.9 2.2 .
18 117.8 1.8
MARJOR PERKS IN . SAMPLE CLé&B
RAMK ARI COMC<{pprb) Possible Id
1 3993 ) 35. 4% Pyrene
2 134.3 34.1 Dib2nzothiorhen=2
3 268 23.1
4 219.95 20.8
S 235.38 20.7 Fluoranthene
5 245.5 19.4 Methylphenanthrane
7 499 16.1 Chrysene
8. 279.8 13.3 C2-(Phenanthrene/Anthracane)
9 252.4 12.9
19 290.8 11.8
11 S99 9.1 Peryvlene
12 391.4 7.8 Benzonaphthothiorhene
13 432.8 6.3 Methyl1-228
14 266.3 6.1
135 283.3 S.7
16 223.7 5.8 Methyl-dibenzothiophene
1?7 198 S.5 Birhenyl
13 231.5 5.9 ’
13 321.1 S.¢ »
29 381 5.3 Benzo(ciphenanthrane
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MAJOR PEAKS IN SAMPLE CL6&C

ARI CONC{mprb) Possible Id
2108.S 37.7
287.98 27.4
514.2 2S.9
3909 15.3 Pyrene
490 14 Chrysene
- 543.8 13.8
509 12.7 Pervlen=
2686.2 3.9
S77? 5.4 Indeno(1y2s3~-cdIpyrens2
194.5 4.3
| 4,3 Naphthalene
MAJOR PEAKS IN SAMPLE CL6D
ARI . CONC<(prb> Possible Id
211.2 53.8
134.9 58.83
389 44 Pyrene
245,.9 43.3 Methylphenanthrene
236 - 31.8 Fluoranthene
593.4 23.5
268,.,9 22.8
4009 18.3 Chrysene
Si4.1 17.4
268.4 15.6
343.7 15.2
224.3 14.8 Methyl-dibenzothiophene
500 14.8 Pervlene
290.7 11.6
279.9 18.8 C2=-{(Phenanthrane/Anthracen=2)
200.5 7.2

to
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MAJOR PEAKS IN SAMPLE CL?7A
ARI CONC(pPb) Possible Id

43.5
399
238S.8
38.7
59S.95
219.8
13- 4
200
S5i.6
S45.4
S81.6
118.3 °
49.3
381.6

MAJOR PERK3 IM SAMPLE CL?7B
ARI CONC<pPb) Possible Id

588.9
594.2
267.6
509. 1
S44
51.9
39.6
100.7
44
299.3

Pyrene
Fluoranthene

Phenanthrene
2-Methylnaphthalzne

@ = W W N OO
N PNY O WN

2-Methylnarhthalene
Benzo(clrhenanthrane

mb-.-uwa:n-o-uwr-w-—‘ww
QN8O & = o

Pervlensg

2-Methylnarhthalene

N = e = - [ PO PO LD O
e ONWOVMOWr--N~I® re
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MAJOR PERKS IN SAMPLE CL?C

RAMK _ ARI CONC(rppPb)> Possible Id
1 500 163.9 Pervlene
2 199 144.6 Bishenyl
3 471.7 117.2 Benzof luoranthen=
4 22.3 99.1
3 37.1 39
B 39.8 37
T 257 . 53.7
3 258.1 45.3
2 Sid4.4 39.2
19 181.2 27.7
11 380 27.4 ° Pyrene
12 266.3 27.1
13 23935.9 24.6 Fluoranthene
14 S44 23.4
13 2198.8 22 .
18 594,2 21.9
17 290 21.2 Phenanthrane
13 45.6 29.2
13 308.9 18.6
29 249.7 17.3
MAJOR PERKS IN SAMPLE CL?D
RANK - RRI COMC{prb) Possible Id
- s - o 4 —_——— s e o [ I
1 199 444,7 Birhenyl
2 86.38 355.95
3 39.6 137.7
4 22.3 128.1
S 471.8 88.9 Benzof luoranthene
) 590 82.7 Pervlene
7 256.9 34.3
3 268 32.9
9 46.5 26.9
19 Q 26.2 Narhthalene
11 432.7 16.4 Methyl-223
12 266.2 15.2 .
13 399 15.1 Pyrene
14 235.8 14.5 Fluoranthene
1S 118.86 13.3
18 249.6 13.8
1? 398.9 13.4
13 4989 12.2 Chrvsene
13 299 18.3 Phenanthrane

29 12.1 3.4
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